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ABSTRACT 

Gene ti c , phenotypic and environmen ta l  parame te rs were e s timated 

from hogge t tra i ts recorded on 2 3 7  Pe rendale x ( Me ri no x Romney) ewe 

hogge ts betwee n  19 7 7  and 1 984 . Non -gene tic e f fe c t s  on weaning 

we ight (WW) for 634 ewe and ram l ambs we re analysed. A selec tion 

ob j ec tive and c r i te r i a  was de f ined and apprai sed for the flock . 

The tra i t s  examined we re hogget l ivewe igh t  ( HLW) , greasy f leece 

we ight ( GFW) , c le an f leece we ight ( CFW) , qua l i ty numbe r ( QN ) , 

character grade ( CHG)  , handle grade ( HG)  , cotting grade ( CG)  , 

soundne ss grade ( SG)  , greasy colour grade ( GCG)  , s coured colour 

grade ( SCG) , s taple l e ngth ( SL )  , tota l c r imp number ( TCN ) , clean 

s coured yield ( Y ) , mean fibre diame te r ( MFD) and c r imps per 

centimetre ( CPC ) . 

The l e a s t  squa r e s  me thod o f  f i t ti ng cons tants was used to 

e s t imate the ma j or e nvi ronmen tal fac tor s  i n flue nc i ng the tra i t s  

s tudied . H e r itabi l it i e s  ( h2 ) we re obtained by the daughter-dam 

regre s s ion ( DDR) and daugh ter -dam corre lation ( DDC) me thod s . �he 

genetic ( r
G

) ,  pheno typic ( r
p

) and envi ronmental ( r
E

) corre la t ions 

wer e  calcula ted by the daughter -dam me thod . 

The e s timates o f  environmenta l  e ffec t s  agree in mos t  c a s e s  

w i th the pub l i s hed e s timate s . B e tween year d i fferences we re 

impor tant sources of var iation and had a h i gh l y  s ig n i ficant e ffect 

on a l l tra i t s  except SCG . Rea r i ng rank e f fect was found to be the 

mos t  impo r tant sourc e  of var i a tion for WW and HLW . Age o f  dam and 

sex had a highly s ig n i f i cant e ffect on WW. Ne i the r rearing rank 

nor age of dam exe rted a ny s igni ficant i n f luence on wool traits . 



i i i  

The estimates o f  h e r i tabi l i ty c a l culated by daughter-dam 

regre s s ion me thod we re : HLW (0 . 16 ) , GFW (0 . 1 7 ) , CFW (0 . 2 4 ) , QN 

(0 . 4 2 ) , CHG (0 . 3 8 ) , SG (0 . 0 2 ) , GCG (0 . 3 8 ) , SCG (0 . 0 9 ) , SL (0 . 1 2 ) , 

TCN (0 . 0 8 ) , Y (0 . 4 1) and MFD (0 . 2 9 ) . 

Gene tic and phenotypic corre l at ions calcul ated among some 

hogge t traits we re respec tive l y: HLW x GFW (0 . 6 7 and 0 . 66 ) ; HLW x 

CFW (0 . 6 2 and 0 . 56 ) ; HLW x SL (0 . 79 and 0 . 4 4 ) ; HLW x MFD (-0 . 4 5 

and 0 . 24 ) ; GFW x CFW (0 . 87 and 0 . 94 ) ; GFW x SL (0 . 37 and 0 . 6 0 ) ; 

GFW x MFD (-0 . 9 8 and 0 . 3 8 ) ; CFW x GCG (0.5 2 and 0 . 0 2 ) ; QN x MFD 

(-0 . 79 and -0 . 3 0 ) ;  SG x MFD (0 . 7 3 and -0 . 2 1) ;  GCG x SCG (0 . 8 7 

and 0 . 38 ) ; GCG x Y (0 . 9 6 and 0 . 0 4 )  and SCG x Y (0 . 7 7 and 0 . 0 0 ) . 

Lifetime economic weigh t s  der ived us ing the marginal prof i t  

me thod we re calcul a ted to de f ine a s e l e c t ion obj ective for the 

f lock studied . The tra i ts inc luded i n  the ob j ective were number o f  

l amb s we aned ( NLW ( dam) ) ,  ww ,  CFW , MF D  and SCG . Besides t h e  tra i ts 

in the obj ec t i ve , HLW , GFW , QN and GCG we re inc luded a s  s e l ection 

c r i te ria . The appropri ate s e l e c t ion ind i c e s  for ram hogg e t s  (I ) , 
1 

ewe hogge t s  (I ) and l ambs (I ) we re re spec t i ve ly: 
2 3 

I 4 . 66 NLW ( dam) + 0 . 62 HLW + 0 . 1 0 WW + 3 . 9 1  GFW 
1 

- 1 . 7 0 MF D  + 0 . 50 GCG . 

I 4 . 7 9 NLW ( dam) + 0 . 6 1  HLW + 0 . 0 4 WW + 1 . 99  GFW 
2 

+ 0 . 2 3 QN + 1 . 6 0  GCG .  

I 4 . 87 NLW ( dam) + 0 . 48 WW. 
3 
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C H A P T E R 0 N E 

INTRODUCTION 

Mode rn animal bree ding i nvol ve s  con s i de rable use of compute r s  

i n  t h e  accumulation o f  ped i gree a n d  per formance re cords and i n  the 

trans lation of the se records into predi c tions of the ge ne tic wor th 

( breed ing val ue s )  o f  the anima l s . The bre e d i ng value s are 

freque ntly de r ived f rom records of seve ral tra i ts whi ch have bee n  

col le cted from each animal . 

In several countrie s , complex sys tems of sheep recording 

using large mai n fr ame computers have been deve loped .  The New 

Zealand National F lock Recording S cheme ( Sheeplan) i s  an example .  

A d i ffi c u l ty with th i s  approach i s  tha t soph i s ticated s e rv i c e s  are 

requi red and the s e  can onl y  be j us t i f i e d  i f  the i ndu stry is highly 

deve loped and i f  the re are many pote n t i a l  u s e r s . The rapid 

deve lopment of mic rocomputers i s  l ike l y  to a l low the u se o f  some ­

wha t  s imilar procedure s i n  l e s s  soph i s t i c a ted envi ronme n t s . 

However , the use o f  m i c rocomputers in the e s t imat ion o f  breeding 

value s for sheep is s ti l l  i n  i t s  i n fancy . 

In planni ng s he e p  s e l e c t ion programme s i t  i s  nece s sary to 

choos e  appropriate s e l e c t ion ob j ec t ive s .  Th i s  i s  normal ly done on 

the bas i s  of the r e l a t ive e conom i c  va lue s o f  the various production 

tra i ts ( Rae, 1 974; W ickham and McPhe rson , 1 9 85) . I t  is then 

necessary to de c ide wh ich traits ( sele c tion c r i t e r i a )  should be 

cons i de red when choos ing which a nimal s to r e tain . 

Idea l l y  sele c t ion d e c i s ions should be based on overall 

breeding va lue s whe re , for each sheep, in formation on seve ral 



trai t s  is used to c a l c u l ate a s ingle number ( se lect ion index) . 

Choi c e  of the s e l e c tion c r i te r i a  and the importance give n  to each 

cr i t e r ion , wi l l  depe nd on the e conomic val ue s  and the phenotypic , 

gene t i c  and e nv i ro nme ntal parame ters o f  the various traits ( Haze l , 

1 9 4 3; Hende rson , 1 9 6 3 ) . 

The principle ob j e c tive of the pre sent s t udy was to g i ve the 

author exper ie nce in various a spe c ts o f  sheep recording inc l ud ing 

the e stab l ishment of the data base , estima tion of e nvi ronmental 

and genetic parame ters and r e l at i ve economi c  value s , con struct ion 

of s e l ec tion ind i c e s  and choo s i ng between a l t e rna tive indice s. 

Spec i a l  empha s i s  was placed on u s in g  a mic rocomputer for recording 

and , whereve r pos s ible , analysi s . 

2 

The data we re provided by a smal l flock o f  interbred Perend a l e  

x ( Me ri no x Romney )  sheep ( Me rpe r s )  o n  t h e  Mas sey Unive rs i ty 

Re s earch Farm . Thi s  f lock was mai n ta ined in o rder to inve s tigate 

the e s tabl i shme nt of an apparel -wool le d  s train of sheep based on 

thi s  gene pool . An emp i r i ca l  s e l e c tion ob j ec t ive had be e n  devi sed 

and this a imed to improve l amb produc t ion , fleece weigh t , wool 

f i ne ne ss ,  whi tene s s  a nd re s i s tance to foot-ro t . Howeve r ,  a t  the 

o n s e t  of the pre s e n t  s tudy the e conomic we ights had not been 

c a re f u l l y  ana l y s e d , no gene tic paramet e r s  we re ava i lab l e  for th i s  

ge notype and no a t tempt had been made to de r i ve an accurate 

se l e c t ion inde x .  

Having reviewed performance re cordi ng i n  sheep with par t i c u l a r  

a t te ntion t o  the potential of mic rocompute rs , the s tudy concentra ted 

on the Merpe r  da ta in o rde r to : 



( i ) Es timate non -ge ne t i c  e f fects which could be 

used to adj ust data fo r di ffe r e n c e s  i nduced 

by e nvi ronme ntal factors s uch a s  b i rth rank . 

( i i )  Es timate h e r i tab i l i t i e s  of produc tive tra i ts 

and the gen etic , phenotypi c and environmental 

cor r e l ation between trai t s . 

( ii i )  Estima te economic we ights and u s e  these to 

de f i ne po tent ial sel e c tion ob j e ct ive s . 

( iv)  Der ive l ike ly s e l e c tion indi c e s  f rom the 

economic we ights and parame ters a s sessed . 

3 



C H A P T E R T W 0 

REVIEW OF LITERATURE 

2 .1 SHEEP PERFORMANCE RECORDI NG 

2 . 1.1 Wha t i s  Pe r formance Recording 

4 

AAABG ( 1 9 7 9 )  defined re cord i ng as the col lect ion o f  me asure­

ments and the i r  organiza tion into a form which e nables the 

breede r to s e l e c t  the de s i rabl e  anima l s  and evalua te genetic 

change . Moreover, per formance recording con si s t s  o f  obta i ni ng , 

recording and proce s s ing ( ei ther at ce n tral loca tion o r  on the 

farm) measureme nts of characte r i s t i cs which contribute to 

p roduc tivi ty . 

Owen ( 1 9 7 1 )  s tated that performa n ce recording usua l l y  

implies the meas ureme n t  of traits that are conside red important 

us ing unequivoc a l  technique s that do not depend on the art of 

the sk i l led breeder in apprec iating and i n tegrat i ng a numbe r o f  

rather i l l -de fined s tandards. Howeve r, C larke ( 1 9 6 7 )  a rgued that 

scoring sys tems based on hand and eye e va l ua tion o f te n  have to be 

used for pra c ticab i l ity and spee d of operation . Dawe s ( 1 9 7 5 )  

agree s w i th Owen a nd adds tha t  b y  us i n g  obj ective me thods i t  i s  

pos s ible, through cap i ta l i s i ng o n  se l e ction di f fe re n t i a l  to obtai n  

around 8 0 %  o f  the theore t i c a l  maximum gene tic improvement for a 

sing l e  character, rathe r  tha n  the 3 0  to 4 0 %  obtained on vi sual 

appra i s a l  i n  s e le c ti ng the s upe rior producing sheep . 

Turner ( 1 96 8 )  s tre ssed that e f fe ct i ve per formanc e re cording 

depends on : 

( i ) A c l e ar de fini tion o f  produc tion, in a few te rms 



a s  pos s ib l e ,  both qual i ty and quantity be i ng 

con s i de re d .  

( i i )  Con s ideration o f  the e nvi ronmen t  and management 

under whi ch the sheep are run . 

( i i i )  De ve lopme n t  o f  measureme n t  techniques for traits 

re corde d ,  toge ther w i th fac i l i ti es for maki ng 

the me asurements speedi ly and computing fac i li tie s. 

( iv) Con s i de r a tion of the e f fe c ti ve n e s s  o f  se l e c tion , 

by e s timat ion of phenotyp i c  and gene tic parame ters 

for th e produc tion charac te r i s tics themse l ve s , and 

others whi ch may have to be taken into account . 

5 

( v) De c i s i ons whe ther compari son w ithin i nd i v i dual 

breeding f locks is s u f fi c i en t ,  or whe ther perfo rmance 

te s t ing s ta tions are requi red to give comp a r i sons 

be twee n  bree di ng flocks . 

( vi )  P roo f that p er formance recording wi l l  lead to mo re 

rap i d  improveme n t  in produc tion than trad i tional 

me thods of s e l e c tion , and acceptance by sheepgrowe r s  

o f  perfo rman ce record i ng s tandards whe n  breeding 

anima l s  a re b e i ng acqui red o r  d i s t r ibuted . 

In the opi n i on o f  Turne r  and Young ( 1 96 9 )  th e f i r s t  s te p  i n  

formula ting a sheep breedi ng plan i s  to de fine i t s  a i ms , and to 

seek increa s e d  prod uc tivi ty by concen trating on measure d produc t ion 

i t se l f, i n s te a d  o f  trying to a s s e s s  i t  through poss ib l y  re l a te d  

character i s t i c s  o r  wasting e f fort on unproduc tive ae s th e t i c  
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features. 

Dalton and Callow ( 1 9 7 6 )  on describing the aims of Sheeplan 

(New Zealand's National Flock Recording Scheme) to meet the 

specifications of an effective flock recording scheme pointed 

out the following requirements: 

(i) The scheme must show genetic and financial gain. 

(ii) The recording materials must be simple and clear. 

(iii) The scheme must be backed by effective advice. 

(iv) Rapid turn around of data is vital. 

(v) Follow up advice is essential. 

(vi) Records must be understood by ram buyers. 

(vii) The scheme must be flexible. This feature was 

described by Daniell and Callow ( 1 9 8 2 )  as very 

important as it allows breeders to choose the 

characters they wish to record and to get the 

output list they require (lambing summary, ewe 

summary, ewe summary cross reference, close ewe 

file, two tooth selection list or sire summary). 

2 . 1 . 2  Objectives of Performance Recording 

Turner ( 1 9 6 8 )  expressed that the aim of performance recording 

is to increase the output of production per unit of input of 

materials and labour by ensuring more accurate selection of superior 

individuals which will not only maintain their superiority in their 
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own lifetime but will leave superior progeny. 

Owen ( 1 9 7 1 )  summarizes the benefits of performance recording, 

particularly on an individual basis, as follows: 

(i) From the point of view of the industry in the 

district or country, it gives an invaluable back­

ground of factual information by which current 

performance and in systems and techniques can be 

evaluated. 

(ii) These records enable estimates to be made of 

the various genetic parameters that aid to 

adoption of efficient breeding schemes. 

(iii) For the individual breeder, recording is valuable 

for day-to-day and longer term management decisions. 

For instance a rational culling policy, particularly 

for the breeding females, thus maintaining a higher 

level of output that would not otherwise be achieved. 

Rae ( 1 976 ) stated that a recording scheme which has as its 

objective the measurement or assessment of the traits of economic 

importance on individual animals and along with this, the 

processing and presentation of the records in a way which will 

assist in identifying genetically superior animals, is one of the 

main ingredients in a breeding plan. 

Dalton and Callow ( 1 9 76 ) stressed that Sheeplan as a 

recording scheme has the three following objectives: 

(i) To allow ram breeders (both stud and commercial) 



to make more effective selection decisions 

which will then result in genetic improvement. 

(ii) To allow buyers of rams (both stud and commercial) 

to see the ranking of animals within vendors' 

flocks and obtain value for money. 

(iii) To help users define and solve management 

problems in their flocks. 
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Moreover, in the end, Sheeplan aims to help the stud breeder 

to help the commerical sheep farmer which, in turn, will benefit 

the nation. 

Cunningham ( 1 9 79 ) mentioned that the purpose of definition, 

measurement and recording in livestock improvement programs is to 

provide a quantified basis for rational decision-making. These 

decisions can be at the strategic level design of the program or 

optimization of investment. Decisions are also necessary at the 

operational or tactical level-selection of animals, individually 

or in groups. 

On the other hand, Clarke ( 1 9 67) pointed out that several 

factors may hinder immediate and important impact of performance 

recording on the level of production. They are: 

(i) The increase in the national sheep number 

which means that the amount of selection in 

both rams and ewes is at a minimum. 

(ii) In breeding, progress is measured from one 

generation to the next. Therefore, in sheep 
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we would expect to see measurable progress 

after about three generations or about twelve 

years. 

(iii) Apathy and possibly antipathy of breeders and 

2 .  1. 3 

farmers to accept a performance recording 

scheme. The sooner this can be overcome, the 

sooner will progress be made. 

Types of 

2 .1. 3 . 1  

Performance Recording 

Sheep Management 
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According to Owen ( 1 9  7 1 )  a simple form of recording 

required for sheep management and it does not require any 

individual identification. It is used to assess the performance 

of a whole farm. 

An example of this type of recording scheme is the 

one run in Great Britain by the Meat and Livestock Commission 

(MLC, 1 972 ) . According to Read ( 1 974 ) the whole flock performance 

is recorded in terms of: 

(i) MAKE-UP : Breeds and age structure. 

(ii) MANAGEMENT : Tupping, wintering, lambing, grazing, 

lamb marketing. 

(iii) I NPUT : 

(iv) O UTPUT: 

Feed, fertilizer, forages, medicines, 

replacement stock. 

Slaughter and breeding stock, wool, 

etc. 



In this case records are both physical and financial. 

Records are analysed and returned promptly: 

(i) AT TUPP I N G , bodyweight and condition of ewes 

by age and breed. 

(ii) AT LAMB I NG ,  summary of winter feed usage, and 

cost summary of lambing performance of ewes by 

age and breed (including lamb mortality). 

(iii) AT YEAR END , stock reconciliation, gross margin, 

financial analysis and a summary of key flock 

performance parameters. 

2 . 1 . 3 . 2  Genetic Improvement 

1 0 

The New Zealand Flock Recording Scheme had as its 

main priority the genetic improvement of s tud flocks (Dalton and 

Callow, 1 976 ) . The main characteristic in this type of recording 

is the permanent individual iden tification of the animals (Dalton, 

1 9 8 2 )  . 

2 . 1 . 3 . 3 Gene tic and Management Improvement 

Sheeplan could be cited as an example of a recording 

service which deals with genetic and management improvement 

(Dalton and Callow, 1976 ) . This type of performance recording 

will be given emphasis hereafter. 

2 . 1 . 4 Traits to be Recorded 

AAABG ( 1 9 79 )  reported that characters of the individual 

animals important in the breeding program can be divided into 



three areas: 

(i) Traits which a breeder wishes to improve because 

they have an important effect on flock net income. 

These are called Breeding Objectives. 

(ii) .Those traits which a breeder will use to select 

replacement breeding stock. These are called 

Selection Criteria. 

(iii) Those traits which a breeder wishes to monitor to 

ensure that they do not deteriorate. These could 

be called traits to be monitored. 

A further subdivision of characters is the following: 

a) production, b) reproduction, and c) adaptation to the 

managerial and regional conditions in which the animals 

find themselves. 

1 1 

Dalton ( 1 9 8 2 )  expressed the view that the success of 

performance recording in any flock depends on whether the trait 

to be recorded can be measured, whether it is of economic 

importance and whether it is heritable and will respond to 

selection. Ponzoni ( 1 9 83 )  drew attention to the fact that it is 

desirable that characteristics used as a selection criteria 

should be genetically correlated with traits in the breeding 

objective. 

Clarke ( 1967)  stated that work in New Zealand and overseas 

clearly shows that the characters of economic importance in 

livestock respond to selection sufficiently rapidly to justify 
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the inauguration of a recording scheme. Clarke's assertion is 

backed up by Morley ( 1 9 5 1 ) ,  Mullaney e t  a l .  (1 970 ) and Turner 

( 1 9 77) who found moderate to high heritabilities for wool 

characteristics in Australian sheep. Dalton and Rae ( 1 978) in 

reviewing the productive performance of the New Zealand Rornney 

sheep suggested that hogget greasy fleece weight, staple lengt.h 

and quality number with medium to high heritability would 

respond to selection. The same will occur with staple crimps/cm, 

handle and hairiness which have high heritability. On the basis 

of a single estimate of the heritability of fibre diameter it 

would appear to be weakly inherited. Commenting on reproductive 

rate, Dalton and Rae mentioned that although it has low 

heritability, selection experiments show that substantial genetic 

improvement from within-flock selection can be achieved due to 

its large within flock variation. They highlighted the economic 

importance of reproductive rate. Elliott ( 1 975 ) and Lewer ( 1 978 ) 

working with New Zealand Perendale sheep and Blair et a l .  ( 1 9 8 5 )  

dealing with New Zealand Rornney sheep also found high 

heritabilities for wool traits and that they will respond well 

to selection. 

2 . 1. 4 . 1 Traits Recorded 

The next paragraphs are devoted to consideration of 

some individual traits which could be recorded. 

( i) REPRODUCT I ON  RATE 

Reproduction rate determines the ability of a flock 

to maintain itself and leave a surplus for other uses ( Turner, 

1 96 8) . Moreover, it is defined as the number of lambs born (or 
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weaned) by each ewe put to the ram. Dalton and Callow ( 1 9 7 6 )  

added that the lambing list is the basic input of Sheeplan, it 

records the basic fertility data of the flock and serves to 

establish the identity of all lambs born and records their 

pedigree. This could foresee the possibility of integrating 

breed societies and recording services (APC, 1 9 8 3 )  

(ii) BODY WE I GHT 

Liveweights of individual animals can be recorded at 

varying times such as weaning or later (Dalton and Callow, 1 9 76 )  

Turner ( 1 96 8 )  suggested that body weights should be taken as 

selection criteria. 

(iii) HOGGET FLEECE WE I GHT AND FLEECE CHARACTER I ST I CS 

These traits are recorded to increase the value of 

wool production (Dalton and Callow, 1 9 7 6 ) . 

Turner ( 1 9 6 8 )  stated that wool weight per head 

remains the main criteria of selection for wool quantity, 

particularly with grazing sheep. Referring to wool quality, 

Turner suggested that average fibre diameter is by far the most 

important characteristic, followed by staple length. Owen ( 1 9 7 1 ) 

added that where fine wool production is important a quality 

assessment is made on rams based mainly on percentage clean yield 

and fibre diameter assessed on a mid-side sample. 

(iv) HEALTH AND MORTAL I TY RECORDS 

Owen ( 1 9 7 1 ) emphasised that many schemes include 

specific recording of illness and deaths, with the appropriate 

diagnosis if available. These records are mainly useful for 



1 4  

management purposes, but may also have some genetic significance. 

2 . 1 . 5 Implementation of Performance Recording 

As it is of national interest the increase of sheep 

productivity, a government organization should take the leadership 

in running a performance recording scheme, at least at its 

inception. This can be perceived in the summary of performance 

recording in sheep from various countries done by Owen ( 1 97 1 )  and 

also in the different papers presented at the International Sheep 

Breeding Congress held in Western Australia in 1 976 .  Moreover, 

in some cases Universities or Breed Societies started their own 

selective registration scheme. Finally, stud breeders or 

commercial breeders who are the users of the outputs of 

performance recording should be the force which keep the service 

ongoing. Wallace ( 1 974 ) called attention to the fact that flock 

recording services should be sensitive of user demands, which 

implies adequate user representation on the controlling body. 

APC ( 1 9 8 3 ) recommended that operational costs of central 

computer services should be met by the users and that the cost 

of an advisory service, which facilitates the collection and 

input of data and which advises on the use of the output, should 

be met by the Department of Agriculture of the State in which 

the flock is located. 

In general, the whole sheep industry must fund the 

performance recording scheme. 
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2 .2 USE OF M I CROCOMPUTERS I N  SHEEP BREED I NG 

2 .2 . 1 Introduction 

The recording system provides the information required for 

a breeding programme (Steine, 1 9 82 ) . The rapid expansion in use 

of electronic computers for data processing has eased the problem 

of dealing with a moderate amount of data from an individual farm 

or with a large volume of data emanating from centrally organized 

schemes. 

Owen ( 1 9 7 1 )  stated that mechanized computing can have three 

main advantages in sheep recording: 

(i) Economy of storage space. 

(ii) Speed of retrieval of items of information. 

(iii) Quick processing of raw records into desired 

indices and summaries. This advantage is 

particularly important in sheep recording 

since many records are taken on specific 

occasions and need to be quickly processed 

and returned to the flockmaster for decision 

making with regard to selection. 

Robinson e t  a l .  ( 19 8 3 )  and Fox ( 1 9 8 3 ) ,  McGowan ( 1 9 84 ) and 

Groeneveld ( 1 9 85 ) dealing with beef cattle, dairy herds and 

pigs respectively have shown the effectiveness of microcomputers 

in recording and processing of data. 

Fox ( 1 98 3 )  expressed the view that microcomputers will 

increase in use and importance and will take over some of the 
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functions performed with large computers. Further, their low 

cost and increasing capability make it possible for their direct 

use by livestock producers. Th e working party for the APC ( 1 9 8 3 )  

adds that the use of microcomputers can do both flock recording 

and performance recording. 

The following sections discuss some relevant points about 

microcomputers. 

2 . 2 . 2  Microcomputer Systems 

Microcomputers are one broad category of computers, whereas 

mainframe computers and minicomputers are the two other categories. 

A microcomputer can collect information, manipulate and store 

it, display the information in various forms (words, graphs, 

pictures, etc. ) or create new information (Sistler, 1 9 84 ) 

Furthermore, microcomputers perform a series of explicit 

instructions and can make the farmer's work, time and decision 

making more productive. 

Sistler ( 1 9 8 4 )  reviewed microcomputer systems. His comments 

form the basis of Sections 2 . 2 . 2 and 2 . 2 . 3  unless otherwise 

stated. He defined hardware as that part of the microcomputer 

and its accessories that can actually be touched - keyboard, 

central processor, printer, screen, e tc. 

Software consists of sets of instructions (computer programs) 

that tell the computer what to do and how to do it. The software 

should meet the needs the sheep farmer has identified, i. e. way 

of maintaining production records, how many sheep classes, how 
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much and what kind of information needs to be recorded. 

The three most popular types of computer programs for 

microcomputers are electronic spread sheets, data base management 

systems and word processors. The second will be given special 

emphasis in this section. 

2 .2.2 . 1  Data Base Management System (DBMS) 

A Data Base Management System (DBMS) is a computer 

program, or set of programs, used to create, store, change, sort 

and display one or more sets of data. The data are composed of 

sets of entries called "records". The records are stored as a 

group in a file on a cassette tape, a floppy diskette or a hard 

disk. 

Each record is made up of one or more parts called 

"fields". A field is a single piece of information within a 

record. Each record field is reserved for a particular type of 

information. 

Separating a record into fields enables the sorting 

of them in different ways. Records are sorted by listing them 

in numerical or alphabetical order or by separating them into 

groups based upon some characteristic of one or more of the 

record fields. 

Features to be considered in a Data Base Management 

System are: 

(i) Maximum record length and maximum number of 

records in a file: The record length is the 



number of characters, including spaces, in a 

record. As it increases, the number of records 

allowed in a file decreases. Therefore, record 

lengths and file storage are closely related. 

(ii) Maximum number of keyed and unkeyed fields: 

Record fields are either keyed or unkeyed. A 

keyed field is one that can be used for sorting 

and searching while the unkeyed field is one 

that cannot be used for sorting. 
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Record fields are separated into keyed and unkeyed fields 

because of data storage methods and program capacity. Due 

to the way the program stores the files, placing some of 

the information into unkeyed fields usually permits more 

records to be placed in a file and allows more information 

to be placed into each record. 

(iii) Number of keys allowed in searching and sorting: 

Some systems allow multiple field sorting and 

searching. This allows the identification of very 

specific sets of data. The number of keys allowed 

in a search determine what kind of data sets can 

be identified. 

(iv) Ability to add and delete fields after records 

have already been created: This ability is one of 

the most important features of any data base 

management program. It is quite possible that 

additional information may need to be added to a 
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set of records in the future. 

2 . 2 . 2 . 2  Basic Programming 

BAS I C  is the main language used for programming 

microcomputers. 

The main advantages of BAS I C  are that it is easy to 

learn, convenient to use, and particularly well suited to 

"conversational" programming in which the user interacts with 

the computer throughout the running of the program, (Mason, 1 9 8 3 ) . 

Dwyer ( 1 9 7 7 )  stated that a good extended BAS I C  allows 

both recursive functions and recursive subroutines which make it 

a powerful language. In addition BAS I C  excels in total 

efficiency, including the time of the programmer. Kember ( 1 9 8 2 )  

mentioned that input and output commands are more flexible but 

trickier to write in Fortran than in BAS I C . 

On the other hand, Mason ( 1 9 83 ) cited as a major 

disadvantage of the simple version of BAS I C  its apparently 

commendable feature of rounding to integer values any numbers 

that are very close to integers. 

2 . 2 . 3  Advantages and Disadvantages of Microcomputers 

(i) ADVANTAGES OF THE MI CROCOMPUTERS 

(a) ACCESS I B I L I TY :  The cheapness and easy location 

of the microcomputer on a desk and the ease of its use make it 

more accessible. 

(b) FAST TURNAROUND T I ME :  The time between when 



a user gives the microcomputer a program to run and when he or 

she receives the result is shortened because the user does not 
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have to wait for it to finish someone else's programs before it 

does his or hers. Moreover, programming mistakes can be found 

quickly and corrected and the program can be rerun right away. 

(c) UP TO DATE STAT I ST I CS :  A microcomputer with 

sufficient memory, storage capacity, and the proper software can 

provide the current statistics or records in a farm whenever it 

is needed. 

(d) I NTEGRAT I ON W I TH OTHER COMPUTERS : McNicol e t  a l .  

( 1 98 2 )  have demonstrated that a microcomputer-based system can be 

successfully integrated into an existing mainframe computing 

environment, and that the combined facilities provide a degree of 

power and flexibility which should satisfy most agricultural 

research applications. 

(iii) D I SADVANTAGES OF MI CROCO�PUTERS 

Although the microcomputer is a very versatile tool, 

it does have some disadvantages when compared with mainframe 

computers. 

(a) SUPPORT : The microcomputer user loses the 

support structure of full-time operators and programmers necessary 

with a mainframe computer. When problems arise it may be 

difficult to find answers. 

(b) EXPANS I ON CAPAB I L I TY :  The limited expansion 

capabilities of many microcomputers may become a hindrance when 

additional demands are planned on them. 
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(c) STORAGE : The microcomputer cannot handle very 

large data sets well. They do not have mass storage devices 

with enough capacity to store large data bases. 

(d) SERV I CE :  Equipment repair and maintenance can 

be difficult with microcomputer systems. The cost of service 

contracts is often quite high in relation to the cost of 

equipment, and the equipment usually has to be returned to a 

service center for repair. 

(e) DATA SHAR I NG :  It is harder t o  share data with 

other users when using a microcomputer. Every microcomputer has 

its own format for the disks and tapes. 

(f) SPEE D :  Microcomputers are much slower than 

mainframe computers. 

2 . 2 . 4  Use of Microcomputers in Sheep Performance Recording 

Cullen (1982) reported on a programme package developed by 

Ruakura Biometrics Electronic Development Group for recording 

animal weights directly onto floppy disk storage. The package 

allows rapid access to any record and checking of data entered 

and files can be transmitted in either direction be an Apple or 

the ICL 293 via a PDP 11/34. 

In the opinion of Parker (1983) , the information storage 

capacity and the ability to sort numbers of the microcomputer 

made its use in the woolshed suitable for the fleece weighing/ 

culling operation that otherwise involves tedious manual recording 

and a large number of calculations. At the end of shearing the 



computer can provide a summary which includes, the number of 

sheep shorn, the number culled, overall range and average of 

the retained and culled fleece weights and a ranking of the 

best wool producers. 
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By linking electronic scales and microcomputers automatic 

recording systems can be developed (D. Garrick Pers. Comm. ). 

The system at Massey University uses a highly portable Epson 

HX-20 which can take weaning weights of 900 animals in half a 

day or 600 to 700 fleece weights in a day and when the weighing 

has been completed the microcomputer can be connected to the 

mainframe for the immediate transfer of data. Moreover, the 

microcomputer can provide information on average liveweights, 

liveweight gains, number of animals present at recording, tag 

numbers of animals not present, weight distributions and 

individual means of groups that are being monitored. 



3 .  1 MAT E R I ALS 

C H A P T E R T H R E  E 

fv\ATERIALS AND tv£THODS 

3.1 .1 The Sheep and Their Environment 

3.1 .1 . 1  The Farm 
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The data investigated in the present study were 

collected from a flock run on the Massey University Sheep Unit 

"Pahiatua Block" located 0. 8 km from the campus on the Aokautere 

Road. 

The description of the "Pahiatua Block" has been 

reported by Blair (1981 ). It occupies 98 hectares and is 

intersected by two long deep gullies which account for about half 

the total area. 

3 . 1 . 1 . 2 The Flock 

The Merper Flock was derived crossing the female 

offspring of the superfine Merino rams x New Zealand Romney ewes 

(Mernies) with Perendale rams with subsequent interbreeding under 

closed flock circumstances. 

The Merper has been developed as a dual purpose flock 

with emphasis on medium-to-fine wool production under North 

Island conditions. 

The Mernies were originally established at the 

Whatawhata Hill Country Research Station situated 26 km west of 

Hamilton. Before the 1975 mating season the Mernies were 

transferred to Massey University where they were mated to 
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Perendale rams. The crossbred progeny were interbred from 1 9 77 

onward. By 1 9 80 the whole flock became Merper. 

The mating information for the Mernies and Merper 

flock for the years 19 7 5  to 1 9 84 is set out in Table 3 . 1 .  

3 . 1 . 1 . 3  Flock Recording and Selection 

Lambing occurred between August and September. The 

ewes were not shepherded at lambing and no recording of lambing 

information took place until towards the completion when each 

ewe was identified with her lamb (s) , the lambs were tagged and 

each lamb's sex and dam were recorded. Thus date of birth was 

not recorded and no records of lambs which did not survive until 

tagging were made so it was not possible to correct for lamb age 

�irth as a twin if the twin mate did not survive. 

Lambs were weaned in December with the weaning 

weight being taken at this time, except for the year 1 978 when 

lambs were not weighed. Immediately after weaning all lambs 

were shorn but lamb fleece weight was not completely recorded 

and not analyzed. 

Hogget shearing took place in October with a wool 

growth period of nine to 1 0  months. Hogget greasy fleece weight 

included bellies and fleece skirtings. 

Hogget liveweight was taken after shearing when 

hoggets were 1 3  to 1 4  months old. 

A mid-side wool sample was collected from each 

fleece after shearing as it was thought to be representative of 



TABLE 3 .1 : MAT ING I NFORMAT I ON FOR THE MERN IES AND MERPER FLOCK 

SIRES DAMS 
EWE 

YEAR "BREED" BREED NUI-1BER YEAR OF NUMBER RAM 
BIRTH 

1975 Merni es Pe rendale 1 0 1972 33 1 3 
1973 46 14 

1976 Me rni e s  Perendale 6 1972 30 16 
1973 42 23 

1977 Me rn i e s  Pe rendale 4 1972 29 1 3 

* 
1973 36 1 2 

Me rpe r Me rpe r 1975 23 1 2 

1978 Merni e s  Perendale 1972 15 8 
1973 30 18 

Me rper Merper 1975 23 8 
1976 36 21 

1979 Me r n i es Pe rendale 8 1972 4 2 
1973 1 3 8 

Me rpe r Me rpe r 2 1975 21 7 
1976 33 18 
1977 28 1 2 

1980 Me rper Me rpe r 2 1975 1 3 6 
1976 32 1 2 
1977 26 16 
1978 49 19 

1981 Merpe r Me rpe r 2 1976 22 13 
1977 20 14 
1978 37 16 
1979 36 21 

1982 Merper Me r pe r 2 1976 3 1 
1977 16 12 
1978 32 28 
1979 33 19 
1980 36 15 

1983 Me rper Me rpe r  2 1976 1 2 
1977 8 2 
1978 27 10 
1979 23 15 
1980 26 2 1 
1981 30 9 

1984 Merper Me rpe r 2 1978 16 8 
1979 16 10 
1980 16 1 1 
1981 14 8 
1982 29 16 

TOTAL 43 1003 5 09 

* 
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LAMBS 

EWE 

1 2 
1 3 

1 7 
21 

9 
20 
12 

1 0 
18 
16 
11 

1 
8 

1 3 
14 
1 3 

8 
17 

9 
17 

12 
6 

20 
1 3 

4 
9 

15 
19 
20 

5 
18 
12 

6 
5 

1 1 
1 1 

6 
7 

20 

478 

The data analyzed in thi s re s e a rch p erta i n  to the Me rper mat i ng . 

TOTAL 

25 
27 

33 
44 

22 
32 
24 

18 
36 
24 
32 

3 
16 
20 
32 
25 

14 
29 
25 
36 

25 
20 
36 
34 

5 
21 
43 
38 
35 

2 
7 

28 
27 
27 
14 

19 
21 
17 
15 
36 

987 



the whole fleece (Turner e t  a l .  1 95 3; Turner, 1 956) . 

About 70% of ram lambs were culled after weaning 

mainly on the basis of their dam's fertility. A few ewe lambs 

were also culled about this stage for serious fleece or body 

faults. 

Lambing performance, greasy fleece weight and fine 

wool played an important role in ewe selection. For ram 

selection, the lamb production index based on their dam's 

records reported by Rae (1 963) was considered. Rams were also 

selected for higher clean fleece weight and finer mean fibre 

diameter. At various stages through their lifetime sheep were 

culled for foot-rot. 

3 . 1 . 2 The Data 

Merper data were available from 1977 to 1984 inclusive 

under the peculiarities previously stated. 
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Originally weaning weight was included as a trait to be 

examined but finally the decision was to discard it as the 1 978 

data was missing and the daughter-dam pairs were reduced even 

more. However, the adjustment factors for 634 ewe and ram 

lambs were analyzed. Weaning weight (WW) was measured to the 

nearest 0. 5 kg when the lambs were between 14 and 21 weeks. 

In the calculation of the various parameters 237 ewe hogget 

records and 65 daughter-dam pairs were analyzed. 

The different traits examined fall into two broad groups -

Quantitative and Qualitative. The quantitative traits included 
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hogget greasy and clean fleece weight (GFW, CFW) , hogget post 

shearing liveweight (HLW) , quality number (QN) , staple length 

(SL) , total crimp number and crimps per centimetre (TCN, CPC) , 

clean scoured yield ( Y )  and mean fibre diameter (MFD) . 

Qualitative traits included character grade (CHG) , handle (HG) , 

cotting (CG) , soundness (SG) , greasy and scoured colour grade 

(GCG, SCG) . 

Hogget greasy fleece weight (GFW) was recorded to the 

nearest 0. 05 kg. 

Hogget clean fleece weight (CFW) was calculated as: 

where Y 

CFW 
GFW x Y 

100 

clean scoured yield (see below) 

Hogget post shearing liveweight (HLW) was measured to the 

nearest 0. 5 kg. 

Quality number (QN) was a visual assessment of the mid-side 

wool sample fineness, although it is commonly a bad indicator 

(Henderson, 1975). It was based chiefly on staple crimps per 

centimetre and lustre (Wickham, 1971). This subjective appraisal 

is described by Bradford quality numbers, where 56/5 8 is written 

as 5 7. 

Staple length (SL) was measured to the nearest millimetre in 

an unstretched but flattened average selected greasy mid-side 

staple. 

Total crimp number (TCN) was determined by counting the 
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number of crimps along a mid-side greasy wool staple, whilst 

crimps per centimetre (CPC) was derived dividing TCN by SL. 

Clean scoured yield (Y) was obtained after scouring the 

greasy mid-side samples. The samples were weighed after being 

conditioned in a humidity room for 48 hours at 20° C and 65 % 

relative humidity. Scouring took place in a l aboratory train 

of four bowls. The scouring liquor contained sodium bicarbonate 

in addition to the lissapol detergent. After the fourth bowl 

the scoured samples were put through a spin dryer and then dried 

at forced draught at 82° C in a drying oven before returning to 

the conditioned room for 48 hours to be reweighed, Elgabas and 

Wickham (unpublished) . 

Clean scoured yield ( Y) was then calculated as : 

y weight of scoured sample x 10 0 
weight of greasy sample 

Mean fibre diameter (MFD) was measured by the airflow 

method (I.W. T. O. , 1 975). This technique can result in mean 

diameter estimates being biased downwards by the effect of 

medullation (Wickham, 1 97 1 ) ;  requires careful preparation of 

samples since the method is sensitive to fibre orientation, and 

it involves calibration from 'standard wools', a procedure which 

is not completely satisfactory (Downes, 1 976). 

All qualitative traits, character grade (CHG), handle (HG), 

cotting (CG) , soundness (SG) , greasy and scoured colour grade 

(GCG, SCG) were described by scores ranging from one (inferior) 

to nine (superior grade) according to the grading system stated 
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by Sumner (1 969). 

3 . 2  STAT I S T I CAL METHODS 

3 . 2 . 1 Estimate of Non-Genetic Effec ts 

The least squares method of fitting constants (Kempthorne, 

1 95 2) was used to estimate the ma j or factors influencing weaning 

weight, ewe hogget live and fleece weight and ewe hogget wool 

traits. 

Since Ch'ang and Rae (1 961 ), Newman e t  al . (1983) and 

Rendel ( 1 985) found that interactions controlled little variation, 

these were not included in the model. 

The fixed effects model fitted to estimate the environmental 

effects for weaning weight was: 

where 

yijk£m 
is the record of the m

th 
individual spec ified 

by the i
th 

year, jth 

th 
£ age of dam ; 

sex, 
th . 

k rearlng rank and 

� is the general mean; 

t . l 

s .  
J 

is the fixed effect of the i
th 

year of record 

(i 1 ,  . . .  , 8) ; 

. 
th f . d ff f h 

. th 
( 

. 
l S  e lxe e ect o t e J sex J 

where ewe and 2 ram); 

1 ' 2 

is the fixed effect of the k
th 

rearing rank 

(k 1, 2 where 1 single and 2 = twin) ; 



is 
th 

the fixed effect of the � dam age 

(k 1 ,  2 ,  3 where 1 is a two year old dam, 

2 is a three year old dam and 3 is a four 

year old or older dam) ; 

e
i j k �m is the error peculiar to each y

ijk�m ' it is 

assumed to be normally and independently 

3 0  

distributed with a mean zero and with constant 

2 variance Oe. 

The effect of each i, j etc. class was calculated as the 

deviation from the mean of all i or j etc. classes ; i. e. the 

estimates of all i effects summed to zero. 

The rationale to separate dams into three age groups is that 

two year old ewes are handicapped when compared to mature ewes 

(Hazel and Terrill, 1 946) . It has also been found that the peak 

is reached at four years old (Holtman and Bernard, 1969) although 

Ch ' ang and Rae (1 961) found it at five years old and then 

diminishing with the increase in age while three years old is 

intermediate. 

The fixed effects model fitted for hogget live and fleece 

weight and hogget wool traits was similar to that for weaning 

. h h . d h . th 
f d we�g t except t at sex was om �tte and t e � year o recor 

( i = 1 '  . . .  ' 7) . 

The phenotypic records were adjusted to a common environ-

mental influence by adding or subtracting the correction factor 

once the environmental estimates were obtained. 



3 . 2 . 2  Estimate o f  Genetic, Phenotypic and Environmental 
Parameters 

3 . 2 . 2 . 1 I ntroduction 

The phenotypic variance partitioned into additive, 
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dominance, epistatic interaction, genotype-environment interaction 

and temporary and permanent environmental variance components 

al lows the derivation of variation between animals, for a 

particu lar trait , in a population. 

The data used to obtain these parameters were those 

previously corrected for the major environmental factors. 

3 . 2 . 2 . 2  Heritability 

The method of regressing offspring on dam, ignoring 

sires, was used. Turner and Young (1 969) stated that, with this 

technique between-sire components in the covariance analysis 

have zero expectation, so that the o f fspring on parent regression 

can be used under field conditions. 

A ewe is mated several times during her life and 

twin offspring are expected. Since all suitable offspring were 

included in this analysis the measurement of the dam was 

repeated. Al though Kempthorne and Tandon (1953) argued about 

the validity of using a female's record repeatedly, Bohren e t  a l .  

(1961 ) and McKean and Bohren (1961 ) suggested that a serious 

loss of efficiency with this practice is unlikely to take place. 

The parental and progeny sum of squares, the sum of 

cross products, the estimated variance of parental and progeny 

records and the estimated covariance between parent and progeny 
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records we re computed . The formul a  u s e d  for the es timation o f  

he r i tab i l i ty i s  that given by Turne r and Young (1 969) 

2 Cov ( PaO) 

where heri tabi l i ty for a tra it . 

Cov ( PaO) covar iance be tween parent and of fspring 

record for the s ame tra i t .  

0� var i ance of the parent record . 

I n  thi s s tudy the pare n t  was the dam and th e o f fspring 

we re daugh ters . 

The standard e rror (S. E) for he ritabi l i ty was computed 

by the formul a  given by Fal cone r ( 1 9 8 1 ) 

whe re 

S . E  �N�2 [ 
N Number o f  p a i red obse rva ti ons o f  pare nt 

a nd o f fspring 

o 2 Var iance of o ffspring 
y 

o 2 Vari ance o f  pare n t  
X 

b The regre s s i on o f  y on x 

Heri tabi l it ie s  we re a l s o  e s timated by the pare n t-

offspring corre l a tion me thod . That i s ,  by doub l ing the phe notyp i c  

corre l a t ion b etween dam and daughter ( Turner a nd Young , 1969) 
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for the s ame trai t .  

2 Cov ( PaO) 

wh e re Cov ( PaO) Covari ance be tween pare n t  and of fsp r i ng 

record for the s ame tra i t  

2 oPa Var iance o f  the parent re cord 

a� Variance o f  th e o f fspring record . 

The confide nce l imi t s  ( P  = 0 . 99 )  for the heri tabi l it i e s  

e stimated b y  the daughte r -dam corre l a tion were de te rmined a s  

de tai l ed by Snedecor a n d  Cochran ( 1 98 2 ) . 

3 . 2 . 2 . 3  Genetic Corre l a tion 

The s um  of pare n t s  and o f fspring records , the s um of 

c ro s s  p roduc t s  and the e s timated covariances Pa 0 , Pa 0 , Pa 0 , 
1 2 2 1 1 1 

Pa 0 were computed . The formul a  used for the e s t imation o f  gene tic 
2 2 

corre la tions for al l comb i n ations o f  tra i ts 1 and 2 i s  that 

propos e d  by H a ze l  ( 1 9 4 3 )  

where 

Pa and 
1 

0 and 
1 

Cov ( Pa 0 ) + Cov ( Pa 0 ) 
1 2 2 1 

2J Cov (Pa 0 ) x Cov (Pa 0 )' 
1 1 2 2 

r
G 

Gene t i c  corre l ation 

Pa Re fer to d i fferent tra i t s  
2 

paren ts 

0 Re fe r to d i ffe rent t r a i t s  
2 

obse rved 

obse rved 

i n  

i n  



o f f spring 

Cov Covarian ce 
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The s tandard e r ror ( S . E ) of the gene t i c  co r re l a t i on was 

e s tima ted fol l owing the fo rmula give n  by Reeve (1 95 5) 

S . E 

whe re 

r
G 

r
p 

+ 4  (- - -) D C 

n = Number o f  parent-o ffspring pairs 

c = 

D 

h h 
1 2 

1 1 
2 (h2 + h2) 1 2 

Heritab i l i ty 

Gene tic corr e l a tion 

r
p 

= Phenotypic corr e l a tion 

3 . 2 . 2 . 4 Pheno typic Corre la tion 

J 

The sum o f  c ro s s  produc ts a nd sum o f  square s o f  two 

d i f fe re n t  trai ts P and P on the s ame animal , the var i a nce s o f  
1 2 

P and P and the cova r i ance b e tween P and P we re computed to 
1 2 1 2 

find the phenotypic corre lation s . Th e formul a use d  i s  that given 

by Turne r a n d  Young (1969): 

Cov ( P P ) 1 2 

I I (J� (J� 1/ 1 2 



whe re Phenotypic corre la tion 

Cov Covari ance 

Var i ance of P ( trait 1) 
1 

Vari ance o f  P ( tra i t  2 )  
2 

The s tandard e rror was e s timated u s i n g  Fi she r ' s  
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(1 946) " z "  tran s formation , cited by Turner and Young (1 96 9) 

S . E 
1 - r� 

n - 1 

whe re Phenotypic cor r e l a tion 

n = i s  the numb e r  o f  pairs 

3 . 2 . 2 . 5  Env i ronme ntal Corre l a tion 

In an e f fo r t  to obt a i n  some unde rs tanding o f  pos sible 

cause s o f  the d i f fe rence s be twee n  the gene tic and phe notyp i c  

corre l a tions , the envi ronmen ta l  corre lation s  we re c a l c u l a te d  using 

the formula reported by S e a r le (1 961 ): 

wh ere 

( 1 - h ) 
2 

Envi ronmen t a l  corre l a tion between two tra i ts 

r
p 

Phenotyp i c  corre l a tion calcula te d  by the 

daugh te r -dam regre s s ion me thod 

r
G 

Genotyp i c  corre l a t ion c a lculated from the 
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same data and me thod as r
p

; and 

h and h the h er i tabi l i t i e s  of the two trai ts i n  
1 z 

the n ar row sense . 

S tandard e rrors were not e s timated for the 

envi ronme n ta l  corre la t i on s . 
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C H A P T E R F 0 U R 

NON-GENETIC EFFECTS 

4 . 1 I NTRODUC T I ON 

The va lue of a me tric character i s  co ndi tioned no t only by 

the animal ' s  geno type but a l so by the envi ronme n t  i n  which i t  i s  

reared ( Turne r and Young , 1 969). 

I t  i s  po s s ible by me ans o f  sui table s tat i s t ic a l  me thods to 

obta i n  qua n t i tative e stimate s o f  the various source s o f  vari ance 

to which an animal ' s  phe notyp i c  var iance i s  c l a s s i fie d . In case s 

whe re geno type and environmen t  are not corre l a ted , Turne r and 

Young ( 1 969) have de scribed the phe notypi c  var iance (0� ) as : 

where is the add i t ive variance compone n t  

02 i s  the dom i n ance var iance component D 

a� i s  the addi t ive x add i tive epi s t a t i c  va ri ance 

component 

2 
OAD i s  the add i tive x dominance epi s ta t i c  var i ance 

component 

2 
ODD is the domin ance x dominance epi s ta t i c  variance 

component 

2 
OGE i s  the genotype -permanent envi ronme n t  i n te r -

p 

ac tion var iance compone nt 



o�E t 
i s  the genotype - temporary envi ronment inte r-

ac tion vari ance compone nt 

2 OE i s  the permane n t  e nvi ronmental vari ance 
p 

compone n t  

i s  the temporary envi ronme ntal var iance 

componen t  

3 8  

The envi ronmental con tr ibution t o  the record of an individual 

is ve ry comp le x ,  as an animal i s  expo s e d  to di f fe rent facto r s  from 

the time of fe rti l i zation to the time when the characte r is 

measure d .  

Turne r and Young (1 969) have cla s s i fi e d  spe c i f i c  e nvi ron -

menta l fac tors i n fl ue nc i n g  production characte ri s ti c s  i n  she ep 

into : 

( i ) EXTERNAL : Tho se a f fe c t i ng the mean val ue o f  produc tion for 

the who l e  flock , though the re may be minor i n te r -

actions w i th i ndivi dual sheep , e . g .  regions , 

c l imate , management , se asonal d i f fe re n c e s  f rom 

year to y ear on the s ame prope rty . The s e  f a c to r s  

i n f l uence gene tic compari son o f  b reeds , s t r a i n s  

o r  flock s . 

( i i )  I N TERNAL : Those wh i ch affect individua l s  but not the whole 

flock , e . g .  sex , mate r i a l  e f fe c ts ( age o f  dam and 

type of b i r th or re a r i ng) , the animal ' s  own age 

and previous reproduc tive status o f  a ewe . In-

b reeding o f  the animal or i t s  dam is a l so i nc luded 



in this g roup . These fac tors may i n f l uence 

e st imate s o f  h er i tab i l i ty ,  repe atabi l i ty or 

correlation s . 
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I n  turn , Rae ( 1 9 8 2 ) , re fe rr i ng to traits s uch as f leece 

we i gh t  and numbe r of lamb s  born ( or reared) whi ch can be me asure d 

from ye ar to y ear on the s ame animal , cons i dered i t  convenient to 

subdivide the environmental variation into two parts : 

( i ) PERMANENT ENV I RONMENTAL VAR I AT I ON :  A part wh i ch i s  common 

to a l l  o f  the records o f  the parti c u l a r  sheep but 

di ffe r s  from sheep to sheep . For i n s tance , l ive r 

damage due to fac i a l  e c zema toxin ,  whi ch may limi t 

the fe r t i l i ty o f  a ewe ove r th e re s t  o f  i ts l i fe ­

time o r  a depr e s s i on i n  f l e ece we i gh t  a s  a resul t 

o f  a sheep being l imi ted i n  s i ze due to 

malnutri t ion e arly in i ts l i fe ti me . 

( i i )  TEMPORARY ENV I RONMENTAL VAR I AT IO N :  A part wh ich i s  pecul i a r  

t o  the particular record o f  the i nd i v i dual sheep 

and di ffers from record to record of that i ndividual , 

i . e .  temporary reduction i n  fleece we i ght due to 

leve l  o f  nutri t ion i n  the year the f l e ece i s  be i n g  

g rown . 

Many o f  the di ffe re n ce s  i n  e nvi ronment to whi ch a nima l s  are 

s ub j e c ted cannot be spe c i f i e d . Var iation due to the s e  fac tors 

cannot be separa ted from that due to e r rors of obs e rva tion and 

mea sureme n t  of the character concerned ( Bowman , 1 97 4 ) . 

Both i n te rnal or externa l , pe rmane n t  or tempo rary 



envi ronmen tal fac tors may mask ge ne tic d i f fe rence s betwee n  

ind i vidua l s . Th ere fore , ad j us tment o f  production records for 

known envi ronme n tal source s of var i ation prior to the i r  use i n  

es timating bre e d i ng value s increase s the accuracy of s e l e c tion 

and cu l l ing procedure s .  

4 . 2  RESULTS AND D I SCUSS I ON 
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The e s t imate s o f  env i ronmental e f fects expre ssed as devi ations 

from the ove ra l l  mean wi th the i r  s tandard e r rors , and the i r  

standard devi a tions de r i ved from the e rror mean square , for e ach 

tra i t , a re pre s e n ted in Tab l e  4. 1 .  The s tandard e rror s  are 

re lative ly high i n  many cases . 

The percentage of variation contro l le d  by the mai n  e f fe c ts 

e s tima te d  as the s um of squa r e s  attributab l e  to that facto r  

d i vided b y  the tota l s um o f  square s , a nd the s tati s ti c a l  

s i gn i fi c ance o f  the mai n  e ffects are s e t  o u t  i n  Table 4 . 2 .  

From Tab l e  4 . 2 ,  two poi n t s  shoul d  be high l i ghted : 

( i ) B e tween ye ar di ffe re nc e s  we re i mportant source s o f  

var ia t i o n  and had a h i gh l y  s i g n i ficant e f f e c t  on a l l  

tra i ts e xcept scoured colour g rade . Whi le the s e  a re 

genera l l y  thought to be o f  nutr i t i ona l , cl i ma t i c  o r  

manageme n ta l  o r i g i n  they coul d a l so be due t o  varyi n g  

s tandards of a s s e s smen t  f rom y e a r  t o  year . 

( i i )  Mos t  o f  the va r i ation appe a red i n  the re s i dual 

component . Thi s  can be furth e r  parti tioned i n to 

be twe e n -animal d i f fe re n c e s  o f  gene tic o r i g i n  and thos e  



TABLE 4 . 1 :  LEAST SQUARES EST I MATES AND STANDARD ERRORS OF THE ENV I RONMENTAL EFFECTS 

TRAIT ww HLW 

FACTOR ( KG )  ( KG )  

General Mean 2 2 . 2 2 ± 0 . 1 5  3 4 . 7 7 ± 0 . 2 7 

Standard Deviation 3 .  1 3 3 . 48 

Year 
1 9 7 7  1 . 26 ± 0 . 5 9 1 . 3 3 ± 1 . 0 2  
1 9 78 n . r  -4 . 2 2 0 . 76 
1 9 7 9  - 0 . 5 7 0 . 3 4 4 . 6 5 0 . 57 
1 98 0  - 1 . 65 0 .  3 1  - 0 . 1 2  0 . 54 
1 9 8 1  2 . 5 0 0 . 29 - 1 . 0 2 0 . 5 0 
1 98 2  -0 . 0 7 0 . 2 7 0 . 89 0 . 5 1 
1 98 3  - 1 . 88 0 . 3 1 - 1 . 5 0 0 . 62 
1 98 4  0 . 4 1  0 . 3 3 n . r 

Sex 
Ewe - 0 . 85 0 .  1 2 n . f  
Ram 0 . 85 0 .  1 2  n . f 

Rearing Rank 
Single 2 . 24 0 .  1 3 0 . 99 0 . 2 4 

Twin - 2 . 2 4  0 .  1 3  -0 . 99 0 . 24 

Age o f  Dam 
2 Year O ld - 0 . 98 0 .  1 9  - 0 . 34 0 . 3 5 

3 Year Old 0 . 2 0 0 . 2 0 - 0 . 3 6 0 . 3 5 

4 +Ye ar Old 0 . 7 8 0 .  1 8  0 . 7 0 0 . 34 

n . r  = no re cord s for th i s  year 

n . f = not fi t ted in the mode l 

GFW CFW 

( KG )  ( KG)  

3 . 0 0 ± 0 . 0 3 2 . 2 5 ± 0 . 0 2 

0 . 3 7 0 . 3 0 

0 . 26 ± 0 . 1 1  0 . 2 7 ± 0 . 0 9 
- 0 . 3 3 0 . 0 8 - 0 . 2 2 0 . 0 7 

0 . 3 1 0 . 0 6 0 .  1 4  0 . 0 6 
- 0 . 1 2  0 . 0 6 - 0 . 0 9 0 . 0 5 
- 0 . 2 3 0 . 0 5 - 0 . 1 6  0 . 0 4 

0 .  1 6  0 . 0 5 0 .  1 1  0 . 0 4 
- 0 . 0 6 0 . 0 7 - 0 . 0 4  0 . 0 6 

n . r  n . r  

n . f  n . f 
n . f  n . f 

0 . 0 4 0 . 0 2 0 . 0 3 0 . 0 2 
-0 . 0 4 0 . 0 2 - 0 . 0 3 0 . 0 2 

-0 . 0 3 0 . 04 - 0 . 0 4  0 . 0 3 
0 .  0 1  0 . 0 4 - 0 . 0 0 0 . 0 3 
0 . 0 2 0 . 0 4 0 . 0 4 0 . 0 3 

QN CHG 

5 3 . 7 4 ± 0 . 2 0 5 . 5 7 ± 0 . 0 7 

2 . 5 9 0 . 9 0 

- 0 . 39 ± 0 . 76 0 . 6 6 ± 0 . 2 6 
0 . 5 1 0 . 5 7 -0 . 0 3 0 . 2 0 
0 .  4 1  0 . 4 2 - 0 . 6 1 0 .  1 5  

- 0 . 1 7  0 . 4 0 0 . 0 0 0 .  1 4  
1 .  0 8  0 . 3 7 - 0 . 4 8 0 .  1 3 

- 3 . 5 5 0 . 38 0 . 3 3 0 .  1 3 

2 .  1 2 0 . 4 6 0 .  1 3  0 .  1 6  
n . r  n . r  

n . f  n . f  

n . f  n . f 

- 0 . 0 0 0 .  1 8  - 0 . 0 0 0 . 0 6 
0 . 0 0 0 .  1 8  0 . 0 0 0 . 0 6 

- 0 . 5 5 0 . 2 6 - 0 . 2 0 0 . 0 9 

0 . 2 7 0 . 2 6 0 .  1 1  0 . 0 9 

0 . 2 8 0 . 2 5 0 . 0 9 0 . 0 9 

.1'> 



TABLE 4 .  1 :  ( CON T I NLED ) 

TRAI T  HG CG 

FACTOR 

Gene ral Mean 5 . 1 4  ± 0 . 0 9 6 . 2 2 ± 0 . 0 7 

Standard Deviation 1 .  1 3  0 . 9 3 

Year 

1 9 7 7 - 0 . 46 ± 0 . 3 3 -0 . 36 ± 0 . 2 7 

1 9 7 8  0 . 42 0 . 2 5 0 . 4 7 0 . 2 0 
1 9 79 0 .  1 4  0 .  1 8  0 . 2 6 0 .  1 5  
1 9 8 0  -0 . 0 7 0 .  1 7  -0 . 70 0 .  1 4  
1 9 8 1  - 0 . 2 2 0 .  1 6  -0 . 2 3 0 .  1 3 
1 9 8 2  0 . 9 0  0 . 1 7 -0 . 0 8 0 .  1 4  
1 98 3  - 0 . 7 2 0 . 2 0 0 . 64 0 .  1 7  

Rea r i ng Rank 

S i ng le 0 . 0 3 0 . 0 8 0 .  1 0  0 . 0 6 

Twin -0 . 0 3  0 . 0 8 -0 . 1 0  0 . 06 

Age of Dam 

2 Year O l d  - 0 . 1 1  0 .  1 1  0 . 0 6 0 . 09 
3 Yea r  Old 0 . 0 8 0 . 1 1  - 0 . 0 6 0 . 0 9 
4+Ye ar Old 0 . 0 3  0 .  1 1  0 . 0 0 0 . 0 8  

SG GCG 

5 .  87  ± 0 .  1 0 4 . 9 4 ± 0 . 0 8 

1 . 2 3  1 . 0 1 

- 0 . 3 8 ± 0 . 36 - 0 . 59 ± 0 . 3 0 
0 . 66 0 . 2 7 0 . 4 0 0 . 2 2 

- 0 . 38 0 . 20 0 . 3 8 0 .  1 6  
-0 . 2 5 0 .  1 9  - 0 . 58 0 .  1 5  

0 . 5 7 0 .  1 8  - 0 . 0 1 0 .  1 5  
- 0 . 1 8  0 .  1 8  0 . 0 7 0 .  1 5  
- 0 . 0 4 0 . 2 2 0 . 3 3 0 .  1 8  

- 0 . 1 2  0 . 0 8 - 0 . 0 7 0 .  0 7  
0 .  1 2  0 . 0 8 0 . 0 7 0 . 0 7 

0 .  0 1  0 .  1 2 - 0 . 1 0  0 .  1 0 
0 . 0 1 0 .  1 2  0 . 0 2 0 .  1 0  

-0 . 0 2 0 .  1 2  0 . 0 8 0 .  1 0 

SCG 

5 . 5 6 ± 0 . 0 7 

0 . 89 

- 0 . 1 4  ± 0 .  2 6  

0 . 2 5 0 . 2 0 

0 . 0 4 0 .  1 6  
- 0 . 1 8  0 .  1 4  

0 . 0 2 0 .  1 3  
0 . 0 6 0 .  1 3  

- 0 . 0 5 0 .  1 6  

- 0 . 0 6 0 . 0 6 
0 . 0 6  0 . 0 6 

- 0 . 0 6 0 . 0 9  
-0 . 0 7  0 . 0 9 

0 .  1 3 0 . 0 9 

.,. 
N 



TABLE 4 .  1 :  ( CONT I NLED ) 

TRAIT SL TCN 

FACTOR ( cm)  

General Mean 1 0 . 44 ± 0 . 1 0  2 5 . 5 0 ± 0 . 3 8 

S tandard Deviation 1 . 2 8  4 . 9 0  

Year 

1 9 7 7  0 . 2 2  ± 0 . 3 8 0 . 5 4 ± 1 . 4 4  

1 9 7 8  -0 . 46 0 . 2 8  -0 . 0 0 1 .  0 7  

1 9 7 9  1 .  3 7  0 . 2 1 2 . 34 0 . 80 

1 9 8 0  0 . 2 5 0 . 2 0 1 . 0 2  0 . 7 5 

1 9 8 1  - 1 . 2 0 0 .  1 8  0 . 38 0 .  7 1  

1 9 8 2  0 . 2 6 0 .  1 9  - 3 . 5 3 0 .  7 2  

1 9 8 3  -0 . 4 4 0 . 2 3 - 0 . 74 0 . 8 7 

Rea r i ng Rank 

S i ng l e  - 0 . 1 2  0 . 0 9 -0 . 0 3  0 . 3 3 

Twin 0 .  1 2  0 . 0 9 0 . 0 3  0 . 3 3 

Age of Dam 

2 Year Old 0 . 0 2  0 .  1 3  - 0 . 5 2  0 . 4 9 
3 Year O l d  0 . 0 5 0 .  1 3  0 . 4 3  0 . 5 0  
4 +Year Old -0 . 0 7  0 .  1 2 0 . 09 0 . 4 7  

y 

(% ) 

74 . 9 3 ± 0 . 3 1  

3 . 9 2 

2 . 1 5 ± 1 . 1 6 
0 . 99 0 . 86 

- 3 . 69 0 . 7 1 
- 0 . 32 0 . 60 

0 . 78 0 . 5 7 
- 0 . 2 7 0 . 58 

0 . 36 0 .  7 1  

0 . 0 0 0 . 2 7 
-0 . 0 0 0 . 2 7 

- 0 . 4 3  0 . 4 0 
-0 . 3 3 0 . 4 0 

0 . 76 0 . 39 

MFD 

( mi cron s )  

2 8 . 9 9 ± 0 . 1 7  

2 .  1 7  

1 . 24 ± 0 . 64 
0 . 0 3 0 . 4 8 
0 . 5 6 0 . 3 9 
0 . 5 7 0 . 3 3 

- 1 . 3 5  0 . 3 1  
- 0 . 1 7  0 . 3 2 
- 0 . 88 0 . 3 9 

-0 . 0 4 0 .  1 5  
0 . 0 4 0 .  1 5  

0 . 2 6 0 . 2 2  
-0 . 2 7 0 . 2 2 

0 .  0 1 0 . 2 1  

CPC 

2 . 4 8 ± 0 . 0 4  

0 . 5 7 

-0 . 0 7 ± 0 . 1 7 
0 . 1 1  0 .  1 2  

-0 . 0 8 0 . 0 9 
0 . 0 6 0 . 0 9 
0 . 36 0 . 0 8 

-0 . 4 1  0 . 0 8 
0 . 0 3 0 .  1 0  

0 . 0 3 0 . 0 4 
-0 . 0 3  0 . 0 4 

-0 . 0 4 0 . 0 6 
0 . 0 3 0 . 0 6 
0 .  0 1  0 . 0 6 

..,.. 
w 



TABLE 4 . 2 :  PERCENTAGE OF TOTAL VAR I ANCE AND S I GN I F I CANCE OF THE 

ENVI RONMENTAL EFFECTS ON THE TRA I TS ANALYZ ED 

MAIN EFFECT 

TRAIT YEAR SEX REARING RANK AGE OF DAM 

4 4  

% S IGN I F I CANCE % S IGNIFICANCE % S I GN I FICANCE % S I GN IF I CANCE 

ww 

HLW 

GFW 

CFW 

QN 

CHG 

HG 

CG 

SG 

GCG 

SCG 

SL 

TCN 

y 

MFD 

CPC 

1 3 * * *  

29 * * *  

2 5  * * *  

1 6  * * *  

35 * * *  

1 4  * * *  

1 8  * * *  

1 7  * * *  

9 * *  

1 2  * * *  

2 n . s  

29  * * *  

1 3 * * *  

1 2 * * *  

1 3 * * * 

1 8  * * *  

* * *  0 . 0 0 1  > p 

* *  0 .  0 1  � p 

3 * * *  

n . f  

n . f 

n . f  

n . f 

n . f 

n . f 

n . f  

n . f  

n . f  

n . f  

n . f  

n . f  

n . f  

n . f 

n . f  

n . s  not s i gn i ficant 

n . f  no t f i t ted i n  the mode l 

2 4  * * *  3 * * *  

5 * * *  n . s  

n . s  0 n . s  

n . s  n . s  

0 n . s  n . s  

0 n . s  2 n . s  

0 n . s  0 n . s  

n . s  0 n . s  

n . s  0 n . s  

n . s  0 n . s  

0 n . s  n . s  

n . s  0 n . s  

0 n . s  n . s  

0 n . s  n . s  

0 n . s  n . s  

0 n . s  0 n . s  



o f  chance envi ronmen tal origin toge the r wi th 

obse rvational and re cording e rrors . 
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The results agree i n  mo st cases wi th the pub l i shed e s t i mates 

reported i n  Table s  4 . 3  and 4 . 4 .  

Year o f  obs e rva t ion was con founded with the y ear of b i r th .  

There was conside rable variation i n  the e f fec t o f  ye ar o f  re cord 

on performance . There was a range of 4 . 3 2 kg ( be tween 1 98 1  and 

1 9 8 3 )  for WW; 8 . 87 kg ( 1 9 79 - 1 9 78 )  fo r HLW ; 0 . 6 4  kg ( 1 9 79 - 1 9 78 )  for 

GFW ; 0 . 4 9  kg ( 1 9 7 7 - 1 9 78 )  for CFW ; 5 . 6 7 units ( 1 9 8 3 - 1 9 8 2 ) for QN ; 

1 . 2 7  grade s ( 1 9 7 7 - 1 9 7� for CHG ; 1 . 6 2  grade s ( 1 9 8 2 - 1 9 8 3 )  for HG ; 

1 . 34 grade s ( 1 98 3 - 1 9 8 0 ) for CG ; 1 . 0 4  grade s ( 1 9 7 8- 1 9 7 7 )  for S G ;  

0 . 99 grade s ( 1 9 78 - 1 9 77 )  for GCG : 0 . 4 3 grades ( 1 9 7 8 - 1 9 8 0 )  fo r 

SCG ; 2 . 5 7 ern ( 1 9 79 - 1 98 1 )  for S L ; 5 . 87 uni ts ( 1 9 79 - 1 9 8 2 )  for 

TCN ; 5 . 84 %  ( 1 9 7 7 - 1 9 79 )  for Y ;  2 . 5 9  microns ( 1 9 7 7 - 1 9 8 1 )  for MFD 

and 0 . 7 7  uni ts ( 1 9 8 1 - 1 98 2 )  for CPC . 

These y ear o f  record e f fe c t s , a l though s ig n i f i c an t , are 

spec i f i c  to the f lock and y ea r  in which they are take n , so tha t  

they cannot b e  gene ra l i zed as corre c t ion facto r s . 

Be fore dea l i ng w i th the i ndi vidual wool trai ts i t  should be 

s tated that ne i th e r  rea r i ng rank nor age o f  darn e xe r te d  any 

s igni f i c ant i n f l uence o n  them . The rearing rank e f fect on wool 

tra i ts was of the orde r of 0 to 1 %  whi le age of darn reached 2 %  

for character grade . 

4 . 2 . 1 Wea n i ng We igh t  

The e s t imate o f  s tanda rd devia tion for WW ( 3 . 1 3  k g )  fal l s  
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TABLE 4 . 3 :  iVEAN , STANDARD DE V I AT I ON AND ADJUSTIVENT FACTORS FOR WEANI NG 

AND HOGGET L I  \£WE I GHT ( KG )  

BREED MEAN STANDARD B I RTH -REARING DAM AGE SEX 
RANK 

DEVIATION SINGLE-TWIN 4 - 2  4 - 3  R-E 

WEAN I NG WE I GHT 

Romney 24 . 1 3 . 5  4 . 5  1 . 5 0 . 8  2 . 3  

4 . 5  2 . 3  0 . 9 1 .  8 
2 5 . 2 6 3 . 5 0 4 . 2  2 . 0  0 . 4  
2 5 . 5 3  4 . 4 1  2 . 04 0 . 5 9 1 .  5 8  
1 9 . 32 2 . 9  3 . 4  1 . 5 0 . 4 
2 0 . 4  3 . 2  4 . 2  1 . 3  0 . 2  1 . 9 

4 . 2  1 . 3 0 . 2  
2 1 . 4 -2 7 . 0  2 . 8- 3 . 7  4 . 2  1 . 3 0 . 3  2 .  1 

2 1 . 0 8 4 . 2 4 3 . 59 2 .  1 3 0 . 1 9 1 . 6 8  
2 2 . 3  2 . 6 1  3 . 7 7 0 . 5 2 -0 . 34 1 .  5 4  

3 . 5 9 4 . 2  1 . 2 -0 . 2  3 . 6  

P e re rrlale 2 2 .  8 3 . 0  4 . 2  1 .  4 4  0 . 5 3 
2 6 . 3  3 . 3 3 4 . 0 5 1 . 2 1 - 1 . 0 3 1 . 8 5 

Me r i no 2 7 . 4  3 . 0  3 . 0  1 . 5 
1 7 . 0  4 .  1 4  0 . 94 0 . 3 3 1 . 1 6  

HOGGET L I VEWE I GHT 

Romn e y  38 . 9  2 . 2 2 1 .  7 1  0 . 8 1 
39 . 1  5 . 0  2 . 2  2 . 4  1 . 45 

3 5 . 1  3 . 7 0 . 0 9 - 0 . 1 4  0 . 4  
4 3 . 2  4 . 7  2 .  1 1 . 3  0 . 4  1 0 . 8  

2 . 2  2 . 4  1 . 0 
3 0 . 6 8 4 . 2 3  1 .  o s  - 0  . 6# - 1 . 7 8 

Pe re rrlale 3 7 .  3 3 . 9  2 .  1 2  0 . 98 0 . 35 

Me rino 3 2 . 4 4  1 . 6 3  0 . 9 8  1 .  0 9  
4 8 . 58 2 . 0 9 1 . 1 8  0 . 4 2 1 5 . 3 5 

Ave rage of e s timate s f rom 2 flock s , ove r  9 y ea r s . 

2 Ave rage o f  1 2  flock s . 

3 Re aring rank only . 

4 Male l ambs o f  pooled ge neti cal ly d i s t i nc t  group s . 

5 Ewe s o n l y . 

6 Ewe s  and type o f  bi rth o n l y . 

7 Type o f  bi rth only . 

REFERENCE 

Ch ' ang and Rae 
( 1 9 6 1 ) 1 

C l a rke ( 1 9 6 7 )  
Ch ' an g  and Rae ( 1 9 7 0 )  
Lun d i e  ( 1 9 7 1 )  
H i ght and Jury ( 1 9  7 1 ) 
Baker e t  a l .  ( 1 9 7 4 )  
C l arke and Rae ( 1 9 7 6 )  
Jury e t  a l .  ( 1 9 79 ) 2 

Tai t  ( 1 9 83 )  
Newman e t  a l .  ( 1 9 8 3 )  

Wewala ( 1 9 8 4 ) 

E l l iott ( 1 9 7 5 ) 3 

Newman e t  a l . ( 1 9 8 3 )  

Young e t  a l .  ( 1 96 5 ) 4 

Ran som and Mul laney 
( 1 9 7 6 )  

Tripathy ( 1 966 ) 5 

Ch ' ang and Rae 
( 1 9 70 ) 5 

H i g h t  and Jury ( 1 9 7 i )  

B ak e r e t  a l .  ( 1 9 74 ) 
C l a rke and Rae ( 1 9 7 6 )  
Tai t ( 1 9 8 3 ) 5 

E l l iott ( 1 9 7 5 ) 5 

Lax and B rown ( 1 9 6 7 ) 6 

Gregory and Ponzoni 
( 1 9 8 1 ) 7 

8 Proge ny o f  4 -ye ar o l d  ewe s  1 . 0 kg l ighter than progeny o f  5 -year old . 
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TABLE 4 . 4 :  MEAN , STANDARD DE V I AT I ON AND ADJUSTME NT FACTORS FOR HOGGET 

WOOL TRA I TS ( KG )  

B REED TRA I T  MEAN 

Romney GFW 
GFW 
GFW 

GFW 
GFW 

GFW 
QN 

CHG3 

GCG3 

SL 
SL 

MFD 
C P I4 

P e rerdale GFW 
QN 

CHG 
SL 

MFD 

Me r i no GFW 

GFW 

CFW 

CFW 

SL 

SL 

y 
y 

MFD 
MFD 

CPI 

Ewe s only . 

3 . 6  
3 . 3  
3 .  1 

3 . 9  

1 .  86 
4 8 . 0 2 

4 .  0 1  
4 . 0 3 

1 4 .  1 4  
1 0 . 99 
3 5 . 8 1 

3 . 2 5 

2 . 4  
5 2 . 2 4 

5 . 0 3 
1 1 . 7 5 
3 0 . 9 8 

4 .  1 1  

6 . 0 1  

2 . 56 

3 . 80 

3 . 80 

9 . 0 1  

1 1  . 9 1  

6 3 . 69 

6 3 . 46 

2 1 . 5 5 
2 5 . 7 7 

1 2 . 2 5 

STANDARD B I RTH­
BEARING 

DEVIATION 

0 . 4 8  

0 . 5  

0 . 54 
1 .  9 0  
0 . 80 
0 . 66 

1 . 89 

0 . 4 
1 . 9 
1 .  1 2  
1 . 4 3  
2 . 2 2 

RANK 

S INGLE­
'IWIN 

0 .  1 7  
0 .  2 1  
0 .  1 4  

0 .  1 
0 . 26 

0 . 0 2  
0 . 0 9 

-0 . 0 5 
0 . 0 1 
0 . 4 1  

-0 . 4 8 
0 .  1 1  

-0 . 24 

0 .  1 2  
0 . 2 0 

-0 . 1 4  
- 0 . 2 0 

-0 . 06 

0 . 2 3 

0 . 39 

0 .  1 4  

0 .  1 8  

-0 . 0 2 

0 .  1 3  

- 0 . 0 5 

-0 . 0 2  
-0 . 5 1  

- 0 . 2 5 
-0 . 29 

0 .  1 2 

DAM AGE 

4 - 2 4 - 3  

0 . 2 3 0 . 0 7 
0 . 2 2 0 . 0 4 

-0 . 0 4 0 . 0 2  

0 . 0  0 . 0  

-0 . 0  1 -0 . 1 2  

0 .  3 1  -0 . 1 9  
0 . 0 7  0 . 0 5 

0 . 0 7 0 . 0 3 
0 . 0 9 0 . 0 2 
0 . 0 1  - 0 . 0 2 
0 . 0 0  0 . 0 2  

0 . 3 0 0 . 2 2  

0 . 2 1  0 . 1 2 

SEX 

R-E 

REFERENCE 

Tripathy ( 1 96 6 )  
Lundie ( 1 9 7 1 ) 1 

H i gh t  and Jury 
( 1 9 7 1 ) 2 

Bak e r  e t  a l .  ( 1 9 7 4 ) 
Cl arke and Rae 

( 1 9 7 6 )  
Tai t  ( 1 9 8 3 ) 1 

Tai t ( 1 9 8 3 )  
Tai t  ( 1 9 8 3 )  
Tai t ( 1 9 8 3 )  
Tripa thy ( 1 9 6 6 )  
Tai t ( 1 9 8 3 )  
Tripathy ( 1 96 6 )  
Tripathy ( 1 96 6 )  

E l l i o t t  ( 1 9 7 5 ) 
E l l i o t t  ( 1 9 7 5 ) 
E l l i o t t  ( 1 9 7 5 )  
E l l i ott ( 1 9 7 5 )  

E l l io tt ( 1 9 7 5 )  

Lax and B rown 
( 1 96 7 ) 5 

0 .  1 6  0 . 0 7  1 . 0 6  Gre gory and Ponzon i 

( 1 9 8 1 ) 
0 .  1 4  

0 . 06 

0 . 0 1  

0 . 0 9  Lax and Brown ( 1 96 7 )  

0 . 0 3 0 . 4 8 Gre gory and Pon zon i 
( 1 9 8 1 )  

0 . 0 2  0 . 0 8  Gre gory and Ponzon i 
( 1 9 8 1 ) 

- 0 . 0 4 -0 . 1 6  

0 . 0 0  0 . 0 0  

Lax and Brown ( 1 96 7 )  

0 . 1 7  Gre gory and Pon zon i 
( 1 9 8 1 ) 

0 . 1 3  0 . 1 3  Lax and B rown ( 1 96 7 )  
-0 . 7 3  - 0 . 1 9 - 3 . 0 6 Gregory and Ponzon i 

( 1 9 8 1 ) 

0 .  1 2  - 0 . 1 0  
0 . 28 0 . 1 2  

-0 . 38 -0 . 2 1  

Lax and Brown ( 1 9 6 7 )  
0 . 62 Gregory and Pon zoni 

( 1 9 8 1 ) 11 
Lax and Brown ( 1 96 7 )  

4 C r i mps per i nch . I 
2 

3 

Large s tandard e r rors and rearing rank only . 5 Ewe s and type of b i r th o n l j 

S co r e s  ranged f rom 1 to 5 .  6 S co re s  ranged from 1 to 7 . I 
I 
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among the range found by Jury e t  a l .  ( 1 9 79 ) for Romneys , E l l iott 

( 1 9 7 5 )  and Newman et a l .  ( 1 9 8 3 )  for Perendal e s  and Young e t  a l .  

( 1 965 ) for Me r i nos . 

In an analys i s  o f  a la rge amoun t o f  data from Na tional Flock 

Recording Scheme s , Cl arke and Rae ( 1 9 7 6 )  found tha t  40 to 4 5 %  of 

the total wi th i n  flock var ia tion in WW was control l e d  by envi ron­

mental e ffe c ts . Eik j e  ( 1 9 7 1 )  a nd Jury et a l .  ( 1 9 7 9 )  indicated 

tha t i t  ranged from one thi rd to one h al f .  Al though the present 

s tudy doe s not include da te o f  b i rth o f  the lamb , 4 3 %  of total 

with i n  f l o ck vari a tion i s  control l e d  by fixed envi ronmental 

e f fects . 

The prese nt e s timate s o f  the e f fe c t  o f  yea r to year 

variation are large as was found by Ch ' ang and Rae ( 1 9 7 0 )  This 

emphas i s e s  the ne ce s s i ty of expre s s i ng correcte d we i ghts as a 

deviation from the flock-year ave rage in s e l e c t i ve b re ed i ng 

programs . 

S ex accounted for 3 %  o f  the total variance . At weaning 

ram l ambs were 1 . 7 0 kg h ea vi e r  than ewe s . Thi s  is in agreement 

w i th mos t  pub l i shed e s t ima te s ( se e  Table 4 . 3 ) . 

S e x  ad j ustments are needed whe n  a s s e s s ing a dam ' s  maternal 

performance o r  in progeny te s ti ng . 

At weaning the rearing rank e f fe c t  was found to be the mos t  

impor tant source of vari ation ( 24 % }  Thi s  re s u l t  i s  i n  l i ne 

w i th Ch ' ang and Rae ( 1 9 6 1 ) , C l a rke ( 1 9 6 7 ) , H i gh t  and Jury ( 1 9 7 1 ) , 

Jury e t  a l .  ( 1 9 79 ) , Bak e r  e t  a l .  ( 1 9 7 9 )  and Newman e t  a l .  ( 1 9 8 3 ) . 
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Lambs reared a s  twi ns we re about 1 8% l i ghter a t  we aning 

than s i ngle lambs . Thi s  d i fference was reduced to 6 %  at the 

hogge t stage . Dri nan ( 1 96 8 }  reported that a di f fe rence o f  1 7 . 4 % 

be twee n  s ingle and twi n  born Me rinos at wean ing was reduced to 

3 . 2 % at 1 8  mon ths of age . Th e handi cap o f  being re ared as a 

twin ( 4 . 4 8  kg} agrees w i th the 4 . 5  kg found by Cl arke ( 1 96 7 }  

and Ch ' ang and Rae ( 1 9 6 1 }  and i s  c l o se to th e 4 . 2 k g  assumed by 

Sheeplan . 

S e l ec tion for WW w i thout adj u stme n t  for type o f  b i r th and 

rearing rank wi l l  resul t in s e l e c tion agai n s t  l ambs born a s  twins . 

Age of dam had a h ighl y  s ign i fi cant e f fe c t  on weaning 

we ight . The ave rage WW of l ambs increased wi th age of dam . The 

finding that four -y ear old ewe s reared heavie r  lambs than two­

year old ewe s is in agreement w i th Jury et a l .  ( 1 9 7 9 } . The 

1 . 76 kg depre s sion due to two-year old dams fa l l s  betwee n  the 

2 . 0 kg found by Ch ' ang and Rae ( 1 9 7 0 }  and the 1 . 3  kg e s t i ma te 

a s s umed by Sheepl an ( Clarke and Rae , 1 9 76 } . Th e age of dam 

e f fe c t  dec re ased f rom 3% to 1 %  from weaning to yearl ing we i gh t .  

As also found by Ch ' ang and Rae ( 1 9 7 0 )  i t  appeared that the 

age o f  dam e ffect ( 1 . 76 or 0 . 58 kg)  was insuf f i c i e nt to trigge r 

post-weaning compensatory growth a l though compe n s a tory growth in 

twins resul te d  i n  s ingl e - twin l i vewe ight d i f fe rence s narrowing 

between weaning and hogge t we igh i ng . 

The e ffects o f  age o f  dam and type o f  b i rth and rearing are 

thought to re f l e c t  the pre -weaning mate rnal h andicap ( Ch ' an g  and 

Rae ,  1 9 7 0 )  resul t i ng , in par t ,  from the l ower mi lk produc tion 
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o f  younger ewe s ( Barnicoat et a l . ,  1 9 4 9 ; Owen , 1 9 5 7 )  or i n  the 

case of twi ns from compet i tion for nut r i ents i n  ute ro and 

whi l e  suck l ing ( Hunte r ,  1 9 56 ) . 

Fa i lure to ad j u st for age o f  dam wi l l  resul t i n  s e l e c tion 

agai ns t the progeny o f  younge r ewe s . Thi s  w i l l  give an i n c rease 

i n  generati on l ength as we l l  as reduc ing the s e l e c tion 

di ffe re ntial . 

Sex w i l l  be omi tted i n  the analys i s  o f  the fol lowing traits 

a s  only ewe hogge ts we re analyze d .  

4 . 2 . 2  Hogge t L i vewe ight 

The s t a ndard deviation found for HLW ( 3 . 4 8 kg)  is  lowe r 

than the e s tima te s for Romney and Perendale sheep s umma r i ze d  i n  

Table 4 . 3 .  

Yea r  was a s igni fican t  source o f  vari ation i n  ewe hogge t 

l ivewe i gh t .  Thi s  finding i s  i n  agreeme n t  w i th H igh t and Jury 

( 1 9 7 1 ) . Chopra ( 1 9 7 8 )  s ugges t e d  that HLW i s  e a s i l y  a f fe c te d  by 

e nvi ronmental condi tions pe cul i ar to each year s uch as pas ture 

a va i l ab i l i ty d i f fe rence s due to var i at i on i n  the amount and 

d i stribution of the rainfa l l .  

The rear i ng rank e ff e c t  on HLW was s igni fi cant , i n  agre ement 

w i th the re s u l t s  of H i ght and Jury ( 1 9 7 1 ) . 

S i ngle reared ewe hogge ts had heavier livewe i ghts than 

those reared as twi n s  ( 1 . 9 8 k g ) . Thi s  finding i s  wi th i n  the 

range of the e s timates repor ted in Tabl e  4 . 3 .  



The age o f  dam e f fects on HLW , al though non - s i gn i f i c an t ,  

we re wi thin the range shown i n  Tabl e 4 . 3 . 

4 . 2 . 3  Greasy Fleece We igh t  

5 1  

Ye ar had a s i gn i f i cant e f fe c t  on greasy fleece we i gh t . As 

poin ted out by Chopra ( 1 9 7 8 )  adve r se envi ronmental cond i t i ons 

duri ng the ye ar could depres s  the GFW ind i rectly through the 

rate o f  growth i n  HLW and the deve lopment of s e condary fol l ic le s . 

Moreove r ,  Lewe r e t  a l .  ( 1 9 8 3 )  emph as i zed that GFW of younger 

ewe s may be more a f fec ted by nutri tional leve l  in the y e a r  of 

rearing or whi l e  the wool i s  growi ng . Shearing dates a l so 

d i f fe red s l i gh tl y  from year to year . 

Hogge t greasy fleece we i gh t  was not s igni ficantly i n fl uenced 

by age of dam e f fects . Thi s  i s  i n  ag reement w i th the r e s u l ts 

obtained by H i gh t  and Jury ( 1 9 7 1 )  and Tai t  ( 1 9 8 3 ) . Furthermore , 

Sheeplan mak e s  no adj ustmen t  to GFW for age of dam e ffec t s . 

4 . 2 . 4  C l e an Fleece We igh t  

The re a r e  few New Zea land e s timates o f  envi ronme nta l e f fects 

on c l e an fleece weight for comparison wi th pre s e n t  r e s ul t s . 

The e ffect o f  age of dam was c l o se to tha t  repo r te d  by 

G re go ry and Ponzoni ( 1 9 8 1 ) for Merinos ( see Tab le 4 . 4 ) . The 

d i f fe re nc e  be tween CFW in progeny of four years or o l de r  ewe s 

and those i n  three and two-year o ld ewe s was greate r than the 

equ i va l e n t  di fferenc e s  for greasy f leece wei ght ( see Tab l e  4 . 1 ) . 

Turne r ( 1 9 6 1 )  showed that t he l owe red c l e an wool we igh t  in 

twi ns and the proge ny o f  two-y ea r o l d  Me rino ewe s was ma inly due 

to fewe r fol l i c l e s  deve lopi ng . 



4 . 2 . 5 Qual i ty Number 

The s tandard deviation found ( 2 . 5 9 uni t s )  for qual i ty 

number is hi gher than those reported by E l l iott ( 1 9 7 5 ) for 

Perendales and Ta i t  ( 1 9 8 3 )  for Romneys ( see Table 4 . 4 ) . 

5 2  

Years accounted for 3 5 %  o f  the total va riation i n  QN . Th i s  

find ing i s  i n  agreeme n t  with the r e s u l t s  o f  Chopra ( 1 9 7 8 )  and 

Lewe r et a l .  ( 1 9 8 3 )  who reported that year e f fec ts accounted for 

20 to 36% of the tota l variat ion . 

Years 1 98 2  and 1 98 3  were remarkable for the i r  very l arge 

e f fects on QN . Ryde r and S tephen son ( 1 9 68 )  stated that good 

feeding tends to lowe r QN , pre sumably due to an increase in 

length growth rate . An a l t e rnative expl anation i s  that the 

standards o f  sub j e c t ive grading d i f fe red from year to year . 

Compar i son with r e l a ted tra i t s  i s  i n teresting . Re spect i ve ly 

e s t imated means of 1 97 7 - 1 98 3 ,  1 9 8 2  a nd 1 98 3  value s of r e l evant 

traits are : QN 5 3 . 7 ,  5 0 . 2 ,  5 5 . 9 ;  MFD 2 9 . 0 ,  28 . 8 ,  2 8 . 1 ;  SL 

1 0 . 4 ,  1 0 . 7 ,  1 0 . 0 ; CPC 2 . 5 ,  2 . 1 ,  2 . 5 ;  TCN 25 . 5 ,  2 2 . 0 ,  2 4 . 8 .  I t  

appears tha t ,  i n  1 98 2 , the coa r s e r  qua l ity was not a s so c i ated 

with a change in d i ame te r  and the i n c re ase i n  le ngth was not 

large or s igni f icant . The coar se r  qual ity numbe r arose from a 

substantia l  reduction i n  c r imping a s  revealed both in TCN and 

CPC . Wickham ( 1 9 7 1 )  has shown the importance of CPC i n  the 

a s s e s sment of QN . Conve r s e ly the 1 9 8 3  i ncrease i n  QN was 

a s sociated wi th finer diameter and s l ower l ength g rowth al though 

CPC did no t change . 



4 . 2 . 6  Character Grade 

The s ta ndard deviation for character grade i n  thi s  s tudy 

( 0 . 90 grade ) l i e s  in between thos e  repo rted by Tai t  ( 1 9 8 3 )  and 

E l l iott ( 1 9 7 5 )  for Romneys and P e re ndal e s  respe c t i ve l y  ( see 

Table 4 . 4 ) . 
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The year e f fe c t  was h i gh l y  s ig n i f i cant and exp l a i ned 1 4 % o f  

the to tal variation in character grade . Ryder and S tephenson 

( 1 96 8 )  i nd i cated that nutri tion e f fects would reduce character 

only if the s tre s s  wa s seve re and p rolonged and Chopra ( 1 9 7 8 )  

repor ted that e va l uation d i f ferences between observe r s  may 

contribute to year-to-year var i ation i n  th i s  tra i t .  

Both E l l iott ( 1 9 7 5 )  a nd Tai t  ( 1 9 8 3 )  found that s ing le s have 

lowe r CHG , whi le in thi s s tudy the re was no var iat ion of CHG due 

to rearing rank . Thi s  result i s  a l so at variance with the 

finding of Chopra ( 1 9 7 8 )  who found a s igni fi cant e f fe c t  of b i rth 

rank . 

4 . 2 . 7  Handle Grade 

Year e f fe c t s  explained 1 8% o f  the variation in handle grade . 

Chopra ( 1 9 7 8 )  attributed such var iations to : 

( i ) An i nd i re c t  e f fec t  through harshne s s  caused 

by weathering ( c l imat i c  condi tions ) .  

( i i )  Sub j e ctive a s s e s sme n t  o f  the tra i t . 

( i i i )  Di ffe re nc e s  i n  the s tandards o f  s coring . 

I n  con t ra s t  to the re sul t o f  thi s  s tudy whe re rea r ing rank 

had no e ffec t  on ha ndle g rade , Chopra ( 1 9 7 8 )  found a h ighly 



s igni fi cant e ffect o f  bi rth rank on HG . 

Hogge ts born to two-year old ewe s tended to h ave s l igh t l y  

harsher wool than progeny o f  olde r  dams . 

4 . 2 . 8  Cotting Grade 

The year e f fect expla ined 1 7 % o f  the total observed 

var i a t ion in cot t i ng g rade . Joyce ( 1 96 1 ) found that the 

inc idence of CG was a f fe c ted by season and nu tr i t i on as we l l  

a s  bre e d , age and reproduc t ive pe rformance . 
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Sumn e r  and Wickham ( 1 9 6 9 )  noticed that a h i gher s tock i n g  

rate r e s u l ted i n  increased cotting through a g r e a t e r  ampli tude 

of the seasonal rhythm . W ickham and B i gham ( 1 9 7 3 )  s tated that 

sheddi ng of f i ne f ibres and the migration of the shed f ibre s 

to entangle w i th oth e r  fibres in the fleece are the mai n  

cause s .  Thi s  proce s s  cou l d  be acce l e rated by we t t i ng and 

drying of the f leece . 

4 . 2 . 9  Soundnes s  Grade 

Year e f fe ct accoun te d  for 9% of the total variat ion i n  

soundne s s . Varyi ng patte rns of feed supply ( Ho r ton and Wickham , 

1 9 79 ) o r  varying grad i ng s tandard could be the e xpl anation . 

4 . 2 . 1 0 Grea sy Colour Grade 

The s tandard deviation in thi s  s tudy ( 1 . 0 1  g rade ) is h igher 

than values repo r te d  by Chopra ( 1 9 7 8 )  and Tai t  ( 1 9 8 3 ) . 

B e tween year d i ffe re nce s con tr ibuted 1 2 % o f  the var i a t ion 

i n  greasy colour grade . These could have ari s e n  due to c l imate 



variations . Hende rson ( 1 9 6 8 )  stated that periods o f  prolonged 

we tne s s  are caus a l  fac tor s . 

4 . 2 . 1 1  Scoured Colour Grade 

The standard de viation found in th is s tudy ( 0 . 89 grade ) 

for s coured colour grade i s  close to the h ighest e s tima te 

( 0 . 94 grade ) repo rted by Chopra ( 1 9 7 8 ) . 

The year e f fe c t  was not sign i fican t ,  account i ng for only 
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2 %  o f  the total varia tion . Chopra ( 1 9 7 8 )  found that year e f f e c t  

though h ighly s ign i ficant was comparat ive ly l e s s  important than 

in GCG .  The same trend was ob se rved i n  thi s  work . 

4 . 2 . 1 2  S tapl e  Length 

Betwe e n -year e f fe c ts we re h ighly s i gn i fican t  and contribute d  

2 9 %  t o  the total var ia tion i n  s taple l e ng th . Aga i n  the s e  probabl y  

re f l e c t  d i f fe re nc e s  i n  the feed s upply betwee n  year s . Var i ation 

i n  s tapl e  l ength could a l so be due to var i ation i n  the t ime b e twee n  

shearings (Wi ckham and B i gham ,  1 9 7 3 ) . 

S i ng l e s  had s l i gh t l y  shorter staple leng th than twi n s  

( 0 . 24 cm) b u t  thi s  e ffec t  was not s igni fican t .  Te r r i l l  e t  a l .  

( 1 9 4 7 ) , Rae ( 1 9 5 0 ) , Lax and Brown ( 1 96 7 ) , E l l iott ( 1 9 7 5 )  and 

Chopra ( 1 9 78 )  who worked wi th Targhees and Columb i a s , New Zealand 

Romney Mar sh , Mer i no s , Pere nda l e s  and New Zea land Romney sheep 

respe c t i ve l y  reported twin s  had longe r s taple s .  A lowe r total 

fol l ic le numbe r of twi n s  could be the explanation for those 

results . Sch i ncke l and Short ( 1 96 1 )  indicated that longer f i b re s  

may be produced by sheep wi th lower fo l l ic le popu l a tion . 
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Al though age of dam did not have a s i gn i ficant e ffe c t ,  

progeny o f  two-year old ewe s h ad h ighe r s tapl e  l e ng th . S imi lar 

f i nd i ngs were reported by Rae ( 1 9 5 0 )  for New Zealand Romney and 

Lax and B rown ( 1 96 7 )  for Me r i nos . 

4 . 2 . 1 3 To ta l Crimp Number 

The y ear e f fe c t  accounted for 1 3% o f  the tot a l  var i a tion in 

total crimp numbe r ,  s uch vari ation could re sult f rom year to year 

e nvi ronme ntal di fferences i n  add i tion to variations due to 

obse rver and inaccurac i e s  o f  measureme n t .  

Hoggets from two -year o l d  dams tended to have l owe r to tal 

c rimp number , al though this was not s ig n i f icant . 

4 . 2 . 1 4 C l e an Scoured Y ie l d  

The s tandard deviation found f o r  y i e ld ( 3 . 9 2 % )  fa l ls w i th i n  

the range o f  value s obta i n e d  b y  Chopra ( 1 97 8 ) . 

The y ear e f fe c t  exp l a ined 1 2 % o f  the total observed 

var i a t ion i n  y i e ld . D i f ference s i n  r a i n f a l l  and o the r f l imatic 

factors b etwee n  y ears are the l ik e l y  explanations .  Management 

pra c t i c e s  whi ch favour f l e e ce impu r i t i e s  ( mud , s and , dust or 

vege tabl e  matter)  could a l s o  r e s u l t  in a depres s e d  y i e l d . 

Rea ring rank did not have a s igni fi cant e f fe c t  on y i e l d . 

G re gory and Ponzoni ( 1 9 8 1 ) repo r ted t ha t  i n  Me r i no she e p  type o f  

b i r th h a d  a h ighly s igni fi cant e ffect but age o f  dam d i d  not . 

4 . 2 . 1 5 Mean Fibre Diame te r 

The between- sheep s tandard dev iation for mean fibre d i ame te r  
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( 2 . 1 7  microns ) i s  close t o  that repo r ted b y  Ell iott ( 1 9 7 5 )  for 

the Perenda l e s  ( see Table 4 . 4 ) . 

The e f fe c t  o f  years was h i gh l y  s igni f icant and accoun ted for 

1 3% of the total obs e rved variation i n  MFD . Season and l e ve l o f  

nutr i tion are the mo s t  important fac tors i n f lue nc i ng me an fibre 

diame ter .  

The between-year var iat ion o f  mean f ibre d i ame te r ( ob j ec tive 

finene s s ) , qual i ty number ( sub j ec tive finene s s )  and i ts 

correspond ing microns range i s  shown i n  Table 4 . 5 .  

TABLE 4 . 5 :  YEARLY VAR I AT I ON I N  MEAN F I BRE D I AMETER AND QUAL I TY 

YEAR 

1 9 7 7  

1 9 7 8  

1 9 7 9  

1 98 0  

1 98 1  

1 9 8 2  

1 9 8 3  

Mean 

NUIVEER 

MFD QN CORRES PONDING MICRONS 
( MICRONS)  ( UN I TS )  RANGE 

3 0 . 23 5 3 . 3 5 29 . 8  - 3 0 . 4  

29 . 0 2 5 4 . 2 5 2 8 . 4  - 29 . 0  

29 . 5 5 5 4 . 1 5  2 8 . 4  - 29 . 0  

29 . 56 5 3 . 5 7 29 . 8  - 3 0 . 4  

2 7 . 64 5 4 . 8 2 2 8 . 4  - 29 . 0  

2 8 . 82 5 0 . 1 9  3 1 . 3  - 3 2 . 1  

2 8 . 1 1  5 5 . 86 2 8 . 4  - 29 . 0  

2 8 . 99 5 3 . 74 2 9 . 8  - 3 0 . 4  

From Table 4 . 5  some poi nts could b e  highl ighted : 

( i ) Mean fibre diame te r te nde d  to become f i ne r ,  pos s ibly 

a re spon se to s e l e ct ion . 
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( i i )  Among years the re was a wide diverge nce between mean 

fibre diame ter a nd qual i ty numb e r , e spec i a l l y  in year 

( i i i )  

1 982 . 

1 9 8 1  when MFD was f i ne s t  was a l so a year of low hogge t  

l i vewe i gh t , the l i gh te s t  greasy fleece we igh t  and 

shor te s t  s tapl e  le ngth . Thi s  finding i s  in agreeme nt 

wi th Coop ( 1 9 5 3 )  and Ryde r ( 1 9 5 6 )  who s ugge sted tha t  

the le ngth and di ame ter of fibres are a f f e c ted 

s imilarly by poor nutri tion . 

( i v)  The re s u l t s  agree w i th the asse rtion o f  Roberts ( 1 9 7 0 )  

that the s e n s i t i vi ty o f  MF D  to lower n u tr i tion i s  

greater than would b e  expe c ted from qual i ty numbe r 

assessme n t . 

The re was a non- s igni ficant tende ncy for MFD to be s l igh tly 

h i gher for twins . Lax and B rown ( 1 96 7 )  a l so found a lowe r  MFD for 

s i ng l e s .  

In thi s  s tudy a s  i n  tha t  o f  Gregory and Ponzoni ( 1 9 8 1 ) age 

of dam did not have a s ig n i ficant e f fec t  on MFD . 

4 . 2 . 1 6 Crimps pe r  Centime te r 

The year e f fec t  was highly s i gn i fi can t and expla i ned 1 8% of 

the total variation i n  c rimps per ce ntime ter . Thi s  percentage i s  

h ighe r than the e s t imate found for total c rimp numbe r .  The s ame 

trend was observed by Chopra l 1 9 7 8 )  . 

Roberts and Dunlop ( 1 9 5 7 )  men t i oned tha t  CPC i s  l i ttle , i f  

a t  a l l , a ffec ted by nutr i tion . 



Wickham and Bigham ( 1 9 7 3 )  sugge sted tha t the staple crimp 

can be a ffected by di sorientation o f  crimp-waves which resul ts 

from several e nvironmental conditions such as weathering and 

brushing of the fleece against obj e cts . 
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I n  thi s  s tudy rearing rank did not show a sign i f icant e ffect 

on CPC whereas Lax and Brown ( 1 96 7 )  and Gregory and Ponzoni 

( 1 9 8 1 )  found that type of b i r th had a h i ghly signi ficant e ffect 

on crimps per inch . 



5 . 1 I NTRODUCT I ON 

C H A P T E R  F I V E 

HERITABILI1Y 

6 0  

Wright ( 1 9 39 )  s tated that e s timates o f  h eritab i l i ty are 

e ssential in p l an n i ng e f fi c i ent breeding sys tems , whi l e  Haze l 

( 1 9 4 3 )  no ted that e stimate s of he r i tab i li ty are i ndi spensable i n  

de te rr:�ining the re l a t i ve emphas i s  to be g iven to e ach o f  s e ve ral 

tra i t s  when breedi ng a n imal s  are s e l e c te d .  

Lush ( 1 94 5 )  indi cated that the re s emb lance b e twee n  c l o s e l y -

re l a ted anima l s  i s  mai n ly due t o  th e addi t i ve e f fe c t s  o f  gene s 

that are common to the se relative s . Accordi ng to Lush ( 1 9 4 9 )  

heri tabi l i ty i n  the " n arrow " sense i s  the ratio : 

whe re Var i ance due to additive gene t i c  

deviations 

a� Variance due to dominance devi a tions 

ai Variance due to e p i s tati c i n te ractions 

a�E Var iance due to i n te raction s  be twe e n  

he redit a ry a nd e nvi ronmental e f fec t s  

a� Var i ance due to temporary and pe rmanent 

environmental va r i a t ions 
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The var i an ce s  mentioned in the denomin ator o f  the ratio add 

up to the phe notypi c vari ance ( 0� )  . Depending on the me thod o f  

e s timation , the e s t imate s obtained contain varyi ng propo r tions 

f 2 2 d 2 .  th o o0 , o1 an e ve n  some aGE l n  e nume rato r .  

Turne r and Young ( 1 96 9 )  s ta ted tha t ,  l n  selec tion , breeders 

a re more i ntere s te d  i n  improvi ng the ne xt generat ion than the 

current flock so tha t ,  to p redi c t  ge ne ti c  change s ,  the bre e de r  

needs to k now the proportion o f  the d i f fe re nces betwee n  sheep 

whi ch are of gene t i c  o r i gi n , i . e .  the heri tabi l i ty .  Turner and 

Young clas s i fi e d  heri tab i l i ti e s  a s  h i gh , i n te rme diate o r  weak 

when the i r  value s  we re 0 . 3  to 1 . 0 ,  0 . 1  to 0 . 3  or 0 . 0  to 0 . 1  

re spe ctive ly .  

Rae ( 1 9 8 2 )  stressed that h er i tabi l i ty i s  a prop e r ty o f  a 

part icular tra i t  i n  a spec i fi e d  popul at ion and may change through 

a l terations in the addi tive ge ne tic var i a t ion ( e . g .  through i n -

breeding) or i n  the environme n ta l  va r iation . 

He ri tab i l i ty e s timate s for a tra i t  may a l so di ffe r according 

to factors such a s  the me thod used i n  the i r  e stimation ( Lewe r 

e t  a l . , 1 9 8 3 ) , the age o f  the anima l s  ( Lewe r ,  1 9 7 8 ) , the type o f  

s e l e c tion practiced i n  the f lock ( B l a i r , 1 98 1 ) and the numbe r o f  

obs e rvations cons ide red ( Rae , 1 9 5 8a ) . 

The h e r i tabi l i ty e s t imate s for a range o f  tra i t s  repo r te d  

b y  the l i te ra ture and l i sted i n  Tab le 5 . 1 are con fined t o  ewe 

hogge ts of the breeds from whi ch the Me rpers have o r i g i na te d . 



6 2  

TABLE 5 . 1 :  HER I TAB I L I TY EST I MATES FOR EWE HOGGET L I VE WE I GHT AND 

VAR I OUS EWE HOGGET WOCL TRA I TS I N  ROMf\EY . PERENDALE 

AND M::R I NO SHEEP 

TRA I T  AND 
B REEDS 

ESTIMATE 

HOGGE T L I \!EWE I GHT 

Romney 

P e re ndale 

Merino 

0 . 46 
0 . 5 1  
0 . 46 

0 . 2 1 - 0 . 7 2 
0 . 3 1 

0 .  0 6  - 0 .  52 
0 . 24 - 0 . 2 5  

0 . 2 7 
0 . 44 

0 . 36 
0 .  2 1  

0 . 5 8 - 0 . 72 

0 . 6 5  
0 . 3 7 
0 . 5 6 

GRE ASY FLEECE WE I GHT 

Romney 

Perendale 

Me r i no 

0 . 2 6  
0 . 0 1 - 0 . 1 5  

0 . 32 

0 . 3 1 
0 . 4 3  
0 . 2 3  

0 . 38 - 0 . 6 1 
0 . 4 1  

0 . 2 8 - 0 . 34 
0 . 3 0 

0 . 3 2 

0 . 3 0 

0 . 39 
0 . 6 7  

0 . 4 0  
0 . 4 4 

0 . 36 - 0 . 5 0  
0 . 4 2  
0 . 2 7 

0 . 5 2  

CLEAN FLEECE WE I GHT 

Romney 0 . 2 3 - 0 . 36 

METHOD 

DDR 
PH S 

DDR 

PHS 
PHS 

PHS 

PHS 

PHS 

DDR 

DDR 
PHS 

DDC 

DDR 
PHS 

DDR 

PHS 

DDR 
PHS 

PHS 

PHS 

PHS 

PHS 

PHS 

PHS 

PHS 

PHS 

DDR 

DDR 
PHS 

DDR 
PHS 

DDC 
DDR 
PHS 

DDR 

PHS 

AGE 
( MONTH S )  

1 4  
1 3 
1 3  

1 4  
1 3 

1 3 
1 4  

1 5  - 1 6  
1 5  

1 2 
1 2  

1 6  

1 5  - 1 6  
1 5  - 1 6  
1 5  - 1 6  

1 5  - 1 6  

1 4  
1 4  
1 4  
1 4  

1 4  
1 4  
1 4  
1 3 
1 3  
1 4  

1 5  - 1 6  

1 5  

1 2  
1 2  
1 2  
1 2  

1 6  

1 5  - 1 6  

1 5  - 1 6  
1 5  - 1 6  

1 5  1 6  

1 3 

REFERENCE 

Tripathy ( 1 966 ) 
Ch ' ang and Rae ( 1 9 7 0 )  

Chopra ( 1 9 7 8 )  1 

Baker e t  a l .  ( 1 9 7 9 )  
B l a i r  ( 1 9 8 1 ) 2 

Tai t  ( 1 9 8 3 ) 3 

E l l iott e t  a l .  ( 1 9 7 9 )  

Morley ( 1 9 5 1 )  

Mor ley ( 1 9 5 1 ) 

Young e t  a l .  ( 1 96 0 ) 4 

B rown and Turner ( 1 9 6 8 )  
Gregory ( 1 9 8 2a )  5 

11 11 

McMahon ( 1 9 4 3 )  
Rae ( 1 94 8 )  

Rae ( 1 9 5 8a )  
Rae ( 1 9 5 8a )  
Tr ipa thy ( 1 96 6 )  
Lundie ( 1 9 7 1 )  
Chopra ( 1 9 7 8 )  
Baker e t  a l . ( 1 9 79 ) 
B l a i r  ( 1 9 8 1 )  
Ta i t  ( 1 9 8 3 )  

E l l i o t t  e t  a l .  ( 1 9 7 9 )  
11 " tl 

Mor l e y  ( 1 9 5 1 )  
" .. 

Mor l e y  ( 1 9 5 5 a )  
.. " 

11 

Young et a l .  ( 1 96 0 )  
Brown and Turne r ( 1 96 8 )  

Gregory ( 1 9 82 a )  
11 11 

B l a i r  ( 1 9 8 1 ) 
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TABLE 5 . 1 :  ( CONT I NUE D ) 

TRA I T  AND ESTIMATE METHOD AGE REFERENCE 
BREEDS ( MONTH S )  

Me r i no 0 . 4 7  DDR 1 2  Mo rley ( 1 9 5 5 a )  
0 . 2 8 DDR Schincke l ( 1 9 58 )  
0 . 4 5  DDR 1 5  - 1 6  Young e t  a l .  ( 1 9 6 0 )  
0 .  1 6  PHS 1 5  - 1 6  Gre gory ( 1 9 8 2 a )  
0 . 3 3 DDR 1 5  - 1 6  " 

QUAL I TY NUM3ER 

Romney 0 . 3 5 - 0 . 4 0 PHS 1 4  McMahon ( 1 9 4 3 )  
0 . 4 7 PHS 1 4  Rae ( 1 9 5 8a )  
0 . 3 4 DDR 1 4  Rae ( 1 9 5 8a )  

0 . 4 6  - 0 . 7 2 PHS 1 4  Chopra ( 1 9 7 8 )  
0 .  3 1  - 0 . 3 9 PHS 1 3 B l a i r

-
( 1 9 8 1 ) 

0 . 5 5 - 0 . 5 6 PHS 1 4  Tai t  ( 1 9 8 3 )  

Perendale 0 . 26 PHS 1 5  - 1 6  E l l iott e t  a l .  ( 1 9 7 9 )  
0 .  3 1  DDR 1 5  - 1 6  El l i ott e t  a l .  ( 1 9 79 )  

Me r i no 0 . 4 0  DDR 1 2  Mor l ey ( 1 9 5 1 )  
0 . 2 8  PHS 1 2 " " 

CHARACTER GRADE 

Romney 0 . 2 0 - 0 .  38 DDR 1 4  Rae ( 1 9 4 8 ) 6 

0 . 2 4 - 0 .  34 PHS 1 4  Chopra (1 9 78 )  
0 . 2 5  - 0 .  5 0  PHS 1 3  B lair ( 1 98 1 )  
0 .  1 8  - 0 .  1 9  PHS 1 4  Tai t  ( 1 9 8 3 )  

Perenda l e  0 . 2 3 PHS 1 5  - 1 6  E l l iott e t  a l . ( 1 9 7 9 ) 
0 . 2 3  DDR 1 5  - 1 6  E l l io tt e t  a l .  ( 1 9  79 ) 

Me r ino 0 . 38 PHS 1 2  Morley ( 1 9 5 5b )  
0 . 2 1  PHS 1 5 - 1 6  Gregory ( 1 9 8 2a )  
0 . 37 DDR 1 5 - 1 6  Grego ry ( 1 98 2 Sl ) 

SOUNDNESS GRADE 

Romney 0 . 0 0  - 0 . 2 2  PHS 1 4  Chopra ( 1 9 7 8 )  

GREASY COLOUR GRADE 

Romney 0 . 0 0  DDR 1 4  Rae ( 1 94 7 )  
0 . 2 2 - 0 . 44 PHS 1 4  Chopra ( 1 97 8 )  
0 . 2 5  - 0 . 26 PHS 1 4  Tait ( 1 9 8 3 )  

Me rino 0 . 6 3  PHS 1 2 Morley ( 1 9 5 5b )  

SCOURED COLOUR GRADE 

Romne y  0 .  1 0  - 0 .  39 PHS 1 4  Chopra ( 1 9 7 8 )  



TABLE 5 . 1 :  { CON T I NUE D )  

TRA I T  AND 
B REEDS 

Me r i no 

ESTIMATE 

0 . 2 0 

STAPLE LENGTH 

Romney 

Perendale 

Me rino 

0 . 1 6 - 0 . 1 9 

0 .  2 1  
0 . 5 0 
0 . 4 8  
0 . 4 6  

0 . 5 4 - 0 . 6 3  
0 . 0 9 - 0 . 3 3 

0 . 4 9  

0 .  3 5  

0 . 2 2 

0 . 2 4 

0 . 5 6 
0 . 5 2 

0 . 3 0 - 0 . 4 4 

0 . 4 3 
0 .  36 

0 . 5 1 

TOTAL CR I M='  NUM3ER 

Romne y 0 . 65 - 1 . 0 9  

0 .  27 - 0 .  3 3  

CLEAN SCOURED Y I ELD 

Romney 

Me r i no 

0 . 1 9 - 0 . 5 3 
0 . 0 4 - 0 . 4 0  

0 . 3 9 

0 . 7 5  

0 . 4 1  - 0 . 64 
0 . 4 9  
0 . 5 7  
0 . 4 7  

1'-EAN F I B� D I AIYETER 

Romney 0 . 1 7 
0 . 34 - 0 . 8 7 

0 . 2 1  - 0 . 64 

METHOD 

DDR 

DDR 
DDR 

DDR 
DDR 
PHS 
PHS 

PHS 

DDR 

DDR 
PHS 
DDR 
PH S 
DDC 
DDR 
PHS 

DDR 

PHS 

PHS 

PHS 
PHS 

DDR 
PHS 

DDC 
DDR 
PHS 
DDR 

DDR 
PHS 

PHS 

AGE 
( MONTH S )  

1 2  - 1 6  

1 4  

1 4  
1 4  
1 4  
1 4  
1 4  
1 3 

1 5  - 1 6  
1 5  - 1 6  

1 2  
1 2 
1 2  
1 2  

1 5  - 1 6  

1 5  - 1 6  
1 5  - 1 6  
1 5  - 1 6  

1 4  
1 3  

1 4  
1 3 

1 2 

1 2 

1 5  - 1 6  
1 5  - 1 6  
1 5  - 1 6  
1 5  1 6  

1 4  
1 4  

1 3 

6 4  

REFE RENCE 

Jack son ( 1 9 7 3 )  c i te d  

by Turne r and 

Dun lop ( 1 9 7 4 ) 

Rae ( 1 9 4 6 )  

Rae ( 1 9 4 7 )  
Rae ( 1 9 5 8a )  

Rae ( 1 9 5 8a )  
Tripa thy ( 1 9 66 ) 
Chopra ( 1 9 7 8 )  
B l a i r  ( 1 98 1 ) 

E l l i o t t  e t  a l .  ( 1 9 7 9 )  

E l l i o t t  e t  a l .  ( 1 9 7 9 )  

Mor ley ( 1 9 5 1 )  
Morley ( 1 9 5 1 ) 
Morley ( 1 9 5 5 a)  

" 

Young e t  a l .  ( 1 96 0 )  

Brown and Turner ( 1 96 8 )  
Gregory ( 1 9 82 a )  
Gregory ( 1 9 8 29. ) 

Chopra ( 1 9 7 8 )  

B l a i r  ( 1 9 8 1 ) 

Chopra ( 1 9 7 8 )  
B l a i r  ( 1 9 8 1 ) 

Mor l e y  ( 1 9 5 5 a )  
" 

Young e t  a l .  ( 1 9 6 0 )  
B rown and Turne r ( 1 9 6 8 )  
Gregory ( 1 9 8 2 a )  

" .. 

Tripathy ( 1 9 6 6 ) 7 

Chopra ( 1 97 8 ) 7 

B l a i r  ( 1 98 1 )  7 



TABLE 5 . 1 :  ( CON TI NUED ) 

TRAIT AND ESTIMATE METHOD 
BREEDS 

Perendale 0 . 4 7 DDR 
0 . 54 PHS 

Me r i no 0 . 2 6 PHS 

0 . 5 2 DDR 
0 . 29 - 0 . 5 6 DDC 

0 . 4  7 DDR 
0 . 88 PHS 

0 . 4 2  DDR 

DDR Daughter-dam regre s s ion 

PHS Pate rna l hal f s ib 

DDC Daughter-dam corre l a t ion 
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AGE REFE RENCE 
( MONTH S )  

1 5  - 1 6  E l l i o t t  e t  a l .  ( 1 9 7 9 ) 8 

1 5  - 1 6  E l l i ott e t  a l .  ( 1 9 7 9 ) 8 

1 2  Morley ( 1 9 5 1 ) 9 

Schincke l ( 1 9 5 8 )  
1 5  - 1 6  Young e t  a l .  ( 1 96 0 ) 
1 5 - 1 6  B rown and Turner ( 1 9 6 8 )  
1 5 - 1 6  Gregory ( 1 9 8 2 a )  7 

1 5  - 1 6  Gre gory ( 1 9 8 2a )  7 

i n c l ude s e s timate s f rom di f fe re n t  s tock i ng rates ; geno type x 

envi ronmental i n te raction inc l uded wi th s i re var i ance i n  

some e s timate s . 

2 i nc l udes f l e e ce wei ght , face cover and control groups . 

3 h e r i tab i l i ti e s  f rom di f fe re n t  me thods o f  variance component 

e s t ima tion . 

4 i n c lude s ha l f  s i b ,  mass se lection and control g roups . 

5 obtaine d  f rom unad j us te d  data . 

6 i nclude s three pos i tion s : forequa rte r ,  hindquar ter and s ide . 

7 ob tained by m i cropro je c tion . 

8 obtained by a i r flow . 

9 obtained by c rimp finene s s  re l ationsh i p . 



5 . 2  RESULTS AND D I SCUSS I ON 
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Estimates o f  the he r i tabi l i ties ( h2 ) from the daugh te r-dam 

corre lation ( DDC ) and daugh ter-dam regre s s ion ( DDR) me thod s 

toge the r w i th the i r  con fide nce l imi t s  a nd s tandard e rrors 

respective ly for quan ti tative and qua l i tative trai t s  are p re sented 

in Tab l e  5 . 2 .  

Apart from the e s timates for HLW ,  QN and Y i e l d  e s t imate s 

by the two me thods were s i mi l ar . 

Lush ( 1 9 4 0 ) e s tabl i shed that i n  the general s i tua tion o n l y  

a sma l l  proport ion o f  the epi s ta ti c  e f fe ct s  con tribute to the 

parent-o ffspri ng cor r e l a tion . Rae ( 1 9 4 6 )  added that the ma j o r  

di f f i cul ty i n  the i n te rp re tation o f  DDC e s timate s i s  that o f  

apprai s i ng corre ctly the e nvironmental con tributions b e twee n  the 

e nvironment of the dam and daughter .  Moreove r ,  Ronningen ( 1 9 7 2 )  

poi n ted out that the only case i n  wh i ch twi ce the phenotypi c  

corre la tion b e tween pare n t  and o ffspring give s  unbiased e s t imate 

of the h2 is when no s e l e ction is made . 

Morley ( 1 9 5 1 )  s ta te d  tha t  the o f fspring on pa rent regre s s ion 

me thod to calcul ate h2 has the advan tage that the e st i mate is no t 

biased by s e l e c tion o f  pare n ts . Neve r the le s s , Bowman ( 1 96 8 )  

expre s sed the view that the h 2 e s timated b y  the DDR c a n  b e  b i a s e d  

upwards b y  e nvi ronme ntal e f fects be twee n pai re d  individua l s  o f  

the two gene ration s . S i nce records we re from d i f fe re n t  yea r s  

thi s  i s  not l ik e l y  to l e ad to s e rious bias i n  the pre sent 

e s tima te s . 

The s tandard e rror s  a s  ind i c a to r s  o f  the pre c i s ion o f  the 
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TABLE 5 . 2 :  EST I MATES O F  HER I TAB I L I T I ES FROM D I FFERENT METHODS 

FOR Tt--E ME RPERS 

TRA I T  PAI RS DAUGHTER-DAM CORRELATION DAUGHTER-DAM REGRESS ION 

HLW 

GFW 

CFW 

QN 

CHG 

SG 

GCG 

SCG 

SL 

TCN 

y 

MFD 

HG 

CG 

CPC 

6 5  0 . 3 1  

6 5  0 . 2 4 

6 5  0 . 2 8 

65 0 . 2 3 

6 5  0 . 4 0 

65  0 . 0 2 

65 0 . 38 

6 5  0 .  1 3 

65  0 .  1 4  

6 5  0 . 0 7 

65  0 . 5 4 

6 5  0 . 3 7 

6 5  
a 

6 5  
a 

6 5  
a 

CONFI DENCE 

L I MI TS ( P  = 0 . 99 )  

( -0 . 0 0 6 , 0 .  5 7 1 )  

( - 0 . 0 8 2 , 0 .  5 1 7 ) 

( -0 . 0 39 ,  0 .  5 4 8 )  

( -0 . 0 9 3 ,  0 . 5 0 9 )  

( 0 . 0 9 7 ; 0 . 6 3 6 )  

( -0 . 29 7 '  0 .  3 3 3 )  

( 0 . 0 7 3 , 0 . 6 2 1 ) 

( -0 . 1 9 3 ,  0 .  4 2 8 )  

( - 0 . 1 8 3 ,  0 . 4 3 6 )  

( -0 . 2 5 1 , 0 .  3 7 7 )  

0 . 2 7 0 , 0 .  7 3 1 )  

0 . 0 6 1 , 0 . 6 1 4 )  

a Negative daughte r -dam corre lation 

b Negati ve numerator covariance 

± S . E 

0 .  1 6  0 . 0 6  

0 .  1 7  0 . 0 9 

0 . 24 0 .  1 1  

0 . 4 2  0 . 2 3  

0 . 3 8 0 .  1 2  

0 . 0 2  0 .  1 2 

0 . 3 8 0 .  1 2  

0 . 0 9  0 . 0 9 

0 .  1 2  0 .  1 1  

0 . 0 8  0 .  1 4  

0 . 4 1 0 . 0 9 

0 . 2 9 0 .  1 0 

b 

b 

b 
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heri tabi l i ti e s  ( Falcone r ,  1 9 8 1 ) e s timated b y  the DDR method were 

s imilar or r e lative ly l arge compared with the h2 e s timate s  for 

SG , SCG , SL and TCN . Large s tandard errors we re expected due to 

the sma l l  number of daughte r -dam pairs ava i l ab l e  fo r the Me rpe r  

f lock and a l s o  to the i naccuracy o f  the me thods o f  a s s e s sme n t , 

e spe c i a l l y  for tra i t s  e s t imated by eye and hand ( e rrors in 

scoring)  . 

The heri tabil it i e s  obta i ned by the DDR me thod fe l l  within 

the confidence l im i t s  found for the heritabi l i t i e s  e s t imate d by 

the DDC me thod , thus i t  was apparen t  that s igni f icant di ffe re nce s 

did no t e x i s t  between them . 

The her i tab i l i ty e s timate s of various tra i t s  ob tained i n  the 

pre sent study by the DDC and DDR me thods are , in genera l , i n  good 

agreement with those pub l i shed in the revised l i te ra ture ( compare 

Tab l e s  5 . 1 and 5 . 2 ) . 

The fol lowing conc lus ions are drawn f rom Table s 5 . 1 and 5 . 2 :  

( i )  The e s t imate o f  h2 for HLW obta ined by DDC ( 0 . 3 1 )  

compare s favourably wi th the e st imate o f  0 . 3 1 for 

Romneys ( Baker et a L . ,  1 9 7 9 )  and w i th the va lue of 

0 . 3 5 used by Sheeplan ( Cl arke and Rae , 1 9 7 6 ) ; 0 . 36 

for Me r i no s  ( Mo r l ey ,  1 9 5 1 )  and i s  i n  betwee n  the 

figures for Perenda l e s  reported by E l l iott e t  a L .  

( 1 9 7 9 ) . E s timate s by the PHS me thod a re l ik e l y  to 

be b i as s e d  upward by genotype x e nvironment inte r­

action ( C hopra , 1 9 7 8 ; Newman ( Pe rs . Comm . ) ) .  

( i i )  Th e e st i mate s  for GFW are i n  l ine wi th the h 2 found 



( i i i )  

by McMahon ( 1 94 3 ) , Rae ( 1 9 4 8 ) , Lundie ( 1 9 7 1 ) and 

the real i zed h2 repor te d  by B l a i r  ( 1 9 8 1 ) but a 

l i t t l e  lower than those o f  mo st recent stud ie s .  

The p re sent e s ti mate s o f  h 2 for CFW , QN , CHG and Y 

are compa rable with mo s t  of the publi shed va l ue s . 

( iv)  The h 2 found for MFD fa l l  i n  the range repo rted in 

the l i te rature for Romneys and Me rinos but they are 

lowe r than those repor ted by E l l iott et a l .  ( 1 9 7 9 )  

for Perendales .  

( v) The heri tabi l i t i e s  o f  s tapl e  l ength found for 

Me rpers a re lowe r than the e st imate s for o th e r  

breeds , except the lowe r l imi t repor ted by B l a i r  

( 1 9 8 1 ) for Romneys . 

( vi )  The e s timate s  o f  h e r i tabi l i ty o f  grea s y  colour 

grade of 0 . 3 8 ( DDC and DDR me thods ) are comparab l e  

w i th the upper l imi t found by Chopra ( 1 9 7 8 )  for 

Romneys . 

( vi i ) The h 2 e s t imates obta i ne d  for SCG are lowe r than 

those found for GCG . Thi s  suppo rts the f i ndings 

o f  Chopra ( 1 9 7 8 ) . 

( vi i i )  The heri tabi l it i es o f  tota l crimp numbe r a r e  low 

when re l a ted to e stimate s of Chopra ( 1 9 7 8 )  for New 

Zealand Romney sheep . 

( ix )  The val ue s  calculate d  f o r  the heritab i l i t ie s o f  

SG and S C G  are comp arable wi th the lowe r l imi ts o f  

69 



the he r i tab i l i ti es found by Chopra ( 1 9 7 8 )  for 

Romneys . 

5 . 3  APPL I CAB I L I TY OF RES UL TS 

7 0  

Rae ( 1 9 4 6 )  s ta te d  tha t  a n  e s t imate of h er i tabi l i ty i s  app l i c -

able on ly to popul a t ions wh ich have a gene tic makeup and 

environmental treatmen t  s imi lar to the population from whi ch the 

e s ti mate s we re de rive d . 

Predict ion o f  ge netic gai n  i s  pos s ib l e  w i th a s s i s tance o f  

heri tabi l ity e s t imate s ( Turner a n d  Young , 1 96 9 ) . Cal cul a tions 

of improveme nt p e r  generation by s e le c tion a lone w i thin the Me rpe r  

f lock , assuming 7 0 %  o f  ewe hogge t s  and 3% o f  ram hogget s  a re 

re tained for breeding , are pre se n ted i n  Tab l e  5 . 3 .  I t  i n c l udes 

the improveme nt pe r gene r ation u s i ng he r i t ab i l i t ie s  e s ti ma ted by 

the DDC and DDR me thods .  The propo rtion o f  repl acement corre spond 

to s e lection d i f f e re n ti a l s  of 0 . 5 0 and 2 . 2 7 ( Pe ar son , 1 9 3 1 ) 

re spec tive l y  i n  norma l l y  d i s tribu ted popu l a t ions . S e l e c tion 

d i f fe rential i s  de fined a s  inte n s i ty of s e lection ( propor tion of 

population se l e c ted)  x s tandard devia tion for the trai t ( fi gures 

reported i n  Table 4 . 1 ) . 

The expec ted gai n  can then be ob tai ned from the equation : 

Gain/Gene ration h e r i t ab i l i ty x s tandard 

d . . (
0 . 50 + 2 . 2 7

) e v � a t�on x 
2 
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TABLE 5 . 3 : E XPECTE D I MPROVEMENT PER GENERAT I ON BY S I NGLE TRA I T  

SELECT I ON 

TRAIT 

HLW 

GFW 

CFW 

QN 

CHG 

SG 

GCG 

SCG 

SL 

TCN 

y 

MFD 

STANDARD 

DEVIATION 

3 . 4 8 kg 

0 . 3 7 k g  

0 . 3 0 kg 

2 . 59 uni ts 

0 . 90 grade 

1 .  2 3 grade 

1 . 0 1 grade 

0 .  89 grade 

1 .  2 8  cm 

4 . 9 0  un i ts 

3 . 9 2 %  

2 . 1 7 mi c rons 

0 .  3 1  

0 . 2 4 

0 . 2 8 

0 . 2 3  

0 . 4 0 

0 . 0 2  

0 . 3 8 

0 .  1 3  

0 .  1 4  

0 . 0 7  

0 . 54 

0 . 3 7 

D . D . C  
Improveme n t/ 

Generation 

1 .  4 9  kg 

0 .  1 2  k g  

0 .  1 2 k g  

0 . 8 3 uni t s  

0 . 5 0 grade 

0 . 0 3 g rade 

0 . 5 3 grade 

0 .  1 6  g rade 

0 . 2 5 cm 

0 . 4 8 uni t s  

2 . 9 3 %  

1 . 1 1  m i c rons 

0 .  1 6  

0 .  1 7 

0 . 2 4 

0 . 4 2 

0 . 38 

0 . 0 2 

0 . 3 8 

0 . 0 9  

0 .  1 2  

0 . 0 8 

0 . 4 1  

0 . 2 9 

D . D . R  
Improvement/ 

Ge ne ration 

0 . 7 7 k g  

0 . 0 9 kg 

0 .  1 0  kg 

1 . 5 1  un i ts 

0 . 4 7 grade 

0 . 0 3 grade 

0 . 5 3 grade 

0 .  1 1  g rade 

0 .  2 1  cm 

0 . 5 4 units 

2 . 2 3% 

0 . 8 7 mic ro n s  

As c a n  b e  s e en from Tab le 5 . 3  the po s s ible improveme n t  from 

se l e ction on SG , SCG , SL and TCN alone i s  ve ry s low . 

Lush ( 1 9 4 8 )  ci ted by Turn e r  and Young ( 1 969 ) e s tabl i shed tha t  

mas s  ( indi vidua l ) se lec ti on s hould u s ua l ly be more impor ta n t  than 

any o f  the o the r me thods ( repeated reco rds , se lec tion on fami ly or 

progeny p e r fo rmance ) if  h e r i tab i l i ty i s  much h i gh e r  than 0 . 2 0 and 

if the t rai t s  can be obse rved e a rl y  and cheaply e nough on the 

individual s  to b e  s e l e c te d . Thi s  i s  the case i n  the pre s e n t  s tudy 



for mos t  of the trai ts obse rved i n  ewe hogge ts , espe c i a l l y  those 

o f  economi c impo r tance ( GFW , CFW , GCG , Y ,  MFD ) . 

7 2  

S i n ce h e r i tab i l i ty i s  a function o f  ge netic var i ance , any 

change in gene frequency as a resul t of arti ficial s e l e c tion would 

probably a l te r  i ts val ue . Th ere fore , a pe riodic r e - e s t i ma tion o f  

heri tab i l i ti e s  for trai ts o f  e conomic i mportance i s  s ugge s te d .  

I n  c omi ng chapte rs the ro le played by the h e r i tabi l i ty i n  

de te rmining correl ated respon s e s  and s e lec tion indexe s  w i l l  be 

high l i gh te d . 



6 . 1 I N TRODUC T I ON 

C H A P T E R S I X 

ASSOC IATION BETWEEN TRAITS 
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The deve lopme n t  o f  e f ficient b reeding plans which i nvol ve 

s e l e c tion on mo re than one t r a i t  requi res the k nowledge of gene t i c , 

phenotypic and envi ronme ntal corre l a tions i n  add i tion to 

heritab i l i tie s . Wickham and McPhe rson ( 1 9 85 ) i n  reviewing the 

impor tance of woo l tra i ts as genetic improvemen t ob j ective s  and 

s e l e c tion c r i te r i a  for New Zea land Romney sheep concluded that the 

ma j o r  de fi c i e ncy i s  the lack of s u f f i c i e n t  e s t imates of gene tic and 

environme ntal corre l a t i ons for an accurate prediction of i n d i re c t  

pa thways of respons e . Thi s asser tion i s  app l i cable to othe r breeds . 

A genetic corre l a tion i s  the corre l a ti on b etwe en an anima l ' s  

ge n e t i c  val ue for one trait and the same animal ' s  gene ti c value for 

the o ther trai t .  I t  a rise s mai n ly from p l e i o t ropy ( i . e .  the gene 

having more than one phenotyp i c  e f fe c t )  and to a l e s s e r  degree from 

l i nk age ( i . e .  the s i tuation whe re two non-al l e l i c  gene s tend to appea r  

i n  the same individual due to the loc i being o n  the same chromosome ) 

Turn e r  ( 1 9 7 7 )  e n ume rated thre e uses for gene t i c  corre l a ti ons : 

( i ) To i n d i c a te the change whi ch i s  l ike l y  in trai ts 

oth e r  than those unde r s e l e c tion , in future 

gene rations ( correl a ted respon se )  . 

( i i )  To de fine what coun te r- s e l e c tion should b e  app l i ed 

to dimi n i sh o r  preve n t  the e f fe c t  of such change s . 

( i i i )  To j udge i f  indire c t  s e l e c tion on an e a s i l y  



measured tra i t  can be used to ob tain gene tic 

gai n s , i n s tead o f  direct s e l e c tion on a tra i t  

that i s  more d i f f i c u l t  ( or more expensive )  to 

mea s ure . 
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Phenotypic corre l a ti on i s  the obs e rved correlation b e twe en trai ts 

on the same an imal a r i s ing from the comb i ned e ffects of geno type and 

envi ronment . Tur ner ( 1 9 7 7 )  l i sted u s e s  fo r phenotypic corre l a t ions 

that are s imi lar to tho se s tated above except that they do not 

nece s s a r i l y  app l y  to l a te r  generati on s . 

Phenotypi c  corre l a t ions are a l so useful i n  asse s s ing the 

a s sociation be twee n  the components of woo l  produc tion ( Brown and 

Turne r ,  1 96 8 )  and de termining i ts end u se ( Turner , 1 9 5 6 ) . 

Envi ronmental corre lation i s  the correlati on of e nvi ronme n ta l  

deviations together w i th non-addi t ive genetic devi ations ( Fa l cone r ,  

1 9 8 1 ) and a r i s e s  from a common envi ronme n t  shared by the two trai ts . 

Gene t i c  and phenotypic corre l a tions b etween tra i t s  are needed 

for con struc t i ng s e l e c t ion indexe s ( Lush , 1 94 5 ) , and i f  the g e ne tic 

and phe notyp i c  corre lations have d i f f e re n t  s igns the s e l e c t ion 

ob j ec t ive s c ould be antagon i s ti c . 

The ge netic and phenotypic corre l a t i ons can be c l a s s i f i e d  a s  

suggested b y  B rown and Turne r ( 1 9 6 8 ) : 

-0 . 6  and lowe r  H i gh nega t i ve 

-0 . 4  to -0 . 6  Medium ne ga tive 

- 0 . 2  to -0 . 4  Low nega t i ve 

-0 . 2  to +0 . 2  Negl igible 
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+0 . 2  t o  + 0 . 4  Low pos i t i ve 

+0 . 4  to +0 . 6  Medium po s i t ive 

+0 . 6  and greater H i gh posi t i ve 

Searle ( 1 96 1  has s ummar i zed the re l at ionship amongst the 

phe notypic ( r
p

) ,  gene tic ( r
G

) and envi ronmental ( r
E

) corre l ati ons as 

fol lows : 

( i )  r
p

, r
G 

and r
E 

are connec ted by the re lationship : 

r fhh' 
GV " 1  " 2 

+ ( 1 - h ) 
2 

wh ere h and h are the he ri tabi l i t i e s  o f  the trai t s  
1 2 

invo l ved . 

( i i )  r
E 

i s  negat ive whe n  r
p 

and r
G 

have the same sign only i f  

r
p

/r
G 

<jh
1

h; ; i t  i s  negat i ve whe n  r
p 

and r
G 

are o f  

oppos i te s ign and r
p 

i s  ne gative . 

( i i i )  Equal i ty o f  the heritab i l it i e s  imp l i e s  t hat when any two 

of the corre lations are equal the re i s  equa l i ty of a l l  

three . 

( iv) The r
p 

exce e ds ( or i s  l e s s  than ) the r
G 

according 

as the ratio o f  the envi ronmental to the r
G 

exceeds ( o r  

i s  le s s  tha n )  the value of ( 1 �rhh ) !v' ( 1 
1 2 

h ) ( 1 
1 

h ) 
2 

As can be see n from the re l a t i onship i n  po int ( i ) , when e i ther 

tra i t  ha s a low h e r i tab i l i ty ,  the r
p 

betwe e n  them is almo s t  e n t i r e l y  

of non-addi tive gene t i c  or envi ronmental o r ig i n ;  i f  they have high 

heri tabi l i ty ,  the n  the r
G 

is the mo re importa n t .  The dual nature o f  

the pheno typic corre l ation make s i t  c l e a r  tha t the magn itude and even 



the s ign of the r c annot be de te rmined from the phenotypic 
G 

corre l ation a lone . 

The computation o f  gene tic corre lations was ba sed on the 

covar iance s be twee n  daughter-dam re lative s , whereas the phe notypic 

corre lations were e s t imated from the produc t-moment expre s s ion a s  

de tai l ed in the Mate r i a l s  and Me thods chapte r .  

6 . 2  RESULTS AND D I SCUSS I ON 

The gene tic and phenotypic corre lations and the i r  respe ctive 

s tandard e rrors toge ther with envi ronmental correlation s  among 

a d j u s ted ewe hogge t  tra i ts obtained in thi s  study are pre se n te d  in 

Table 6 . 1 .  

76 

In view of the l arge number of corre l ation s , discussion wi l l  be 

con fined to those wh ich proved to be of a medium to h igh value , 

ke eping i n  mind tha t  a se l e c t ion p l an for Merpers mus t  inc lude trai t s  

such as HLW ( me a t  production ) , GFW ( wool production ) , CFW ( tr a i t  o f  

ultimate conce rn i n  woo l  produc tion , McGui rk , 1 98 3 )  a n d  MFD , GCG and 

SCG ( qual i t y  tra i t s )  and the i r  pos sible relationship with o the rs . 

I n  genera l , gene tic and phenotypic corre l ations were o f  the same 

s ign for tra i ts i n  whi ch the envi ronmen ta l  corre l a t ion had a l ower 

val ue . Howeve r , some phe notypi c  corre l a tions d i f fered i n  d i re c tion 

and magn i tude from the ir corre sponding gene t i c  corre l a t i on s . 

6 . 2 . 1 Ge n e t i c  Corre l a t ions 

Seve ral e s ti mate s of gene tic corre l a t ions l ay outsi de the 

the o re tical l imi t s  and mos t  s tandard e r ro r s  we re re l ative ly l a rge 

compa red with the corre sponding e s t imate of the c o r re lat ion . A ma j c r  
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TABLE 6 . 1 :  GENET I C ,  PHENOTYP I C  ( AN D  STANDARD ERRORS ) AND ENVI RONMENTAL 

CORRELAT I ONS FOR MERPERS 

TRAI TS GENETIC PHENOTYPIC ENVI RONMENTAL 

HLW GFW 0 . 6 7  ( 0 . 6 0 )  0 . 66 ( 0 . 04 ) 0 . 6 6 

CFW 0 . 6 2  ( 0 . 5 9 )  0 . 5 6 ( 0 .  0 5 )  0 . 5 5  

QN - 0 . 66 ( 0 . 76 )  -0 . 1 4  ( 0 . 0 6 )  0 . 0 4 

CHG -0 . 0 9 ( 0 .  7 1 )  - 0 . 1 0  ( 0 . 0 6 )  - 0 . 1 1  

HG a 0 .  1 1  ( 0 .  0 6 )  

CG a - 0 . 0 1  ( 0 . 0 7 )  

SG 0 . 3 0 ( 4 . 4 5 )  - 0 . 3 1  ( 0 .  0 6 )  - 0 . 3 6 

GCG -0 . 0 8 ( 0 . 7 2 )  -0 . 0 2  ( 0 . 0 7 )  - 0 . 0 0 0 4  

SCG -0 . 6 5  ( 1 . 6 9 )  -0 . 0 6  ( 0 . 0 7 )  0 . 0 2 

SL 0 . 7 9 ( 0 . 9 5 )  0 . 4 4  ( 0 .  0 5 ) 0 . 3 8 

TCN 0 . 4 6  ( 1 .  58 ) 0 .  1 3 ( 0 . 0 6 )  0 . 0 9 

CPC a - 0 . 1 8  ( 0 . 0 6 )  

y 0 . 0 4  ( 0 .  7 5 )  -0 . 3 3 ( 0 . 06 )  - 0 . 4 8 

MFD -0 . 4 5 ( 1 .  0 8 )  0 . 2 4 ( 0 . 06 )  0 . 4 4 

GFW CFW 0 . 8 7 ( 0 . 1 6 ) 0 . 9 4 ( 0 . 0 1 )  0 . 96 

QN -0 . 5 9 ( 0 . 5 8 )  -0 . 34 ( 0 . 0 6 )  - 0 . 2 6 

CHG 0 .  1 7 ( 0 . 6 8 )  0 .  1 6  ( 0 .  0 6 )  0 .  1 6  

HG a 0 . 1 8 ( 0 . 0 6 )  

CG a 0 . 0 9 ( 0 . 0 6 )  

SG < - 1 .  5 - 0 . 2 8 ( 0 . 0 6 )  

GCG 0 . 0 4  ( 0 . 6 9 ) 0 . 0 4 ( 0 . 0 7 )  0 . 0 4  

SCG < - 1 . 5 - 0 . 1 3  ( 0 . 0 7 )  

SL 0 . 3 7 ( 1 . 0 0 )  0 . 6 0  ( 0 . 0 4 )  0 . 6 4  

TCN 1 .  4 7  ( 3 . 1 1 )  - 0 . 0 7 ( 0 . 0 7 )  - 0 . 28 

CPC a - 0 . 4 6 ( 0 . 0 5 )  

y -0 . 0 8 ( 0 .  6 6 )  -0 . 2 1  ( 0 .  0 6 ) - 0 . 2 7 

MFD - 0 . 9 8 ( 1 . 5 7 )  0 . 38 ( 0 . 0 6 )  0 . 7 8 

CFW QN - 0 . 34 ( 0 . 49 )  -0 . 3 8  ( 0 . 0 6 )  - 0 . 4 1 

CHG 0 . 4 0 ( 0 . 5 2 )  0 . 2 9 ( 0 . 0 6 )  0 . 2 5  

HG a 0 .  1 8  ( 0 . 0 7 )  

CG a 0 . 0 7 ( 0 .  0 7 )  

SG < - 1 . 5 - 0 . 2 2 ( 0 .  0 6 )  

GCG 0 . 5 2 ( 0 .  6 5 )  0 . 0 2 ( 0 . 0 7 ) - 0 . 2 0 

SCG - 1 . 36 ( 2 . 09 )  -0 . 1 3  ( 0 .  0 7 )  0 . 0 8 

SL - 0 . 0 0 4  ( 1 . 1 7 ) 0 . 5 1  ( 0 . 0 5 )  0 . 6 2  

TCN 1 .  3 5  ( 2 . 94 )  -0 . 2 0 ( 0 . 0 7 )  - 0 . 46 

CPC a - 0 . 5 1 ( 0 . 0 5 )  

y 0 . 44 ( 0 .  5 6 )  0 .  1 4  ( 0 .  0 7 )  0 . 0 0 3  

MFD - 1 . 0  3 ( 1 . 3 1 ) 0 . 3 7 ( 0 . 0 6 )  0 . 87 

QN CHG - 0 . 26 ( 0 . 4 2 )  - 0 . 2 5 ( 0 . 0 6 )  - 0 . 24 

HG a - 0 . 5 5 ( 0 . 0 5 )  

CG a 0 . 2 2 ( 0 . 0 7 )  

SG > 1 .  5 0 .  1 0  ( 0 . 0 7 ) 

GCG 1 . 1 9  ( 0 .  6 6 )  0 . 0 4 ( 0 .  0 7 )  - 0 . 7 3 
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TABLE 6 . 1 :  ( CONT I NUED ) 

TRAITS GENETIC PHENOTYPIC ENVI RONMENTAL 

QN SCG > 1 . 5 0 . 0 4 ( 0 .  0 7 )  

SL < - 1 . 5 - 0 . 4 1  ( 0 . 0 6 )  

TCN 0 . 2 2 ( 0 . 85 )  0 . 5 5 ( 0 . O S )  0 . 7 0 

CPC a 0 . 7 0 ( 0 . 0 4 )  
y 0 . 4 8  ( 0 .  5 1 ) - 0 . 09 ( 0 .  0 7 )  - 0 . 4 9 

MFD -0 . 79 ( 0 . 46 )  - 0 . 3 0 ( 0 .  06)  - 0 . 0 4 

CHG HG a 0 . 2 3 ( 0 . 0 7 ) 

CG a 0 .  1 0  ( 0 .  0 7 )  

SG < - 1 . 5 0 . 0 2 ( 0 . 0 7 )  

GCG 0 .  2 1  ( 0  . 4  7 )  0 . 0 7 ( 0 .  0 7 )  - 0 . 0 2 

SCG 0 . 0 3 ( 0 . 9 5 )  0 . 0 3  ( 0 .  0 7 )  0 . 0 3 

SL 0 .  7 7  ( 1 .  1 9 ) - 0 . 0 2  ( 0 .  0 7 )  - 0 . 2 5 

TCN - 0 . 4 4 ( 1 . 0 0 )  - 0 . 2 4 ( 0 . 0 7 ) - 0 . 2 2 

CPC a - 0 . 2 2 ( 0 .  0 7 )  

y 0 . 4 0  ( 0 . 4 2 )  0 . 22 ( 0 .  0 7 )  0 .  1 0  
MFD - 0 . 30 ( 0 . 5 7 )  0 . 0 5 ( 0 .  0 7 ) 0 . 2 3 

HG CG a - 0 . 1 2  ( 0 . 0 7 ) 

SG a 0 . 0 1 ( 0 .  0 7 )  

GCG a 0 .  1 8  ( 0 .  0 7 )  

SCG a 0 .  1 7  ( 0 . 0 7 )  

SL a 0 .  3 1  ( 0  . 06 )  

TCN a - 0 . 2 2 ( 0 . 0 7 )  

CPC a - 0 . 38 ( 0 . 0 6 )  

y a - 0 . 0 2 ( 0 .  0 7 )  

MFD a - 0 . 0 4 ( 0 .  0 7 )  

CG SG a 0 . 0 8 ( 0 . 0 7 )  

GCG a 0 . 29 ( 0 . 06 )  

SCG a 0 . 0 1  ( 0 .  0 7 )  

SL a - 0 . 0 5 ( 0 .  0 7 )  

TCN a - 0 . 0 0 1  ( 0 .  0 7 )  

CPC a 0 . 0 2 ( 0 .  0 7 ) 

y a - 0 . 0 3 ( 0 .  0 7 )  

MFD a - 0 . 0 4 ( 0 .  0 7 ) 

S G  GCG > 1 .  5 0 .  1 4  ( 0 .  0 7 ) 

SCG > 1 .  5 0 .  1 3 ( 0 . 0 7 )  

SL > 1 .  5 - 0 . 30 ( 0  . 0 6 )  

TCN > 1 .  5 0 . 0 9 ( 0 . 0 7 ) 

CPC a 0 . 2 8 ( 0 . 0 6 )  

y - 0 . 78 ( 5 .  8 5 )  0 . 24 ( 0  . 0 7 )  0 . 4 1  

MFD 0 . 7 3 ( 5 .  7 3 )  - 0 . 2 1  ( 0 . 0 7 )  - 0 . 3 2 

GCG SCG 0 . 8 7 ( 1 .  0 7 )  0 . 3 8 ( 0 . 0 6 )  0 . 29 

SL 0 . 0 6  ( 0 . 82 ) 0 .  1 3 ( 0 . 0 7 )  0 .  1 6  



TABLE 6 . 1 :  ( CON TINUED ) 

TRAITS GENETIC PHENOTYP IC 

GCG 

SCG 

SL 

TCN 

CPC 

y 

TCN > 1 . 5 -0 . 0 1  

CPC a -0 . 1 0  

y 0 . 96 ( 0 . 5 9 )  0 . 0 4 

MFD - 1  . 4 1  ( 0 . 6 8 )  -0 . 3 0 

SL < - 1 . 5 0 . 0 5 

TCN > 1 .  5 0 . 0 5 

CPC a 0 .  0 1  

y 0 .  7 7  ( 1 . 4 2 ) 0 . 0 0 

MFD - 1 . 4  7 ( 1 . 8 5 )  -0 . 3 3 

TCN > 1 .  5 0 . 0 8 

CPC a -0 . 6 0 

y - 0 . 64 ( 0 .  8 1 ) -0 . 2 7 

MFD - 1 . 0 2  ( 2 . 0 0 )  0 . 39 

CPC a 0 .  7 3  

y - 0 . 1 6  ( 0 . 9 2 ) -0 . 3 2 

MFD -0 . 6 7 ( 1 . 4 1 )  -0 . 1 2  

y a -0 . 0 9 

MFD a -0 . 35 

MFD -0 . 06 ( 0 . 5 2 )  -0 . 0 4 

a Negative denominator covari ance 

( 0 .  0 7 )  

( 0 .  0 7 )  

( 0 .  0 7 )  

( 0 . 0 6 )  

( 0 . 0 7 )  

( 0 .  0 7 ) 

( 0 .  0 7 )  

( 0 .  0 7 )  

( 0 . 0 6 )  

( 0 .  0 7 )  

( 0 .  0 4 )  

( 0 .  0 7 ) 

( 0 . 0 6 )  

( 0 .  0 3 ) 

( 0 . 0 6 )  

( 0 . 0 7 )  

( 0 .  0 7 )  

( 0 . 0 6 )  

( 0 .  0 7 )  

7 9  

ENVI RONMENTAL 

-0 . 5 6 

0 . 2 5 

-0 . 2 0 

- 0 . 1 2 

-0 . 1 8  

0 . 7 3 

-0 . 4 0 

- 0 . 0 2 

- 0 . 0 3  



80 

fac tor in th i s  would be the low numb er of daughter-dam pairs ( 6 5 ) . 

Genetic corre l ations e s t imated by the daughte r -dam r e g re s s ion me thod 

are computed as a func tion of four covariances each of which has i ts 

own sampl i ng e rror so large sampl ing var iances are to be expec ted 

( Rae , 1 9 5 8a ) . Daughte r-dam correl ation est imates may a l s o  be biased 

upwards by mate rnal e f fe c t s  ( Rob ertson , 1 9 5 9 )  or a sma l l  numbe r of 

records and a l ow he ri t ab i l i ty of at l east one trait ( Van Vleck and 

He nde rson , 1 96 1 ) .  I t  appe ars that the mos t  e rratic corre l ations 

invo lve sub j e c tively a s s e s sed tra i ts . Tra i t s  wh ich s how a low DDR 

h e r i tab i l i t y  s uch as SG ( 0 . 0 2 ) , TCN ( 0 . 0 8 ) , SCG ( 0 . 0 9 )  and SL ( 0 . 1 2 ) 

tend to have h i gher s tandard e rrors . 

Due to a negative denominator covariance , i t  was impo s s ible to 

obt a i n  ge ne t ic corre l ations between HG , CG and CPC wi th a l l  other 

tra i ts . 

The genetic corre l a tions of HLW with GFW , CFW and SL are h i gh 

pos i t i ve .  According to the pre s e nt resul ts , se lection for GFW w i l l  

i nc rease HLW . Barlow ( 1 97 4 )  and B l a i r  ( 1 98 1 )  showed l i ttle or no 

i n c rease in body we ight from se l e cting for h i gher f l e e c e  we i gh t , 

suppo rti ng the absence o f  any s i zeab le gene tic corre l a tion . 

The re i s  a h i gh pos i t i ve ge netic correl ation b e tween GFW and 

CFW i nd i c a t i ng that s e l e c tion for GFW shou l d  be adequa te to improve 

CFW . The gene tic corre l a tions o f  GFW or CFW with o th e r  wool trai ts 

are vari ab l e  and can be antago n i stic to some exte n t . The genetic 

correlation b e twee n  GFW and SL ( 0 . 3 7 )  indicates that s e lection for 

GFW will i n c re a s e  SL but the genetic corre l a t ion betwe e n  CFW and SL 

is only -0 . 0 0 4 . The ge ne t i c  corre l a t ion between GFW a nd GCG i s  

neg l igible whe reas the corre l a t i on betwee n CFW and GCG ( 0 . 5 2 )  



indicates tha t s e l e c t i on for CFW could re s u l t  in whi ter woo l . The 

h igh corre lations o f  Y w i th GCG ( 0 . 9 6 )  and SCG ( 0 . 77 )  s ugge s t  tha t  

a non - fibre compon e n t  o f  th e gre a s y  woo l  i s  associ ated wi th the 

discoloration . 
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S triking and cons i s te nt nega tive gene t i c  corre l ations have been 

found between MFD and a l l  other t r a i t s  except S G .  High negati ve 

gene t i c  corre lations be twe en HLW and MFD , CFW and MFD could be due 

to s e lec tion for c l e an f l e e ce we i gh t  and f i neness exer ted on the 

Merpe rs , as sugge s ted by Morley ( 1 9 5 1 ) for Merinos and l ate r con f i rme d 

by Turne r e t  a l .  ( 1 96 8 )  and Turne r  e t  a l .  ( 1 9 7 0 ) . Howeve r ,  Hancock 

et a l .  ( 1 9 7 9 )  working w i th South Aus t r a l i an Me rinos found a nega t i ve 

gene tic corr e l a t i on o f  -0 . 46 betwee n  MFD and CFW in ewe s . 

As both QN and MFD a re e stima t e s  o f  wool finene s s , a large 

nega tive corre l a t ion is expec ted b etween them ( - 0 . 7 9 i n  the pre s e n t  

study) . S ince soundn e s s  i s  h ighl y  corre l a ted wi th MFD ( 0 . 7 3 )  

se l e c t ion for f in e  woo l  wou l d  adve r s e l y  a f fe c t  SG . 

Re s u l t s  tha t  are di f f icul t to exp l a i n  are those s hown by the 

simul taneous l y  negative gene tic corre lations among the trai t s  

GFW/MFD ( -0 . 98 ) , GFW/QN ( -0 . 59 )  and QN/MFD ( -0 . 79 ) . I f  GFW and QN 

we re both so negatively corre l a ted w i th MFD i t  seems that the 

GFW/QN would have to be pos i t ive , or at l e a s t  only we akly nega tive . 

Compari son wi th oth e r  e s timates i n  the l i terature , howeve r ,  show 

tha t  the GFW/QN corre lat ion from the Merper data , whi l e  more s trongly 

negative than mo s t  e stimate s , is within the previou s l y  reported 

range . Th e MFD/QN c orre l a tion i s  mo re nega tive than other e s t imat e s  

and looks que s ti onable . But i t  i s  GFW/MFD that looks abe rrant 

s i nce mo st previou s l y  reported e s t imate s are medium pos i t i ve . 
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Colour a f te r  scouring ( SCG) o r  degree o f  whi teness i s  o f  

i mportance s i nce pure wh i te wool can b e  dyed to any othe r colour . I n  

the present s tudy SCG was h i ghly correlated ( 0 . 8 7 )  w i th colour be fore 

scouring ( GCG)  thus i ndicating the poss ibi l i ty o f  improving SCG b y  

s e l e c ti ng for GCG ; a s im i l a r  resul t was reported by Chopra ( 1 9 7 8 ) . 

The correlation o f  SCG wi th HLW ( -0 . 6 5 )  indicates tha t s e lec tion for 

whi te ne s s  i n  wool could decrease HLW . 

Except the gene ti c  correla tion be tween CHG and S L  ( 0 . 7 7 )  and 

CHG and TCN ( -0 . 44 )  a l l  othe r cor r e l a tions i nvo lving CHG are 

neg l igible o r  low , sugge s t i ng that CHG is not a good s e l e c t ion 

c r i te ri a . 

Table 6 . 2  summarizes pub l i shed e s t imates o f  gene t i c  

correla tions . They are confi ned to breeds which we re u sed to der i ve 

the Me rper s  and cover the same flocks repo rted in the previous 

chapte r . 

Tabl e  6 . 2  h ighl ights : 

( i )  H i gh negative correlations b e tween GFW/QN and 

CFW/QN for Me r i no s . 

( i i )  H i gh po s i t ive corre l a tions b e tween GFW/MFD and 

CFW/MFD for Romneys . 

( i i i )  The corre lat ions be tween GFW and S L  range from 

negl i gible to h i gh pos i t ive . 

( iv )  A med i um to h i gh pos i t i ve c o r r e l ation be twe en 

MFD and S L  for Romneys but low for Me r i no s . 
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TABLE 6 . 2 :  GENET I C  CORRELAT I ON EST I MA TES BETWEEN EWE HOGGET L I VEWE I GHT 

AND VAR I OUS WOOL TRA I TS I N  ROMNEY , P ERENDALE AND MER I NO SHEEP 

TRA I TS 

HLW x GFW 

HLW x CFW 

HLW x QN 

HLW x CHG 

HLW X SG 

HLW X GCG 

HLW x SCG 

HLW x SL 

ESTIMATE 

0 . 54 

0 .  1 1  

0 .  4 1  

- 0 . 0 4 

0 . 0 2 

0 . 4 0 

0 . 26 

-0 . 1 4  

0 . 64 - 0 . 89 

-0 . 0 7 

0 .  1 8  

- 0 . 1 1  

-0 . 2 0 

0 . 2 6 

0 .  2 1  

0 . 0 3  

0 . 2 2 

0 . 4 7 - 0 . 7 5 

- 0 . 1 2  

0 . 2 7 

0 . 04 

0 .  1 3  

0 . 3 7 

-0 . 1 8  - 0 .  4 7 

0 . 37 

- 0 . 1 0  

0 . 44 

- 0 . 0 7  - 0 . 4 2  

-0 . 4 7  

-0 . 3 1  

0 . 0 4 

0 . 2 0 

0 . 30 

0 .  1 1  

0 . 26 

0 . 2 1  

0 . 5 0 

-0 . 2 0 - 0 .  7 7  

-0 . 0 6 

0 . 2 2 

- 0 . 26 

AGE 
( MONTHS) 

1 4  

1 4  

1 3 

1 3  

1 3 

1 6  

1 6  

1 6  

1 3 

1 4  - 1 5  

1 4  - 1 5 

1 6  

1 5  - 1 6  

1 5  - 1 6  

1 4  

1 3 

1 6  

1 5  - 1 6  

1 5 - 1 6  

1 4  

1 3  

1 4  - 1 5  

1 4  - 1 5  

1 4  

1 3 

1 4  - 1 5 

1 4  - 1 5  

1 5  - 1 6  

1 4  

1 4  

1 4  

1 4  

1 4 

1 3 

1 4  - 1 5  

1 4  - 1 5  

METHOD B RE E D  

DDR Romney 
PHS 
PHS 
DDR 
SDR 
PHS 
DDR 
S DR " 

PHS 
PHS Pe rendale 
DDR 
DDR Me rino 
DDR 
DDR " 

DDR S . A .  Me r i no 
PHS " " 

PHS Romney 
PHS Romney 
DDR Me r ino 
DDR 
PHS S . A .  Merino 
DDR " " 

PHS Romney 
PHS 
PHS Perendale 
DDR " 

PHS Romney 
PHS 
PHS Perendale 
DDR " 

PHS S . A .  Mer i no 

PHS Romney 

PHS Romney 
PH S Me r i no 

PHS Romney 

DDR Romney 
PHS 
PHS " 

PHS Pe renda l e  
DDR " 

DDR Me r i no 

REFE RENCE 

Tripathy ( 1 96 6 )  

Chopra ( 1 9 78 )  

Bake r et a l .  ( 1 9 7 9 )  
" 

" 

Blair ( 1 9 8 1 ) 

E l l iott e t  a l . ( 1 9 7 9 )  
" " 

Morley ( 1 9 5 5 a )  

Bea t  t i e  ( 1 96 2 )  

Brown and Turner ( 1 96 8 )  

Gregory ( 1 9 8 2b )  
" 

Chopra ( 1 9 7 8 )  

B l a i r  ( 1 9 8 1 ) 

Morley ( 1 9 5 5a )  

B rown and Turne r ( 1 96 8 )  

Gregory ( 1 9 82b)  

Chopra ( 1 9 7 8 )  

B l a ir ( 1 98 1 ) 

E l l iott et al . ( 1 9 79 )  
" " " 

Chopra ( 1 9 7 8 )  

B l a i r  ( 1 98 1 ) 

E l l iott et a l .  ( 1 9 7 9 )  
" " " 

Gregory ( 1 9 82 b )  

Chopra ( 1 9 7 8 )  

Chopra ( 1 9 7 8 )  

Morley ( 1 9 5 5b )  

Chopra ( 1 9 7 8 )  

Tripathy ( 1 96 6 )  

Chopra ( 1 9 7 8 )  

B l a i r  ( 1 98 1 ) 

E l l iott e t  a l .  ( 1 9 7 9 )  
" " " 

Morley ( 1 9 5 5a )  
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TABLE 6 . 2 : ( CONT I NUE D )  

TRAITS ESTIMATE AGE METHOD BREED REFE RENCE 
( MONTHS ) 

HLW x S L  -0 . 0 6 1 6  DDR Me r i no Brown and Turn e r  ( 1 9 6 8 )  
0 .  1 0  1 5 - 1 6  PHS S . A .  Me r i no Gregory ( 1 9 8 2b )  

-0 . 0  3 1 5 - 1 6  DDR " " 

HLW x TCN 0 . 5 3 1 4 PHS Romney Chopra ( 1 9 7 8 )  
-0 . 1 6 - 0 . 4 8 1 3 PHS B l a i r  ( 1 9  8 1 ) 

HLW x Y 0 . 0 6 1 4 PHS Romney Chopra ( 1 9 7 8 )  
-0 . 3 3 1 3 ( FC )  PHS B l a i r  ( 1 9 8 1 ) 
-0 . 0 8 DDR Me r i no Morley ( 1 9 5 5 a )  

0 . 1 1  DDR Beat tie ( 1 96 2 )  
0 . 0 9 1 6  DDR Brown and Turne r  ( 1 96 8 )  

-0 . 1 4  1 5  - 1 6  DDR S . A .  Me r ino Gregory ( 1 9 82b ) 
0 . 0 3  1 5  - 1 6  PHS 

HLW x MFD 0 .  1 6  1 4  DDR Romney Tripathy ( 1 9 66 ) 
0 . 0 2  1 4  PHS Chopra ( 1 9 78 )  

-0 . 1 2  - 0 . 2 8  1 3  PHS B l a i r  ( 1 9 8 1 ) 
-0 . 0 2 1 4  - 1 5  PHS Pe rendale E l l iott et a l . ( 1 9 7 9 )  

0 . 0 0 1 4  - 1 5  DDR " 

0 .  1 2  1 6  DDR Mer i no Brown and Turner ( 1 96 8 )  
-0 . 0 8  1 5  - 1 6  PHS S . A .  Me r i n o  Gregory ( 1 9 8 2b ) 

0 . 0 6 1 5  - 1 6  DDR " 

GFW x CFW 0 . 9 8  1 4  PHS Romney Chopra ( 1 9 78 )  

0 . 96 - 1 .  0 0  1 3 PHS " B l a i r  ( 1 9 8 1 ) 
0 . 9 5  1 4  PHS Romne y  x B i gham e t  a l .  ( 1 9 8 3 )  
0 . 6 5  DDR Mer i no Morley ( 1 9 5 5 a )  
0 . 82 DDR Me rino Beat ti e ( 1 96 2 )  
0 . 80 1 5  - 1 6  DDR " Brown and Turne r  ( 1 96 8 ) 
0 . 76 1 8  DDR Mul l aney e t  a l .  ( 1 9 7 0 )  
0 . 6 2 1 5 - 1 6  PHS S . A .  Me r i no Gregory ( 1 9 8 2 b )  
0 . 7 9 1 5 - 1 6  DDR " " " " 

GFW x QN -0 . 6 2 1 4  PHS Romne y  Rae ( 1 9 5 8 a )  

-0 . 4 9 1 4  DDR " 

-0 . 4  7 1 4  DDR " " 11 

0 . 0 2  1 4  PHS " Chopra ( 1 9 7 8 )  
-0 . 4 3 - 0 . 0 7  1 3 PHS B l a i r  ( 1 98 1 ) 

-0 . 4 8 1 4  - 1 5  PHS Perenda l e  E l l io t t  e t  a l .  ( 1 9 7 9 )  

0 . 0 9 1 4  - 1 5  DDR 11 " 11 " " 

-0 . 75 1 8  DDR Me r i no Mul l aney e t  a l .  ( 1 9 7 0 ) 

GFW x CHG 0 . 2 7  1 4  PHS Romney Rae ( 1 9 5 8a )  

- 0 . 1 6  1 4  DDR " " 

0 . 0 8 1 4  DDR 
0 . 24 1 4  PHS Chopra ( 1 9 7 8 )  

-0 . 1 7  - 0 .  39 1 3 PHS B l ai r ( 1 9 8 1 ) 
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TABLE 6 . 2 :  ( CONT I NUE D ) 

TRAI TS ESTIMATE AGE METHOD BREED REFERENCE 
( MONTH S )  

GFW x CHG -() .  1 7  - 0 . 39 1 3 PHS Romney Blair ( 1 9 8 1 ) 
0 . 5 2  1 4  - 1 5  PHS Perenda l e  E l l i o t t  e t  a l .  ( 1 9 7 9 )  
0 . 3 2 1 4  - 1 5  DDR " " 

-0 . 5 4 1 8  DDR Me rino Mul l aney e t  a l .  ( 1 9 7 0 )  
-0 . 0 6 1 5 - 1 6  PHS S . A .  Merino Gre gory ( 1 9 8 2b )  

GFW x GCG -0 . 1 9  1 4  PHS Romney Chopra ( 1 9 7 8 )  
-0 . 2 8 PH S Me rino Mo rley ( 1 9 5 5b)  
-0 . 4 2 1 8  DDR Mul l aney et a l .  ( 1 9 7 0 )  

GFW x SL 0 . 60 1 4  PHS Romney Rae ( 1 9 5 8a )  
0 .  2 1  1 4  DDR " " " 

0 . 2 5 1 4  DDR 
0 . 4 0 1 4  DDR Tripathy ( 1 9 6 6 )  
0 . 58 1 4  PHS " Chopra ( 1 9 7 8 )  

0 .  3 5  - 0 . 5 8  1 3  PHS " B l a i r  ( 1 9 8 1 ) 
0 . 7 6 1 4  - 1 5  PHS Pe rendale E l l iott et a l .  ( 1 9 7 9 )  
0 . 44 1 4  - 1 5  DDR " " 

-0 . 0 2  DDR Me rino Morley ( 1 9 5 5 a )  
0 . 7 0 DDR Beat tie ( 1 9 6 2 ) 
0 . 2 9 1 6  DDR " Brown a nd Turne r ( 1 96 8 )  
0 .  1 3 1 8  DDR " Mul laney e t  a l .  ( 1 9 7 0 )  
0 .  1 6  1 5  - 1 6  PHS S . A .  Me rino Gregory ( 1 9 82b) 
0 .  1 9  1 5  - 1 6  DDR " " " " 

GFW x TCN 0 . 6 9 1 4  PHS Romney Chopra ( 1 9 7 8 )  
- 0 . 4 2  - 0 . 2 3  1 3  PHS " B l a i r  ( 1 9 8 1 ) 

GFW x Y 0 .  1 4  1 4  PHS Romney Chopra ( 1 9 7 8 )  
- 0 . 4 0 - 0 . 36 1 3  PHS " B l air ( 1 9 8 1 ) 

- 0 . 0 5 DDR Me rino Morley ( 1 9 5 5 a )  
-0 . 2 2 PHS " " " 

-0 . 09 1 6  DDR S chi ncke l ( 1 9 5 8 )  
0 . 06 DDR " Beat tie ( 1 96 2 )  

- 0 . 09 1 6  DDR " B rown and Turner ( 1 9 6 8 )  
-0 . 1 8  1 8  DDR Mul l aney e t  a l .  ( 1 9  7 0 ) 
-0 . 39 1 5  - 1 6  PHS S . A .  Me rino Gregory ( 1 9 82b )  

GFW x MFD 0 . 5 8 1 4  DDR Romney Tripa thy ( 1 96 6 )  
0 . 8 1  1 4 PHS Chopra ( 1 9 7 8 )  

0 .  34 - 0 .  82 1 3 PHS " B l a i r  ( 1 9 8 1 ) 
0 . 4 3  1 4  - 1 5 PHS Pe renda le E l l iott et a l .  ( 1 9 7 9 )  
0 . 44 1 4  - 1 5 DDR " " 

0 .  1 9  DDR Merino Beat tie ( 1 96 2 )  
0 .  1 3  1 6  DDR Brown and Turner ( 1 96 8 )  
0 . 4 7  1 8  DDR Mul l aney e t  a l .  ( 1 9 7 0 ) 

- 0 . 1 7  1 5  - 1 6  PHS S . A .  Me rino Gregory ( 1 9 82b )  
0 .  1 4  1 5 - 1 6  DDR " " 
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TABLE 6 . 2 :  ( CONT INUE D )  

TRAITS ESTIMATE AGE METHOD BREED REFERENCE 
( MONTHS)  

CFW x QN -0 . 0 2 1 4  PHS Ro!TU1ey Chopra ( 1 9 7 8 )  
-0 . 5 2 - -0 . 26 1 3  PHS B l a i r  ( 1 9 8 1 ) 

-0 . 9 1  1 8  DDR Me r i no Mul l aney e t  a l .  ( 1 9 7 0 )  

CFW x CHG 0 .  1 8 1 4  PHS Romney Chopra ( 1 9 7 8 )  
-0 . 2 5 - 0 .  2 8  1 3 PHS B l air ( 1 9 8 1 )  

-0 . 4 1  1 8  DDR Me rino Mul laney e t  a l .  ( 1 9 7 0 )  
-0 . 1 9  1 5  - 1 6  DDR S . A .  Me r i no Grego ry ( 1 982b )  

CFW x GCG 0 .  1 3 1 4  PHS Ro!TU1ey Chopra ( 1 9 7 8 )  
0 .  1 7 1 8  DDR Me rino Mull aney et a l . ( 1 9 7 0 )  

CFW x SCG -0 . 2 2 1 4  PHS Romney Chopra ( 1 9 7 8 )  
0 . 8 Me rino Jackson ( 1 9 7 3 )  ( Ci te d  

b y  Turne r ( 1 9 7 7 )  

CFW x SL 0 . 66 1 4  PHS Ro!TU1ey Chopra ( 1 9 7 8 )  
0 . 45  - 0 . 85 1 3 PHS B l a i r  ( 1 9 8 1 ) 

0 . 39 DDR Me rino Mo rley ( 1 9 5 5 a )  
0 . 3 7 1 6  DDR Sch i ncke l ( 1 9 5 8 ) 
0 . 89 DDR Beat t i e  ( 1 9 6 2 )  
0 . 46 1 6  DDR Brown and Turne r ( 1 9 6 8 )  
0 .  3 7  1 8  DDR " Mul l aney e t  a l .  ( 1 9 7 0 )  
0 . 4 1  1 5  - 1 6  PHS S . A .  Me rino Gre gory ( 1 9 82b) 
0 . 29 1 5  - 1 6  DDR " " " 

CFW x TCN 0 . 4 3  1 4  PHS Ro!TU1ey Chopra ( 1 9 7 8 )  
-0 . 3 7 - 0 .  1 0  1 3  PH S B l a i r  ( 1 9 8 1 ) 

CFW x Y 0 . 89 1 4  PHS Romney Chopra ( 1 9 78 )  
-0 . 3 1  - 0 . 46 1 3 PHS B l a i r  ( 1 9 8 1 )  

0 . 56 DDR Me rino Mor ley ( 1 9 5 5 a )  
0 . 64 DDR Beattie ( 1 96 2 )  
0 . 5 3 1 6  DDR Brown and Turner ( 1 9 6 8 )  
0 . 5 1  1 8  DDR " Mul l aney e t  a l .  ( 1 9 7 0 ) 
0 . 4 7  1 5  - 1 6  PHS S . A .  Me rino Gregory ( 1 9 82b ) 
0 . 1 7 1 5  - 1 6  DDR S . A .  " 

CFW x MFD 0 . 8 8  1 4  PHS Ro!TU1ey Chopra ( 1 9 7 8 )  
0 . 4 5  - 0 . 8 2 1 3  PHS Romney B l a i r  ( 1 9 8 1 ) 

0 . 2 4 1 6  DDR Me rino S chinck e l  ( 1 9 5 8 )  
0 .  1 6  DDR Beat t i e  ( 1 96 2 )  
0 .  1 6  1 6  DDR " Brown and Turne r ( 1 9 6 8 )  
0 . 39 1 8  DDR Mul l aney e t  a l .  ( 1 9 7 0 ) 

-0 . 0 6 1 5  - 1 6  PHS S . A .  Me rino Gre gory ( 1 9 82b ) 
0 .  1 6  1 5  - 1 6  DDR 

QN x CHG -0 . 4 1  1 4  PHS Romney Rae ( 1 9 58a )  
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T ABLE 6 . 2 :  ( CONT I NUED ) 

T RA I TS EST I MATE AGE METH OD B RE E D  REFE RE NCE 

( MON THS ) 

QN x CHG 0 .  2 1  1 4  DOH Romn e y  R a c  ( 1 9 5 8 .:1 )  

0 . 6 1  1 4  PHS Chopra ( 1 9 7 8 )  

0 . 4 2 - 0 . 7 0 1 3 PHS B l a i r  ( 1 9 8 1 ) 

-0 . 1 3  1 4  - 1 5  PHS P e r e n da l e  E l l  i o t t e i. a l . ( 1 9 7 9 )  

0 . 4 4 1 4  - 1 5  DDR 

0 . 2 6 1 8  DDR Me r i no Mu l l a ne y  e t  a l . ( 1 9 7 0 )  

QN X GCG 0 . 0 2  1 4  PHS Romn e y  Chop ra ( 1 9 7 8 )  

- 0 . 0  3 1 8  DDR Me r i no Mu l l a ne y  e t  a l . ( 1 9 7 0 )  

QN x TCN 1 . 0 0  1 4  P H S  Romne y  Chop ra ( 1 9 7 8 )  

0 . 3 5 - 0 . 9 4 1 3 PHS B l a i r  ( 1 9 8 1 ) 

QN X y - 0 . 4 3  1 4  PHS Romn e y  Chop ra ( 1 9 7 8 )  

- 0 . 9 5 - - 0 . 7 5 1 3 P H S  B l a i r  ( 1 9 8 1 )  

-0 . 3 7 1 8  DDR Me r i no Mu l l an e y  e t  a l .  ( 1 9 7 0 )  

QN x MFD -0 . 0 9 1 4  PHS Romne y  Chopr a ( 1 9 7 8 )  

-0 . 6 4 - - 0 . 4 9 1 3  PHS B l a i r  ( 1 9 8 1 )  

-0 . 4 6 1 4  - 1 5 PHS Pe r e n d a l e  E l l i o t t  e t  a l . ( 1 9 7 9 )  

-0 . 2 7 1 4  - 1 5 DDR 

- 0 . 3 0  1 8  DDR Me r i no Mu l l a n e y  e t  a l .  ( 1 9 7 0 ) 

CHG x GCG 0 . 5 7 1 4  P H S  Romn e y  Chop r a  ( 1 9 7 8 )  

0 .  1 8  PH S Me r i no Mo r l e y  ( 1 9 5 5 b )  

0 . 3 9 1 8  DDR M u l l a n e y  e t  a l .  ( 1 9 7 0 ) 

CHG x SCG 0 .  2 0  1 4  PHS Romney Chop r a  ( 1 9 7 8 )  

CHG x S L  0 .  7 4  1 4  P H S  Romney Rae ( 1 9 5 8o )  

0 .  1 3  1 4  DDR 

- 0 . 2 8 1 4  P H S  Chopra ( 1 9 7 8 )  

- 0 . 7 8 - - 0 . 0 6 1 3  P H S  B l a i r  ( 1 9 8 1 ) 

0 . 4 7 1 4  - 1 5  P H S  P e r e nd a l e  E l l i o t t  e t  a l .  ( 1 9 7 9 )  

0 . 0 3 1 4  - 1 5  DDR 

- 0 . 1 6  1 8  DDR Me r i no Mu l l a n e y  e t  a l . ( 1 9 7 0 )  

- 0 . 0 1  1 5  - 1 6  PHS S . A .  Me r i no G re qo ry ( 1 9 8 2 b )  

CHG x TCN 0 . 5 4 1 4  P H S  Romn e y  Chop r a ( 1 9 7 8 )  

0 .  3 1  - 0 . 5 4 1 3  PHS B l a i r  ( 1 9 8 1 ) 

Cl ! G  X y 0 .  1 5  1 4  PHS Romney Chop r a  ( 1 9 7 8 )  

-0 . 5 3 - 0 . 3 8 1 3 P H S  B l a i r  ( 1 9 8 1 ) 

0 . 0 9 1 8  DDR Me r i no Mu l l a n o y  e t  a l . ( 1 9 7 0 )  

- 0 . 2 0 1 ') - 1 (, P l ! S  S . A .  Me r i no G re qo r y  ( 1 9 B 2 b )  

Cl l ( ;  X �WD 0 . 5 4 1 4 P 1 1 S  Romncy Chop r .-. ( 1 9 7 ! 1 )  

- l) . 2 ') - 0 . 2 0 1 3  PHS B l a i r  ( 1 9 8 1 )  
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TABLE 6 . 2 :  ( CONT I NUED ) 

TRA I TS ESTIMATE AGE METHOD BREED REFERENCE 
( MONTHS )  

CHG x MFD -{) . 2 9 - 0 . 2 0 1 3 PHS Romney B l a i r  ( 1 9 8 1 )  
0 . 0 9 1 4  - 1 5  PHS Pe renda le E l l iott et a l .  ( 1 9 7 9 )  
0 .  1 0  1 4  - 1 5  DDR " " 

-0 . 46 1 8  DDR Me rino Mullaney et a l .  ( 1 9 7 0 )  
0 . 0 7  1 5  - 1 6  PHS S . A .  Me r i no Gregory ( 1 982b ) 

SG x y 0 . 36 1 4  PHS Romney Chopra ( 1 9 78 )  

SG x MFD 0 . 4 6  1 4 PHS Romney Chopra ( 1 9 7 8 )  

GCG x SCG 0 . 85 1 4  PHS Romne y  Chopra ( 1 9 7 8 )  

GCG X SL -0 . 0 6 1 4  PHS Romney Chopra ( 1 9 7 8 )  
-0 . 36 1 4  PHS Romney x Big ham e t  a l .  ( 1 9 8 3 )  

0 . 4 0  1 8  DDR Me r i no Mul l aney e t  a l .  ( 1 9 7 0 )  

GCG X y 0 . 6 7  1 4  PHS Romney Chopr a  ( 1 9 7 8 )  
0 . 82 1 8  DDR Me r i no Mul laney e t  a l .  ( 1 9 7 0 )  

GCG x MFD 0 . 4 3  1 4  PHS Romne y  Chopra ( 1 9 7 8 )  
-0 . 5 3 1 4  PHS Romney x B i gham e t  a l .  ( 1 98 3 )  
-0 . 3 2 1 8  DDR Me r ino Mul laney e t  a l . ( 1 9 7 0 )  

SCG X y 0 . 4 4 1 4  PHS Romney Chopra ( 1 9 7 8 )  

S C G  x MFD 0 . 3 0 1 4  PHS Romne y  Chopra ( 1 9 7 8 )  

SL x Y 0 . 0 3  1 4  PHS Romney Chopra ( 1 9 7 8 )  
0 . 5 3  - 0 . 9 5 1 3  PHS B l a i r  ( 1 9 8 1 )  

0 . 6 3  DDR Me r i no Mor l e y  ( 1 9 5 5a )  
0 . 5 4 DDR Beat tie ( 1 96 2 )  
0 . 36 1 6  DDR Brown and Turne r ( 1 968)  
0 . 4 2 1 8  DDR " Mul laney e t  a l .  ( 1 9 7 0 )  
0 . 2 7 1 5  - 1 6  PHS S . A .  Me r ino Gregory ( 1 9 8 2 b )  
0 .  1 3 1 5  - 1 6  DDR " " " " " 

SL x MFD 0 . 6 8  1 4  DDR Romney Tripathy ( 1 966 ) 
0 .  4 1  1 4  PHS " Chopra ( 1 9 7 8 )  

0 . 4 3  - 0 . 8 2 1 3  PHS " B l a i r  ( 1 9 8 1 ) 
0 .  5 3  1 4  - 1 5  PHS Pe rendale E l l iott e t  a l .  ( 1 9 79 )  
0 . 3 1 1 4  - 1 5  DDR " " " 

0 . 4 4  1 6  DDR Me rino Schincke l ( 1 9 5 8 )  
-0 . 1 1  DDR " Be at tie ( 1 96 2 )  

0 . 0 3  1 6  DDR " Brown and Turne r ( 1 96 8 )  
0 . 0 1  1 8  DDR " Mul l aney e t  a l .  ( 1 9 7 0 )  
0 . 2 4 1 5  - 1 6  DDR S . A .  Me rino G regory ( 1 9 8 2 b )  
0 . 2 4 1 5  - 1 6  PHS " " " " 



TABLE 6 . 2 :  ( CONT I NUED ) 

TRAITS 

TCN x Y 

TCN x MFD 

Y x MFD 

ESTIMATE AGE METHOD BREED 
( MONTHS )  

-0 . 36 1 4  PHS Romney 
-0 . 34 - 0 . 5 0 1 3  PHS 

0 . 9 3 1 4  PHS Romney 
-0 . 5 0 - -0 . 3 7 1 3 PHS 

0 . 3 3 1 4  PHS Romney 
0 . 2 7  - 0 . 96 1 4  PHS 

0 . 0 3  DDR Me r i no 
0 . 1 2 1 6  DDR " 

-0 . 0 3 1 8  DDR 
0 . 1 5  1 5  - 1 6  PHS S . A .  Me ri no 
0 . 0 0  1 5  - 16 DDR 

See Tabl e  5 . 1  for Le ge nd 

SDR Sire -Daughter Re gression 

" 
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REFERENCE 

Chopra ( 1 9 7 8 )  
B l a i r  ( 1 9 8 1 ) 

Chopra ( 1 9 7 8 ) 
B la i r  ( 1 9 8 1 ) 

Chopra ( 1 9 7 8 )  
B l air ( 1 9 8 1  ) 
Beat tie ( 1 96 2 )  
Brown and Turne r ( 1 96 8 )  
Mul l aney e t  a l .  ( 1 9 70 ) 
Grego ry ( 1 9 8 2b )  

" 



( v) Th e corr e lations for HLW/QN , HLW/CHG , HLW/SL ,  

HLW/Y , GFW/CHG , CHG/QN , CHG/SL , CHG/Y , CHG/MFD , 

GCG/SL , GCG/MFD , TCN/Y and TCN/MFD showed a 

swing from pos i tive to negat ive va lue s for 

di ffe ren t  breed cal cul ations . 

The fol lowing conclusions are drawn from Table s 6 . 1  and 6 . 2 :  

( i ) The e st imates obtained in this study for the 

gene tic corre lations between gre asy fleece we i gh t  

and other f l e e c e  tra i t s  a re in l i n e  with the 

reviewed range o f  e s t imates reported by the 

l i te ra ture , except those with MFD .  

( i i )  The corre l a ti on between HLW and SL compare s we l l  

w ith Chopra ' s  ( 1 9 78 )  finding and the uppe r value 

reported by B l ai r  ( 1 9 8 1 ) . 

( i i i )  The h i gh negative corre l ation ( - 1 . 0 2 )  found for 

MFD/SL i s  at var iance w i th previous findings e xcept 

tha t Beattie ( 1 96 2 )  reported a va lue of -0 . 1 1  for 

Merinos which i s  in the same direction but o f  

hi ghe r magni tude . 

( i v) The corre l at ion b e twee n  CFW and GCG ( 0 . 5 2 )  is 

higher than the val ue s  of 0 . 1 3  obtained for Romneys 

by Chopra ( 1 9 7 8 )  and 0 . 1 7 der i ved for Me r inos by 

Mul laney e t  a l .  ( 1 9 7 0 ) . 

( v) The genetic corre l a ti o n  b etween SCG and Y ( 0 . 7 7 )  

i s  h ighe r than the val ue o f  0 . 44 reported by Chopra 

( 1 9 7 8 )  who wo rked w i th Romneys . 
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( vi )  The high posi tive corre lation b etween GCG and Y 

( 0 . 96 )  i s  in line with the re sults obtained by 

Chopra ( 1 9 7 8 )  for Romneys and Mul laney e t  a l .  

( 1 9 7 0 )  for Me rinos . 

Some other comparisons of the resul ts found in thi s  study and 

pub l i shed e stimate s are : 

( i ) Turner ( 1 9 7 7 )  observed that clean scoured y i e ld 

increased unde r selection for high c lean wool weight 

and reported an ave rage of 0 . 5  for the genetic 

corre l ation be tween CFW and Y ,  value s imi l a r  to the 

0 . 4 4  found for Merpers . Moreove r ,  Turner ( 1 9 7 7 )  

suggested that i f  Y became too high some fibre 

damage may result f rom weather i ng and dus t ,  ther e fore 

i t  is necessary to impos e  a c e i l ing on Y when 

s e lecting for CFW . 

( ii )  Negative genetic correl a tions o f  MF D  w i th S L  and 

MFD with CHG were also reported by Mul l aney et a l .  

( 1 9 7 0 )  for Polwarths aged 3 0  months and Me rinos 

aged 1 8  months old re spec tive l y . 

( i i i )  Although i t  i s  no t reported in Tab le 6 . 2  the 

genetic corre l ation b etween SL and QN is medium to 

high negative as reported by Chopra ( 1 97 8 )  for 

Romneys ( -0 . 5 3 ) , E l liott e t  a l .  ( 1 9 7 9 )  for Perenda l e s  

( -0 . 6 3 )  a n d  Mul laney et al .  ( 1 9 7 0 )  f o r  Merinos 

( -0 . 66 ) . I n  the present s t udy the fi gure i s  < - 1 . 5 .  

( iv)  Though the pre s e n t  genetic corre lations do not 
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permi t pre c i se conclus ions to b e  drawn , an outl ine 

of the general patte rn of dire c t  and indire c t  

re sponse to selec tion wi th re fe rence t o  gene tic 

improvement of hogge t l i vewe ight and wool traits 

h as bee n carried out . 

6 . 2 . 2  Phenotypic Corre lations 

According to th e c ri teria de fined by B rown and Turner ( 1 9 6 8 )  the 

phenotypic corre lations shown in Table 6 . 1  can be clas s i fied as : 

H I GH  NE GA T I  'vE : 

MED I U'/1 NEGAT I VE : 

LOW NEGA T I  'vE :  

LOW POS I T I VE :  

MED I UM POS I T I VE :  

H I GH  POS I T I VE :  

SL/CPC . 

GFW/CPC , CFW/CPC , QN/HG and QN/SL . 

HLW/SG , HLW/Y , GFW/QN , GFW/SG , GFW/Y , 

CFW/QN , CFW/SG , CFW/TCN , QN/CHG , 

QN/MFD , CHG/TCN , CHG/CPC ,  HG/TCN , 

HG/CPC , S G/S L , SG/MFD , GCG/MFD , 

SCG/MFD , SL/Y , TCN/Y and CPC/MFD . 

HLW/MFD ,  GFW/MFD, CFW/CHG , CFW/MFD ,  

QN/CG , CHG/HG , CHG/Y , HG/SL , CG/GCG , 

SG/CPC , S G/Y , GCG/SCG and SL/MF D . 

HLW/CFW , HLW/SL ,  CFW/SL and QN/TCN . 

HLW/GFW , GFW/CFW , GFW/SL ,  QN/CPC 

and TCN/CPC . 

The o ther corre lations fall into the neg ligibl e  range from 

-0 . 2  to + 0 . 2 .  
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Table 6 . 1  de serve s  some comments in re lation to the phenotypic 

correl ations : 

( i ) As expec ted , GFW and CFW have medium to h i gh pos i ti ve 

corre l ations wi th MFD and SL ( 0 . 3 8 and 0 . 3 7 ,  and 0 . 6 0  

and 0 . 5 1 re spective l y ) , and negative corre lations wi th 

QN and CPC . 

( i i )  The low corre l a tion be tween MFD and QN ( -0 . 3 0 )  

indicate s  that , for accurate asses sment o f  wool 

fineness ,  f ibre diame te r should b e  me asure d .  

( i i i )  The corre l ations show that the sheep with the heavi e s t  

fleeces are tho se wi th the high e s t  l i vewe i ght , coarse 

woo l , l ong staples and less c rimp pe r centime tre . 

( iv )  GFW and CFW h a d  negl ig ib l e  corre l ations with HG , CG , 

GCG , SCG , TCN and Y ,  low pos i t i ve with CHG and low 

negative wi th SG whe reas MFD had a negl igible negative 

corre l ation w i th HG . 

( v) The corre l ation between colour be fore scouring and 

after scouring ( 0 . 3 8 )  sugges ts that a certain amount 

of ye l low d iscoloration may be obscured by grease 

and flee ce contaminants . I t  i s  lowe r  than the values 

o f  0 . 6 0  and 0 . 6 2  de r ived for Rornneys by S umne r ( 1 9 6 9 )  

However ,  Turne r ( 1 9 7 7 )  s ugge sted that due t o  the low 

corre lation greasy colour is not a use ful guide o f  

scoured colour . 

( vi )  The corre lation be tween C G  and GCG ( 0 . 29 )  found in 



thi s  study supports Sumn er ' s  ( 1 9 69 )  conc lusion 

that cotting i s  assoc iated with discolorati on . 
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Table 6 . 3  shows the range o f  phenotypic correl ations reviewe d 

i n  the l i te r ature for the breed s  wh ich origi nated the Me rpe r s . I t  

i s  noti ceable that for some wool traits , the only source i s  Sumne r ' s  

( 1 9 6 9 )  study o f  the e f fe c t  of two stocking leve l s  ( con trol and 

i ntens ive )  on wool produc tion . 

On comparing the phenotypic corre l ations reported i n  Tables 6 . 1  

and 6 . 3 , i t  can be seen that :  

( i )  There i s  gene ral agreeme nt be tween the e s t imates o f  

this s tudy a n d  the ir corre sponding e s timate s in Tab l e  

6 . 3 . Some exceptions are HLW/SG , GFW/HG , GFW/SG , 

CFW/CH G ,  QN/CHG , QN/HG , CHG/TCN , HG/CG , HG/SL , HG/CPC , 

SG/SL , SG/CPC , S L/TCN and SL/Y . 

( i i )  The high corre l a tion be twe e n  HLW and GFW ( 0 . 66 )  i s  i n  

agreeme n t  wi th previous es timate s o f  0 . 6 1  and 0 . 5 2 

( Tr ipathy , 1 96 6  and Sumner , 1 96 9  r e spective ly) de r i ve d  

from Romney ewe hogge t data wh ereas t h e  mode rate ly 

correl a tion ( 0 . 56 )  between HLW and CFW is s imi l ar to 

the uppe r val u e  reported by B l a i r  ( 1 9 8 1 ) . 

( i i i )  The h igh pos i tive corre lation b etween GFW and CFW 

( 0 . 9 4 )  is s imilar to the e s timate s de r ived by B l a i r  

( 1 98 1 )  for t h e  Romneys whi le the low association 

b etwee n  GFW a nd MFD ( 0 . 3 8 )  is i n  good agreeme nt with 

the figure presented by Mul laney e t  a l . ( 1 97 0 )  for 

Me rinos and the lowe r  l imi t repo rted by B l a i r  ( 1 9 8 1 ) 
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TABLE 6 . 3 :  PHENOTYP I C  CORRELAT I ON EST I MATES BETWEEN EWE HOGGET L I VE WE I GHT 

AND VAR I O US WOOL TRA I TS I N  ROMNEY , PERENDALE AND MER I NO SHEEP 

TRAITS ESTIMATE AGE B REED REFERENCE 
(MONTHS)  

HLW x GFW 0 . 6 1 1 4  Romney Tripathy ( 1 9 6 6 )  
0 . 5 0 - 0 . 5 2  1 4  " Surnner ( 1 9 6 9 )  

0 . 4 4  1 3 " Baker et a l .  ( 1 97 9 )  
0 . 4 0  1 6  " " " " 

0 . 4 7 - 0 . 5 5 1 3 " Blair ( 1 9 8 1 ) 
0 . 3 9 1 4  - 1 5  Perendale E l l iott et a l .  ( 1 9 7 9 )  
0 . 36 Me rino Mor ley ( 1 9 5 5 a )  
0 . 2 4 1 6  " Brown and Turne r ( 1 9 6 8 )  
0 . 3 7 1 5  - 1 6 S . A .  Merino Gregory ( 1 9 82b) 

HLW x CFW 0 . 4 1  - 0 . 5 0 1 3 Romney B l air ( 1 9 8 1 ) 
0 . 3 7 Mer ino Morley ( 1 9 5 5 a )  
0 . 2 3 1 6  " Brown and Turner ( 1 96 8 )  
0 . 36 1 5  - 1 6  S . A .  Me r i no Gregory ( 1 982b)  

HLW x QN 0 . 0 8 - 0 . 1 0  1 4  Romney Sumner ( 1 9 6 9 )  
-0 . 0 7 - - 0 . 0 2 1 3  " B lair ( 1 9 8 1 ) 

-0 . 0 3  1 4  - 1 5  Perendale E l liott e t  a l . ( 1 9 7 9 )  

HLW x CHG 0 . 2 1 - 0 . 2 6 1 4  Romney Sumner ( 1 9 69 ) 
-0 . 0 2 - 0 . 0 7 1 3  " B lair ( 1 9 8 1 ) 

0 . 0 0 1 4  - 1 5  Perendal e  E l l iott e t  a l .  ( 1 9  7 9 )  
-0 . 0 8 1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b ) 

HLW x HG 0 .  0 1  - 0 . 0 5  1 4  Romney Surnner ( 1 9 6 9 )  

HLW X CG 0 . 0 8  - 0 . 2 5 1 4  Romney Surnner ( 1 969 ) 

HLW x SG 0 .  1 1  - 0 . 29 1 4  Romney Surnner ( 1 969 ) 

HLW X GCG -0 . 0 6 - 0 . 3 3 1 4  Romney Surnner (. 1 96 9 )  

HLW x SCG -0 . 3 0 - 0 . 0 9 1 4  Romney Surnner ( 1 9 69 ) 

HLW x SL 0 . 24 1 4  Romney Tripathy ( 1 96 6 )  
0 . 0 1  - 0 . 1 8 1 4  " Sumner ( 1 96 9 )  
0 .  1 5  - 0 . 26 1 3  " Blair ( 1 98 1 ) 

0 .  1 3  1 4  - 1 5  Pe rendale E l l i o t t  e t  a l . ( 1 9 7 9 )  
0 .  1 0  Mer i no Morley ( 1 95 5 a )  
0 . 06 1 6  " Brown and Turner ( 1 96 8 )  
0 .  1 4  1 5  - 1 6  S . A .  Me rino Gregory ( 1 9 8 2b ) 

HLW x TCN 0 . 0 4 - 0 . 0 8  1 3  Romney Blair ( 1 98 1 ) 

HLW x CPC - 0 . 09 1 4  Romney Tripathy ( 1 96 6 )  
1 

0 . 0 4 0 . 1 7  1 4  " Surnne r ( 1 96 9 ) 1 

-0 . 0 7 - -0 . 0 5 1 3  " B l a i r  ( 1 9 8 1 ) 1 



9 6  

TABLE 6 . 3 : ( CONT I NUED ) 

TRAITS E STIMATE AGE BREED REFERENCE 
( MONTH S )  

HLW x CPC 0 . 0 5  Me rino Morley ( 1 9 5 5 a)
1 

( 1 96 8 )
1 

0 . 0 4 1 6  " B rown and Turne r  
0 . 0 5 1 5  - 1 6  S . A .  Me r i no Gregory ( 1 9 8 2b ) 1 

HLW x Y 0 .  06 - 0 .  1 1  1 4  Rorrmey Surrm e r  ( 1 96 9 )  
-0 . 0 4 - 0 . 0 4 1 3  " B la i r  ( 1 9 8 1 ) 

0 . 0 9 Mer i no Morley ( 1 9 5 5 a )  
0 . 06 1 6  " B rown and Turner ( 1 96 8 )  
0 . 0 3 1 5  - 1 6  S . A .  Me rino Gregory ( 1 982b)  

HLW x MFD 0 . 2 9 1 4  Rorrmey Tripathy ( 1 9 6 6 )  
0 . 1 9 - 0 . 2 7 1 3 " B lai r ( 1 9 8 1 ) 

0 .  1 5  1 4  - 1 5  Perendale E l l iott et a l .  ( 1 97 9 )  
0 .  1 3 1 6  Mer i no B rown and Turner ( 1 9 6 8 )  
0 . 0 3 1 5  - 1 6  S . A .  Mer ino Gregory ( 1 9 8 2 )  

GFW x CFW 0 . 94 - 0 . 9 7  1 3  Rorrmey B la i r  ( 1 9 8 1 ) 
0 . 8 1 Me r i no Mor l ey ( 1 95 5a )  
0 . 8 5 1 6  " B rown and Turner ( 1 96 8 )  
0 . 8 2 1 5  - 1 6  S . A .  Me r ino Gregory ( 1 9 82b)  

GFW x QN -0 . 3 3 1 4  Rorrmey Rae ( 1 9 58a)  
- 0 . 0 7 - -0 . 0 3 1 4  " Sumne r  ( 1 9 6 9 )  
-0 . 26 - -0 . 2 2 1 3  " B l a i r  ( 1 98 1 ) 

-0 . 1 6  1 4  - 1 5  Perenda l e  E l l iott e t  a l .  ( 1 9 79 ) 
-0 . 36 Mer ino Mul laney et a L .  ( 1 9 7 0 ) 

GFW X· CHG 0 .  1 5  1 4  Romney Rae ( 1 9 5 8a )  
0 .  1 2  - 0 . 2 2 1 4  Romney Surrmer ( 1 969 ) 
0 . 06 - 0 . 0 7 1 3  " B l a i r  ( 1 9 8 1 ) 

0 . 23 1 4  - 1 5  Perendale E l l iott et a L .  ( 1 9 7 9 )  
-0 . 0 9 Mer i no Mul l aney e t  a l . ( 1 9 7 0 )  
-0 . 1 8  1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b) 

GFW x HG -0 . 3 5 - -0 . 3 2 1 4  Romney S urrme r  ( 1 96 9 )  
-0 . 1 6  Me r i no Mul l a ne y  e t  a l .  ( 1 9 7 0 )  

GFW X CG -0 . 1 0  - 0 . 2 3 1 4  Ronmey Surrme r ( 1 96 9 ) 

GFW x SG 0 .  26 - 0 . 2 7 1 4  Rornney S urrmer ( 1 96 9 )  

GFW x GCG -0 . 0 6 - 0 . 0 3 1 4  Romney Surrme r ( 1 96 9 )  
-0 . 1 2  Mer i no Mul l aney e t  a L .  ( 1 9 7 0 ) 

GFW x SCG -0 . 26 - -0 . 1 5 1 4  Romney Surrm er ( 1 9 69 ) 

GFW x SL 0 . 4 5  1 4  Ronmey Rae ( 1 9 58a)  
0 . 4 8 1 4  11  Tr ipathy ( 1 9 6 6 )  



9 7  

TABLE 6 . 3 : ( CONT I NUED ) 

TRA I TS ESTIMATE AGE BREED REFERENCE 
( MONTHS)  

GFW x SL 0 . 2 2 - 0 . 5 1  1 4  Romney Swnner ( 1 969)  
0 . 4 0  - 0 . 5 0  1 3  Blair ( 1 9 8 1 ) 

0 . 44 1 4  - 1 5  Perenda l e  E l liott e t  a l .  ( 1 9 7 9 )  
0 . 3 0 Me rino Morley ( 1 9 5 5a)  
0 . 2 5 1 6  " Brown and Turner ( 1 96 8 )  
0 . 2 3 " Mul l aney e t  a l .  ( 1 9 7 0 )  
0 .  1 9  1 5  - 1 6  S . A .  Me r ino Gregory ( 1 982b)  

GFW x TCN -0 . 0 1  - 0 . 0 8 1 3  Rornney Blair ( 1 9 8 1 ) 

GFW x CPC -0 . 1 7  1 4  Romney Tripathy ( 1 96 6 )
1 

-0 . 0 8 - 0 . 0 7  1 4  " Swnner ( 1 969) 1 

-0 . 2 6 - -0 . 1 9  1 3  " B l a i r  ( 1 9 8 1 ) 1 

-0 . 2 1  Me rino Morley ( 1 9 5 5 a ) 1 

-0 . 2 1  1 6  " Brown and Turner ( 1 96 8 )  1 

-0 .  1 5  1 5  - 1 6  S . A .  Mer i no Grego ry ( 1 98 2b )  1 

GFW x Y 0 .  1 7  - 0 . 29 1 4  Romney Swnn e r  ( 1 96 9 )  
0 .  1 3  - 0 .  1 6  1 3  " Blai r (1 9 8 1 ) 

-0 . 1 0  Me rino Morl e y  ( 1 9 5 5 a )  
-0 . 0 5 1 6  " B rown and Turn e r  ( 1 96 8 )  

0 . 0 4 " Mul laney e t  a l .  ( 1 9 7 0 )  
-0 . 1 6  1 5  - 1 6  S . A .  Mer ino Gre gory ( 1 982b)  

GFW x MFD 0 . 5 3  1 4  Romney Tripathy ( 1 96 6 )  
0 .  37 - 0 . 56 1 3  " B l a i r  ( 1 9 8 1 ) 

0 . 5 0 1 4  - 1 5  Perendale E l l io t t  et a l .  ( 1 9 79 )  
0 .  1 3  i 6  Me rino Brown and . Turner ( 1 96 8 )  
0 . 36 " Mul l aney e t  a l .  ( 1 9  70 ) 
0 . 1 3  1 5  - 1 6  S . A .  Merino Gregory ( 1 982b)  

CFW x QN -0 . 35 - -0 . 3 3 1 3  Romney B l a i r ( 1 9 8 1 ) 
-0 . 4 5 Merino Mul l a ney e t  a l .  ( 1 9 7 0 ) 

CFW x CHG 0 . 0 1  - 0 . 06 1 3  Rornney B l a i r  ( 1 98 1 )  
-0 . 0 2 Merino Mul l aney et a l .  ( 1 9 7 0 )  
-0 . 24 1 5  - 1 6  S . A .  Me r ino Gregory ( 1 9 82 ) 

CFW x HG -0 . 1 2  Merino Mul l aney e t  a l .  ( 1 9  70 ) 

CFW x GCG 0 .  1 0  Merino Mul laney e t  a l . ( 1 9  70 ) 

CFW x SL 0 . 46 - 0 . 5 5 1 3  Rornney Blair ( 1 9 8 1 ) 
0 . 39 Mer i no Mor l e y  (1 9 5 5 a )  
0 . 3 7 1 6  " B rown and Turner ( 1 96 8 )  
0 . 3 7 " Mul l aney e t  a l .  ( 1 9  70 ) 
0 . 3 2 1 5  - 1 6  S . A .  Me rino Gregory ( 1 9 82b )  



TABLE 6 . 3 : ( CONT I NUED ) 

TRAITS 

CFW X TCN 

CFW X CPC 

CFW x Y 

CFW x MFD 

QN x CHG 

QN x HG 

QN X CG 

QN X SG 

QN x GCG 

QN x SCG 

QN x SL 

QN x TCN 

QN x CPC 

ESTIMATE 

-0 . 0 8 - -0 . 0 1  

- 0 . 34 - -0 . 3 0 
-0 . 3 2 
-0 . 3 7 
-0 . 2 8 

0 . 39 - 0 . 4 6  
0 . 49 
0 . 4 8  
0 . 4 1  

0 . 4 2  - 0 . 5 9  
0 .  1 4  
0 . 3 1  
0 .  1 3 

0 . 0 6 
0 .  39 - 0 . 5 8 
1 .  1 1  - 1 .  1 3  

0 .  1 3  
0 . 2 9 

0 .  1 5  - 0 . 4 3  
0 . 4 3  

0 . 2 0 - 0 . 2 3  

- 0 . 1 6 - -0 . 0 7  

0 . 0 2  - 0 . 1 5  
0 . 0 5  

-0 . 0 4 - 0 . 0 9  

-0 . 54 
-0 . 4 9 - -0 . 46 
- 0 . 5 8 - -0 . 5 3 

-0 . 45 
-0 . 30 

0 . 62 - 0 . 66 

0 . 7 5 - 0 . 83 
0 .  79 - 0 . 80 

0 . 6 0  

AGE 
( MON'IH S )  

1 3  

1 3 

1 6  
1 5  - 1 6  

1 3  

1 6  
1 5  - 1 6  

1 3  
1 6  

1 5  - 1 6  

1 4  
1 4  
1 3  

1 4  - 1 5  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  
1 4  
1 3  

1 4  - 1 5  

1 3  

1 4  
1 3  

9 8  

BREED REFERENCE 

Romney B l a i r  ( 1 9 8 1 ) 

Romney B l a i r  ( 1 9 8 1 ) 1 

Me rino Mor ley ( 1 9 5 5 a )  1 

Brown and Turne r ( 1 96 8 )  1 

S . A .  Mer i no Gregory ( 1 9 82b) 1 

Romney B lair ( 1 9 8 1 ) 
Me rino Morley ( 1 9 5 5a )  

11 B rown and Turner ( 1 96 8 )  
S . A .  Me r i no Gregory ( 1 9 82b) 

Romney B lair ( 1 9 8 1 ) 
Mer i no B rown and Turner ( 1 96 8 )  

11 Mul l an e y  e t  a l . ( 1 9  7 0 ) 
S . A .  Merino Gregory ( 1 9 82 ) 

Romney Rae ( 1 9 5 8 )  
11  Sumner ( 1 96 9 )  
11  B l ai r  ( 1 9 8 1 ) 

Perendale E l l i o tt e t  a l . ( 1 9 79 )  
Merino Mull an e y  et a l ( 1 9 7 0 )  

Romney Sumne r ( 1 96 9 )  
Mer i no Mul l an e y  e t  al. . ( 1 9 7 0 )  

Romney Sumne r ( 1 96 9 )  

Romney Sumner ( 1 96 9 )  

Romney Sumne r ( 1 96 9 )  
Mer i no Mul l an e y  e t  a l. . ( 1 9 7 0 )  

Romney Sumn e r  ( 1 96 9 )  

Romne y  Rae ( 1 9 5 8a) 
11 Sumn e r  ( 1 96 9 )  
1 1  B l a i r  {_ 1 9 8 1 ) 

Perendale E l liott e t  a l. . ( 1 9 7 9 )  
Merino Mul laney et a l. . ( 1 9 7 0 ) 

Romney B l a i r  ( 1 9 8 1 ) 

Romney Sumner ( 1 96 9 )  
1 

11 B l a i r  ( 1 9 8 1 ) 1 

Mer i no Mul l aney e t  a l. . ( 1 9 7 0 )
1 



TABLE 6 . 3 : ( CONT INUED ) 

TRAITS 

QN X Y 

QN x MFD 

CHG x HG 

CHG x CG 

CHG x SG 

CHG X GCG 

CHG x SCG 

CHG x SL 

CHG x TCN 

CHG x CPC 

CHG x Y 

CHG x MFD 

HG x CG 

HG x SG 

ESTIMATE 

-0 . 45 - -0 . 1 9  
-0 . 4 3  - -0 . 3 9 

-0 . 3 2 

-0 . 4 2 - -0 . 3 3  
-0 . 26 
-0 . 3 1 

0 .  1 1 - 0 . 4 1  
0 . 6 0 

0 . 3 2 - 0 . 5 2  

0 . 0 3  - 0 .  1 5  

0 .  1 4  - 0 .  1 7  
0 .  1 5  

0 . 0 8 - 0 . 1 5  

0 . 2 0 
-0 . 26 - -0 . 1 1 
-0 . 1 5  - -0 . 0 9 

0 . 1 0  
0 .  1 6  

-0 . 1 2  

0 . 4 0  - 0 . 44 

0 . 5 6  - 0 . 6 1  
0 .  3 2  - 0 . 39 

0 .  1 9  
0 . 0 4 

-0 . 1 6 - -0 . 0 2 
-0 . 1 1  - 0 . 0 1  

0 .  1 1  
-0 . 1 3  

-0 . 0 6 - -0 . 0 2 
0 .  1 2  

-0 . 34 
-0 . 2 0 

0 . 2 1  

- 0 . 2 4 - 0 . 0 3  

AGE 
( MON'IHS) 

1 4  
1 3  

1 3 
1 4  - 1 5  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  
1 4  
1 3  

1 4  - 1 5  

1 5  - 1 6  

1 3  

1 4  
1 3  

1 5  - 1 6  

1 4  
1 3  

1 5  - 1 6  

1 3  
1 4  - 1 5  

1 5  - 1 6  

1 4  

1 4  

99 

BREED REFERENCE 

Romney Sumner ( 1 96 9 )  
1 1  B l air ( 1 9 8 1 ) 

Me rino Mul l aney e t  a l . ( 1 9 7 0 )  

Romney B l a i r  ( 1 9 8 1 ) 
Perendale E l l iott et a l . ( 1 9 7 9 )  
Me rino Mul laney e t  al . ( 1 9  70 ) 

Romney Sumne r ( 1 96 9 )  
Mer i no Mul laney e t  a l . ( 1 9 7 0 ) 

Romney S umner ( 1 96 9 )  

Romney S umner ( 1 969 ) 

Romney Sumner ( 1 96 9 )  
Mer ino Mul laney e t  a l . ( 1 9 7 0 )  

Romney Sumn e r  ( 1 96 9 )  

Romne y  Rae ( 1 9 5 8a ) 
11 Sumner ( 1 969 ) 
11 Blair ( 1 9 8 1 ) 

Perenda l e  E l l i o t t  e t  a l . ( 1 9 7 9 )  
Mer i no Mul l an e y  e t  al . ( 1 9  70 ) 
S . A .  Mer ino Gregory U 9 B2o )  

Romne y  B l a i r  ( 1 9 8 1 ) 

Romney Sumn e r  (_1 9 6 9 )  
1 

1 1  B l a i r  (1 9 8 1 ) 1 

Mer ino Mul laney et a l . ( 1 9 70 ) 
1 

S . A .  Mer i no Gregory ( 1 982b) 1 

Romney Sumn e r  (. 1 96 9 )  
" B l a i r  ( 1 9 8 1 ) 

Me rino Mul l aney et a l . ( 1 9 7 0 )  
S . A .  Mer i no Grego ry ( 1 9 8 2 b )  

Romney B l ai r  ( 1 98 1 )  
Pe renda l e  E l l iott e t  a l . ( 1 9 7 9 )  
Mer i no Mul l a ney e t  a l . ( 1 9 7 0 ) 
S . A .  Me rino Gregory ( 1 9 82 b )  

Romney Sumne r ( 1 96 9 )  

Romney S umn e r  ( 1 96 9 )  



TABLE 6 . 3 : ( CONT I NUED ) 

TRAITS 

HG x GCG 

HG x SCG 

HG x SL 

HG x CPC 

HG X y 

HG x MFD 

CG X SG 

CG x GCG 

CG X SCG 

CG X SL 

CG X CPC 

CG X y 

SG x GCG 

S G  X SCG 

SG X SL 

SG x CPC 

SG X y 

GCG x SCG 

GCG x SL 

GCG x CPC 

GCG X y 

ESTIMATE 

0 . 0 5 - 0 . 1 6 
0 . 2 3 

0 .  1 4  - 0 . 2 0  

-0 . 4 3 - -0 .  1 3  
0 . 0 6 

0 .  2 1  - 0 . 4 3  
0 . 3 1 

-0 . 35 - -0 . 1 2  
0 . 0 4  

-0 . 4 1  

0 . 0 9 - 0 .  1 3  

0 . 2 1  - 0 . 25 

0 . 0 6  - 0 . 2 1  

-0 . 0 2  

0 . 2 5 - 0 . 36 

-0 . 0 7  - 0 . 1 0 

-0 . 0 2  - 0 . 2 5  

0 . 0 4 - 0 . 2 4 

0 . 2 2  - 0 . 3 2  

-0 . 1 3  - -0 . 0 7 

0 . 0 2  - 0 .  1 4  

0 . 6 0  - 0 .  6 2  

0 .  1 3  - 0 . 2 5 
0 .  1 6  

-0 . 0 3 - 0 .  0 8  
0 . 0 7 

-0 . 0 3  - 0 . 30 
0 . 4 2  

AGE 
( MONTHS )  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 4  

1 0 0 

B REED REFERENCE 

Romney Sumne r ( 1 96 9 )  
Mer ino Mul l aney e t  al . ( 1 9 7 0 )  

Romne y  S umner ( 1 96 9 )  

Romne y  Sumner ( 1 96 9 )  
Me rino Mul laney e t  a l . ( 1 9 7 0 )  

Romney Sumner ( 1 969 ) 
1 

( 1 9 7 0 )  
1 

Merino Mullaney e t  a L 

Romney S umner ( 1 96 9 )  
Me r ino Mul l aney et a l . ( 1 97 0 )  

Me r ino Mul laney e t  a l . ( 1 9 7 0 ) 

Romney Sumner ( 1 9 6 9 ) 

Romney Sumner ( 1 96 9 )  

Romney Sumner ( 1 9 6 9 )  

Romney Sumner {_ 1 96 9 )  

Romney Sumner (1 9 6 9 )  
1 

Romney Sumner ( 1 96 9 )  

Romne y  S umne r ( 1 96 9 )  

Romne y  Sumner ( 1 9 6 9 )  

Romney Sumner ( 1 969 ) 

Romney Sumn er (1 9 6 9 )  
1 

Romney Sumn e r  ( 1 96 9 )  

Romne y  Sumne r ( 1 96 9 )  

Romney Sumner ( 1 9 6 9 )  
Mer ino Mul l aney et a l . ( 1 9 7 0 )  

Romney Sumne r ( 1 96 9 )  
1 

(1 9 7 0 )  
1 

Merino Mul l aney e t  a l . 

Romney Sumner (1 969 ) 
Me r i no Mul laney e t  a l . ( 1 9 70 ) 



1 0 1  

TABLE 6 . 3 : ( CONT I NUED ) 

TRAITS ESTIMATE AGE BREED REFERENCE 
( MONTH S )  

GCG x MFD -0 . 1 3  Merino Mul l aney e t  al . ( 1 9 7 0 )  

SCG X SL 0 . 0 4 - 0 . 1 4 1 4  Romney Sumner ( 1 96 9 )  

SCG x CPC -0 . 0 3 - 0 . 0 8  1 4  Romney Sumne r ( 1 969)
1 

SCG x y 0 . 0 3 - 0 . 2 1  1 4  Romney Sumn e r  ( 1 969)  

S L  x TCN -0 . 1 7  - -0 . 1 1  1 3  Romney B l a i r  ( 1 9 8 1 ) 

S L  x CPC -0 . 6 3 1 4  Romney Tripathy ( 1 96 6 )
1 

-0 . 55 - -0 . 4 0 1 4  11 Sumner ( 1 96 9 )  1 

-0 . 6 4 - -0 . 5 8 1 3  11 B l a i r  ( 1 9 8 1 ) 1 

-0 . 1 9  Merino Mul laney e t  a l . ( 1 9 70 ) 
1 

-0 . 28 1 5  - 1 6  S . A .  Merino Gregory ( 1 9 82b) 1 

SL x Y 0 . 1 8 - 0 .  3 9  1 4  Romney Sumner ( 1 96 9 )  
0 .  2 9  - 0 . 36 1 3  11  B l air ( 1 9 8 1 ) 

0 . 2 5 Me rino Morley ( 1 9 5 5 a )  
0 . 29 1 6  11  B rown and Turner ( 1 96 8 )  
0 . 35 11 Mul l aney e t  a l . ( 1 9  7 0 )  
0 . 2 5 1 5  - 1 6  S . A .  Merino Gregory ( 1 982b) 

SL x MFD 0 . 48 1 4  Romney Tripathy ( 1 9 6 6 )  
0 . 3 7 - 0 . 5 1  1 3  11  Blair ( 1 9 8 1 ) 

0 . 34 1 4  - 1 5  Pere ndal e  E l liott e t  a l . ( 1 9 7 9 )  
0 .  1 1  1 6  Me rino Brown and Turner ( 1 96 8 )  

-0 . 0 4 11 Mul laney e t  a l . ( 1 9  70 ) 
0 .  1 3  1 5  - 1 6  S . A .  Merino Gre gory (. 1 9 8 2b)  

TCN x CPC 0 . 8 1 - 0 . 8 7  1 3  Romney B l a i r  ( 1 98 1 ) 

TCN X y -0 . 2 9 - -0 . 24 1 3  Romney B l a i r  (1 9 8 1 ) 

TCN x MFD -0 . 2 2 - -0 . 2 0  1 3  Romney B la i r  {_ 1 9 8 1 )  

CPC x y -0 . 35 - -0 . 1 8  1 4  Romney Sumne r ( .1 9 6 9 )  
1 

-0 . 4 0  - -0 . 36 1 3  11  B l a i r  {_ ] 9 8 1 ) 1 

-0 . 26 Merino Morley ( 1 9 5 5 a )  1 

( 1 9 6 8 )  
1 

-0 . 34 1 6  11  B rown and Turner 
-0 . 2 0 11 Mul laney e t  a l . ( 1 9 7 0 ) 1 

- 0 . 2 5  1 5  - 1 6  S . A .  Merino Gregory (1 9 82b ) 1 

CPC x MFD -0 . 37 1 4  Romney Tripathy ( 1 96 6 )  
1 

-0 . 4 3  - - 0 . 3 5 1 3  Romney B l a i r  ( 1 9 8 1 ) 1 

( 1 96 8 )  
1 

-0 . 1 3  1 6  Merino Brown and Turner 
- 0 . 2 5 11 Mul l ane y e t  a l . ( 1 9 70 ) 1 

-0 . 2 0 1 5  - 1 6  S . A .  Merino Gregory (1 9 82b ) 



1 0 2 

TABLE 6 . 3 :  ( CONT INUE D )  

TRA I TS ESTIMATE AGE BREED REFERENCE 
( MONTHS ) 

y X MFD 0 . 2 1  - 0 . 3 2 1 3 Romney B l a i r  ( 1 98 1 ) 
0 . 0 5 1 6  Me r i no B rown and Turne r ( 1 96 8 )  

0 . 0 1  ( -0 . 0 8 0 .  0 7 )  " Mul laney e t  a l .  ( 1 9 70 )  
0 . 0 4  1 5  - 1 6  S . A .  Me rino Gregory ( 1 9 82b) 

Crimps per i nch 



for Romneys . 

( iv) The corre l ations b etween HLW and SL , and GFW and 

SL found in the present s tudy are highe r than the 

values reported in Table 6 . 3 .  

( v) The negative assoc i at ion be tween GFW and QN , and 

CFW and QN agre e s  with the value s reported by Rae 

( 1 9 5 8� and B l a i r  ( 1 9 8 1 ) for Romneys and Mul laney 

e t a l . ( 1 9 7 0 ) for Merinos . 

( vi )  MFD and SL tend to be posi tive ly associated ( 0 . 39 ) , 

figure whi ch i s  i n  agreement w i th the lower l imit 

( 0 . 3 7 )  found by Blair ( 1 9 8 1 ) for Romneys and the 

estimate ( 0 . 44 )  reported by E l liott et a l . ( 1 9 7 9 )  

for Perenda le s . 

( vi i )  B rown and Turner ( 1 9 6 8 )  showed s imilar negative 

correlations for CPC wi th GFW , CFW , Y and SL for 

Medium Pepp i n  Mer inos as obs e rved in the Merpers . 

In the i r  data the re was a neg l igible negative 

corre l ation b etween CPC and MFD ( -0 . 1 3 ) whi l e  

Mullaney e t  a l . ( 1 9 70 )  de rived a correla tion o f  

- 0 . 2 5  for the same t r a i t s  worki ng wi th Me rinos . 

For Merper s  the correlati on was s t il l  negative but 

lower in magnitude ( -0 . 35 ) , hence , as has been 

sugg e s te d  by Rob e r ts and Dunlop ( 1 9 5 7 )  and B rown 

and Turner ( 1 96 8 )  for Mer ino s , c rimp i s  a l so a 

poo r  i ndicator o f  fineness for Merpers . 

( vi i i )  Th e c o rre l a tion b etween GCG and SCG found i n  thi s  

1 0 3  



study ( 0 . 3 8 )  i s  lowe r than the figure s 0 . 6 0 - 0 . 6 2  

reported b y  Sumner ( 1 969 ) for Romneys . 

6 . 2 . 3  Envi ronme ntal Corre l a ti ons 

From Table 6 . 1  and fol l owing B rown and Turner ' s  ( 1 9 6 8 )  
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c las s i fi cation , the environmental corre lations c an be summari ze d  

as : 

H I GH 1\E GAT I VE :  

f'IED I UM NEGAT I VE : 

LOW NEGAT I VE :  

LOW POS I T I VE :  

f'IE D  I lX'-1 POS I T I  VE : 

H I GH  POS I T I VE :  

QN/GCG . 

HLW/Y , CFW/QN , CFW/TCN , QN/Y , GCG/Y 

and TCN/Y . 

HLW/SG , GFW/QN , GFW/TCN , GFW/Y , 

CFW/GCG , QN/CHG , CHG/SL , CHG/TCN , 

SG/MFD and SCG/Y . 

HLW/SL , CFW/CHG ,  CHG/MFD , GCG/SCG 

and GCG/MFD . 

HLW/CFW , HLW/MFD , SG/Y . 

HLW/GFW , GFW/CFW , GFW/SL , GFW/MFD ,  

CFW/SL , CFW/MFD , QN/TCN and SL/MFD . 

Al l o ther combinations fal l into the ne gli g ib le range from -0 . 2  

to +0 . 2 .  

Hogge t l i vewe i ght , greasy and c lean fleece weight and stap l e  

length wi l l  improve under favourab l e  envi ronments due to the moderate 

to high e n vironme ntal and phenotypic corre lations among HLW/GFW , 

HLW/CFW , HLW/SL ,  GFW/CFW and GFW/SL ,  as can be seen i n  Tab le 6 . 1 .  
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Pub l i shed e nvironmental corre lations b etwe e n  hogget l i vewe i ght 

and othe r wool traits are l i sted i n  Table 6 . 4 .  Th e information 

available on th i s  type of corre lation is scarce . I n  mos t  cases the 

figure s found in th i s  s tudy are in the same direc tion but are higher 

than those reported in the l i terature whereas othe rs have a 

di fferent sign , e . g .  HLW/QN , HLW/Y , CFW/CHG ,  QN/CHG , QN/MFD , CHG/Y 

and SL/Y . 

Table 6 . 1  shows a d i f fe rence in s i gn and magni tude be tween some 

envi ronmental and gene ti c  corre lations , i nd i cating that gene tic and 

envi ronme ntal sources o f  variation affect the trai ts through d i f f e rent 

phys iological me chani sms . 

6 . 3  APPL I CAB I L I TY  OF RESULTS 

I n  the previous chapte r ,  the use o f  her i tabili ty i n  con j un c tion 

w i th a known s e l ec tion di fferential al lowed the prediction of the 

rate of genetic gai n  resulting f rom s e l e c ting for one trai t alone but 

calculations to ind icate the e f fe c t  whi ch selection pres sure app l i e d  

t o  one tra i t  may have on anothe r t r a i t  we re no t carried out . 

Knowledge o f  the gene tic corre l a tion be tween traits p lus 

heritabi l i t i e s  for both tra i ts allows the evaluation o f  the rel a tive 

e fficiency o f  s e le c tion in t erms of gene t i c  gain in the two tra i ts . 

Turne r and Young ( 1 96 9 )  discus se d  the relative gains unde r 

indi re c t  and direct selecti on . S ince a corre lated trai t ,  2 ,  can 

change whe n  anothe r 1 ,  is under se l e ction and if traits 2 and 1 h ave 

her i tab i l i ti e s  h
2 

and h
2 

re spe c tive l y  and a gene t i c  corre l ation r 
2 1 G '  

then the re lative e ff i c i ency o f  the two me thods o f  se lec tion , in 

te rms of gene t i c  gain can be s impl y  compared by c a lculating the 
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TABLE 6 . 4 :  ENV I RONMENTAL CORRELATI ON ESTI MATES BETWEEN EWE HOGGET 

L I VEWE I GHT AND VAR I OUS WOOL TRA I TS I N  ROMNEY , PERENDALE 

AND MER I NO SHEEP 

TRAITS ESTIMATE AGE BREED REFERENCE 
( MONTHS ) 

HLW x GFW 0 .  1 2  1 4  - 1 5  Perendale E l l iott ( 1 9 7 5 )  
0 . 4 8 1 5  - 1 6  S . A .  Me rino Gregory ( 1 98 2b) 

HLW x CFW 0 . 46 1 5  - 1 6  S . A .  Me ri no Gregory ( 1 9 8 2b) 

HLW x QN -0 . 04 1 4  - 1 5  Perendal e  E l l io t t  ( 1 9 7 5 )  

HLW x CHG 0 .  1 4  1 4  - 1 5  Pe rendale E l l io t t  ( 1 9 7 5 )  
-0 . 1 1  1 5  - 1 6  S . A .  Merino Gre gory ( 1 9 82b)  

HLW x SL 0 . 0 6 1 4  - 1 5  Perendale E l l io tt ( 1 9 7 5 )  
0 .  1 5  1 5  - 1 6  S . A .  Me r i no Gregory ( 1 98 2b) 

HLW x y 0 . 0 4  1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b)  

HLW x MFD 0 .  1 2  1 4  - 1 5  Perendale E l l io t t  ( 1 9 7 5 )  
0 .  1 0  1 5  - 1 6  S . A .  Mer i no Gregory ( 1 982b)  

GFW x CFW 0 . 8 7  1 5  - 1 6  S . A .  Mer i no Grego ry ( 1 9 8 2b)  

GFW x QN -0 . 1 1  1 4  - 1 5  Ferenda le E l l io t t  ( 1 9 7 5 )  

GFW x CHG 0 . 0 3 1 4  - 1 5  Perendale E l l io t t  ( 1 9 7 5 )  
-0 . 2 1  1 5  - 1 6  S . A .  Merino Gregory ( 1 98 2b )  

GFW x SL 0 . 0 0 1 4  - 1 5  Pe rendale E l l io t t  ( 1 9 7 5 )  
0 . 2 0 1 5  - 1 6  S . A .  Merino Gregory ( 1 9 82b) 

GFW x y -0 . 0 7  1 5  - 1 6  S . A .  Mer i no Gre go ry ( 1 9 82b)  

GFW x MFD 0 . 0 4  1 4  - 1 5  Perendale E l l io t t  ( 1 9 7 5 )  
0 . 3 1  1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b)  

CFW x CHG -0 . 2 5 1 5  - 1 6  S . A .  Merino Gregory ( 1 9 82b)  

CFW x SL 0 . 29 1 5  - 1 6  S . A .  Merino Gregory ( 1 9 82b)  

CFW x y 0 . 4 0  1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b)  

CFW X MFD 0 . 26 1 5  - 1 6  S . A .  Mer i no Gregory ( 1 9 82b)  

QN X CHG 0 • 1 1  1 4  - 1 5  Perendale E l l io t t  ( 1 9 7 5 )  

QN X MFD 0 . 0 3  1 4  - 1 5  Ferenda le E l l i o t t  ( 1 9 7 5 )  

CHG x SL 0 . 0 3  1 4  - 1 5 Perendale E l l i ott ( 1 9 7 5 )  
-0 . 1 5  1 5  - 1 6  S . A .  Meri n o  Gregory ( 1 982b)  
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TABLE 6 . 4 :  ( CONTINUE D )  

TRAITS ESTIMATE AGE BREED REFERENCE 
( MONTH S )  

CHG x y -0 . 1 1  1 5  - 1 6  S . A .  Me rino Gregory ( 1 9 8 2b) 

CHG x MFD 0 .  0 1  1 4  - 1 5 Perendale E l l iott ( 1 9 7 5 )  
-0 . 0 0 1 5  - 1 6  S . A .  Me r i no Gregory ( 1 9 82b) 

SL x y 0 . 2 5 1 5  - 1 6  S . A .  Me rino Grego ry ( 1 9 82b) 

SL x MFD 0 . 0 2  1 4  - 1 5  Perendale E l l iott ( 1 9 7 5 )  
0 . 2 2 1 5  - 1 6  S . A . Me rino Gregory ( 1 9 8 2b )  

Y x MFD -0 . 0 7  1 5  - 1 6  S . A .  Me rino Gre gory ( 1 98 2b )  



ratio ( Q) o f  the two gains : 

Q 
Ga in by i ndi rect s e l e c tion 

Gain by direct s e lection 

Q 

whe re h h
2 

I I} 1 

h 
_1 
h 

2 

and h
2 =R 

Moreover , Turne r and Young ( 1 9 69 ) poi nted out tha t  i nd i rect 

sele ction ( i . e .  se l e c tion for tra i t  1 whe n  a change in tra i t  2 i s  
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requi red rathe r than to s e l e c t  direct for 2 i t se l f )  has advan tage s :  

( i )  When the two trai ts are h i gh l y  corre late d  gene tical l y  

i s  s u f f i c ie n tly gre a te r  than h
2 to lead to a 

2 

corre l ated re sponse h i gher than the di re c t  re spon se . On 

thi s  topic Young e t  a l . ( 1 96 5 )  showed tha t  i f  the 

genetic corre l a tion i s  only 0 . 5 ,  the ratio h
2 

/h 2 
mus t 

1 2 

be g reate r than 4 . 0  be fore indire c t  se le c tion give s  

greater g a i n s  than d i re c t . 

( i i )  Whe re t ra i t  1 i s  cheape r to measure than trait 2 or 

become s ava i lab l e  earl i er i n  l i fe .  

The re l ative e f f i c ie ncy o f  d i re c t  and i n d i rec t selec tion for 

some traits is g i ve n  i n  Tabl e  6. 5 .  The relati ve e f f i c iency was 

de rive d  using gene t i c  parame te r s  of thi s  s tudy e s timated by the 

daughter-dam reg re s s ion me thod . 

Indi rect se l e c t ion for CFW using GFW i s  7 3% as e f f i c ient a s  

d i re c t  s election . Extra gene tic gain obta i ne d  by s e l e cting for CFW 

would be unl ike l y  to �ompensate for the extra costs in curred in 



TABLE 6 . 5 :  SOME PRE D I CTED CORRELATED RESPONSES TO SELECT I ON I N  

MERPER SHEEP 
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TRAIT UNDER SELECTION CORRELATED TRAIT EFFICIENCY OF SELECTION 

HLW GFW 0 . 6 5  

HLW CFW 0 . 5 1  

GFW HLW 0 . 69 

CFW HLW 0 . 7 6 

GFW CFW 0 . 7 3 

GFW SL 0 . 4 4 

GC G  SCG 1 .  79  

MFD S G  2 . 7 8 

obtaining an e s tima te of the c l e an s coured yield . Hence , GFW i s  

recommended for ewe and pre l iminary ram se l e c tion whereas CFW i s  

use fu l  for final r am  selec tion . 

The correl a ted response to selection for GCG would be 1 . 8 time s  

the di rec t  re spo n se . Thi s i nd i c ate s the pos s ibi l i ty o f  achieving 

whi te wool i n  the Merper f lock by using GCG as a s e l e c ti on c ri teri a .  

From the e s timates o f  the genetic parameters between MFD and SG 

the ratio of the correl ated re sponse through MFD se l e c tion i s  about 

2 . 8 t imes that o f  the dire c t  re sponse for SG . 

As the de gree and direc tion o f  genetic corre l ations may change 

unde r s e l e ction , any s e le c t ion programme should incl ude re-estimating 

gene tic corre l a t ions eve ry two or three generations ( Bohren et a l . , 
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1 96 6 )  so tha t  a real i de a  o f  the corre lated re sponses among tra i ts 

can be drawn . 

Combining trai t 1 and tra i t  2 in a se l e c t ion index i s  always 

be tter than using trai t  1 or tra i t  2 alone , and e spe c i a l ly so i f ,  

for he r i tabi l i t i e s  that are s imi l a r  i n  magni tude , the gene tic 

corre l ation i s  sma l l  and the phenotypi c  corre lation is c lose to 

un i ty , or i f ,  for greatly disparate heri tabi l i tie s ,  the gene tic 

corre lation is appre c i ably large ( Se arle , 1 96 5 ) . 

The e ff i c i e ncy wi th wh ich a se l e c t ion index actual ly ide nti fies 

the i ndi vidua l s  of h i gher ge ne t i c  me r i t , i s  a f fected by the 

re l i ab i l i ty o f  the parame ters i ncluded . Th e ge ne tic and phe notypi c 

corre lations derived i n  thi s  s tudy have to be taken w i th caution i f  

they are goi ng to serve a s  the bas i s  o f  a n  index calcul ated along 

the li nes sugge sted by Haze l ( 1 9 4 3 ) . James ( 1 98 2 )  has stated that 

too much rel iance should not be pl aced on indire c t  pathways o f  

ge netic improvement s ince sele c tion responses are more d i f ficul t to 

predi c t . 
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C H A P T E R  S E  V E N 

SE LECTION OBJECTIVES AND SE LECTION CRITER IA FOR THE ME RPE R FLOCK 

7 . 1 I NTRODUCT I ON 

I n  dual purpo se sheep , profi tabi l ity i s  a function o f  both 

mea t  and wool product ion . There fore a programme deal i ng with the i r  

gene t i c  improvemen t  should consider many d i f fe re n t  traits when 

de f in i ng the selec tion ob j ec tive . 

Pro f i t  maximization based on the e s tabl i shment o f  a superior 

f lock rather than an outstanding individual is the main a im ( Rae , 

1 9 5 8b )  and this i s  mo st rapidly achieved us ing a s e l e c tion index 

( Haze l , 1 94 3 )  . 

The aggregate geno type o f  an animal ( H )  was de f ined by Hazel 

( 1 9 4 3 ) as the sum o f  i t s  several genotypes ( assuming a d i s tinct 

genotype for e ach economic trai t ) , each genotype be i ng weighted 

according to the economic weight of that trai t .  I n  mathematical 

te rms i t  can be expre s sed a s  fol lows : 

H E a .  G .  
� � 

where is the economic wei gh t  o f  the 
. th 

tra i t  a .  � 
� 

G . i s  the 
� 

genotype ( addi tive breeding va lue ) 

of the 
. th 

tra i t . � 

Morris e t  al . ( 1 98 2 )  used equation in th i s  form to de fine 

s e l e ction obj ective s . Gj edrem ( 1 9 7 2 )  showed that a l l  traits with 

non- zero val ue s o f  a .  should be included in the ob j e ctive . 
� 

Se le c tion c r i teria are those trai ts whi ch are asse ssed i n  

order t o  predict the obj ec tive ( Morris e t  a l . ,  1 9 8 2 ) . Some 



tra i t s  i n  the se lec tion ob j e ct i ve may no t be used as s e l e c tion 

c r i te ri a . The traits con side red as selection crite ri a  may be 
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combined i n  a selec tion i ndex ( I ) whe re they are g i ve n  sui table 

we ights dependen t upon the her i tabi l it ie s , variance s and e conomi c 

we i ghts of traits in the obj ec t i ve and upon the corre l a tions 

b e tween all the traits in the ob j ective and a l l  the c r i ter i a . 

Mathemati ca l l y ,  i t  can be de f i ned as : 

where 

I = L b .  X .  
l l 

b .  i s  the we i gh t i ng factor o f  the i
th 

tra i t  
l 

X .  i s  the record o f  the animal for the i
th 

l 

tra i t  in the index expre s sed as a de viation 

from i ts mean . 

Ponzoni ( 1 9 7 9 )  poi n ted out that sele ction c r i te ria need to 

be capabl e  o f  being measured pre ferably before breeding age , w i th 

minimum c o s t  and te chnical d i f fi cultie s . 

According to Henderson ( 1 96 3 )  the se lection index c an be 

used for severa l d i f fe rent purpos�s , e . g . : 

( i ) Selec tion on a s i ng le tra i t  using i n forma tion on 

the i ndividual and certain o f  i ts re l a t i ve s . 

( i i )  Selec tion on two o r  more traits u s i ng records 

made by the indivi dual . 

( i i i )  Selection on two o r  more trai ts using records on 

the i nd ividual and i ts relatives . 

Ronningen ( 1 9 74 ) has summari zed the prope rties associate d  

wi th the selection index as follows : 



( i ) The corre l at ion b etwee n  H and I i s  maximi zed .  

( i i )  The expected square d d i ffe rence be tween I a n d  H 
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( i . e .  E ( I  - H) 2 ) i s  mi nimal among the l i ne a  func tions 

of the ge neral form of the se lec t ion i nde x . 

( i i i )  The probabi l i ty o f  s e l ecti ng o n e  o f  th e l arge st 

s ample va lues o f  total me r i t  by s e le c t i ng the large s t  

val ue o f  the i ndex c r i teria i s  maximal . 

( iv )  The probab i l i ty o f  se l e c ti ng the animal o f  h i ghe r 

me r i t  when choo s i n g  between two i ndividuals i s  

maximal . 

( v )  The gene ti c progress in any one - round s e l e c tion by 

the i ndex is maxima l . 

7 • 2 tvETHOOS 

7 . 2 . 1  De fini tion o f  the S e l e c tion Obje c ti ve 

To de fine the s e l e c ti o n  obj e ctive for improveme nt o f  the 

Me rper flock , those traits whi ch have the most impact on net 

re turn for farmers , which w i l l  re spond to genetic s e l e c tion and 

are corre l a te d  with other important trait s , were cons i de red . 

The trai ts chosen to form the ob j ec tive o f  the breeding 

programme were : 

( i )  NUM3ER OF LAM3S WEANED ( DAM ) ( NLW ( DAM ) ) :  Thi s  

i s  a me as ure o f  t he ewe ' s  reproduc tive and mate rnal 

abi l i ty whi ch de termi nes the numb er o f  animal s  

ava i l able for sa le . 



( ii )  WEAN I NG WE I GHT ( WW ) : This i s  a me asure o f  the 

potential growth rate o f  the lamb to wea n i ng and 

an i ndicator o f  i ts potential se l l ing price . 

( i i i )  CLEAN FLEECE WE I GHT ( CFW ) AND �AN F I B RE D I A�TER 

( MFD ) whi ch are the ma j or de terminants of woo l  

returns provide d the fleece s do not have any 
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spe c i fic faults , i . e .  coloured fibre s ( Turner , 1 9 7 7 ) . 

Whe n  wool i s  used for appare l  MFD i s  the mai n  factor 

de te rmining price pe r k g . 

( iv) SCOURED COLOUR GRADE ( SCG ) : Wickham ( 1 9 7 3 )  poi nted 

out tha t  colour has a s i gni fi cant e ffe c t  on the 

s e l l ing pri ce . Pure whi te wool can readi l y  be dyed 

to any o ther colour whi l e  discolorations c an cause 

problems i f  the wool is no t be i ng dyed to dark colours . 

Hence , the sources o f  finan c i a l  re turn are : 

( i )  WOOL : Clean fleece wei ght , mean fibre d i ame te r and 

scoured
-

colour grade . 

( i i )  SURPLUS OFFSPR I NG ( I N EXCESS O F  REPLACEMENT NEEDS ) : 

Numbe r o f  lambs weaned ( dam) and we an i ng we i ght . 

The techn i que used by Morris e t  a l . ( 1 9 8 2 )  was fol lowe d to 

der i ve the relative e conomic val ue s  of the traits in the s e l e c tion 

ob j e ctive . The e conomic we i ghts were determined on the b a s i s  o f  

the extra pro f i t  ove r the l i fe time of an animal tha t  wou l d  accrue 

from each e xtra uni t of produc tion . De tail s  o f  the c a l cul ations 

are give n  i n  Appendix I .  
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7 . 2 . 2  De fini ti o n  o f  the Selection Criteri a 

Poten tial selec t i on criteria were chosen on th e bas i s  tha t  

they should be easi ly and che aply ass e s se d ,  and con t r ibute towards 

the ove ra l l  rate of gene t i c  gai n ,  if they we re inc l ude d in the 

i nde x .  

I n  the present study the selec tion c ri te r i a  i nc luded trai ts 

in the ob j e c tive as wel l  as hogge t l i vewe igh t ( HLW) , greasy fleece 

we i gh t  ( GFW) , qua l i ty number ( QN)  and gre asy colour grade ( GCG) . 

The number o f  dam records for NLW assumed was three . 

S taple length was no t con s i dered as a selec tion cri te r i a  

s i nce Turner ( 1 9 7 3 )  indic ated th a t  s e l ec tion f o r  c l e an wool weight 

should automa t i c a l l y  increase length . 

7 . 2 . 3  Selection I ndex Calculations 

For the s e l e c ti on ob j ec t i ve de f i ned in S e c tion 7 . 3 . 1 a s e r i e s  

o f  ful l , reduce d a nd re s tri c ted se le c t ion i nd i ce s we re c a l c u l a ted 

u s i ng a mod i fi ed ve rsion of the gene t i c  s e l e c tion i ndex compute r 

program , SELIND ( D . J .  Garrick ( Pe rs . Comm . ) ;  Cunningham and Mahon , 

1 9 7 7 )  . 

The es tima tes o f  h eritab i l i ty , gene t i c  and phe notypic 

corre l a tions and phe no typic s tandard devi a ti ons needed for the 

con struc tion o f  the i ndices were chosen on the b as i s  o f :  

( i )  A s urvey o f  pub l i shed e st imate s from re l a ted 

bree d s . 

( i i )  The p resent re sults , lowering the e s t imate s i f  



there was substantial doub t concerning their 

validity. 

The estimates used are set out in Table 7. 1 .  

7 . 2 . 3 . 1 Sensitivity to Change of Genetic and 
Phenotypic Parameters 
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An investigation of the effects of varying genetic and 

phenotypic parameters on the efficiency of sel ection indices was 

conducted. 

The parameters changed were: 

GENET I C  CORRELATI ONS CFW x MFD from o. 25 to -0. 40 

GFW x MFD from 0. 25 to -0. 40 

PHENOTYP I C  CORRELA T I ONS CFW x MFD from 0. 25 to 0. 37 

GFW x MFD from 0. 25 to 0. 38 

7 . 2 . 3 . 2  Sensitivity to Change of Economic Weights 

As prices of wool and meat change with time , the 

sensitivity of the index to changes in the economic weights was 

evaluated. 

The modified economic weight s  used are reported in 

Appendix I I ; the changes were + 49. 80% in NLW (dam ) , + 5. 63% in 

WW ,  - 18. 07% in CFW , + 6. 36% in MFD and - 24. 5 3% in SCG compared 

with the original ones reported in Table 7. 2. 

7 . 3  RESULTS AND D I SCUSS I ON 

7 . 3 . 1 Selection Objective , Economic Weights and Selection 

Criteria 



TABLE 7 . 1 :  GENET I C  AND PHENOTYP I C  PARAMETERS FOR THE TRA I TS USED I N  THE CONSTRUC T I ON OF THE SELECT I ON I N D I CES 

1 

PHENOTYPIC 
HERITAB I LITIES AND CORRELATIONS 

TRA I TS s . o  NLW ww HLW GFW CFW MFD QN GCG SCG 

NLW
2 

0 . 60 ( Lamb) 0 . 1 0  0 .  1 2  0 . 2 0  0 . 0 0 0 . 0 0 -0 . 1 0  0 . 0 0 0 . 0 0 0 . 0 0  

ww 3 . 0 0 ( Kg )  0 .  1 2  0 . 1 6  0 . 7 0 0 . 2 0 0 . 2 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0  

HLW 3 .  4 8  ( l<g )  0 .  1 5  0 . 5 0 0 . 20 0 . 3 0 0 . 3 0 -0 . 2 0  -0 . 66 -0 . 0 8  -0 . 5 0 

GFW 0 .  3 7  ( Kg )  0 . 0 0 0 . 3 0 0 . 4 0 0 . 20 0 . 8 7 0 . 2 5 -0 . 59 0 . 0 4 0 . 0 0  

CFW 0 . 30 ( Kg )  0 . 0 0 0 . 3 0 0 .  30  0 . 9 4 0 . 24 0 . 2 5 - 0 . 34 0 . 0 0 0 . 0 0 

MFD 2 .  1 7  ( Mi c rons ) 0 . 0 0 0 .  1 0  0 .  1 3  0 . 2 5 0 . 2 5 0 . 30 -0 . 30 - 0 . 4 0 -0 . 4 0  

QN 2 . 59 ( QN Grade ) 0 . 0 1  0 .  0 1  -0 .  1 4  -0 . 34 - 0 . 38 -0 . 3 0 0 . 4 2  0 . 4 0  0 . 4 0  

GCG 1 .  0 1  ( Grade ) 0 . 0 0  0 . 0 0 -0 . 0 2 0 . 0 4 0 . 0 2 -0 . 3 0 0 . 0 4 0 . 38 0 . 70 

SCG 0 . 89 ( Grade ) 0 . 0 0 0 . 0 0  -0 . 0 6 - 0 . 1 3  -0 . 1 3  -0 . 3 3 0 . 0 4 0 . 38 0 . 09 

Gene t i c  corre lation s above the di agonal , pheno typic corre lations be low the di agonal and heri tab i l i ties 

on the diagonal . 

2 
Repea tab i l i ty = 0 . 1 5 

-....J 
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Given the unde rlying assumptions and calcul ations de tai led 

in Appendix I ,  the final e s tima tion o f  the economic we i ghts for 

number of lambs we aned ( NLW) , weani ng we i ght (WW) , c lean fleece 

we i ght ( CFW) , me an fibre diame ter ( MFD) and s coured colour grade 

( SCG)  is shown in Tabl e  7 . 2 .  

TABLE 7 . 2 :  L I FET I ME  ECONOMI C WE I GHTS
( 1 )  

OF THE TRA I TS I N  THE 

SELECT I ON OB JEC T I VE  

TRAI T CALCULATION ECONOMI C 
WE I GH T  

$ 

NLW ( DAM) 4 . 76 mati ngs x $ 8 . 0 1  38 . 1 3  

ww 

CFW 

MFD 

SCG 

( 1 ) 

4 7 %  
3 . 76 lambs x 

1 0 0 
$ 8 . 0 1  
1 0  kg 

7 . 6 4 shearings x $ 4 . 7 0/kg 

7 . 6 4 shearings x 3 . 5 0 kg x $ -0 . 2 0/mi cron 

7 . 64 she ar ings x 3 . 5 0 kg x $ 0 . 0 4/SCG 

2 . o
< 2 )  

NLW ( $/ l i fe time/lamb weaned) 
WW and CFW ( $ / l i fe time /kg) 
MFD ( $/ l i fe time/�m)  
SCG ( $ / l i fe time /grade ) 

1 .  4 2  

3 5 . 9 1  

- 5 . 3 5 

0 . 5 3  

( 2 ) 
2 . 0  Massey scoured colour grade s a re equiva l e n t  to one 

c ol our grade in the N . Z . W . B .  f le e ce val uations 
( G . A .  Wickham , Pers . Comm . ) .  

The s e l e c tion ob j ective for th e Merper flock c a n  be de fined 

in the form o f  a l inear function i n  te rms o f  dol l ars re turn to the 
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farmer per ewe l i fe time : 

H 38 . 1 3  NLW ( dam) + 1 . 4 2  WW + 35 . 9 1  CFW - 5 . 3 5 MFD + 0 . 5 3 SCG 

Despi te the l imi tation s , the e conomic va lue s used give an 

i de a  o f  the r e l a ti ve importance o f  the trai t s  in the ob j ec t i ve . 

I t  should be noti ced the c l o se re l a t ion b etween the economic 

we ights of CFW and NLW mainl y  due to th e high value of the fine 

woo l produced by the Merpers , the low prices paid for l ambs and 

the highe r costs during the period o f  thi s  s tudy . 

As po inted out by Rae ( 1 9 5 8� economi c we i ghts only de f ine 

the economic envi ronme nt unde r whi ch anima l s  are expe c ted to 

produce , hence the i r  use under other condi tions shou l d  be 

restricted . 

The reproduc tive record o f  the darn i s  the most impor tant 

trait in l amb and hogge t s e l e c tion , so that NLW ( darn) was a lways 

considered in the various i ndices formu l a te d .  

GFW , QN and GCG were i n c l uded a s  s e l e ction c r i t e r i a  s i nce 

they are corre l ated re spective l y  with CFW , MFD and SCG but are 

more e a s i l y  asses sed . Simi l arly , HLW was inc luded because o f  

genet ic corre l a tions with ob j e c ti ve tra i t s . 

7 . 3 . 2  Comparison of Se l e c ti o n  I n d i ces 

The l i st of se lection i ndice s formulated us ing the bas i c  

ge ne tic and phenotypic parame ters reported in Tabl e  7 . 1 are given 

in Table 7 . 3 .  

/ 
\ 
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TABLE 7 . 3 : L I ST OF I ND I CES FORMULATED 

INDEX TRAITS I NCLUDED OR DELETED 
NUMBER FROM INDEX 1 a  

1 a  S e l e c tion i ndex con ta i n i ng a l l  

traits i n  the ob j ective . 

2a 

3a 

4a 

Sa 

6a 

HLW , GFW and GCG introduced as 

s e l e c t ion cri teria . CFW and SCG 

de l e ted . 

NLW and WW i n c l uded as s e l e ction 

crite ria . CFW , MFD and SCG 

de l e te d .  

HLW , GFW and QN inc l uded as 

se l e c tion cri teria . CFW , MFD and 

SCG de l e ted . 

HLW , GFW , QN and GCG i ntroduced 

as se le c tion crite r i a . CFW , MFD 

and SCG de l e te d .  

Re s t r i c ted index con taining a l l  

th e traits i n  the ob j e c tive . 

Ge ne tic change o f  zero in MFD . 

Economic we i ght o f  MFD i s  ze ro . 

The s ame indices we re formu lated e f fec ting the corre spond ing 

mod i f i ca tions a fter changing gene tic and phenotypi c  parame te rs and 

economic we igh t s . 

The respe c tive s e l e c tion index solutions obta i ned are s e t  out 



1 2 1 

in Tables 7 . 4 a ,  7 . 4b and 7 . 4c . 

Some of the terminology used in Table 7 . 4  need de fining : 

" S- VALUE " is the we i gh t  that the record o f  each tra i t  

i s  mul tipl ied b y  in calculating the s e le c tion inde x .  

The s e t  o f  B-va lue s i s  cal culated to maximi ze the 

ove ra l l  gene t i c  gain . 

" VALUE OF VAR I ATE " , i . e .  va lue o f  each var i ate i n  the 

i ndex , i s  the percen t  reduc tion in the rate o f  

ove r a l l  genetic gain th at would re sul t ,  i f  that 

tra i t  was not included as a se lection c r i te r ion . 

"PERCENTAGE OVERALL GA I N "  i s  the percen tage o f  overall 

ga i n  a c counted for by the gain in each trai t .  

"GENET I C  GAI N "  i s  the gai n  made per ge neration , f rom 

us ing the selec tion inde x  a s s uming a sele c tion 

d i f fe rential of one s tandard deviation . 

"VALLE O F  OVERALL GA I N "  o r  " STAI\OARD DE V I AT I ON OF THE 

I NDE X "  gives the val ue , in economic uni ts , o f  the 

gene t i c  gain i n  aggregate genotype achi eved by one 

s tandard devia tion of s e l e c tion on the index . 

7 . 3 . 2 . 1  Basic I nd i c e s  

Table 7 . 4 a shows s i x  i ndex solutions whe re 1 a  contai n s  
....-" 

a l l  the trai ts i n  the obj e c tive ( i . e .  bas i s  for compar ison ) , i nd i c es 

2 a  to S a  we re obtained for mal e s , l ambs and fema l e s  s e l e c t i on and 

the l a s t  one ( 6a )  was a re s t r i c ted inde x .  



TABLE 7 . 4 :  SELECT I ON I NDEX SOLUT I ONS 

VARIATES IN OBJECTIVE NLW ww CFW MFD SCG VALUE OF 

OVERALL 

VARIATES IN INDEX NLW ( DAM) HLW ww GFW CFW QN MFD GCG SCG GAIN 

( a ) BAS I C  I ND I CES 

INDEX 1 a  

B - Value 4 . 7 5 0 . 3 5 8 . 79 - 1 . 8 3 -0 . 1 9  

Val ue o f  Variate 8 . 0 0 2 .  1 5  1 3 . 99 35 . 5 9 0 . 0 5  

% Ove ral l Gain 2 2 . 69 5 .  4 1  1 9 .  1 2 5 2 . 2 7 0 . 5 1 
4 . 79 

Gene tic Gain 0 . 0 3 0 .  1 8  0 . 0 3  -0 . 4 7 0 . 0 5 

INDEX 2 a  

B - Val ue 4 . 66 0 . 6 2  0 .  1 0  3 . 9 1  - - 1 . 7 0 0 . 5 0  

Value o f  Variate 7 . 35 6 . 8 1 0 .  1 3  3 . 46 - 2 7 . 5 9 0 . 49 

% Overall Gain 2 5 . 70 0 . 0 0  6 . 9 1  0 . 0 0  8 .  1 8  5 8 . 89 0 . 0 0  0 . 3 2  
4 . 89 

Gene tic Ga in 0 . 0 3  0 . 54 0 . 24 0 . 0 2  0 .  0 1  -0 . 5 4 0 .  1 4  0 . 0 3  

INDEX 3a 

B - Val ue 4 . 87 0 . 4 8 

Val ue o f  Variate 39 . 76 1 9 . 4 9 

% Overall Gain 66 . 1 3  1 8 . 4 1  1 0 . 4 0 5 . 0 6 0 . 0 0  
2 .  4 1  

Genetic Gain 0 . 0 4 0 .  3 1  0 .  0 1  -0 . 0 2 0 . 0 0  
--

INDEX 4 a  

B - Value 4 .  79 0 . 6 0  0 . 0 4 2 . 3 3 - 0 . 2 7 

Value o f  Variate 1 9 . 35 1 5 . 4 0 0 . 0 6 2 . 7 1  - 2 . 0 5 
3 . 2 0 

% Ove ra l l  Ga in 4 5 . 6 1  0 . 0 0  1 3 . 82 0 . 0 0  2 4 . 2 7 0 . 0 0 1 6 . 69 -0 . 3 9 

Genetic Ga in 0 . 0 4 0 . 4 2 0 .  3 1  0 . 0 2  0 . 0 2  -0 . 2 0 -0 . 1 0  -0 . 0 2  N 
N 



TABLE 7 . 4 :  ( CON T I NLE D )  

VARIATES IN OBJECTIVE NLW ww CFW MFD SCG VALUE OF 
OVERALL 

VARIATES IN INDEX NLW ( DAM) HLW ww GFW CFW QN MFD GCG SCG GAIN 

INDEX Sa 

S - Val ue 4 . 79 0 . 6 1  0 . 0 4 1 .  99  - 0 . 2 3 - 1 . 6 0  

Value o f  Vari ate 1 5 . 0 5 1 2 . 89 0 . 0 5 1 .  5 6  - 1 . 1 9  - 1 0 . 7 0 

% Ove r a l l  Gain 36 . 7 0 0 . 0 0  1 1  . 1 8  0 . 0 0 1 8 . 6 1  0 . 0 0 3 3 .  1 0  0 . 0 0 0 . 4 1  
3 . 5 9  

Gen e ti c  Gain 0 . 0 3  0 . 3 7 0 . 2 8 0 . 0 2 0 . 0 2  -0 . 0 2  -0 . 2 2 0 . 1 9  0 . 0 3  

INDEX 6a 
( 1 )  

S - Val ue 4 . 5 0  0 . 2 3 8 . 9 0 - 0 . 2 1  0 . 30 

Value o f  Vari a te 1 5 . 0 3 1 .  85 3 1 . 9 6  9 .  1 6  0 . 2 8 
3 . 3 7 

% Overall Gain 3 0 . 8 2 8 . 7 3 6 0 . 2 3 0 . 0 0  0 . 2 2 

Genetic Gain 0 . 0 3 0 . 2 1 0 . 0 6  0 . 0 0  0 .  0 1  

( 1 )  
RESTRICTED DUMMY MFD S - Val ue = 0 . 2 0  

Val ue o f  Variate =- 0 . 0 8  

( b )  SENS I T I V I TY TO PARAMETER CHANGES 

INDEX 1 b  

S - Value 4 . 64 0 . 0 7  2 2 . 4 2 - 3 . 6 2  - 1 . 0 2 

Value o f  Vari a te 2 . 4 4  0 . 0 3 3 0 . 2 9 44 . 4 0 0 . 5 3  
8 .  35 

% Ove rall Gain 9 . 1 2  1 .  9 3  3 8 . 0 5  5 0 . 6 0  0 . 2 9  

Gen e tic Gain 0 . 0 2  0 .  1 1  0 . 0 9 - 0 . 79 0 . 0 5  

INDEX 2b 

S - Val ue 4 . 60 0 . 3 0  -0 . 0 3 1 5 . 96 - - 3 . 5 4 -0 . 88 

Value of Variate 2 . 65 0 . 6 0  0 . 0 1  2 1 . 5 8 - 4 5 . 69 0 . 5 5  N 

7 . 9 5  w 

% Overal l Gain 1 0 . 85 0 . 0 0  2 . 35 0 . 0 0 34 . 39 5 2 . 1 8  0 . 0 0 0 . 24 

Gene t i c  Gain 0 . 0 2 0 . 4 3  0 .  1 3  0 . 0 9 0 . 0 8  - 0 . 7 8 0 . 0 9 0 . 0 4 



TABLE 7 . 4 :  ( CONT I NLED ) 

VARIATES IN OBJECTIVE NLW ww CFW MFD SCG VALUE OF 
OVERALL 

VARIATES IN INDEX NLW ( DAM) HLW ww GFW CFW QN MFD GCG SCG GAIN 

INDEX 3b 

S - Value 4 . 8 7  0 . 4 8  

Value of Vari ate 39 . 76 1 9 . 4 9 
2 . 4 1 \ Ove ral l Ga in 66 . 1 3  1 8 . 4 1  1 0 . 4 0  5 . 0 6 0 . 0 0  

Gene tic Gain 0 . 0 4 0 .  3 1  0 .  0 1  - 0 . 0 2 0 . 0 0 

INDEX 4b 

S - Value 4 . 84 0 . 4 0 - 0 . 1 0  9 .  1 1  - 0 . 5 6 

Value o f  Variate 1 0 . 69 3 . 66 0 . 1 7  2 6 . 7 3 - 5 .  1 9  

\ Overal l Gain 2 2 . 79 0 . 0 0  6 . 36 0 . 0 0  3 3 . 6 9 0 . 0 0  3 7 .  1 1  0 . 0 5 
4 . 2 5 

Gene tic Gain 0 . 0 3  0 .  1 7 0 .  1 9  0 . 0 4 0 . 0 4 -0 . 1 4  - 0 . 2 9 0 . 0 0  

INDEX 5b 

S - Val ue 4 . 84 0 . 4 2 -0 . 09 8 . 8 0 - 0 . 5 3 - 1 .  4 6  

Val ue o f  Variate 9 . 4 8 3 . 5 6 0 .  1 4  2 1 . 5 3 - 4 . 0 5  - 5 . 4 8 

% Ove r a l l  Gai n  2 0 . 5 5 0 . 0 0 5 . 7 7 0 . 0 0 29 . 66 0 . 0 0  4 3 .  55  0 . 0 0 0 . 4 7  
4 . 5 0  

Genetic Gain 0 . 0 2  0 .  1 5  0 .  1 8  0 . 0 4 0 . 0 4 -0 . 0 1  -0 . 3 7 0 .  1 8  0 . 0 4 

INDE X  6b
( 2 )  

S - Value 4 . 2 1  0 . 3 3 4 . 2 7  0 . 2 2 - 0 . 2 5 

Va lue o f  Va riate 2 1 . 6 2  6 . 5 9 1 5 . 7 8 1 0 .  1 3 0 .  3 1  
2 . 6 8 

% Ove r a l l  Ga in 4 2 . 4 5 1 3 . 6 1  44 . 28 0 . 0 0 - 0 . 34 

Ge ne tic Gain 0 . 0 3  0 . 26 0 . 0 3 0 . 0 0  -0 . 0 2 

( 2 )
RESTRICTED DUMMY MFD S - Va lue = - 4 . 1 4  N 

.t> 

Va lue of Variate = -6 3 . 0 4 



TABLE 7 . 4 :  ( CONTI NLED ) 

VARIATES IN OBJECTIVE NLW ww CFW MFD SCG VALUE OF 

OVERALL 

VARIATES IN INDEX NLW ( DAM) HLW ww GFW CFW QN MFD GCG SCG GAIN 

( c )  SENS I T I V I TY TO ECONOM I C  WE I GHT CHANGES 

INDEX 1 c  

f3 - Value 6 . 9 1 0 . 44 7 .  1 2  - 1 . 85 - 0 . 34 

Value o f  Variate 1 5 . 5 1 3 . 0 6 7 . 8 1  3 0 . 9 8 0 .  1 5  

% Ove ra l l  Gain 39 . 0 7  5 . 6 3  9 . 99 44 . 99 0 .  32  
5 .  1 0  

Gene tic Gain 0 . 0 3  0 .  1 9  0 . 0 2 - 0 . 4 6 0 . 0 4 

INDE X  2 c  

f3 - Val ue 6 . 8 1 0 . 7 1  0 .  1 3  2 . 6 8  - - 1 . 7 2 0 . 4 0  

Value o f  Vari ate 1 3 . 5 3  7 . 4 6 0 . 2 1  1 .  3 4  - 2 3 . 1 5  0 . 2 5  

% Overall Gain 41  . 2 1  0 . 0 0  6 . 89 0 . 0 0  3 . 56 4 8 . 1 8  0 . 0 0 0 .  1 6  
5 . 36 

Gene tic Gain 0 . 0 4  0 . 5 4  0 . 2 5  0 .  0 1  0 .  0 1  -0 . 5 2 0 .  1 2  0 . 0 2  
--

INDEX 3c 

f3 - Value 7 . 0 4 0 . 5 2 

Value o f  Var i a te 5 0 . 44 1 2 . 5 8 

% Overall Gain 7 8 . 54 1 2 . 3 3 5 . 2 5 3 . 8 8 0 . 0 0  
3 . 2 0 

Gene tic Gain 0 . 0 4  0 . 2 6 0 . 0 1  -0 . 0 2 0 . 0 0 

INDEX 4 c  

f3 - Value 6 . 9 5 0 . 69 0 . 0 8  1 .  o s  - 0 . 2 7 

Value of Variate 2 9 . 5 8 1 3 . 89 0 .  1 4  0 . 3 7  - 1 . 4 2  

% Overall Gain 6 4 . 1 6 0 . 0 0  1 1  . 5 3  0 . 0 0 9 . 76 0 . 0 0 1 4 . 8 1 - 0 . 2 5 
3 . 86 

Genetic Gain 0 . 0 4  0 .  4 1  0 . 3 0 0 .  0 1  0 .  0 1  -0 . 1 5  -0 . 1 1  -0 . 0 2 1\.) 
V1 



TABLE 7 . 4 :  ( CON T I NLED ) 

VARIATES IN OBJECTIVE NLW ww 

VARIATES IN INDEX NLW ( DAM) HLW ww GFW 

INDEX S e  

8 - Value 6 . 9 4 0 . 7 0 0 . 0 8  0 . 7 3 

Value o f  Variate 24 . 89 1 2 . 56 0 .  1 2  0 .  1 5  

% Ove rall Gain 5 5 . 88 0 . 0 0 1 0 . 0 9  0 . 0 0 

Gene tic Gain 0 . 0 4  0 . 3 7 0 . 2 8  0 .  0 1 

INDEX 6 c
( 3 ) 

8 - Value 6 . 66 0 . 3 1 
Value of Variate 3 0 . 2 7  3 . 0 4 
% Overall Gain 5 5 . 9 5 8 . 8 7 
Gene tic Gain 0 . 0 4 0 . 2 2  

( 3 )
RESTRICTED DUMMY MFD 8 - Value = -0 . 3 7 

Value of Variate = -0 . 2 2 

CFW MFD 

CFW QN MFD 

- 0 . 2 3 -

- 0 . 92 -

8 . 0 1  0 . 0 0  2 5 . 8 5 

0 .  0 1  - 0 . 0 1  -0 . 2 1  

7 . 2 4 - 0 . 1 6  

1 6 . 34 4 . 0 4 
35 . 0 8 0 . 0 0 

0 . 0 4 0 . 0 0 

SCG 

GCG SCG 

1 . 5 1  

6 . 9 7 

0 . 0 0  0 . 1 7 
0 .  1 5  0 . 0 2 

0 .  1 7 

0 . 0 8  

0 . 09 

0 .  0 1  

VALUE OF 
OVERALL 

GAIN 

4 . 1 5 

3 . 6 7 

1\.) 
(jl 
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The low h e r i tab i l i ty assumed for SCG resulted in i t  

be i ng un important as a selection criterion . Neve r the le s s , 

inc luding SCG in the ob j e c tive re sulted in greate r  emphas i s  on 

MFD . Thi s  fol lowed from the assumed genetic and phenotypic 

corre lation s o f  -0 . 4 0 and - 0 . 3 3 respec tive ly . 

Negative index we ights < S -value s )  we re found fo r SCG 

i ndicating selec tion for poorer colour . Th e on l y  SCG B -va l ue to 

b e  pos i tive was that in the re stricted index 6a . 

The rate o f  overall genetic gain would be reduce d  by 

3 5 . 5 9 % , 1 3 . 99% and 8 . 0 0 %  i f  MFD , CFW and NLW ( dam) were 

re spe ctive ly omi tte d  from the i ndex l a  where as WW was o f  l i t tle 

val ue . I t  was wi th s e l ection indices l a  ( unres tri c te d )  and 6 a  

( re s tr icted) that SCG made a negl i gible contribution towa rds 

gene t i c  gain for the aggregate genotype . 

The re l a ti ve importance o f  e ach trait in the s e l e ction 

ob j e c tive can be derived from the percentage of total gain i n  

e conomic uni ts ( %  overall gain) accounted for by gain i n  each 

tra i t . In index l a  the most important traits we re MFD ( 5 2 . 2 7% ) , 

NLW ( 2 2 . 69 % )  and CFW ( 1 9 . 1 2 % ) . 

Assuming a gene ration inte rval o f  3 . 5  years , index 2 a  

would resul t i n  a ge neti c c hange of approximate ly 0 . 0 1  i n  NLW , 

0 . 1 5 kg in HLW , 0 . 0 7  kg i n  WW ,  0 . 0 1  k g  i n  GFW , 0 . 0 0 3  k g  in CFW ,  

- 0 . 1 5 mi crons i n  MFD , 0 . 0 4 grade s in GCG and 0 . 0 1  grad e s  in SCG . 

The results showed that a l though HLW was not i n c l uded 

in the se l e c tion ob j e c tive ( i . e .  ze ro economic va lue )  it was a 

use ful selec tion c rite rion i n  ind i c e s  2 a , 4 a  and Sa . Th is 
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re sponse was attribute d to its medium h er i tab i l i ty ,  the mode rate ly 

high ge netic corre lation of HLW x CFW ( 0 . 3 0 )  and WW x HLW ( 0 . 7 0 )  

and th e general ly pos i tive association wi th NLW . For indices 2 a , 

4 a  and Sa a reduc tion of 6 . 8 1 % ,  1 5 . 4 0 %  and 1 2 . 89 %  in the ra te o f  

ove r a l l  gene tic ga in respective ly would result i f  HLW was omi tte d .  

Greasy f l eece we igh t proved t o  b e  a very use ful 

crite ron , parti cularly as a cost-e f f i c i e n t  sub s t i tute for CFW . 

The value o f  variate and the percent o f  ove r a l l  gain for GFW tended 

to de c rease as oth er traits such as MFD we re omi tted from the 

indice s .  

7 . 3 . 2 . 1 . 1  Compari son of the Gene tic Gain fo r CFW 

from Mass S e l e c tion and Index S e lection 

In thi s  study ind i ces , includi ng a trait o f  

i n terest and a co rre lated tra i t  wi th n o  e c onomi c val ue , have been 

compared w ith direct se lec tion for the tra i t  o f  importance . 

The ge ne ti c  gain ( 6G) from ma ss s e l e c tion for 

CFW is repre sented by 

whe re a Phenotypic standard devia tion 

h 2 H e r i tabi l i ty CFW = 0 . 2 4 

0 . 3 0 

� S tandardi zed selec tion di f fe re nti al 

Hence , 6G 0 . 0 7 2  

Th e ge ne t i c  gain for C FW  i n  an index (6H . )  i s  � 

repre sented by �H ­� 
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where B
H . I 

Regre ssion o f  CFW on i ndex 

1-

or Standard de viation of index 

Thus , 

Index 13
H . I 

a !::, 
Number 

I H .  
1- 1-

1 a 0 . 0 0 5 3  4 . 7 8 5 1  0 . 0 3 

2a 0 . 0 0 2 3  4 . 89 24 0 .  0 1  

4 a  0 . 0 0 6 8  3 . 2 0 1 9 0 . 0 2  

S a  0 . 0 0 5 2  3 . 5 8 5 4  0 . 0 2 

6a 0 . 0 1 6 8 3 . 3 7 3 9  0 . 0 6  

The re sults i ndicate that improveme nt i n  CFW p er generation by 

s i ngle trait s e le c t ion is higher than the gene tic gains obtained 

using sele c tion indice s .  S ince with i ndex 6 a ,  whe re MFD was 

he ld constan t , the genetic gain in CFW was close to that obtained 

by direct , s ingle- trai t sele c t ion it appears that , w i th the o ther 

indices it i s  selec tion for finer diame te r  that is the maj or 

factor l imiting the improveme n t  o f  CFW . This would largely 

result from the genetic corre lation of CFW wi th MFD . 

7 . 3 . 2 . 1 . 2  I nd i c e s  for Ram and Ewe Hoggets and 

Lambs 

Jame s ( 1 9 7 8 )  l i sted some re asons why i t  i s  l ik e l y  

that in many case s  the selection index would be di f fe rent i n  male s  

and female s .  

A l so e a rly d i sposal o f  s urplus lambs o f fe r  

conside rable advantage s t o  the bre e de r s  ( Young , 1 96 4 ) . There fore 

an i ndex based on tra i ts whi ch can be assessed early i n  li fe ( e . g .  
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weaning we ight and n umber of lambs weaned o f  the dam) i s  use ful . 

Howeve r ,  i t  wi l l  reduce the rate o f  gene t i c  gain compared wi th 

tha t which could be achieve d i f  s e l e c tion we re done on ly at 1 4 - 1 8  

months , when a l l  the required in forma tion i s  ava ilable ( Ponzoni , 

1 9 8 1 )  . 

The l amb index could b e  part o f  th e whole i ndex 

se lection system as reported by Young ( 1 96 4 )  or the first step in 

a two - s tage s e l ec ti on ( Ponzoni , 1 9 8 1 ) who added that an appropriate 

choice of s e l e ction cr ite r ia at an early age could result i n  a n  

important reduction of the budge t f o r  me as ureme nt with l i ttle 

loss o f  ge netic gain . 

Measuring the e f f i c ie ncy o f  the indi c e s  i n  Table 

7 . 4a by means of the coe f ficient of de termination ( r
2 ) be twe e n  
H I  

aggregate gene ti c value ( H )  and the i ndex ( I )  ( Gj e drem , 1 96 7 )  the 

fol lowing re s ul ts were found : 

I ndex Corre l ation o f  Index wi th Effic iency o f  

Number Aggregate Genotype ( r
H I

) the I ndex ( r�I
) 

1 a  0 . 4 3  0 .  1 8  

2a 0 . 44 0 .  1 9  

3a 0 . 2 1  0 . 0 4 

4a 0 . 29 0 . 0 8 

Sa 0 . 3 2 0 .  1 0  

6a 0 . 36 0 .  1 3 

I ndex 2 a  i s  pre ferred as the index for ram hogget s e lec tion , where 

there i s  an increme n t  in the va l ue of o verall gain associate d  with 

the addi tion o f  GFW , HLW and GCG as cri te ria . In addit ion , the re 
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i s  a practical saving from no t me asuri ng CFW and SCG . 

Hence , the recommended index for ram hogge t 

se le ction i s :  

I 4 . 66 NLW ( dam) + 0 . 6 2  HLW + 0 . 1 0 WW + 3 . 9 1  GFW - 1 . 7 0 MFD 

+ 0 .  5 0  GCG 

For ewe hogge t se lection two indi c e s  we re chosen , 

name ly 4 a  and S a .  I n  bo th QN was con s i dered a s  the s e le cticn 

c r i terion for MFD ( Lewe r ,  1 9 78 )  but in Sa GCG was i n c l uded as 

c r i te rion o f  wh i tene ss . From the e ff ic ienc i e s  Sa appears be tter 

than index 4 a ,  thus , it seems wo r th assess ing GCG . 

The re commended inde x for ewe hogge ts is : 

I 4 . 79 NLW ( dam) + 0 . 6 1  HLW + 0 . 0 4  WW + 1 . 99 GFW + 0 . 2 3 QN 

+ 1 . 6 0  GCG 

In the case o f  the l amb inde x ,  Cunn ingham ' s  ( 1 96 9 )  

procedure to e stab l i sh the e ff i c iency o f  a reduce d  index re l a tive 

to the ori ginal i ndex ( 1 a)  was fol lowed . I t  con s i s ts i n  finding 

the ratio of the standard devi at ion of the i ndice s :  

Index Number 

1 a  

3a 

S . D  

4 .  79 

2 . 4 1  

Re l a t i ve E f f i c i e ncy 

1 0 0 . 0 % 

5 0 . 3% 

This re sult i s  s imil a r  to that o f  Ponzoni ( 1 9 8 1 ) who f ound that 

s i ng le - s tage s e le c tion based on dam ' s NLW and WW was hal f as 

e f fe c t i ve as s ingl e - s tage s e le c tion based on the comp l e te se t of 

cri te ri a . 
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There fore , the recommended index fo r lambs i s :  

I 4 . 87 NLW ( dam) + 0 . 4 8  WW 

7 . 3 . 2 . 1 . 3 Re stricted I ndex 

I ndex 6 a  was re s tr i c te d  by requi ring that the 

genetic change produced in MFD equal ze ro . To impo se the 

re s tric tion that the index shall produce no change in Y .  ( the 
1 

addi t i ve genotype o f  MFD) , the i nde x equations were solve d  sub j e c t  

to Cov ( Y . , I )  = 0 .  
1 

The negative o f  the Dummy we ighting factor 

calculated for the re stricted index i s  the appropri ate e conomic 

we i gh t  for no genetic gain to be made in that trai t ( Cunni ngham 

and G j edrem , 1 9 7 0 ) . The Dummy wei ght for MFD was $ 0 . 2 0 . 

The conseque nce o f  maintaining constant MFD was 

an incremen t  in the gene tic gai n  i n  CFW . 

In general from Table 7 . 4a ,  i f  the e conomic 

we ights and genetic and phenotyp i c  parameters are close to the 

real values then NLW ( dam) i s  highly impor tant in any s e lection 

i ndex , MFD make s an important contribution and should be recorded 

for ram s e l e c ti o n , GFW is a good se l e ction crite rion for 

imp roving CFW , QN is a useful predicto r  of MFD for ewe s e l e c tion , 

GCG i s  a good i ndicator o f  whi te n e s s  and HLW is very use ful by 

i t s  a ssoc i ation with WW ,  CFW , GFW and NLW . 

7 . 3 . 2 . 2  Sensitivity to Change o f  Gene ti c and 

Phenotypic Parameters 

Table 7 . 4b shows the index solutions whe n  gene t i c  



1 3 3 

corre lations between GFW x MFD and CFW x MFD were both changed 

from 0 . 2S to - 0 . 4 0 in l ine w ith the ear l i er e s t imate s ,  and 

phe notypic corre l ations betwee n GFW x MFD from 0 . 2 S to 0 . 3 8 and 

CFW x MFD from 0 . 2 S to 0 . 3 7 .  

The weighting fac tors o f  indices 2b , 4b and S b  

indicate selec tion against WW . 

Some index we ightings suffered l arge change s .  CFW 

changed f rom 8 . 7 9  in index 1 a  to 2 2 . 4 2  in index 1 b ;  GFW changed 

from 1 . 99 in i ndex Sa to 8 . 80 in index Sb . 

Comparing indice s 2b , 4b and Sb with the i r  corre spond-

i ng 2 a ,  4a and Sa , the gene ti c gain of MFD is increased from - 0 . S4 

to - 0 . 78 ,  -0 . 1 0  to -0 . 29 and - 0 . 2 2 to - 0 . 3 7 re spective l y . At the 

same t ime the genetic gain for CFW was at least doub l e d . 

I n  order to analyse wha t  happened , the e ff i c i en cy 

o f  the i ndexe s ( Gj edrem , 1 9 6 7 )  was calculate d : 

I ndex Corre lation o f  I ndex with E f f i c ie ncy o f  

Number Aggregate Genotype ( r
H I

) the Index ( r�I
) 

1 b  0 . 6 S  0 . 4 2 

2b 0 . 6 2  0 . 38 

3b 0 .  1 9  0 . 0 4 

4 b  0 . 3 3 0 . 1 1  

S b  0 . 3S 0 .  1 2  

6 b  0 . 2 8 0 . 0 8 

There was a s i gnificant increase i n  e ff i c iency for indices 1 b  and 

2 b  and a decre ase for i ndex 6b . The reduced index 3b was not 
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al tered whi le indi c e s  4b and S b  re tai ned the i r  ranking . 

Index 6b was not appropr i ate s i nce , with the gene tic 

corre lation between CFW and MFD negative , the corre l ated change s 

would have been in the de sired direction . 

7 . 3 . 2 . 3  S e n s i tivi ty to Change of E conomic We ights 

Table 7 . 4 c l i sts th e  index solutions after incre a s i ng 

the e conomic we ight o f  NLW by 5 0 %  and reduc ing the weight o f  SCG 

by 2 5 % . 

As expe c ted , the resulting i ndex changes caus ed more 

re spon se in NLW and l e s s  in SCG but the e ffects we re only smal l . 

The e f fi c ie ncy o f  the present s e l e ction indices was : 

I ndex Correlation of I ndex with Effic iency o f  
Number Agg regate Genotype ( r

H I
) the I ndex 

2 ( r
H I

) 

1 c  0 . 3 8 0 .  1 4  

2 c  0 . 40 0 .  1 6  

3 c  0 . 24 0 . 0 6 

4 c  0 . 2 9 0 . 0 8 

S e  0 . 3 1 0 .  1 0  

6 c  0 . 3 0 0 . 0 9 

Comparing the se e f fi c i e nces with tho se found i n  S e ction 7 . 3 . 2 . 2 ,  

indicate s  that sma l l  change s i n  the e conom i c  weights in index 

s e l ection have l it tle e ffec t  on the e f f i c iency of the s e l e c tion 

indice s .  Thi s  was a l s o  shown by Cunningham and G j edrem ( 1 9 7 0 ) , 

Vandepi tte and Haze l ( 1 9 7 7 ) , Ponzoni ( 1 9 79 )  a nd Smi th ( 1 98 3 ) . 



1 3 5 

7 . 3 . 2 . 4 Further I ndices Computed 

Using the parame ter s  g i ven i n  Table 7 . 1  and the i ndex 

1 a  i n  Table 7 . 4 a as a base , furth e r  inclusions and de l e tions we re 

made to s tudy al ternative se lecti o n  indices . These index solutions 

we re not reported in Table 7 . 4 a . 

Whe n SCG was removed f rom the i nde x a very sma l l  

decrease occurred in the value o f  overall gain . 

The i nclus ion o f  HLW and GFW as c riteria for WW and 

CFW respective ly allowed satis factory rate s  of improveme n t  o f  

the se trai ts a s  re flected by the sma l l  change s i n  the val ue o f  

ove ra l l  gai n .  One index where HLW was inc l uded as c r i terion for 

WW re sulte d  i n  a higher value of ove r a l l  gain than the base index . 

S e l e ct ion on HLW alone resulted i n  a s l i ght reduc tion 

i n  the gene ti c  gain for NLW , CFW and MFD . The gene tic gain for 

SCG was reversed from 0 . 0 5  to -0 . 06 ,  whereas the ge netic gain for 

WW was doub le d .  The e ffic iency o f  thi s  reduced index was 5 1 % . 

Reduc ing the e conomi c we i ght o f  MFD from $ - 5 . 35 to 

$ -0 . 1 0 caused a s i gn i f i cant reduction in the gene tic gain o f  MFD 

and SCG but an i ncrease i n  the gene t i c  gain o f  CFW . The value 

of overall gain was reduc e d  by 3 0 % . Thi s  proves the importance o f  

e conomic weights i n  de te rmining the improveme nt through i ndex 

s e l e c tion . 
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A P P E N D I X I 

ASSUMPTIONS AND CALCULATIONS FOR THE DERIVATION 

OF LIFETIME ECONOMIC WEIGHTS 

The p r i c e s  assumed fo r wool and lambs repre sent n e t  pri ces 

paid to th e farme r .  

Ne t val ue o f  2 9  micron s c lean fleece 

we i ght ( $  per kg)  

Value per micron o f  fibre diame ter ( price 

change ( $ )  of 1 kg of c lean wool per 

micron change in fibre diameter)  

Expor t  lamb YL carcas s 1 0  kg ( $ )  

S tore lamb pri c e  ( $ )  

Value per grade o f  scoured colour ( price 

change ( $ )  of 1 kg o f  clean woo l per 

grade change i n  scoured colour)  

$ 

4 . 7 0 *  

- 0 . 2 0 *  

1 0 . 2 4 * *  

8 . 0 0 

0 . 0 4 * + 

* Based on actual prices ( Oc tober 1 9 85 , New Zealand Wool 

Board) after deduct i ng the N . Z . W . B .  l evy , b rok er ' s  

commis si o n , transpo r t  and o the rs . 

* *  Based on actual meat schedul e prices ( afte r  deduc ting 

proc e s si ng charge s ,  drafting fee , admi n i stration , Meat 

Board l e vy ,  Federated Farmers levy and farm to works 

and works to port transpo r t .  

+ Predic te d  from s tyle according to McPhe rson ( 1 9 8 2 )  

SCG = 1 . 89 + 0 . 8  ( s tyle ) 

1 5 0 



1 .  NUMBER OF MAT I NGS PER L I FET I ME 

The bre eding flock cons ists of five groups and the 

mortality rate for ewes i s  3 % , then th e proportion o f  two­

tooth ewe s in the flock can be cal culated as : 

1 + 0 . 9 7  + 0 . 9 4 1 + 0 . 9 1 3  + 0 . 8 86 

0 . 2 1 ( 2 1 % )  

There fore , the number o f  mati ngs pe r l i fe time i s  

0 .  2 1  

4 . 7 6 

2 .  FLEECE PRODUCTI ON PER L I FE T I ME  

1 5 1  

Given that the ewes are shorn afte r  the i r  final lamb i ng ,  

the number o f  y ears o f  fleece production per l i fe t ime is : 

4 . 76 + 1 

5 . 76 

Plus , credi t fo r production from final l ambing to 

cul l ing 0 .  5 

Lambs are no t shorn be fo re be i ng sold as weane rs and only 

those for replacement are kep t .  



Plus , c redi t for produc t ion from culled ewe hogge ts 

0 . 5  X 1 - 0 . 2 1 

0 . 2 1 

1 .  38 

Thus , fleece produc tion p er l i fetime 

5 . 7 6 + 0 . 5  + 1 . 3 8  

7 . 64 

3 .  LAMB PRODUCT I ON PER L I FET I ME  

The total number o f  l amb s weaned per ewe l i fe time i s : 

( 4 . 76 )  X ( 1 . 0 0 ) * 4 . 7 6 

* Average weaning p e rce ntage 1 0 0 %  

Less one replacement 4 . 76 - 1 3 . 76 

1 5 2 

Hence , 3 . 76 i s  the number o f  l ambs on whi ch re turns from 

greater weaning we ights a r e  based . 

4 .  A 'vERACE VALLE OF LAMBS SOLD 

Given an expor t : s tore l amb ratio o f  4 . 3 : 1 ,  and an ave rage 

return of $ 1 0 . 24 for e xport l ambs and $ 8 . 0 0 for s tore lambs , 

the ave rage value o f  l ambs s o l d  is : 

( 1 0 . 24 X 4 . 3 ) + ( 8 . 0 0 X 1 )  

5 . 3 

$ 9 . 82 



5 .  VALUE OF AN E XTRA LAMB 

1 5 3 

The val ue o f  an extra l amb was calculated in a s imi lar way 

to Cunningham and G j e drem ( 1 9 7 0 )  by accounting for the 

de trime ntal e ffe c ts of twin b i rths on l amb value . 

S I NGLE 8 0 %  export 0 . 80 X $ 1 0 . 2 4 

+ 2 0 %  s tore + 0 . 20 X $ 8 . 0 0 

$ 9 . 79 

TW I N  4 0 %  e xport 0 . 4 0 X $ 1 0 . 24 

+ 6 0 %  store + 0 . 6 0  X $ 8 . 0 0 

$ 8 . 90 X 2 $ 1 7 . 80 

Th e va lue of an extra lamb i s : 

$ 1 7 . 80 - $ 9 . 79 $ 8 . 0 1  

O the r costs involve d  wi th rearing twins , compared w i th 

singles , have bee n  ignored .  These include the e xtra fee d  costs 

of the ewe which wi l l  depend on seasonal condi tions , the 

gre ate r  period of t ime twins may be kept on the farm and the 

greate r d renching costs associate d  with extra l ambs . 

The dre ss i ng percentage o f  a l amb i s  cons idered to be 4 7 %  

( Morris e t  al . , 1 9 82 ) . 

6 .  AVERAGE ANNUAL CLEAN FLEECE WE I GHT PER L I FET I ME 

The average annual c l e an wool produc tion per l i fe time for 

the Me rpe r s  is assumed to be 3 . 5  kg ( G . A . Wickham , pers . comm . ) 

I t  i s  furthe r  assume d that the val ue per kg o f  wool from the 

d i f fe r e n t  age c a tegories i s  equivalen t . 



A P P E  N D I X I I  

CALCULAT ION OF NEW ECONOMIC WE IGHTS 

The as sumptions and calcul ations for th e de rivation o f  the 

new e conomi c we i ghts were s imi lar to tho se reported in Appendix 

I .  The only changes made we re : 

1 .  Weane r l ambs had 30 k g  o f  l i vewe ight wi th a pri c e  

o f  $ 1 2 . 0 0 per he ad , assuming that twins could b e  

brought t o  the same we ight and s o l d  for the s ame 

price as s i ngles . 

2 .  Fleece produc tion from culled ewe hogge ts was not 

credi te d to f l eece produc tion per l i fe time . 

3 .  Wool produced per ewe was 4 kg . 

4 .  2 . 5  Massey wool colour grade s appl y  for one colour 

grade in the N . Z . W . B .  fleece va luation . 

Hence , 

ECONOM I C  VALUE OF NUMBER OF LAMBS WEANED 

Numbe r of matings per l i fe time 

Price of one lamb { $ )  

The val ue o f  e a ch extra lamb produc e d  i s  

( $ 1 2 . 0 0 )  X ( 4 . 76 )  ( $ )  

ECONOMI C  VALLE OF WEAN I NG WE I G·H  

Numb e r  of lambs avai l ab l e  for sale pe r ewe 

l i fe time 

4 . 76 

1 2 . 0 0 

5 7 .  1 2  

3 . 76 

1 54 



ECONOMI C VALUE OF WEAN ING WE I GHT ( CONTO ) 

$ 1 2 . 0 0 

Price per kg o f  l i ve lamb ( ) ( $ )  

3 0  kg 

The value per kg change in weani ng we ight 

is ( 3 .  7 6 )  x ( $ 0 . 4 0 )  ( $ )  

ECONOM I C  VALUE OF CLEAN FLEECE WE I GHT 

Price per kg of clean wool ( $ ) 

Number o f  she ari ngs pe r ewe 

The val ue o f  one extra ki logram o f  c lean 

wool is ( $ 4 . 70 )  x ( 6 . 26 )  ( $ )  

ECOI\OMI C  VALUE OF MEAN F I BRE D I AfvETER 

Va l ue per micron of fibre d i ameter ( $ )  

Number o f  shearings pe r ewe 

Kilograms o f  wool produce d  per ewe 

Value of one extra micron de crease i n  

fibre d iamete r i s  ( 6 . 2 6 )  x ( 4 . 0 0 )  x 

( $ -0 . 20 )  ( $ )  

E CONO M I C  VALUE OF SCOURED COLOUR GRADE 

Value per scoured colour grade ( $ ) 

Numb er o f  shearings p er ewe 

Ki lograms of wool produced per ewe 

The value of one extra grade i ncrease in 

scoured colour i s  

( $ 0 . 0 4 )  X ( 6 . 26 )  X ( 4 . 0 0 )  

( $ )  

2 . 5  

1 5 5 

0 . 4 0 

1 . 5 0  

4 . 7 0 

6 . 2 6 

2 9 . 4 2 

-0 . 2 0 

6 .  26  

4 . 0 0  

- 5 . 0 1  

0 . 0 4 

6 . 26 

4 . 0 0 

0 . 4 0 
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