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ABSTRACT 

Se l ect i on responses and genet i c  parameters were e st imated on wool , 

body and  reproduct i ve tra i ts i n  a New Zea l and Romney fl ock .  I n  1 956 

the fl ock wa s d i v i ded i nto 3 sub-fl ocks , each of wh i ch has been a c l osed 

breed i ng group ( con s i st i ng a pproxi mate ly  80 ewes and 4 rams ) s i nce 1958 .  

I n  one group the mos t  open -faced year l i ng s  were reta i ned for breed i ng , 

i n  another , those wi th heav i est  yearl i ng fl eece we i g hts , wh i l e  i n  the 

t h ird rep l a cements  were chosen at random . 

Tra i ts  exam i ned i nc luded post-s hear i ng l i ve wei ght ( LW ) , grea sy 

fl eece we i g ht ( G FW ) , cl ean f l eece we i ght ( W ) , qual i ty number ( Q N ) , 

c haracter grade ( CHG ) ,  s tapl e l ength ( SL ) ,  tota l cr i mp number ( TCN ) , 

cr i mp frequency ( C F ) , c l ean scoured yi e l d  ( Y )  and mean fibre d i ameter 

( MFD )  for the ewes and ram and ewe hoggets ; number of l ambs born ( LB )  

a n d  number o f  l ambs reared ( LR )  per ewe j o i ned ; date -of-b i rth  ( DOB ) , 

b i rth wei g ht ( BW ) , wean i ng wei g ht ( WW ) , medu l l ameter i ndex ( M I )  and  

face-cover grade ( FC )  for the ram and  ewe hoggets and  the standard 

dev i at i on of the  f ibre d i ameter ( SFD ) and percent medul l ated f ibres 

( PM F )  for the ewe hoggets . 

The average i nbreed i ng coeffi c i ent i ncreased by approx i mate l y  0 . 10 

i n  a l l 3 fl ocks over the 2 1  years eva luated . Wi thi n years , s heep wi th 

t he h i ghest i nbreedi ng coeffi c i ents genera l l y  suffered a depre s s i on i n  

the  l evel of performance . 

; ;  



Heri tab i l i t i es ( h2 )  and genet i c  corre l ati ons ( rg ) were ca l cu l ated 

u s i ng t he paterna l  ha l f-s ib  correl ati on a pproac h .  Most h2 e st i mates 

were s i mi l a r  to a l ready publ i s hed val ue s .  Estimates o f  the h2 o f  ram 

hogget GFW were s ubstanti al ly  smal l e r  than correspond i ng ewe hogget 

va l ues ( 0 . 07 to 0 . 1 5  cf 0 . 28 to 0 . 34 ) .  Face-cover grade h 2  i n  the 

face- cover fl ock a ppeared to be much reduced , suggest i ng a pos s ib l e 

dec l i ne i n  geneti c variat i on for th i s tra i t . 

P henotypi c and geneti c corre l ati on s  were cal cul ated amongst  a l l 

hogget tra i ts and between ewe hogget and ewe average l i fet ime 

performance trai ts . Very h i g h  genetic. and  phenotypi c  corre l ati ons 

were found between hogget GFW and hogget W .  Ewe hogget GFW tended to 

be pos i t i ve ly  a s soc i ated wi th  LB and L R ,  both geneti cal l y  and 

phenotyp i ca l l y .  Hogget F C  was genera l ly  u nrel ated t o  other hogget and 

ewe tra i t s .  Ewe hogget performance i n  LW , G FW ,  W ,  QN , SL , T CN , Y and 

MFD were genera l l y  moderately to strong ly  re l ated wi th the performan ce 

i i i 

of  the s ame ewe i n  correspond i ng tra i ts at  o l der ages . There was o ften 

w i de vari ati on i n  the three ( one  from each g roup ) genet i c  corre l at i on 

e st imates  for each pa i r of tra i ts .  Th i s vari at ion was attributed to 

e i ther the sma l l n umber of observati on s  ava i l abl e ( about 80 s i res per 

f l ock wi th  5 to 7 progeny per s i re )  or chan g i ng geneti c vari ance and 

covari ance components in the se l ect i on fl ock s .  

Rea l i zed heri tabi l i ty ( hf ) estimates for FC and hogget G FW ranged 

between 0 . 39 to 0 . 54 and 0 . 06 to 0 . 19 ,  res pe ct i vely .  The hf e s t imates 

of hogget GFW were i n  good agreement wi th the paternal  hal f- s i b  

correl at i on esti ma tes  of h2 deri ved from t h e  ram hogget data but were 

marked ly  l ess  t han equi val ent est imates obta i ned from the ewe hogget 



data . The h� est i mates of FC were genera l l y  hi gher than  paternal  

hal f- s i b e st imates , but were i n  good. agreement wi th e s t imates deri ved 

by other workers . 

I n  the  face-cover fl ock corre l ated respon ses were general l y  smal l .  

Pos i t i ve correl ated respon ses o f  a bout 1 0% were recorded i n  LB a nd LR 

over the 2 1  years eva l uated . I n  the fl eece we i ght g roup  the components 

contri but i ng  toward i n creased G FW a l l showed pos it i ve correl a ted 

respon ses . Lamb prod ucti on ( LB a nd LR ) of  t he fl eece we i ght group 

showed a n  i ncrease of a bout 30% , re l ati ve to the contro l  fl ock ,  over 

the 2 1  yea rs stud i ed .  

i v  
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C H A P T E R 0 N E 

I NTRODUCT I ON 

I n creas i ng the frequency of de si rabl e genes i n  a popu l at i on has 

l ong been recogni zed as  a means of changi ng performance . Art i fi c ial 

se l ect i on ( hereafter referred to a s  sel ect i on ) ,  whereby the breede r 

sel ects parents of the next generati on on the bas i s  of thei r h igh  l evel 

of performance in s ome tra i t  or combi nat i on of tra i ts , i s  a wi del y used 

method of  c hang i ng gene frequenci es . A probl em fac i ng an ima l  breeders 

i s  to determi ne what proport i on of the phenotypi c advantage of the 

parents , over the group from wh i ch they came ( i . e . the se l ecti on 

d i fferentia l ) ,  i s  passed  on to the next generati on . The heri tabl e 

proport i on o f  the sel ect i on d i fferent ia l  ts  cal l ed the heri tabi l i ty of 

a t ra i t .  E st imates of heri tabi l i ty enabl e the pred i ct i on o f  the rate 

of re spon se to se l ect i on . 

Di rect se l ecti on on a trai t may cause corre lated c hanges i n  other 

genet i cal l y-re l ated characteri st i c s . The d i recti on and magni tude of 

geneti c corre l ati ons are an i mportant consi derat i on i n  any se l ecti on 

p lan . 

Genera l l y ,  est imates of heri tabi l i ty ( h2 ) and genet i c  corre lat i on s  

( rg ) a re obtai ned through the analys i s  o f  covar iati on amongst  rel at i ve s . 

T hese methods are revi ewed by Turner and Young ( 1 969 ) . However ,  

1 

sel ect ion  of  superi or performi ng an i ma l s may c hange the add i t i ve genet i c 

var iances and covariances , thereby chang i ng the heri tabi l i ty and genet i c 

corre lati on s effect i ve i n  later ,  sel ected , generat ion s  ( Bohren et al. , 
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1966 ) . Because of the poss i bl e  changes i n  the heri tab i l i t i es and 

genet i c  corre lat i ons , l ong-term predi ct i on s  of d i rect and corre lated 

responses  to se l ect i on may be i naccurate . To i mprove the accuracy wi th  

wh i ch re spon ses to sel ecti on may be predi cted , heri tab i l i ty and  genet i c  

corre l at i on est i mates may be reas ses sed after every few generat i ons  of 

se l ect i on .  Further i nformat i on on d i rect and corre lated re spon ses to 

se l ect i on may be obta i ned from l ong-term sel ect i on experi ments . 

The major objecti ve of th i s study was to analyse responses to 

sel ect i on from 1 956 to 19 76 i n  two s i ngl e-tra i t  sel ecti on fl ocks of 

Romney s heep . 

Hogget greasy fl eece we ight was one of the tra i ts subjected to 

sel ec t i on .  Th i s tra i t  was chosen for i nve st igati on for two mai n  

reason s ;  fi rst ly , i n  the earl y 1 950s there was some suggest i on that 

the her i tabi l i ty of f leece we ight was l ower i n  Romneys than i n  Meri nos , 

however t here was not suff i c i ent i n format i on ava i l abl e to veri fy or 

refute th i s c lai m ( Rae , 1 956 ) .  Second ly , l i ttl e was known as to how 

other economi cal ly  i mportant tra i ts woul d re spond to s e l e ct i on on greasy 

fl eece we ight. Of part i cular i n terest was how ewe ferti l i ty woul d be 

affected , as Rae and Ch'ang ( 1 9 5 5 )  had found some evi dence of a sma l l 

negat i ve geneti c correlati on between greasy fl eece we ight and the number 

of  l ambs born per ewe joi ned . 

The other tra i t  chosen for i n vestigati on was hogget face-cover 

grade . Duri ng the 1 940s and 1 950s some evi dence accumu lated suggest i ng 

that woo l l y-faced ewes produced fewer l ambs per ewe joi ned than d i d  

open-faced ewes. At thi s t i me farmers be l i eved that woo l l y-faced s heep 
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produced heav i e r  fl eece we i ghts  than d i d  open- faced s heep . T hus , i t  

was i mportant to determi ne  the rel ati on s h i ps amongst face-cover g rade , 

greasy fl eece we i ght and lamb producti on . 

Due to the nature of  the i n formati on col l ected from these s i ng l e-
' 

tra i t se l ecti on experiments i t  was al so  pos s i bl e to ca l cul ate heri tab i l i ty 

and geneti c corre lat i on est imates , us i ng the paternal hal f- s i b approach , 

and to eva luate the effect of t he l evel of i nbreed i ng on performance . 



C H A P T E R T W 0 

REV I EW OF L ITERATURE 

2 . 1  I ntroducti on 

Severa l  s i ngl e tra i t  sel ect i on experiments have been i n i tiated 

wi th s heep i n  New Zea land and Aus tra l ia . No analyses of  se l ecti on 

exper iments i nvol vi ng e i ther greasy fl eece weight or face-cover grade 

have been reported . Prel imi nary resul ts from two greasy fl eece we ight 

sel ect i on experiments s uggest that posi ti ve d i rect responses have been 

obtai ned , however no  detai l ed ana lyses were a va i labl e ( Hight and B igham , 

198 0 ;  C larke , 1980 ) .  T h i s  rev i ew wi l l  cover several  experiments 

i nvol v i ng cl ean fl eece we ight and the relat i on sh i ps between face cover , 

l amb p roduct i on and greasy fl eece we ight . Methods of eval uat i on of 

genet i c  res ponses to sel ect i on i n  domesti c a n i ma l s wi l l  a l so be 

presented . 

4 

At th i s  poi nt i t  s houl d be noted that i f  real i zed heri tabi l i t i es 

( hf) , a s  defi ned by Fa l coner ( 1 960 ) , are to be compared wi th heri tab i l i ty 

est ima tes of i nd i v i dua l  tra i ts obta i ned through the ana lys i s of 

covariance between re lati ves , then the exper iments from wh i ch they are 

deri ved s hou l d i nvol ve s i ng l e trai t se l ecti on . I f  severa l  trai ts a re 

under se l ect i on the response to se l ect i on wi l l  be dependent on  the 

re l ati on s h i p s  amongst the characteri s t i c s . 

2 . 2  Fl eece We ight 

2 . 2 . 1 Introduct i on 

T here are no reported sel ecti on experiments i nvol v i ng s i ngl e 

character se l ect ion for greasy fl eece we ight (G FW) . S i nce GFW and 

c l ean fl eece we ight ( W) are h igh l y  correl ated (Mu l laney et al . ,  197 0 )  



a series of experiments invol v i ng se l ection for ,  and someti mes against , 

c l ean fl eece we i gh t  wi l l  be reviewed . T he important  features of the 

experiments reported by Turner et aZ� ( 1 968 ) , Mayo et aZ. ( 1 969 ) , 

Turner et aZ. ( 1 970 ) , Pattie and Barl ow ( 1 974 ) , Barl ow ( 1974 ) ,  

Heydenrych et aZ. ( 1 977 ) and Turner and Jackson ( 1978 ) are s ummarised 

in Tab l e 2 . 1 .  

Before discu s sing the methods of anal ysis and resul ts some men tion 

wi l l  be made of the se l ection techniques u sed . These wil l  infl uence 

the compari son and interpretat i on of resu l t s . 

2. 2 . 2  Sel ection criteria 

As shown in Tab l e  2 . 1  on l y  three of t he seven papers to be 

5 

rev i ewed are true sing l e character se l ection experi ments (Turner et aZ. , 

1970 ; Patt ie  and Barl ow , 1 974 ; Barl ow , 1 9 74 ) . Barl ow ( 1 974 ) incl uded 

sat i s factory semen qua l i ty a s  a cri terion in ram sel ect i on ; this  may 

have resu l ted in corre l ated respon ses in rep roducti ve performance . 

2. 2 . 3  Anal ysis of d i rect response to se l ecti on for c l ean f l eece 

we ight 

Mayoet aZ. ( 1 969 ) , Pattie and Barl ow ( 1 974 ) and Heydenrych et aZ. 

( 1 977 ) were the on ly  authors to est imate real ized heritabi l ity va l ues . 

Turner et aZ. ( 1968 ) and Turner et aZ. ( 1970 ) carried out mul tipl e 

regres s i on ana lyses u s i ng the response in c l ean fl eece wei ght a s  the  

dependent vari abl e and  l inear and q uadrati c  terms of time a s  independent 

variabl e s . Turner and Jac kson ( 1 978 ) a l so i nc l uded the control g roup 

mean a s  an  i ndependent vari a bl e  in  their mul tipl e regre s s i on analysi s  

i n  a n  attempt to overcome fl uctuations i n  the  response due to genotype x 
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TABLE 2.1: SELECTION CRITERIA FOR THE VARIOUS CLEAN FLEECE WEIGHT SELECTION EXPERIMENTS 

Age at Select1on Selection 
Main 

Author(s) Group Character (mths) Other Conditions of Selection 
Selected Rams Ewes 

Turner et al.. (1968) s High clean 10-11 15-16 Half-sib information included 
fleece weight and 1950-1959. Ceilings on fibre 

15-16 diameter and degree of skin wrinkle 
1950-1964. 

MS High clean 10-11 15-16 Ceilings on fibre diameter and 
fleece weight and degree of skin wrinkle 1950-1959. 

15-16 Ceiling on fibre diameter replaced 
by one on crimp frequency 1960-1964. 

Control Random 15-16 15-16 

Mayo et al.. (1969) Visual 15 15 Ewes and rams selected by a 
competent stud classer. 

Index 15 15 Ewes selected as for visual flock. 
70% of rams culled visually then 
required number selected on clean 
fleece weight. 

Turner et al.. (1970) w+ High clean 10-11 15-16 
fleece weight and 

15-16 

w- Low clean 10-11 15-16 
fleece weight and 

15-16 

Control Random 15-16 15-16 

Pattie and Barlow (lg74) w+ High clean 15-17 15-17 Any rams with poor quality semen 
and Barlow (1974) fleece weight from thew+, w- and control groups 

were discarded. 
w- Low clean 15-17 15-17 

fleece weight 

Control Random 15-17 15-17 

Heydenrych et al. (1977) Group 1 High clean 18 18 For 1 and 3 the rams were selected 
f1 eece weight only if their fibre diameter was 

lower than the average of their 
Group 3 Rams on high 18 42 days contemporaries and if the crimp 

clean fleece frequency was greater than 9f25 mm. 
weight. Ewes 
on high 42-day 
body weight 

Group 5 Random 18 18 

Turner and Jackson s High clean 15-16* 15-16* As for S group, Turner et al. ( 1968), 
(lg78) fleece weight from 1950-1964. 

MS High clean 15-16* 15-16* As for MS group, Turner et al. 
fleece weight (1968), from 1960-1964. 

Control Random 

* Age at selection changed to 12-13 months from 1973. 



environment interaction. However ,  it was genera l l y  found t hat the 

partial regression coefficients due to  the q uadratic time term and t he 

control mean were non-significant . 

Rea l ized heritabil ities were cal cul ated a s  the regres sion of  

c umu l ated direct res ponse to  se l ection on the fl ock average c umu l ated 

se l ection differential  (FACSD ) (Fal coner , 1 960 ) .  Pattie and Barl ow 

( 1 974 ) and Heydenrych et al. ( 1 977 ) e s sential l y  fol l owed the method 

presented by Pattie ( 1965 ) for cal cul ating the FACSD and cumu l ated 

direct response . 

Pattie ( 1 965 ) used t hree s teps in cal cul ating the FACSD: 

( a ) The  individual  se l ection differentia l s  were cal cu l ated a s  

differences between individual performances and the mean 

performance o f.al l  the anima l s born in the same year , in 

t he s ame fl ock , 

( b ) the  individual  c umul ated se l ection differential s  were 

obtained by adding the animal ' s  own se l ection differen tial 

to the mean individual c umu l ated se l ection differentia l of 

its parents , and 

(c ) the FACSD was cal c u l ated by averaging a l l the individual 

c umul ated sel ection differentia l s  of parents in  the 

se l ection group for each year .  
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Patt i e  and  Barl ow ( 1974 ) made two a l tera t i ons  to th i s p rocedure . 

F i rst l y ,  a s  s uggested by Robards and  Patti e ( 1967 ) , to e l i mi nate 

seasonal  e ffects the se l ecti on di fferenti al  wa s d i v i ded by the  

phenotypi c standard dev i at ion of  the  random fl ock . The d i rect 

respon se to  se l ect i on was a l s o  d i v i de d  by the phenotypi c standard 

dev i ati on. Secondl y ,  i n  an attempt to account for i nadve rtent 

se l ect i on p re s sure. i n  t he random fl ock , the c umul ated s e l ect i on 

d i fferent i a l  o f  the random fl ock wa s s ubtracted from t he c umul ated 

se l ecti on d i fferent i a l  of the sel ecti on fl ocks . Th i s  second 

adj ustment seemed to serve l i tt l e purpose i n  the ana lys i s carried o ut 

by Patti e and  Barl ow ( 1974 ) because they s howed that the cumul ated 

se l ecti on d i fferenti a l  for the random fl ock f l uctuated around zero . 

Heyden rych et aZ. ( 1977 )  e s sent i a l ly  fol l owed the techn i q ue  

devi sed by Patti e  ( 1965 ) .  However , when obta i n i ng average c umul ated 

se l ecti on d i fferent i a l s ,  wi th i n  groups , they we i ghted the i nd i v i dual 

c umul ated se l ect i on d i fferent i a l s by t he n umber of progeny p roduced by 

the  i ndi v i d ua l . 

Mayo et aZ. ( 1969 ) ca l c ul ated t he i r FACSD i n  three s teps: 

( a )  the se l ecti on d i fferenti a l  wa s ca l cul ated for the se l ecti on 

fl oc k a s  a who l e by dev i at i ng the mean of  those se l ected 

to be parents from the mean of the unsel ected g roup , 

( b )  each se l ect i on d i fferenti a l  was then corrected a s  sugge sted 

by Morl ey ( 1955 ) for the absence of a se l ect i on d i fferenti a l  

i n  the  ewes a n d  to  correct for the age at  wh i ch ewes were 

rep l ace d , and 
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( c ) the corrected sel ection differentia l s  were cumu l a ted across  

years . 

Pattie and Barl ow ( 1974 ) and Heydenrych et al. ( 1977 ) cal cul ated 

the c umu l ated direct response a s  the deviation between se l ected and 

control f l ocks  within each year .  Mayo et al. ( 1969 ) did not expl ain 

how they cal cu l ated their cumu l ated direct response without having a 

control fl oc k .  

2 . 2 . 4  Ana lysis of correl ated responses to sel ection for c l ean 

fl eece weight 

9 

Barl ow ( 19 74 ) was t he onl y  a uthor to produce estimates of real ized 

genetic correl ations . Turner et al. ( 1968)  and Turner et al. ( 1970 ) 

cal cu l ated l inear regres sion coefficients u sing time a s  the independent 

variabl e and the difference between se l ected and control groups in the 

correl ated traits a s  the dependent variabl e .  Heydenrych et al. ( 1977 ) 

and  Turner and  Jackson ( 1978 )  tested the differences between se l ected 

and control  f l ock  means for the various  corre l ated traits as an  estimate 

of whether or not some corre l ated res ponse had occurred . 

Barl ow ( 1974 )  derived two estimates of each correl ated res ponse and 

thus obtained two estimates of each  real ized genetic corre l a tion . 

The two a pproaches to obtaining t he corre l ated responses  were : 

(a ) to regress the c umul ated correl ated respon se on the 

cumu l ated se l ection differentia l for cl ean fl eece weight , and 



( b )  to regress  t he cumu l ated corre l ated response on t he cumul ated 

d i rect response in c l ean fl eece wei ght. 

Barl ow s uggested that t he second a pproach wou l d account for the non-

l i near d i rect  response  i n  cl ean fl eece we i ght. The cumu l a ted  

corre l ated responses were adj u sted for sea sonal effects by trans form ing  

1 0  

a l l data t o  standard dev i at ion uni ts , as  s uggested by Robards and Patt i e  

( 19 67 ) .  To a dj u st  for un i ntenti onal d i rect i onal  se l ecti on jn the 

control fl ock ,  Barl ow added i j khj (where i j k  i s  the se l ecti on 

d i fferenti a l  for the j th  t rai t i n  the kth  year and hj i s  the 

her i tabi l i ty of  the j th  t ra i t )  to the c umu l ated corre l ated res ponse i n  

the j th tra i t. 

I t  i s  i mportant to note the very sma l l fl ock s i ze u sed by Turner 

et al . ( 1970 ) ( see Tabl e 2 . 2 ) .  I n  parti cul a r ,  only one s i re was used  

i n  e ach year in  the  w+ and  w - fl ocks. The sma l l n umber of a n ima l s 

coul d s i gn i fi cant ly  affect  the re sponse of these fl ocks  to se l ecti on , 

e s pec i a l ly through c hance fi xati on of genes. 

2 . 2 . 5  Di rect response to sel ecti on for c l ean fl eece weight  

In  genera l c l ean fl eece we i ght ( W )  s howed pos i t i ve res ponses 'to 

se l ec t i on ,  a l t hough the magn i tude and cont i nui ty of responses  vari ed 

between experi ments ( see Tabl e 2 . 3 ) . 

Turner et aZ. ( 1968 ) s howed that s u bstanti a l  i ncreases i n  W coul d 

be made under both sel ect i on reg i�es pract i sed between 1950 and 1959 . 

When t he sel ect i on cri teri a were changed i n  1960 ( see Tabl e 2 . 1 )  the 

advantage of the sel ected g roups , in W ,  over the control group decl i ned , 



TABLE 2 . 2 :  NUMBERS OF EWES AND RAMS USED I N  THE VAR I OUS CLEAN 
FLEECE WE I GHT SELECT I ON EXPERIMENTS 

Author ( s )  

Turner et al. ( 1968 ) 

Mayo et al. ( 1969 ) 

Turne r et al . ( 1970 ) 

Select i on 
Group 

s 

MS 

Control 

Vi sual  
I ndex 

w+ 

w-

Peri od 

1950-19 53 
1954- 1964 

1950- 1964 

1950 
195 1 - 1955 
1956- 1964 

1953 - 1965 
1953 - 1965 

1954- 1964 

19 54- 1964 

Number of 
Rams Ewes 

1 2  4 1 5-483 
5 194-249 

5 1 08-250 

1 5  180 
5 1 38-249 

1 0  205-249 

7 19 1 -240 
7 19 1 -254 

1 32-50 

1 32-50 

Control ( as for Turner et al. 1968 ) 

Patt i e  and Ba rl ow ( 1974 ) w+ 19 5 1 - 1965 5 1 00 
and Barl ow ( 1974 ) 

w- 195 1 - 1965 5 100 

Control 1950- 1965 10-25 1 00 

Heydenrych et al.( 1977 ) Group 1 1969 - 1975 5 160 

Group 3 1969- 1975 5 160 

Control 1969- 1975 16 160 

Turne r  and Jackson ( 1978 ) s 1966- 1974 5 200 

MS 1966- 1968 5 200 
1969 - 1974 5 1 00 

Control ( C )  1966- 1970 10 200 

Control ( A )  1968-1974 20 400 

1 1  
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TABLE  2 . 3 :  D I RECT RESPONSES TO SELECT ION FOR H IGH CLEAN FLEECE  WE I GHT 

Author ( s )  

Tur ner et al. ( 1968 ) 

Turner et al . ( 19 70 ) 

Turner and Jackson 
( 1978 ) 

Patt i e  and Barl ow 
( 1974 ) 

Heydenrych et al. 
( 1977 ) 

Mayo et al. ( 1969 ) 

Selection Pe iod Group r Realized Res ponses 
Rams Ewes Pool ed 

s 
MS 

1950- 1959 2 . 1 1 ±0 . 33 2 . 45 ±0 . 49 
1950-19 59 1 . 88±0 . 56 2 . 73 ±0 . 6 1  

-0 . 07 
-3 . 38 

s 0 . 1 5 ±0 . 22 0 . 1 2 ±0 . 02 0 . 1 2 ±0 .02 
MS 0 . 09 ±0 . 03 0 . 06±0 . 02 0 . 05±0 . 02 

w+ Gen . 0 - 2  0 . 65 ±0 . 1 2 0 . 53 ±0 . 1 7 0 .  59 ±0 . 1 1  
Gen . 3 - 5  0 . 08±0 . 07 0 . 06±0 . 19 0 . 07 ±0 . 09 

w- Gen . 0 - 5  0 . 38±0 . 02 0 . 44±0 . 03 0 . 4 1 ±0 . 02 

Group 1 197 1  0 . 39 
1972 0 . 3 1  
1973  0 . 4 1 
1974 0 . 1 2 
197 5  0 . 41 

Group 3 197 1  -0 . 1 1 
1972  0 . 28 
1973 0 . 14 
1974 0 . 07 
1975  0 . 37 

Vi sua  1 0 . 23±0 . 74 
I ndex 0 . 43±0 . 39 

( See section 2 . 2 . 3  for explanation of rea lized responses ) 
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the reduct i on i n  a dvantage bei ng greater i n  t he rams . The apparent 

l ac k  of  response was thought to be caused by severe droughts duri ng 

1960- 1964 , rather than the c hange i n  se l ecti on cri teri a .  To test  t h i s  

theory the fl ocks were s hi fted to a more favourabl e env i ronment . Turner 

and Jackson ( 1978 ) s howed that res ponse i n  W recommenced under t he more 

favourabl e condi ti on s .  

I n  the i mproved env i ronment , Turner and Jackson ( 1978 ) s howed the 

MS g roup ( see Tabl e 2 . 1 )  produced a sma l l e r  response i n  c l ean fl eece 

wei ght than t he S group ( see Tabl e 2 . 1 ) .  The d i fference i n  response 

was probabl y due to t he d i fferent restri cti ons p l iced on the two groups 

( see Tabl e 2 . 1 ) .  Turner ( 1977 )  c a l cu l ated t he geneti c  corre l ati on of  

W wi th cr imp frequency ( CF )  and  wi t h  mean fi bre di ameter (MF D )  as bei ng  

i n  t he  ranges - 0 . 5 to  - 0 . 9  and +0 . 2  to  +0 . 4 ,  respecti ve ly . Consequentl y ,  

Turner and J ackson ( 1978 ) argued that  a l i mi t o n  C F  i n  the M S  group wou l d  

restri ct i nc reases i n  W to a greater e xtent than woul d the cei l i ng o n  MFD 

i n  the S gro up , because o f  the d i fference i n  magni tude of  the respect i ve 

geneti c  corre l at i ons . 

Turner et al . ( 1970 ) reported a non-s i gn i fi cant , negati ve , regres s i on 

of cl ean fl eece wei g ht on t i me i n  the i r  w+ group . However a h i gh ly  

s i gni fi cant i n i t i al response occurred , due to  the se l ect i on o f  h i g h  

produc i ng base fl ock parents . The authors aga i n  suggested that  poo r  

env i ronmental cond i t i ons  duri ng the ear ly  1960s caused the l ac k  o f  

conti nued res ponse . In  contrast to t he w+ group , the w- group s howed 

a very h i gh ly  s i gn i fi cant , negati ve ,  regres s i on of cl ean fl eece we i g ht  

on  t i me throughout the whol e peri od . 



Mayo et al. ( 1969 )  produced two real i zed heri tabi l i ty ( h� )  
est i ma tes . Howeve r ,  these e s t imates cannot stri ctl y be regarded a s  

rea l i zed  heritabi l i ty va l ues  because sel ect i on was not based sol e l y  on 

W , ( see Tab l e 2 . 1 ) .  Al thoug h the  two regres s i on coeffi c i ents , 
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0 . 43 ± 0 . 39 and 0 . 23 ± 0 . 74 ,  fa l l  wi th i n the e xpected range of  heri tab i l i ty 

est imates for W ,  the h i gh standard errors precl ude any mean i ngful 

d i scus s i on of  what degree of response has occurred . 

Patt i e  a nd Barl ow ( 1974 )  o bserved a non - l i near res ponse i n  the i r 

w+ group ( see Tabl e  2 . 1 ) .  Duri ng  the fi rst two generati ons of  

sel ecti on a response of  about one standard devi ati on i n  W res ul ted .  

Very l i tt l e  response was s hown i n  the next t hree generati ons . I n  

contrast  t hew- group ( see Tabl e 2 . 1 ) showed conti nued res ponse 

throughout a l l fi ve generati ons . Because o f  t he non -l i near response 

in t he w+ g roup  the data were d i v i ded i nto two peri ods , the re sponse 

wi t h i n  each  of these peri ods be i ng l i near ,  and h� est imates were 

cal cu l ated wi th i n  each peri od . Rea l i zed heri tab i l i ty e st imates from 

the w- group  and from generati ons 0 - 2  i n  the w+ group compared favoura bl y  

wi th a heri tabi l i ty est i mate o f  0 . 47 ± 0 . 07 ,  deri ved u s i n g  daughter-dam 

regre s s i on i n  the ba se fl ock ( Morl ey , 1955 ) .  As  expected t he h� 
est i mates for genera t i on s  3-5  i n  the  w+ group were not s i gn i fi cant ly  

di fferent from zero . Rea l i zed  heri tabi l i ty est i mates were not 

cal cu l ated over al l 5 generati ons i n  the w+ group . 

Patti e  and  Barl ow s uggested that the l ac k  of  response i n  l ater 

generat i on s  was due to an i n crease i n  the s i ze of the negat i ve geneti c 

corre l a t i on between fi b re den s i ty ( D ) and MFD . An i ncrease of th i s 

genet i c  correl at i on was observed by Brown and Turner ( 1968 ) . Before 



sel ect i on they est i ma ted th i s corre l at i on to be -0 . 56 ± 0 . 06 ,  but 

fol l owi ng several years sel ect i on the est i mate had i nc reased to 

1 5  

-0 . 78 ± 0 . 06 .  Patt i e and Barl ow stated that i f  the genet i c  corre l at i on 

between D and MFD i ncreased from -0 . 5  to -0 .9  duri ng s e l ecti on , then t he 

h� est ima te cou l d decrease from 0 . 42 to 0 . 18 .  The magn i tude of  h� 
coul d then be respon s i b l e  for the l ack  of response i n  l ater generati on s . 

Other factors that may have s l owed the res ponse i n  W were a l so d i scussed . 

No defi n i te conc l us i on was reac hed as to the effect of  sampl i ng 

vari ati on and d i rect i ona l  dri ft ,  but  i t  wa s thought un l i ke l y  that they 

coul d cause such a l a rge reduct i on i n  response to se l ect i on .  

I nbreedi ng was shown to have reached on ly  l ow l evel s whi c h  s houl d not 

h ave affected respon se . Genotype x envi ronment i nteract i on wa s 

consi dered un l i kel y to  h ave contri buted to t he l ack of res ponse s i nce 

most years of the experiment were favoura b l e  for wool p roduct i on .  I n  

a subsequent report Barl ow ( 1974 )  concl uded t hat some doubt exi sted a s  

t o  whether the geneti c  correl ati on between D and MFD , per se , was a 

maj or factor caus i ng t he decl i ne i n  response . As an a l ternati ve , he 

suggested t hat  the expre s s i on of  t he w+ fl ock genotype was probab ly  

suppressed under pasture cond i t i on s  p reva i l i ng at Trang i e  duri ng the 

experimental peri od . 

Heydenrych et aZ. ( 1977 ) produced severa l  est imates of  h� . 

However, the se l ect i on fl ocks from whi ch t hese est imates were deri ved 

were not subject to s i ng l e trai t se l ecti on ( see Tab le  2 . 1 ) . 

Con sequentl y ,  these e s t imates are not acceptab l e a s  h� , but  they can be 

i nterpreted as the amount  of response  i n  W ,  g i ven the sel ecti on c r i ter i a 

stated i n  Tab l e 2 . 1 .  T he est imates o f  re sponse i n  W suggest that 

prog ress  was bei ng made i n  i ncreas i ng the amount of  cl ean woo l weight  

per  an imal . 
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2 . 2 . 6  Components through which d i rect response occurs 

Turner ( 1 958) div i ded W into five contributi ng components : 

w = D X A X L X SA X R ,  

where D = fi bres per un i t  area of s k i n ,  

A = the cros s- sectiona l  area  of  fi bre , 

L = fibre l ength , 

SA = smooth body surface a rea , and 

R = wri nkl i ng factor . 

T h i s  apparentl y  straightforward breakdown of c l ean fl eece weight has  two 

important l i mitat i ons . First ly, the apportioni ng of variat i on i n  c l ean 

fl eece we ight wi l l  depend on how accurate ly  the component was meas ured ; 

e . g .  i naccu rate measurement-of fi bre l ength wou l d  reduce the proporti on 

of vari ance attributed to that component . Secondly , the ex i stence of 

corre l at i on s  between t he components woul d cause d i ffi cul t i e s  when 

attempti ng to apportion t he variance i n  W between rel ated components . 

A further prob l em is the  d i ffi cul ty i n  anal ysing mul ti pl i cat i ve mode l s. 

Henderson and Hayman ( 1 960 ) and Turner and Young ( 1969 ) discus sed severa l  

methods of ana l ysis and  t he defi ciencies associated wi th these  approaches . 

With i n  t he limi tat i on s  ment i oned , the above breakdown can aid the 

exp l anati on of how the res ponse i n  c l ean fl eece weight might  have 

occurred . 

Certain combinat i ons  of these components produce useful quantiti es :  

SA X R = tota l wool -beari ng surface a rea , 

SA X R X D = tota l number of  f i bres , 

A X L = fi bre vol ume , and 

A X L X D = wool pe r unit area of sk i n .  



Turner et al. ( 1 968 ) , Turner et al. ( 1 970 ) and  Barl ow ( 1 974 ) , 

di v i ded the response i n  W i nto the vari ous components . By i n fe rence , 

the  re spon se obtai ned by Heydenrych et al. ( 1 977 ) can a l so  be di v i ded  

i n to the  components . Al l four reports i nvol ved Mer i no s heep . 
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Dur i ng  se l ect i on for h i gh cl ean fl eece wei g ht the contri buti on of 

SA and  R i s  gene ra l l y  very smal l ,  thus the tota l woo l - beari ng surface 

area ( SA x R )  appears to be rel at i ve ly  constant . Most of the response 

comes from an i nc rea se i n  woo l  grown per un i t  area of s k i n  ( A x L x D ) . 

Ba rl ow ( 1 974 ) and Turner et al. ( 1 970 ) s howed that the  i n i t i a l re sponse 

to se l ect i on was contri buted by A, L and D .  Barl ow ( 1 974 ) then s howed 

that A caused the cont i nu i ng response i n  W ,  but Turner  et al. ( 1 970 )  

concl uded that  L and D were the i mportant components . Accord i ng to 

Turner et al. ( 1 970 ) the contri buti on from A decrea sed as se l ect i on 

progressed .  Turner et al. ( 1 968 ) and Heydenrych et al. ( 1 97 7 )  found 

that D wa s the greatest contri butor toward the response i n  W .  Both of 

thes e  l atter reports had ce i l i ngs on MFD that probab l y precl uded A from 

contri buti ng to the response i n  c l ean fl eece wei ght . 

2 . 2 . 7  Correl ated responses  to  sel ect i on for cl ean fl eece we ight 

Corre l ated responses to s e l ecti on recorded by Turner et al. ( 1 968 ) , 

Turner et al. ( 1 970 ) and Barl ow ( 1 974 ) a re presented i n  Tab l e 2 . 4 .  

I n  i nterpret i ng these  resul t s  i t  s houl d be remembered that on ly  the 

resul t s  of Turner et al. ( 1 970 ) and Barl ow ( 1974 ) have come about 

through s i ng l e  tra i t  sel ecti on for W ,  consequent ly  resul ts  from the 

other workers mus t  be i nterpreted wi th parti cul ar con s i derati on of the 

se l ect i on cri teri a .  
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TABLE 2 . 4 :  CORRELATED  RESPONSES TO SEL ECT I ON FOR CLEAN FLEECE WE I GHT 

Group  
Sex 

Tra i t  

GFW 
y 
SL 

MFD 

D 
FR 
CF 

CHG 

SCG 
HG 
FC 

LW 
ww 

Turner et aZ. { 1968 ) Turner et al. Barl ow ( 1974 ) * 
{ 1970 )  

w+ s MS w+ 

Rams Ewes Rams Ewes Poo l ed Rams Ewes 

1 . 37 1 . 45 1 .  26 2 . 06 -0 . 60 0 . 2 1  0 . 03 0 . 22 0 . 02 
0 . 66 0 . 89 0 . 65 0 . 63 0 . 48 0 . 30 0 . 05 0 . 30 0 . 22 
0 . 18 0 . 63 0 . 2 1 0 . 5 1 0 . 28 0 . 15 0 . 06 0 . 1 5  0 . 1 1 

- 0 . 44 - 0 . 1 5 -0 . 38 - 0 . 06 - 1 . 18 0 . 1 1  0 . 02 
2 . 04 1 .  99 2 . 16 1 . 85 1 .  98 0 . 08 0 . 1 0 

0 . 08 0 . 03 
- 1 . 70 - 1 . 59 - 1 . 34 - 1 . 30 1 . 18 -0 . 22 - 0 . 04 -0 . 29 -0 . 1 2 

0 . 13 0 . 10 0 . 13 0 . 1 2 

0 . 04 -0 . 30 0 . 05 0 . 05 
0 . 09 -0 . 01 -0 . 03 - 0 . 24 

-0 . 77 0 . 04 - 1 . 82 - 1 . 03 -0 . 0 1  -0 . 05 
0 . 63 0 . 22 0 . 38 0 . 69 0 . 1 3  0 . 00 -0 . 31 -0 . 03 -0 . 05 

-0 . 04 -0 . 16 -0 . 04 0 . 02 

* F i rst col umn for rams and ewes i nc l udes a l l generati ons , wh i l st 
the second for each i n vol ves on l y  gene rati ons 1 to 5 .  Regres s i on 
coeffi ci ents use cumul at i ve sel ect i on di fferent i a l  as  i ndependent 
vari abl e .  Tra i t  a bbrev i at ions a re expl a i ned i n  Tabl e 3 . 4 ,  except 
for D = fi bre den si ty and FR = fi bre rati o .  

( See sect i on 2 . 2 . 4  for expl anat ion  of correl ated responses ) 
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Genera l l y  the corre l ated responses are i n  good agreement wi th each 

othe r ;  however menti on shou l d be made of some unexpected res u l ts .  

Turner  et al. ( 1970 )  found a non -s i gni fi cant , negat i ve ,  corre l ated 

response in grea sy fl eece we i g ht ( GFW ) . Th i s cou l d be expected 

con s i deri ng the non- s i gni fi cant , negati ve , d i rect respon se i n  W .  T h i s 

cou l d a l so  expl a i n  the s i gn i fi cant decrease i n  MFD and the non - s i gni fi cant 

i n crease in crimp frequency , when , accord i n g  to the other reports , 

responses  shoul d have been i n  the oppos i te d i rect i on s . 

Tabl e 2 . 5  s ummari zes the ava i l ab l e e s t i ma tes o f  geneti c corre l at i ons  

between W and other tra i ts in  the reports d i scus sed . The rel at ion s h i ps 

between W and GFW , c l ean scoured  y i el d ( Y ) , MFD , stapl e l ength ( SL ) , C F  

a nd  qua l i ty number ( QN )  appear to  be wel l estab l i shed . A l though s i x  

est i mates are avai l a bl e  for each o f  the rel at i ons h i p s  between W and 

handl e grade ( HG ) , c haracter grade ( CHG ) and col our grade ( CG ) the 

val ues a re too unstab l e to enab l e  any s ugge s t i on of what t he true 

re l ati ons h i p mi ght be . The rema i n i ng associ ati ons have too few 

est i mates a va i l abl e for any accurate assumpt i on to be made about the 

true geneti c corre l at i on . 

Tab l e  2 . 6  s ummar i zes  ava i l ab l e genet i c correl ati ons between GFW 

and vari ous  other trai ts . 

2 . 3  Face Cover 

Face -cover grades are used to de scri be the extent to whi ch 

wool fi bres cover the head , as  compared w ith  s hort kemps . 

Grad i ng may a l so be i nfl uenced by the l ength and dens i ty of wool 

on the face . An expl anati on of the scori ng system used i n  th i s 
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TABLE  2 . 5 :  AN I ND I CAT I ON OF THE S I Z E  O F  GENET I C  CORRELAT ION EST I MATES 

Trai t 

GFW 

y 
SL 

MFD 

D 

C F  

CHG 

SCG 

HG 

QN 

FC 

LW 

ww 
LB 

LR 

B ETWEEN CLEAN FLEECE WE I GHT AND OTHER TRA ITS 

H i gh  Moderate Low Negl i g i bl e Low Moderate H i gh 
Negati ve Negat i ve Negat i ve Pos i t i ve Posi t i ve Pos i ti ve 

I I I I I I I I I I  

I I I l l  I I I I 

I I I I I I  I l l  I I  

I l l  I I I I I I 

I I 

I I I I I  I I I I  I 

I I I  I I I  

I I I I I I 

I I  I I I  I 

I I I I I  I 

I 

I I I 

I 

I 

I I 

T ra i t  abbrev i at i ons are expl a i ned i n  Tabl e 3 . 4 ,  except for 
D = fi bre. densi ty .  

For bounds o f  g roupi ngs see sect i on  5 . 3 .  

For actual e s t i mates see Chopra ( 1978 ) . 



TABLE 2 . 6 :  AN I ND I CAT I ON OF THE S I ZE OF GENET I C  CORRELAT ION  EST IMATE S  
BETWEEN GREASY FLEECE WE I GHT AND OTHER TRAITS  

H i g h  Moderate Low Neg l i g i b le  Low Moderate Hi g h  
Tra i t  Negati ve Negat i ve Negati ve Po s i t i ve Po s i t i ve Pos i t i ve 

VSL )1-c,/l/ -&';)1--i.. 
vMFD fl-U"- h� dJ� 

D A# r tff :"'' ·) 
tJ(' fr.t Cjf\..Or.C<-1 

-,cY CF v' I I  ltii "' I 

CHG (/•.tl .. r/flv �rkk I 1/ 
I 

)< SCG �"vvrclrv"':,.-<r .. .l" I I 
;J. , 

y HGif/·,,.,d- I I  I I  

1 / QNG''
. Ill I I I I I II I I II ('J) 

FC /to,_., '1 /I )( T � 8 ·wf LW fOJ5· J. •• -� 

WW v/tt�rw� ....,.{ 
BW ); ,. (., .... ! 
LB r\ " ,,, (, • I ,01' ;") 

I I  

I 

I 

I I  

I I I  

I 

I I  

I 

I I  Ill I 

I I I I I  I I I I I I I I I I I I I I I I  

I I I I I  I I I I I  I I I I I I I I  

I 

I I  

I I I I I I  I I I I I I I  

I 

I I  

Ill 

I 

Ill 
I 

I I 

I 

I 

Ill 

I 

I I I I 

I I I I  

I I 

I I I I I I I I I  

I 

I I I I I I I  

I 

Tra i t  a bbrev i at i on s  are expl a i ned i n  Tab le  3 . 4 ,  except for 
D = fi bre den s i ty .  

For bounds  o f  groups  see sect i on 5 . 3 .  

For actual e st imates see C hopra ( 19 78 ) . 

2 1  
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study i s  gi ven i n  sect i on 3 . 1 . 2 .  H i g h  face-cover grades refer 

to open face s heep whi l st l ow scores  refer to covered-face , c l ose-faced , 

wool -b l i nd ,  muffl ed or wool l y-faced i ndi v i dual s .  Several other workers 

have al so deri ved scori ng systems : Terri l l  ( 1 941 ) ,  Turner et aZ. ( 1 953 ) , 

Cockrem et aZ. ( 1 9 56 ) ,  Coop ( 1 956 ) , Fa i l  and Dun ( 1 956 ) and Cockrem 

( 1966 ) .  

T he i ntere st  i n  face cover was s t imu l ated by Terri l l  ( 1941 ) ,  who 

reported that woo l l y- faced Rambou i l l ets  weaned l ess  we i ght o f  l amb per 

ewe j o i ned when compared wi th open-face Rambou i l l ets . Th i s wa s an 

i mportant fi ndi ng  because duri ng the 1 930s  and 1940s many farmers had 

sel ected s heep wi th  wool cover over the face and l egs i n  the be l i ef  that 

such  an imal s had greater fl eece wei ghts . The resul ts of Terri l l  ( 1941 ) 

were confi rmed by T erri l l  ( 1 949 ) , Barton ( 1 954 ) , Fai l and Dun ( 1956 ) , 

Coop ( 1 956 ) , Cockrem et aZ. ( 19 56 ) , I n ks ter  ( 1956 ) , Cockrem ( 1 958 ) , 

Jeffri e s  ( 1962 ) ,  Dun et aZ. ( 1964 ) and Coc krem and Rae ( 1 966 ) i n  Romney , 

Pepp i n Meri no and Corri eda l e  sheep . Two reports , Jeffe ri es ( 1 962 ) and 

Yo��� et aZ. ( 1 963 ) , found no associ at ion  between the l evel of face 

cover and l amb product i on i n  Austra l i an Meri nos . I n  both of  t hese  

reports few s heep were found wi th wool l y- face grades . Th i s observat ion  

l ed Dun et aZ. ( 1 964 ) to  s uggest that the  extremes of  face-cover g rades 

had to be present for a di fference in  l amb producti on to be found . 

Mul l aney ( 196' ) reported that Corrieda l e s  wi th  a more open face 

produced more l ambs born than d i d  cl ose-faced Corri eda l es . I n  one good 

year when twi nni ng was more frequent the Meri nos a l so s howed a 

s i gn i f i cant d i fference i n  n umbers of l ambs born i n  favour of the o pen 

face a n ima l s .  The Pol warths s howed no con s i s tent effect of face cover 

on ferti l i ty .  
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Wh i l st investi gat i ng the rel ati onsh i p  between l amb product i on and 

face cover mos t  a uthors a l so exami ned the associ ati on between fl eece 

wei ght  and face cover . Terri l l  ( 1 941 ) and ( 1 949 ) , Fa i l andbun ( 1 956 ) ,  

Coop ( 1 956 ) , Cockrem ( 1958 ) and Cockrem and Rae ( 1966 ) al l s howed no 

rel a t i onsh i p between face cover and wool product i on . Barton ( 1 954 ) 

and Cockrem et at. ( 1 956 ) found  that open-faced ewes produced l es s  woo l  

than wool l y-face d  ewes . However , when the greater l amb producti on of 

the open-faced ewes wa s accounted for there was no d i fference i n  fl eece 

product i on .  I n  part of thei r experiment , Carman and Wi l l i ams ( 1 957 ) 

showed that open-faced Shrops h i res produced more wool than thei r wool l y-

faced contemporar i e s , however t h i s  advantage was not consi stent over 

al l years . Morl ey ( 1 955 ) cal cu l ated a negati ve genet i c  corre l a t i on 

( -0 . 58 )  between face-cover grade and GFW , s uggest ing that se l ecti on for 

open - faced sheep wou l d l ead to reduced GFW . The phenotyp i c  

corre l a t i on s  ca l c u l ated by Morl ey ( 1 955 ) between F C  and GFW were c l ose 

to zero . Whi l e  a l l  previ ous l y  menti oned reports were made after the 

trend to woo l l y-faced s heep had occurred , the re sul t pub l i shed by 

Spencer et at. ( 1 928 ) shou l d have provi ded a warn i ng that face cover 

and fl eece we i ght were not necessari l y  re l ated .  

Cockrem ( 1 966 ) presented an hypothes i s o f  how the extent o f  face 
' 

cover mi ght  affect t he physi ol og i cal  funct i on i ng of an i nd i v i dua l . He 

showed that open-faced sheep had better contro l  over the i r  body 

temperature than d i d  wool ly-faced s heep . Cockrem sugge sted that 

better temperature control coul d expl ai n the d i fferences i n  l amb 

producti on and fl eece producti on exh i b i ted between open- fa ced and 

wool l y-faced s heep . 



Cockrem and  McDonald ( 1969 ) could not f ind  any con s i s tent 

di fference in body temperature between the  various face -cover grades . 

They s uggested that lack  of vari ati on i n  face-cover s cores precluded 

the c hance of f i n d i ng a d i fference . Cockrem and McDonald ( 1 969 )  

showed a lower rate of  i mplantati on of  the blastocyst i n  ewes w i t h  a 

hi gher body temperature . 
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No experiments i nvolvi ng s i ngle tra i t  selecti on for ,  or agai n st , 

face cover have been reported .  Ava ila ble estimates o f  the heri tab i li ty 

of face cover are li sted i n  Table 2 . 7 .  The general consensus  o f  t hese 

est i mates i s  t hat  face cover should s how rap i d  response to selecti on .  

2 . � T he Est imat i on of  Genet i c  Respon se to Select ion i n  Farm Spec ie s  

2 . 4 . 1 I ntroduct i on 

T here are three mai n reasons why est imates of genet i c response to 

select i on may be requ i red : 

( a )  to enable the compari son of di fferent selecti on programmes , 

( b )  to evaluate the economi c effi c i ency of runni ng a selecti on 

programme , and  

( c )  to prov i de an alternati ve method o f  est imat i ng genet i c 

parameters . 

The remai nder of th i s chapter wi ll refer only to the est imat i on of  

genet i c  pa rameters from s i ngle tra i t  select i on experi ment s . 
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TABLE 2 . 7 : AVA ILABLE EST IMATES OF THE HER ITAB I L ITY  OF FACE-COVER  GRADE 

Author ( s ) Method Breed 

Terri l l  ( 1 941 ) 0 . 44 Daughter-dam regre s s i on Rambou i l l et 

Terri l l  and  Hazel ( 1 943 ) 0 .32  

Teri l l  a nd  Hazel ( 1 946 ) 0 . 5 1 ±0 . 07 Daughter-dam regre s s i on Rambou i l l et 

Watki ns  ( 1 954 ) 

Shel ton et al. ( 1 954 ) 

Morl ey ( 1 955 ) 

Roberts ( 1 959 ) 

Carman and Wi l l i ams 
( 1 957 ) 

0 . 60±0 . 07 Paterna l hal f- s i b Ramboui l l et 

0 . 56±0 . 05 Average of  a bove two Ramboui l l et 

0 . 62 ±0 . 05 Paternal hal f-si b Hamps hi re 
0 .34±0 . 08 Da ughter-dam regres s i on Hampsh i re 

0 . 48 Paterna l hal f-s i b Ramboui l l et  

0 .38 Daughter-dam regres s i on Meri no 

0 . 50 Meri no 

0 . 16±0 .32  Daughter-dam regress i on Shropsh i re 



Three experi menta l des i gns  are commonl y  u sed to enabl e the 

est i mat i on of genet i c response : 

( a )  sel ect i on i n  one d i recti on wi t hout a contro l , 

( b )  sel ecti on i n  one di recti on wi th  a control , and 

( c )  di vergent sel ect i on . 

In  some cases a combi nati on of  ( b ) and ( c )  may be used . 

2 . 4 . 2 Se l ect i on i n  one d i recti on wi thout a control 

I n  l arge an imal  experi ments i t  i s  norma l ly  i mpos s i bl e  to ma i nta i n  
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a cons tant envi ronment for each s uccess i ve generati on of an i ma l s ,  un l e ss  

they are housed under arti fi c i a l  condi t i ons . Consequentl y ,  when 

compar i ng the performance of success i ve generat i ons  a port i on of t he 

di fference i n  performance wi l l  be due to c hang i ng envi ronmental e ffects . 

These envi ronmental  effects , wh i ch vary from generat i on to generat i on 

but i nfl uence a l l i nd i v i dual s i n  a ny one generati on i n  a s i mi l a r 

fash i on , a re cal l ed " common " envi ronmenta l e ffects . 

The probl em of se l ecti on i n  one di rect i on wi thout a contro l  i s  to 

adj ust for the common envi ronmental i n fl uence . Goodwi n et al. ( 1 9 55 ) 

proposed a repeat mat i ng concept to enabl e the est imat i on of  genet i c  

ga i n  i n  pou l try , wi thout mai ntai n i ng a control group . Repeat mat i ng 

was d i scussed  in  the context of l a rge an ima l  breed i ng experiments by 

Di ckerson ( 1 960 ) and Smi th ( 1 962 ) . By u s i ng s ome s i res for two or more 

years a genet i c  l i nk from year to year was formed . The geneti c l i n k  
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was then used  to remove at l east part of t he env i ronmental e ffect . 

Th i s  techn i que a l l owed more resources to be put i nto the se l ecti on 

g roup ( s ) . Al so , because genotypes were more s i mi l ar i n  the  repeat 

mati ng method , than i n  t he control / se l ected group approach , the s i ze of  

any genotype x envi ronment  i nteract i on was reduced . Smi th  ( 1 962 ) 

noted two probl ems that coul d prevent the effi c i ent use of th i s techn i que . 

F i rst l y ,  the n umber of  s i res requ i red to prov i de the genet i c  l i nk cou l d 

reduce the rate of geneti c response , mak i ng i t  more d i ffi cu l t to i dent i fy 

the true genet i c  ga i n .  Secondl y ,  any sel ecti on and progre s s i ve cu l l i ng  

of  s i res wou l d throw doubt on est i mates of the genet i c  parameters . 

Smi th conc l uded that the use o f  a randomly bred control wou l d  be more 

effi ci ent i n  i dent i fyi ng the true genet i c  ga i n  than the repeat mat i ng 

approach . 

Henderson ( 1 949 ) d i s c us sed a techni que wh i ch enabl ed the  separat ion  

of  geneti c and  envi ronmental effects when predi ct i ng dai ry bu l l breed i ng 

val ues from daughter l actat i on records ta ken i n  d i fferent years . The 

met hod of est imat i on has  become known a s  BLUP ( Henderson , 1 972 ) ,  whereby 

est imates of  t he fi xed effects are best l i near unb i ased est i mates ( BLUE ) 

and pred i ct i on s  of rea l i zed val ues o f  t he random effects are best l i near 

unb i ased pred i ct i ons  ( BLUP ) . The appl i cati on of BLUP methodol ogy 

generates a set  of normal equat i ons  known as mi xed-model -equat i ons ( MME ) .  

BLUP has been wi dely used i n  the dai ry i ndustry to est i mate bu l l  and cow 

breedi ng va l ue s , free of  envi ronmental effects ( Henderson , 1972 ) .  The 

s uccess of the MME in  separati ng geneti c and env i ronmental effects i s  

dependent on genet i c  connectedness  across  envi ronmental effects . The 

geneti c t ies  ar i se through  genotypes be i ng compl ete ly or part i a l l y  

repre sented throughout t he d i fferent envi ronments .  
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In  sel ect i on experi ments , si res are often used in  one year only to 

max i mi ze geneti c  ga i ns . For the genet i c  and envi ronmental effects , 

part i cu l arly year effects ,  to be separated under these ci rcumstances i t  

i s  necessary t o  i nc l ude a re l at i onshi p matri x i n  the MME t o  s uppl y the 

genet i c  t ies  between years . I t  woul d be possi bl e ,  i n  theory to 

separate the geneti c and envi ronmental effects by i nc l ud i ng dams i n  the 

ana lyses , i f  severa l records in the d i fferent envi ronments were 

ava i l a bl e  for each dam .  Howeve r ,  th i s  a pproach may not be feas i b l e  
.; ( . �· � I, rJ 

due to phys i cal l i mi tat i ons  i mpo sed by computers . T he effi cacy of  the 

MME techn i que i n  e st imati ng geneti c trend when s i res are only used i n  

one year has not yet been adequatel y tested . 

2 . 4 . 3  Sel ect i on i n  one d i rect i on wi th a control 

T he ma i ntenance of contro l  groups to a i d the pred i ct i on of genet i c 

trends free of envi ronmental effects i s  wel l documented ( Hi l l , 1972c ) .  

Formu l ae presented by Hi l l  ( 1 972 b )  can be u sed to compare the effi c i ency 

of runn i ng a control versus  not ma i nta i n i n g  a control group . 

common envi ronmental vari ance ( a� )  i s  expected to exceed : 

a2 � h 2 a 2 a2�h4 
L + K - M 

I f  the  

where a 2 = the phenotyp i c  standard devi at i on of  the trai t ,  

h2 = the heri tabi l i ty of the trai t ,  

L = the s i ze of the control breed i ng group , 

K = the number of i nd i v i dual s recorded i n  the control group , 

M = the number of an imal s recorded i n  the sel ected group , and 

� = ( t2 + 2t + 2 ) / 10 ,  i f  the sel ected and control groups are 

from di fferent base fl ocks , 

or t. = ( 2t2 + 2t + 1 ) / 5 , i f  the sel ected and control groups 

are from t he same base fl ock , 
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then a contro l  g roup s hou l d be ma i nta i ned . However , a� has  not o ften 

been quant i fi ed ,  except under l aboratory condi ti ons . I t  i s  therefore 

d i ffi cu l t to make a defi n i te statement about the rel ati ve s i ze of  aE , 

and t he fi gure deri ved from the above formu l a  i n  an outdoor , l a rge -an i ma l , 

exper iment .  

H i l l  ( 1 972c ) revi ewed the d i fferent approaches avai l abl e for 

ma i nta i n i ng a group i n  whi ch  the genotypes a re representat i ve of the 

ori g i na l  popul ati on pri or to se l ect i on commenc ing . I n  exper iments 

i nvol v i ng l a rge farm speci es t he control group i s  the most common 

approach to repl i cat i ng genotypes over t i me .  

One of the probl ems a s soc i ated wi th control popu l ati ons i s  

d i recti ona l  genet i c dri ft . To ens ure t ha t  geneti c dri ft i s  mi n i mi zed 

the effect i ve number ( Ne ) i n  t he control shou l d be as l a rge a s  poss i b l e .  

For a random mati ng , d i s crete generation popul ati on , Hi l l  ( 1 972c ) 

presented the fol l owi ng formu l a  for the cal cu l ati on of Ne : 

[ M 2M M2 2 l 1 + a� + F + � Cov ( mm ,  mf ) + f70mfj 

1 [ F 2 F  F2 l 
+ 16F 1 + a¥f + M + M Cov ( fm ,  ff ) + �tmj 

whe re M =  the n umber  of  ma l es , 

F = the n umber of fema 1 es , 

2 0mm and a�f = the vari ances i n  the n umber o f  ma l e  progeny 

and femal e progeny , respect i vel y ,  from ma l es ,  

2 and 2 the vari ances i n  the numbe r of femal e progeny Off 0fm = 

and ma l e  progeny , respecti vel y ,  from fema l es ,  

and 
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Cov (mm , mf ) and Cov ( fm , ff ) = the covari ances between the 

number of fema l e  and ma l e  

progeny from mal es and fema l es 

re specti ve l y .  

Th i s formu l a  a l so hol ds  for over l app i ng generat i ons i f  t h e  fol l owi ng 

cri ter ia  are met by the control group ( Hi l l ,  1 972c ) : 

( a ) the numbers of  an ima l s enteri ng the group each year and the 

age d i stri but i on wi thi n t he group are both con s tant , and 

( b ) the age d i stri but i on of parents of i ndi vi dual s born i n  any 

one year i s  constant . 

Note that for overl app i n g  generations  M and F become numbers per 

generati on and the vari ances  and covari ances become dependent on l i feti me 

fami ly  s i ze s . Gi ven that M and F a re fi xed , the rema i n i ng vari abl es  

must therefore be mi n im i z ed if  Ne i s  to be max i mi zed . 

In  random bred control s where a l l repl acement stock are c ho sen 

ent i re ly at random , there are no v i ta l i ty or fert i l i ty d i fferences 

between fami l i es ,  and i f  fami ly s i zes fol l ow a Poi sson d i stri buti on , 

then the formu l a  for esti mat i ng Ne s i mpl i f ies  to : 

because Cov (mm , mf ) = Cov ( fm , ff ) = 0 ,  a�m = o�f = 1 ,  and o�f = 1/ofm 
= F/M ( Hi l l ,  1972c ) . I f  restri cted , randomi zed , se lecti on of  repl acement 
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stock occurred s uch that : each ma l e  has  one son and F/M daughters , and 

each fema l e  has one daughter and a probabi l i ty of M/F of  hav i ng one son 

then : 
16MF 

M + 3F 

because a�m = ( M/ F ) ( 1  - ( M/ F ) )  and t he other vari ances and covar i ances 

of fami l y  n umber are zero ( H i l l ,  1972c ) .  

Restr i cted , random , se l ect i on of repl acements , as  stated a bove , i s  

unl i kel y  to be feas i bl e  i n  many l arge an ima l  experi ments because  of the 

c hance that not every femal e  wi l l  produce at l east one daughter . 

However , i t  does prov i de the opportun i ty to i l l ustrate how Ne may be 

i ncreased . For exampl e ,  i f  M = 1 0  a nd F = 1 00 ,  then Ne 1 = 36 . 4  and 

and Ne2 = 5 1 . 6 . Thu s , i t  may be a worthwh i l e  exerci se to devi se a 

re stri cted , randomi zed , se l ecti on procedure for control popu l ati ons i n  

l a rge an i ma l  experi ments . 

Apart from control groups ,  other methods of ma i nta i n i ng genotypes 

over t ime can be u sed : 

( a )  embryo storage : the techn i q ues for l ong-term storage of  

mamma l i an embryos were deve l oped duri ng the 1 970s 

( Wh i tt i ngham ,  1977 ) .  Fert i l i zed  ova were col l ected from the 

fema l e  reproducti ve tract and stored i n  l i q u i d n i trogen at 

-1 96° c .  Land ( 1 977 ) con s i dered these recentl y deve l oped 

techn i ques adequate for the conservati on of genotypes i n  p l ace 

of control groups . Thus , i f  an  est i mate of t he genet i c 

res ponse was requ i red , a proporti on of the stored embryos 



wou l d be a l l owed to deve l o p  produc i ng a g roup of a n i ma l s 

aga i n st wh i ch t he sel ected a n i mal s coul d be compared , and 
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( b ) gamete storage : wi th the recent advances i n  the freez i ng of  

semen , storage has  become a rea l i st i c al ternati ve to t he 

control group i n  l a rge farm a n i ma l  sel ecti on programmes . By 

i n semi nat i ng a proport i on of  fema l es i n  the sel ected group 

wi th  semen col l ected from the ori g i na l  ba se - fl ock rams , and 

compar i ng  the progeny wi th  t he offspr i ng of sel ected s i res , 

then a n  e st imate of one-hal f of  the geneti c ga i n can  be 

obta i ned ( a ssumi ng  that a l l a n i mal s bei ng compared were run 

under the same condi t i ons ) .  An i ncrease i n  the l evel  of 

i n breed i ng in  the se l ected g roups may be a probl em . The 

progeny of fema l e s  i nsemi nated wi th semen col l ected at the 

start of  the exper iment coul d benefi t by some degree of 

hetero s i s .  Thus , the actua l amount of genet i c  response 

coul d be underest imated . 

From the prece d i ng d i scus s i on on  se l ecti on i n  one d i rect i on ,  wi th 

a control , severa l  po i nts  s houl d be noted . Wi th present technol ogy 

the u se of semen storage wou l d appear  to be a useful a l ternat i ve to 

us i ng a control g rou p .  The u s e  o f  th i s techn i que wou l d enabl e more 

resources to be devoted to the sel ecti on group { s ) .  I n  the futu re , 

l ong-term storage of  embryos coul d become a v i abl e techn i que for stori ng 

exampl e s  of the ori g i nal genotypes over t i me .  The advantages o f  stor ing  

embryos ,  compared wi th stori ng semen , wou l d be : 



( a )  compl ete absence of random geneti c dri ft ( i nd i v i dua l s 

produced through  the u se o f  s tored semen wou l d recei ve 

ha l f  of  the random geneti c dr i ft from the i r  dam ) , and 

( b ) the absence of  heterot i c  e ffects .  

2 . 4 . 4  D i vergent sel ect i on 
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Wi th d i vergent sel ect i on the common envi ronmental effects a re 

a s s umed to be removed dur i ng  the subtrac t i on of the l ow l i ne mean from 

the h i gh l i ne mean . H i l l  ( 1972b ) s howed that i f  M an i mal s were 

ava i l abl e for a sel ect i on exper iment then  di vergent se l ecti on and 

sel ect i on i n  one d i rect i on wi thout a control were of about equal 

effi c i ency i n  e st i mati ng geneti c parameters i f  a� = 0 .  When a� became 

greater than zero , d i vergent sel ecti on was more effi c i en t .  I f  a contro l 

group was u sed to take account of the common envi ronmental effects , and 

the an imal s for the control came from the ori gi na l M a n ima l s ,  H i l l  ( 1 972 b )  

conc l uded that d i vergent se l ect i on rema i ned more effi c i ent . However , i f  

the control group  was al ready present for some other purpose , then equa l i ty 

of effi ci ency may be reta i ne d .  

A probl em spec i fi c  t o  d i vergent se l ect i on was that , i f  respon se i n  

the h i gh and l ow l i nes was not symmetri cal , new errors were i ntroduced 

i nto the predi ct i on of geneti c  response . 

2 . 4 . 5  E rrors a s soci ated wi th e st imati ng genet i c  response to 

sel ecti on 

H i l l  ( 1 972c ) p rovi ded a rev i ew on the e ffi c i ency of est i mati ng  

genet i c change . He i denti f ied  two types of error : 



( a ) bi a s , and 

( b ) samp l i ng error .  

Errors res ul t i ng from b i as a re d i ffi cu l t to  quanti fy ,  part i cu l a r ly  i n  

the case of genotype x envi ronment i nteracti on associ ated wi th s ome 

trend or permanent change i n  t he envi ronment . An e s t imate of the 

magn i tude of the random s ampl i ng e rror can be deri ved . 

Sampl i ng e rrors may ari se  from several sources : 

( a ) dri ft vari ance ( oa )  i n  the contro l  and sel ected groups , 

whi ch i ncreases rough ly  i n  proport i on to the generat i on 

n umber ,  

( b ) error o f  measurement of genet i c  means from o bservat i ons 

on phenotypes ( o� ) ,  and 

( c ) genotype x envi ronment i nteract i on . 

Genotype x env i ronment i nteract i on ( GEl ) can be a source of error 

i n  se l ect i o n  exper i ments because  d i fferent genotypes a re often be i ng 
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eval uated i n  the s ame envi ronment . I n  part i cu l ar , a contro l  g roup may 

be u sed to account for envi ronmental  fl uctuat i ons  i n  se l ecti on 

experiments . I f  a true est i mate of any genet i c  respon se i s  to be 

obta i ned the control g roup must a ccurate ly  mea sure the c hanges i n  the 

envi ronment as  they affect the se l ected group . However , i f  the control 

and se l e cted groups re spond d i fferent ly  to the same envi ronment then t he 

estimate o f  the genet i c response  wi l l  be b i a sed by the s i ze of the GE l . 
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Bray et al. ( 1 962 ) compared a number of  approaches for separat i n g  

envi ronmental and genet i c  effects i n  se l ecti on experi ments u s i n g  

Tribolium castaneum . They conc l uded t hat i f  GE l exi sted t hen base 

contro l  g roups were i neffecti ve i n  separati ng  geneti c and envi ronmental 

effects i n  the l ater generati ons of  sel ected l i nes . To ove rcome the 

degree of  genet i c d i fference between the control and sel ected groups , 

Bray et al . ( 1 962 ) exami ned a re l axed se l ect i on techn i que i n  whi ch 

control l i nes  were ta ken from the se l ected g roup at frequent i nterva l s  

throughout the se l ect i on experi ment . They showed that t h i s techn i que 

more c l o se ly  i nd i cated how envi ronmental s h i fts affected the l ater 

generat ion s  of the se l ected l i ne s  than d i d  a random bred control group .  

Chopra ( 1 978 )  rev i ewed avai l ab l e i nformat i on on GE l for growth 

characteri sti cs , carca s s  c haracteri sti cs , fl eece characteri sti c s  and 

reproduct i ve tra i ts i n  ewes . Res u l ts were often vari ab l e for s i mi l a r 

tra i ts wi th  some authors report i ng s i gn i fi cant GEl and others reporti ng 

no i nteract i on .  Few s i gn i fi cant G E l  were reported for the reproducti ve 

tra i t s .  From h i s own analys i s  C hopra ( 1 978 )  s howed s i gn i f i cant s i re x 

stocki ng rate i nteract i ons i n  hogget l i ve we i g ht , mean f i bre d i ameter ,  

standard dev i at i on o f  fi bre d i ameter and total crimp n umber . 

Cons i deri ng  the ava i l a b l e i nformat i on on GE l ,  steps shoul d be ta ken to 

reduce the r i s k  of  t hem occurri n g , a l though they may not a l ways be a 

probl em . 

Genera l l y  GE l a re d i s regarded i n  sel ecti on experi ments  because of  

the d i ffi cu l ty i n  quant i fyi ng them . 



To enabl e a d i scuss i on on the vari ance of the est i mate of  genet i c  

response  i t  i s  neces sary to defi ne the techn i q ues u sed to eval uate the 

genet i c  response . H i l l ( 1 972a ) defi nes four a pproaches :  

( a )  the regre s s i on of cumu l at i ve response on cumu l at i ve 

se l ect i on d i fferent i a l  ( be ) ,  

( b )  the regres s i on of i nd i v i dual  generati on response on 

se l ect i on d i fferenti a l  ( b i ) ,  

( c )  the rat i o  of  total re sponse to tota l se l ecti on 

d i fferenti a l  ( bR ) ,  and 

( d )  a maximum l i kel i hood est imator ( bl ) . 

A fi fth approach whi ch  i s  common ly  used i s :  

( e )  t he regres s i o n  o f  cumul at i ve response on t ime ( bT ) .  
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Regress i on anal ys i s  u s i n g  t ime as an  i ndependent  vari abl e has been 

empl oyed by several workers to refl ect the rate of geneti c  res ponse to 

se l ect i on . The u se of br i nvol ves t he i mp l i c i t  a s sumpt i o n  that the 

s e l ect i on d i fferent i a l s  a re approxi mately equal from year  to  year .  

Al so , when se l ecti on di fferenti a l s are approx i matel y equal  from year to 

year bR = b 1 , and consequent ly  t he vari ance of  bR i s  equal  to  t he 

vari ance of b i , i . e .  V ( bR ) = V ( b r ) .  T he maxi mum l i kel i hood est imator 

wi l l  not be d i scussed here . 



TABLE 2 . 8 :  APPROX IMATE VAR IANCE EQUAT I ONS FOR THE EST IMATORS OF 
GENET IC RESPONSE . (From H i l l  ( 1972a ) and H i l l  ( 1972b ) ) .  

Type o f  Sel ecti on 
Experi ment Vari ance o f  the E st imator be 

Se l ec t i on i n  one 1 2  [t2 + 2t + J d i re ct i on wi thout s2t(t + 1)(t + 2) 1 0  
2 cra + (J� 

a contro l  

Se l ect i on i n  one 
d i re ct i on wi th 12  [t2 + i� + 2 a2. + cre2

] 
s2t(t + 1 )(t + 2) d 

a contro l  

* 6 [2t2 + 
5 
2t + 1 a2 + 0e2

] 
s2t(t + 1)(2t + 1)  tl 
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Di vergent 6 [2t2 +
5
2 t  + 1 + 0 2 + 3t ( t + 1 )  h2 �2] 

sel ecti on s2t(t + 1)(2t + 1) cra e 2(2t + 1 ) v e 

Type of  Sel ecti on 
Exper iment Vari ance of the E s timators bR and b i  

Se l ecti on i n  one 
di recti on wi th to� + 2cr� 
or wi thout a 
control t2 s 2 

Di vergent tcr8 + cr� + 
sel ecti on 

t2 s 2 

where s = se l ect i on di fferenti al , 
t = number of generat i ons , 

cr2 d 
= dri ft vari ance ( see Tabl e 

cr2 e = meas urement error vari ance 

* I f  regres s i on i s  through t he ori g i n .  

h 2cr2 e 

2 .  9 ) ,  and 

( see Tabl e 2 . 9 ) . 
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TABLE 2 .9 : FORMULAE FOR THE CALCULAT ION OF  o� and o� 

Type of Se lecti on Dri ft Vari ance Measurement Erro r  
Exper iment ( o� ) Vari ance ( o� )  

Selecti on i n  one o2 h 2 { 1 - h 2) o2 h4 o2 ( 1 - h 2) d i recti on wi thout + -- + ot 
a contro l NNC MNC MNC 

Selecti on i n  one o2 h2 {l-h 2) o2 h 2 o2 { 1 - h2 ) a2 
d i rect i on wi th  a + -- + -

c ontrol Ne L Me K 

Di vergent 2o2h 2(1- h2) 2o2 h4  2o2 ( 1 -h 2 ) se lect i on No 
+ Mo Mo 

where 02 = p henotypi c vari at i on , 

h 2 = heri ta bi l i ty ,  

M = number of ani ma l s recorded i n  se lecti on fl ock , 

N = number of an ima l s se lected a s  repl acements i n  
se lect i on fl ock , 

K = number  of an ima l s recorded i n  control fl ock , and 

L = s i ze of control breed i ng fl ock . 
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To  s i mp l i fy the vari ance equati on s  it  wi l l  be assumed that  se l ecti on 

d i fferent i a l s a re constant for each generat i on . W i th  th i s  constrai nt 

the vari ances of  be and bR deri ved by H i l l  ( 1 972a ) and H i l l  ( 1972b ) a re 

presented i n  Tabl e 2 . 8 . The formu l ae for o� and o� are g i ven i n  Tab l e 

2 . 9 . The dr i ft vari ance and meas urement error for d i vergent sel ecti on 

are both i nc reased by a factor of 2 compared wi th the other approaches 

( see Tabl e 2 . 9 ) .  However , No and M0 are normal l y  one -ha l f the s i ze of 

NMC • or  Ne , and MNC • or Me , i n  comparabl e experi ments . 

The contr i bu t i on to d ri ft vari ance from the sel ected an i ma l s i s  the 

same acros s  a l l t hree approaches ( h 2 ( 1  - h 2 ) /N ) . T he contri buti on from 

the number of an i mal s measured i s  the same for d i vergent se l ect i on  and 

se l ect i on i n  one d i rect i on wi thout a control ( h4/M )  but becomes h2/L for 

sel ect i on i n  one d i recti on wi th  a control . Tab l e  2 . 10 conta i ns several 

examp l e s  of the comparati ve s i ze of these two rati os .  For these two 

quant i t i es to equate the s i ze of the control breedi ng fl ock ( L )  must be 

much l a rger than the number measured i n  the se l ect i on fl ock ( M ) . 

TABL E  2 . 1 0 :  

MNC • 2Mo 

20 

50 
1 00 
200 
500 

A COMPARI SON OF h 4/MNC • h 4/2Mo AND h2/L  US ING  A 
H E R I TAB I L ITY OF 0 . 3  

o r  L h4 /MNC or  h 4 /2M0 h2 / L  

0 . 0045 0 . 0 1 50 
0 . 00 18  0 . 0060 
0 . 0009 0 . 0030 
0 . 0005 0 . 00 1 5  
0 . 0002 0 . 0006 



Compared wi th di vergent se l ect i on ,  the meas urement error i s  i ncreased 

by a� for se l ect i on i n  one d i recti on wi thout a contro l , or a2/ K  for 

sel ect i on i n  one d i rect i on wi t h  a control . 

H i l l  ( 1 972a , b ) s howed t hat t here was l i tt l e d i fference i n  the 

eff i c i ency of the three est imators be , b i  and bR i n  e st i mat i ng genet i c  

respon se . The est i mator bR i s  s l i ghtly more effi c i ent than be , when 

u s i ng e i t her  d i vergent se l ect i on or se l ect i on i n  one d i rect i on wi th a 

contro l , i f  e i ther the heri tabi l i ty or the number of generat i on s  i s  

h i g h .  

4 0  



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

MATER IALS AND METHODS 

3 . 1 Materi a l s 

3 . 1 . 1 The sheep and  t hei r env i ronment 

The data came from two sel ect i on f l ocks and a control fl ock , a l l 

three groups hav i ng been deri ved from the same base Romney fl oc k .  

Between 1 956 and 1966 a l l three fl ocks  were run on the fl ats o f  the 

Mas sey Uni vers i ty farm " Tuapaka " .  S i nce 1966 the three fl ocks  have 

been grazed on  another area of Massey Un i vers i ty l and cal l ed the 

" Pa h i atua B l oc k " . Some phys i ca l  features of  t hese two env i ronments 

a re recorded i n  Tabl e 3 . 1 .  

The ori g i na l  ba se fl ock of Romneys was descri bed by Rae ( 1958a ) . 

4 1  

Pr i or  to 1956 t he  base f lock  wa s random ly  bred u s i ng rams from Manawatu  

and Wa i rarapa Romney stud  fl ocks . Conseq uentl y ,  the base fl ock wa s 

con s i dered a s  be i ng representati ve of  t he Romney breed , a s  present i n  

the Southern North I s l and at  t hat t ime .  

Pr i or to the 1956 mat i ng, part of t he base fl ock was d i v i ded i nto 

three fl ocks  of a pproxi mate l y 80 ewes each . Each fl ock conta i ne d  ewes 

ran g i ng from 1� to 4� yea rs of age i n  proport i ons  s i mi l ar  to that of  

commerc i a l fl oc k s . Al l otment of ewes to the three fl ocks  was done 

randoml y wi thi n ewe age . I n  1 956 and 1 957 rams from l oca l studs were 

used . I n  1957 repl acement 1� year ol d ewes were a l l ocated to the  three 

fl ock s , at random , from the 1955  drop of l ambs i n  the base fl ock . I n  

1958 t he three fl ocks  were c l osed . Repl acement 1� year  ol d ewes and 

rams were sel ected accord i ng to the fol l owi ng cri teri a :  



TABLE 3 . 1 :  SOME PHYS I CAL ASPECTS OF THE TWO AREAS UPON WH I C H  
THE EXPE R I MENTAL FLOCKS WERE CARR I ED 

Tuapaka* 
1 9 56 - 1 966 

Al t i tude (metres ) 60-90 

Annual ra i nfa l l  (mm ) 1 200- 1400 

Pa h i atua Bl ock 
1 96 7 - 1 976 

60-90 

1000 - 1 200 

42 

Topography F l a t* Mai nl y fl at , s ome gul l i e s  

Soi l type Tokomaru s i l t  l oam 

Drought s u s cepti bi l i ty Low 

Tokomaru s i l t  l oam on 
f l ats , Ha l combe h i l l so i l 
i n  gul l i es  

Moderate 

Pasture spec i es Predomi nant ly  perenni a l  Predomi nantl y perenn i al 

Stocki ng rate 
( s tock un i t s per ha ) 

ryegrass  and  wh i te ryegra ss  and  wh i te 
cl over c l over 

1 2 - 1 5  1 2 - 1 5  

*Whi l st at Tuapaka the experi mental  fl oc ks  were on l y  run o n  t he 
fl at country .  (Tuapaka i s  a bout 80% hard h i l l  country . ) 



( a )  for the control group se l ect i on was at random , 

( b )  for the face-cover group those wi th the most open faces 

were chosen , and 

( c )  for the fl eece we i ght group those wi th the heav i est  hogget 

greasy fl eece we i ghts were sel ected . 
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Each fl oc k was ma i nta i ned at about 70 to 80 ewes per annum , wi th 

ewes bei ng c u l l ed for age after the i r fourth l ambi ng , i . e .  a t  5 years of 

age . The age structures of the fl ocks are s hown in Tabl e 3 . 2 .  S i nce 

1958 four 1� yea r  ol d rams have been u sed for mat i ng i n  each  fl oc k , 

each year , except for the years 1 9 58 to 196 1  when on l y  two rams were 

u sed  i n  the control fl oc k .  I n  s ome years a f i fth , reserve , ram was u sed 

when one of t he ori g i na l l y  sel ected rams d i ed ,  wa s i nj ured or  became 

i nferti l e .  

Breed i ng ewes from a l l fl ocks were kept together , except a t  mati ng 

when the 3 groups  were run separate ly  a l though every effort was made to 

ma i ntai n s i mi l ar condi t i ons  acros s  the groups . The fl ocks were managed 

as nearly as  po s s i bl e to commerc i a l cond i t i ons . Breed i ng ewes were 

s horn once a year i n  November/December ,  at wh i ch t i me the grea sy fl eece 

we i ght  and l i ve we i ght a fter sheari ng  were recorded . A m i d - s i de sampl e 

o f  woo l  was co l l ected to enabl e the eva l uat i on of severa l  wool 

characteri st i cs .  
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TABLE 3 . 2 :  S I ZE O F  EWE MAT ING  FLOCKS AND T HE I R  AGE COMPOS IT I ON 

Sub­
F l oc k  Contro l s F ace Cover F l eece Wei ght  

Age 2 3 4 5 Total 2 3 4 5 Total 2 3 4 5 Total 

Year 

1956 2 5  1 9  1 8  1 5  77 
1957 16 2 1  17 1 7  7 1  
1958 18  1 7  2 2  14  7 1  
1959 2 2  1 8  1 6  2 1  77  

1960 2 2  21  17  1 5  7 5  
196 1  18  2 2  2 1  1 4  7 5  
1962 2 1  1 6  2 2  2 1  8 0  

1963 2 1  2 0  16  2 1  78 

1 964 24 1 9  20 1 5  78 
1 965 1 5  24 19  18 76 
1 966 2 2  13 25 16 76 

1 967 2 1  20 10  23 74 
1 968 29 2 1  19 1 0  7 9  
1 969 1 2  2 9  2 1  1 5  77  
1 970 18  1 2  26 20 76  
197 1  1 9  1 7  12  23 7 1  
1 9 72  23 1 8  1 6  1 0  67 

1 973 1 9  23 18 13 73 

1974 23 17  23 16 79 
1975 16 23 17  22  78 

1976 21 14  22 15 72 

Mean  20 19 19 17 7 5  

2 4  1 9  17  14  74 
19 25 19 18 8 1  
16 1 8  2 4  1 9  7 7  
20 1 5  16  18  69 

23 20  1 2  13  68 
25  2 0  16  11  72  
17  23 20 13  73 

1 8  1 6  22 19 75  

24  18  1 1  1 9  72  
1 9  24  1 5  1 1  69  

20 1 7  23 13  73 

15 18  17  20 70 
26 15 17  1 5  73 

20 27 14 16  77 
20 19  25 14  78 
19 20 18 20  77  
22  1 9  18 16  . 7 5  

1 7  1 9  16  1 5  6 7  

29 1 8  17 14  78 
16 28 17 16 7 7  

18  14 2 3  13  68 

20 20 18 16 74 

24 19 20 15 78 
18 22  18 20 78 
18 16 21 18 73 
1 9  18 12 20 69 

2 7  18 17 1 1  73 
18  26 15 16  7 5  

18  1 9  2 5  1 3  7 5  
1 4  1 8  1 7  2 4  7 3  

22  1 5  · 1 7  1 5  6 9  
2 4  2 1  13  1 6  7 4  

2 1  22  20 1 0  73  
18  20 19  20 77  

22  15  17  1 6  70 
24 22  1 5  15  76  

1 9  23 23 15  80 
1 9  1 8  24 22  83 

20  1 6  18  21  7 5  

2 4  20  16  17  7 7  
2 1  2 4  2 0  14  7 9  
1 5  2 1  2 2  16  7 4  
2 4  1 3  2 1  2 3  8 1  , 

2 0  1 9  1 9  1 7  7 5  
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Every year  ewes wi th i n each fl ock  were randomi zed , wi th i n  age  group , 

i nto one of four  s i re groups . I n  recent years harnessed , vasectomi zed 

rams were run wi th the ewes duri ng the mati ng season , m i d -March to m i d ­

Apri l ,  t o  i dent i fy i n - heat ewes . T hese ewes were t hen hand-mated to 

thei r des i gnated rams twi ce over a 24 hour peri o d .  Th i s procedure 

enab l ed the rams to be kept enti re ly  separate from the ewe fl ock , thereby 

mi n i mi z i ng the  chance of  an i ncorrect mat i ng . Pri or  to u s i ng 

vasectomi zed rams each group of ewes was paddock mated wi th t he i r 

a s s i gned ram . 

Lamb ing  took p l ace duri ng August and  September . The ewes were 

observed every day and new l ambs were wei ghed , tagged and sexed . The 

b i rth ran k ,  date o f  bi rth and dam tag n umber were a l s o  recorded . 

Lambs were weaned i n  l ate November or  ear ly December , a l l l ambs 

be i ng wei ghed at th i s t i me .  A proport i on o f  ram l ambs were randoml y 

c u l l ed at wean i ng as there was not suff i c i ent gra z i ng for a l l l ambs to 

be kept . Soon a fter wean i ng a l l l ambs were s horn . Th i s pract i ce 

ens ured a constant peri od of wool growth for a l l an ima l s between l amb 

and hogget shear i n g .  

Ram and ewe hoggets were grazed separate ly , b u t  wi thi n sex  a l l 

hoggets were run together .  Hoggets were s horn a t  the beg i n n i n g  o f  

October .  I nd i v i dua l  greasy f l eece wei ghts , i nc l udi ng bel l i e s  a n d  

p i eces , were recorded . A mi d - s i de sampl e of  wool was a l so col l ecte d .  

Immed i a tely pri o r  t o  hogget s heari ng each ewe and ram was gra ded for 

face cover accord i ng to the scori ng system descri bed i n  Sect i on 3 . 1 . 2 .  

After s heari ng , hogget l i ve we i ghts were recorded . Repl acement ewes 



and rams for the fol l owi ng mat i ng sea son were chosen as  requ i red for 

each f lock  soon after hogget s heari n g .  Tabl e 3 . 3  s hows t he n umber of  

ram and  ewe hoggets a va i l a b l e for sel ect i on each year .  

3 .  1 .  2 The data 
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Apart from the two tra i ts u nder i nvest i gati on for d i rect response , 

several other body a nd wool tra i ts were recorded . Several ewe tra i ts 

were recorded acros s  ages . To s i mpl i fy the a nalysi s ,  a n  average 

l i fetime record was cal cul ated for each ewe hav i ng a compl ete set of  4 

records . Ewe average l i feti me records were s u bscri pted by a n  1 1 a 1 1 , ewe 

hogget records wi th a n  1 1 e 1 1 and ram hoggets wi th  an 1 1 r 11 • 

The vari ous tra i ts ,  thei r a bb rev i at i ons , and  the yea rs i n  wh i ch 

t hey were recorded a re s hown i n  Tabl e 3 . 4 .  

Between 1956 and 1 9 7 1  measurements  were recorded i n  i mperi a l  un i ts  

a nd post- 1 9 7 1  i n  metr i c u n i ts . Al l measurements were converted to 

metri c un i ts  prior to a na lysi s .  BW and G FW were recorded to the 

nearest 0 . 1 kg , whi l st WW and LW were measured to the neare st  0 . 5 kg . 

SL was recorded to the nearest mm . 

Greasy fl eece we i g ht was recorded i mmedi atel y after sheari ng . 

Bel ly-woo l and  p i eces were i ncl uded i n  the GFW .  

To enabl e the ca l cu l at i on of  Y ,  g reasy mi d -s i de sampl es  were 

we i ghed after be i ng cond i t i oned at 65°F and 65% re l ati ve h umi d i ty for 

48 hours . After scouri ng , the samp l e s  were aga i n  cond i t i oned for 48 

hours before rewe i gh i ng . C l ean scoured  y i e l d wa s then ca l c u l ated a s : 



TABLE 3 . 3 :  NUMBER OF RAM AND EWE HOGGETS RECORDED I N  EACH SUB- FLOCK 

Ewe Hoggets Ram Hoggets 

Year Control FC* FW+ Control FC* FW+ 

1956 33 34 36 0 28 2 5  

1957 31 43 33 6 23 24  

1958 34 28 34  6 2 5  24 

1959 32  38 30  5 24  2 2  

1960 38 27 36 5 24 24 

1961 26 31  39 7 23 23 

1962 30 32 29 1 0  2 9  28 

1963 2 1  29 3 9  9 24 24 

1964 29 30 39 1 1  27  23 

1965 29 26 27 1 0  2 5  29 

1966 38 47 3 3  5 26 26 

1967 40 42 39  19  16  24  

1968 34 32 46 9 2 5  2 0  

1969 38 36 50 1 9  37 30 
1970 28 23 38 1 2  29 29 

197 1  22 2 1  4 0  1 0  34  37  

1972 27 32 3 6  1 2  3 1  22 

1973 26 19 23  1 4  24  29 

1974 23 33 46  1 3  23  2 1  

1975 27 30 36 17 17 20 
1976 28 42 3 1  22  25  32  

* FC = face cover g roup .  

+ F W  = fl eece we i g ht grou p .  
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TABLE 3 . 4 :  TRA IT ABBREV IAT I ONS AND Y EARS O F  COLLECT ION 

Abbrev- Years i n  wh i c h  Data w�.-e.. C o  1 1  ected 

Tra i t  i at i on Ewe Hog get Ram Hogget Ewe 

Date of b i rt h  DOB * * na  
Bi rth we i ght BW 1956-75  1956-76 na 

Bi rth rank  BR  * * na  

Reari ng ran k  RR * * na  
Wean i ng we i ght  ww * * na  

Po st- sheari ng  l ivewei ght LW * 1957 ' 1959-76  1958-76 
Grea sy fl eece we i g ht G FW * * * 

C l ean fl eece we i ght w * * * 

Qua l i ty number  QN * * * 

Character gra de CHG * * * 

Lu stre grade LG  1970-76 1970-76 1970-76 
Handl e grade HG 1970-76 1970-76 1 970- 76 
Scoured col our grade SCG 1970-76 1 970-76 1970-76 
Stapl e l ength SL * * * 

Tota l crimp number TCN 1 958-76 1958-76 1 958-76 
Cr imp frequency C F  1 958-76 1 958-76 1958-76 
C l ean scoured y i e l d y * * * 

Mean f i bre d i ameter MFD * 1 957 -76 1 957-76 
Standard devi ati on SFD * na na 

of fi bre d i ameter 
Percent medul l ated fi bres PMF 1956-70 , 1 972-76 na na  
Medu l l ameter i ndex MI 1 956 ' 1 958-66 1 956-66 1 956-66 
Face cover grade  FC  * * na  
Number of l ambs born LB  na  na  * 

Number of 1 ambs reared LR  n a  na  * 

* = ful l data sets , i . e .  1956-1 976 . 

n a  = not a pp l i cabl e or not col l ected . 

48 



y = weight of  s coured sampl e x 100 
we i ght of  greasy s amp l e  

Cl ean fl eece we i g ht was cal cul ated a s : 

W = GFW x Y/100 .  

Sta pl e l ength was measured on t he greasy mi d-s i de sampl e .  The 
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measurement was made between the base and t he t i p of the s tapl e .  C are 

wa s ta ken not to stretch the stapl e .  

The tota l number o f  crimps a l ong a stapl e o f  greasy wool from the  

mi d-s i de s ampl e were counted . The crimp frequency ,  i n  cri mps per 2 5  mm ,  

was deri ved from the S L  and  the TCN . 

Qual i ty number was a v i sua l  a ppra i sa l  of  the spi nnabi l i ty ,  and 

hence fi neness , of the wool sampl e .  I t  was based ma i n l y  on sta pl e 

cr imp frequency a nd l ustre (Wi ck ham , 1 97 1 )  and  cou l d be affected by 

observer vari ati on . 

Character grade , l u stre grade and  hand l e grade were s ubj ect i ve ly  

graded o n  t he greasy mi d - s i de sampl e ,  whi l st scoured col our grade wa s 

s u bj ect i ve l y  a s sessed o n  the scoured s ampl e .  These were gra ded on a 

1 to 9 scal e ;  the s core of 9 be i ng a l l otted to the express i on 

cons i dered mos t  des i ra b l e and 1 to the  l east des i rabl e .  The se grad i ng  

systems have  been d i scussed by Sumner ( 1 969 ) . 

Character grade ref l ects cl ari ty and  evennes s  of stapl e cri mp and  

absence of taperi ng t i p and  medu l l at i on .  A stapl e wi th  wel l - defi ned 

c ri mps was g i ven a hi gh  s core .  
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Lustre grades were a s s i gned wi thout reference to fi nenes s . 

L i ncol n-type woo l  woul d genera l ly  rece i ve h i gh grades . 

Hand l e gra de was asses sed wi thout regard to qual i ty n umber .  Soft 

wool was g i ven h i gh  grade s .  

D i scol oured , scoured , wool s ampl es  were ass i gned l ow scoured col our 

grades . 

Mean fi bre d i ameter i n  ewe hogget fl eeces ( MFDe ) wa s e st i mated by 

the proj ect i on mi c roscope method . T h i s i nvol ved the measurement of 

1 50 f i bre sn i ppets . The proj ecti on mi croscope approach a l so  enab l ed 

the ca l cul ati on of the standard devi at ion  of the mean fi bre d i ameter 

( SFDe ) and the percentage of  medul l ated fi bres ( PMFe ) . Mean fi bre 

d i ameter for the ram hoggets ( MFDr) and  ewes (MFDa ) wa s e st imated u s i ng 

the a i rfl ow method ( Ross , 1 958 ) . T he a i rfl ow method does not a l l ow the 

est i mat i on of SFD and PMF . 

Medu l l ameter tests were carri ed out on a l l mi d -s i de sampl es  

col l ected between 1 956 and 1 966 . T he operat i on of the medu l l ameter , 

and the compari son o f  measurements o bta i ned from i t  wi th  the true degree 

of medu l l ati on , were di scussed by McMahon ( 1 937 ) .  

Fa ce -cover g rades were dependent on the presence or absence of  wool 

fi bres over three areas on the head : 

( a )  the dorsa l  aspect o f  the nose , 

( b )  the s i de of the nose , and 

( c )  the pol l . 



Tabl e 3 . 5  s ummari zes the  grades and  how they rel ate to wool f i bre 

product i on at the above pos i t i on s . 

TABLE 3 . 5 :  SYSTEM O F  GRADI NG FOR FACE COVER 

Dorsal a s pect S i de of Po l l  Fa ce-cover 
of  nose no se grade ( s )  

Pre sent* Present Present 1 -2 

Part i a l * Present Present 3 

Absent* Present Present 4-6 

Absent Part i a l Present 7 -8 

Absent Absent Present 9 - 1 0  

Absent Absent Part i a l 1 1 - 1 3  
Absent Absent Absent 1 4 - 1 5  

* Present , part i a l  or  a bsent refers t o  woo l growth , a s  opposed to 
kemp growth , of a ny l ength v i s i bl e  wi thout deta i l ed i n s pect i on . 

3 . 2  Stat i st i ca l  Methods 

3 . 2 . 1 I n t roduct i o n  

For a l l tra i ts ord i na ry l east  squares a na l yses were carri ed out 

wi th i n  each o f  the three s u b-fl ocks i n  a n  attempt to i dent i fy a ny 

changes that may have occurred duri ng t he 2 1  years of sel ect i on . 

Separate anal yses were appl i ed to the ewe hogget , ram hogget and  ewe 

a verage l i fet i me performances . 

5 1  

Prel i mi na ry ana lyses were a imed at i denti fyi ng whi c h  fi xed effects 

shoul d be i nc l uded i n  the l i near mode l s appl i ed to the data . T hese 

ana l yses i dent i fi ed sel ect i on fl ock ,  sex ( for hogget data ) , year of 

b i rth , dam age , b i rth ran k  and reari ng  rank as be i ng the i mportant 

effects . F i rst-order i n te ra ct i on s  d i d  n ot s how any s i gn i fi cant i nfl uence . 
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Dur i ng  t he  p re l i mi nary ana lyses i t  wa s found t hat  t he  w i t h i n  year 

regres s i on coeffi c i ent s o f  hogget grea sy fl eece we i ght on date of bi rt h 

i n  the fl eece we i ght group s howed a cons i stent trend towards zero . T he 

a verage regre s s i on coeffi c i ents , deri ved from the fl eece we i ght group 

ewe hoggets , for the peri ods 1 956- 1 96 2 , 1 963 - 1 969 and 1 970- 1976 were 

-0 . 019 , - 0 . 0 1 2  and - 0 . 00 1  kg per day . I t · was s u spected that the trend 

i n  the regres s i on coeffi c i ents coul d be due to a corre l ated response i n  

date of  b i rth , i . e .  the fl eece wei ght group tended to have an earl i er 

average l amb i ng  date as the experi ment progres sed . Consequent l y ,  i t  

was deci ded to treat date of b i rth a s  a tra i t  rather than a s  a concomi tant 

vari a bl e  for ana lyses i nvol v i ng other characteri st i c s . I nterpretati on 

of resu l ts  concern i ng wean i ng wei g ht ,  i n  parti cu l a r ,  s hou l d take account 

of  th i s  defi c i ency . 

Dam age , b i rth rank and  reari ng rank were combi ned to g i ve one 

f i xed effect . The resu l t i ng cl a s s i fi cations  a re s hown i n  Tabl e 3 . 6 . 

TABLE 3 . 6 :  T H E  COMB I NAT ION  OF DAM AGE , B I RTH RANK AND REAR I NG RANK 

TO G I VE ONE F I XED  E FFECT 

B i rth Rear i ng Dam a ge 
rank  rank 2 3 4 5 

1 1 2 1 1 1 
2 1 3 3 3 3 

2 2 4 4 4 4 
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No account was ta ken of dam age wi th i n  t he twi n bi rth rank  c l ass  as few 

2-year-ol d ewes gave b i rth to twi n s .  I n  the ram hogget ana l yses  on l y  

rear ing  rank  wa s cons i dered because o f  t he smal l number of  observati ons 

per l evel of f i xed effect . 

To s i mpl i fy computi ng programmes the dam age , b i rth/reari ng rank 

fi xed effect was reta i ned i n  analyses i n vo l v i ng  ewe-average-l i fetime-

performance , even  though i t s contri buti on was not expected to be 

s i gn i fi cant . 

3 . 2 . 2  T he effect of i n breed i ng 
j 

I nbreed i n g  coeffi c i ents were ca l cu l a ted u s i n g  the procedure 

suggested by Emi k and Terri l l  ( 1949 ) and Cruden ( 1 949 ) .  T hey showed 

that any d i agonal  e l ement of the n umerator rel ati onsh i p matri x 

con s i sted o f  t he i n breedi ng coeffi c i ent  of  the i nd i v i dual ( a s  defi ned 

by Wri ght , 1922 ) p l us  one . 

The effect of the l evel of  i n breedi ng on performance was assessed 

by regres s i ng t he i ndi v i dua l  • s  performance on the i r own i nbreed i ng 

coeffi c i ent ( i n d i v i dual performance was corrected for year , dam age and 

bi rth/reari ng rank effects and each sex wa s anal ysed separate l y ) . 

3 . 2 . 3  Phenotypi c standard dev i ati ons and corre l at i ons  

E st imates o f  t he phenotypi c  standard devi ati ons  of  trai ts  and 

corre l at i ons  between tra i t s  were obta i ned w ith i n  each s ub-fl ock from 

the ram hogget , ewe hogget and ewe average - l i fet ime-performance data 

sets . Corre l at i on s  between the ewe average- l i fet ime-performance t ra i ts 

were not ca l c u l a ted . Wi th i n each of the aforement i oned anal yses t he 



fol l owi ng model was appl i ed :  

Y i j k  = � + d i + tj + e i j k  , 

where Yi j k  = an observat i on on the kth a n i mal , be i ng of  t he i th  

dam age , b i rth/reari ng rank and bei ng born i n  

the j th yea r ,  

� = general mean , 
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d i = the fi xed effect of t he i th dam age , bi rth/reari ng rank , 

tj = the f i xed effect of  the j t h  year , and 

e i j k  = t he random res i dua l  a s soci ated wi th t he kth  observati on 

i n  the i th dam age , b i rth/reari ng rank  and t he 

j th b i rth  year .  

The i nbreed i ng coeff i c i ent wa s not  i ncl uded as  a covari ate as  re su l ts 

i nd i cated t hat the l evel s of i n breed i ng reached di d not seri ous l y b i a s  

the observed performance ( see Sect i on 4 . 2 ) . 

3 . 2 . 4  Least squares esti mates of t he genet i c  response 

Us i n g the same mode l appl i ed i n  the previ ous secti on , est imates of  

the bi rth -year effects were obta i ned  wi th i n  each  sub-fl oc k from the 

ram hogget , ewe hogget and ewe average l i fet i me performance data sets . 

By subtract i ng the control group year effects  from the corres pondi ng 

se l ecti on group year effects , e s t ima tes  of  t he genet i c  response were 

obta i ne d .  

3 . 2 . 5  Est imati on o f  geneti c corre l ati ons and heri tabi l i t i e s  

Es t i mates o f  heri tabi l i t i es ( h 2 ) and genet i c  corre l at i ons ( rg ) were 

deri ved for the ewe hoggets , ram hoggets and ewe average l i fet ime 

performance , wi th i n each sub-fl oc k .  



55  

Heri tabi l i t i es were est i mated a s :  

4cr� 1 
ht = ----

0� 1 + cr� l 

and t he genet i c correl at i on s  a s : 

= ----

where 2 0S 1 
= the si  re vari ance component for tra i t 1 '  

2 os 2 
= the s i  re vari ance component for tra i t  2 ,  

2 0e 1 
= the e rror vari ance component for tra i t  1 ,  and 

0S } S2 = the  s i  re covar i a nce component  between tra i t  1 and 

tra i t  2 .  

The vari ance and  covari ance components were obta i ned  by fo l l owi ng 

Method 3 of Henderson ( 1 953 ) . 

The ful l model app l i ed i n  each ana lys i s  was : 

Where 
Yi j kl = an observat i on on the 1 th an i mal be i ng i n  the i th  dam 

jJ = 

d i = 

tj = 

Sj k  = 

age , bi rth/reari ng ran k , the j th  b i rth year and 

be i ng s i red by t he kt h  s i re in  the  j th year , 

general mean , 

t he  f i xed effect of the i t h  dam age , b i rth/reari ng  ran k , 

the  f i xed effect of the j t h  b i rth year , 

the  random effect of the kth s i re u sed  i n  the j th 

yea r .  S i re effects are as sumed to have mean = 0 

a nd vari ance = a� , and 



e i j k l = the random res i dua l  e ffect a ssoc i ated wi th  the 1 th  

observati on from the i th dam age , b i rth/reari ng 

rank ,  the j th  b i rth year and the kt h  s i re bei ng 

u sed i n  the j th year .  Re s i dual e ffects are 

a s s umed to have mean = 0 and vari ance = a� . 
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To s impl i fy further  d i s cu s s i on the above l i near model can be represented 

in matri x tenns : 

where 

y = X b + Z � + e 

y = a vector of observati ons , 

X and Z = known matri ces con s i st i ng of O ' s  and l ' s ,  

b = an unknown vector of fi xed effects , 

� = an u n known vector of random effects , wi th  mean 

and a vari ance-covari ance matri x G ,  and 

e = an u n known vector of random res i dual effects ,  

wi t h  mean zero and a vari ance-covari ance 

zero 

matri x R ( i t  i s  assumed that the cov ( � , e )  i s  

zero ) . 

Assumi ng  that G and  R are of t he form Icr2 , for sca l ar cr 2 , a s et of  

normal equat i ons whi c h , when sol ved , produce l east-squares  so l uti ons  o f  

b and � a re :  [ � ·  X 

Z '  X 
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To enab l e the  ca l cul ati on of the reducti on in  sums -of-squares and 

sums-of-cross-product s  due to the  random ( s i re )  effect , after adj u st i ng 

for the fi xed e ffects , the fol l owi ng reduced model was f i tted : 

Yi j l = � + d i + tj + ei j l  , 

where a l l symbol s are as previ ous ly  defi ned . 

E rror vari ance and  covari ance components were then est imated by 

equat i ng the error s ums-of-squa res ( SSe ) and error sums -of-cross -products 

( SCPe ) to thei r expectati ons : 

E ( SSe ) = r ( fm )  a� 

where r ( fm )  = rank of the ful l model , 

thus : 

SSe/ r (  fm ) . 

S imi l arl y, s i re vari ance and covari ance components were e st imated by 

equat i n g  the s i re s ums -of-squares ( SSs ) and s i re s ums-of-cross -products 

( SCPs ) to the i r  expectati ons : 

thus o� = ( SSs - r ( fm )  o� ) / ( trace ( � ' � ) - trace [ ( � ' � ) - � � �� � � ] ) ,  

where ( � ' � ) - i s  a genera l i sed i n verse of ( � ' � ) .  

E st imates of  t he standard errors for t he heri tabi l i ty est imates 

were cal cu l ated us i ng two methods .  

fo l l owi ng approx i mate formul a :  

Swi ger et al. ( 1 964 ) presented the 



= 32 ( N  - 1 ) ( 1  - t ) 2 ( 1  + {k - 1)t ) 2 
k 2 ( N  - s ) ( s  - 1 )  

where v ( h 2 ) = the vari ance of the heri tabi l i ty esti mate , 

s = the number of s i re s , 

N = the total n umber of observati on s ,  

t = o�/ ( o� + o� ) ,  

2 
N 

m ;  

k = 
-

-N- , and 
s - 1 
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n i = the number of obse rvati ons  i n  the i th  s i re group . 

The restri cti on of th i s approach wa s that a s impl e one -way random model 

wa s a s s umed . S i nce expectat i on s  of the s ums-of-squares were i nc l uded 

i n  the above formu l a ,  the equati on was on l y  stri ctl y true for one -way 

mode l s .  When ca l cul at i ng standard errors for the heri tabi l i t i es i n  

th i s  s tudy , trace ( � ' � ) - trace ( ( � ' � ) - � · �� · � ) )  wa s substi tuted for the 

k val ue of  Swi ger et al. ( 1 964 ) .  

C . R . Henderson ( unpubl . )  presented a method for determi ng est i mates 

of the vari ances of the vari ance and covari ance components and est i mates 

of the covari ances between vari ance components . These est imates were 

l imi ted on ly  by the  i ncl us i on of est i mates o f  the parameters o� 1 , 

o� 2 • os 1 s 2 ' o� 1 • etc . To obta i n  an est i mate of the vari ance of the 

heri tab i l i ty these va l ues were t hen i n cl uded in the equat i on : 

2v ( o� ) + cov ( o § , o� )J 
{ o� ) 2 + o�a� J 
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where v ( a� ) = the vari ance of the s i re var i ance component , 

v ( a� ) = the vari ance of  the error variance component , and 

cov ( a� ,a� ) = t he covari ance between the s i re and error vari ance 

components . 

Th i s equat i on can be deri ved u s i ng the approx i mate formul a for the 

vari ance of a rati o .  

E s t imates of the vari ances o f  the vari ance and covari ance components 

and covari ances between vari an ce components obta i ned v i a Henderson ' s 

techn i que can al so be u sed i n  the cal cul ati on of the s tandard error of 

the genet i c  correl at i on .  

vari ance o f  a rati o :  

Us i n g the approx i mate formu l a  for the 

cov ( as l S 2 ,a� l ) 
2 0S 1 S 2 "  0S l  

Because of the d i ffi cu l ty i n  cal cu l a t i ng the covari ances i n vol ved i n  

the l a st  three terms th i s formu l a  was s impl i fi ed to : 

v (  rg ) 

Rae ( 1 950 ) found that dropp i ng these 3 terms d i d not appear to seri o u s ly  

bi a s  the e s t imate of t he  vari ance i n  h i s  analys i s .  



Tal l i s  ( 1 959 ) presented the fol l owi ng formul a  for ca l cu l ati ng  the 

standard error of rg ; s i mp l i fi ed by as s umi ng t he n umber of progeny per 

s i re to be con stant : 

2 ( 
2 2 + ( r9 t 1 - t2 ) /2t 1 t 2 ) ] /d s k t 1 t2 

+ [ ( 1  + r§ ) ( 1  + r� ) ( 1  - t 1 ) ( 1 - t2 ) 

where d5  = the s i re degrees-of-freedom , 

di = the error degrees -of- freedom , 

k = trace ( Z ' Z ) - trace ( ( X ' X ) -X ' ZZ ' X ) ,  
- - - - - - - -

t 1 - 2 1 ( 2 
- 0S 1 °S l + 0� 1 ) ,  

t2 = o�/ ( o� 2 + 0� 2 ) ,  

rb = v 1 2/ IV1 1 V n , 

rw = V 1 2/ lv1 1 V 2 2 • 

V 1 2 = the between si re covari ance for trai ts  

v l l  = the between s i re mean square for tra i t  

v2 2 = the between s i re mean square for tra i t  

1 and 

1 '  

2 ,  

V 1 2 = the error covari ance between tra i ts 1 and 2 ,  

V u  = the error mean square for tra i t 1 '  and 

v 2 2  = the error mean square for tra i t  2 .  

2 ,  

The method deri ved from Henderson ' s  formul a and the Tal l i s method were 

both used for est imat i ng standard errors of the geneti c corre l at i ons . 
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3 . 2 . 6  The use of mi xed model equati ons to esti mate genet i c  response 

In these anal yses the fol l owi ng  model was assumed : 

Yi j k l = � + d i + tj + Sj k  + ei j k l ' 

where al l symbol s are as previ ous l y  defi ned . I n  the prece d i ng sect i on 

the fol l owi ng set of normal equat i ons  were presented : 

[ � I �  z · x  [ � · � ]  f ' y  

When sol ved , t hese equati ons  produced l east  squares so l ut i on s  of b and 

� ·  The mi xed -model -equat i on s  ( MME ) can be generated by add i ng 

A- 1 • a�/a� to the � · ?  port i on of the normal equat i ons , where A- 1 i s  the 

i nverse of the numerator re l at i onsh i p matri x and 0 = � • 1/o� . The 

MME a re :  [ � ·  � z · x 
whi ch when sol ved , produce best  l i near unb i ased esti mates of esti mabl e 

funct i ons of b and best l i near unbi a sed predi ct i on s  of  � ·  The 

rel at i ons h i p matri x (0) was often a s sumed to be an i dent i fy matri x , 

because of the d i ffi cul ty i n  comput i n g  an i nverse of a l a rge matri x .  

Henderson ( 1976 )  presented an a l gori thm wh i ch enabl ed t he cal cul ati on 

of e l ements of the i n verse wi t hout fi rst comput i ng the re l at i on s h i p 
_ 1  

matri x .  Th i s step made the i nc l u s i on of the A matr i x feas i bl e .  

As d i scus sed i n  sect i on 2 .�. 2 ,  i t  i s  necessary to i nc l ude the 

i nverse of the rel ati onsh i p matri x i n  the MME to est i mate the genet i c  

response to se l ect i on , free o f  envi ronmental effects , when s i re s  have 
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on ly been u sed for one year ; and the l i near model does not i nc l ude dams 

as a random effect . Th i s  approach shoul d t ransfer any genet i c  t rend 

from the fi xed effects to the breed i ng va l ues of the s i re s .  Thus by 

averag i ng  t�e breed i ng val ues of an ima l s born i n  any one year an est i mate 

of the genet i c  trend s houl d be obta i ned . 

The MME were a l s o  used to obtai n bes t  l i near unb i a sed esti mates 

( BLUE s ) of the year e ffects from the control fl ock . These esti mates 

were t hen subtracted from observati ons i n  the sel ecti on fl ocks to adj ust 

for the env i ronmental fl uctuat i on s . The se l ect i on fl ock dev i ati ons  were 

then ana l yzed u s i n g  MME and the year effects were taken a s  be i ng i nd i cati ve 

of the genet i c  trend . I n  these analyses the rel ati on s h i p matri ce s were 

assumed to be d i agonal . 

3 . 2 . 7  Cal cu l at i on of rea l i zed responses 

Hav i ng  obta i ned est imates of the genet i c responses i t  wa s neces sary 

to expre s s  the res ponse i n  terms of sel ecti on pressure appl i ed .  

Se lect i on pressure was measured i n  terms o f  the sel ect i on d i fferent i a l . 

To account for overl appi ng  generat i on s , c umul ated s e l ect i on 

d i fferenti a l s were cal cul ated for each i nd i v i dual and t hen averaged 

wi thi n each  year to g i ve a fl ock -average-cumu l ated-sel ect i on -d i fferent i a l  

{ FACSD ) .  The i nd i v i dual cumu l ated sel ect i on d i fferent i a l s were 

cal cul a ted by addi ng  t he average of the parents cumul ated sel ecti on 

d i ffe rent i a l s to the i nd i v i dual s own sel ect i on di fferent i a l .  



Real i zed responses were then e st i mated us i ng two approaches : 

( a )  by regres s i ng t he predi cted genet i c respon ses on the FACSD . 

Wi thi n th i s techn i que two regress i on coeffi c i ents were 

deri ved , fi rst ly  by the method of best fi t and , second ly by 

forc i ng  the regre s s i on through  the ori g i n .  Because the 

control a nd se l ecti on fl ocks were deri ved from the s ame 

i n i t i a l  popu l at i on , the ori g i n  s hou l d  be known wi thout 

error ,  and 

( b )  by t he rat i o  of tota l response to tota l cumul ated se l ect i on 

d i f f e rent i a 1 • 
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Wi thi n each of the se l ecti on fl ocks t he rea l i zed response perta i n i ng 

to t he tra i t  under di rect se l ection was the rea l i zed heri tabi l i ty .  Al l 

other real i zed res ponses were real i zed correl ated responses . 

Standard errors of the rea l i zed heri tabi l i t i es were cal c u l ated 

accordi ng to the formul a deri ved by Hi l l  ( 1 972b )  ( see sect i on 2 . 4 . 5 ) . 

Standard errors of the rea l i zed corre l ated responses were ca l c u l ated 

us i n g  the fo l l owi ng formu l a  deri ved by A . L .  Rae ( pers . comm . ) :  

6 [ 2t2 + 2 t  + 1 
s 2t ( t  + 1 ) ( 2t + 1 )  5 
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where V ( bcy ) = the var i ance of the corre l ated response i n  t ra i t  y ,  

h2 y 

g i ven s i ngl e 
h§ ( 1  - h�r�y ) o§ 

tra i t  sel ecti on on t ra i t  x ,  
2 2 2 2 hxhyrxyoy 

N 
+ 

L 

0 2 = 
( 1  - hxhyrxy)oy + � , e M K 

and h� = t he heri tab i l i t i es of  tra i ts x and y ,  

rxy = the geneti c corre l at i on between tra i ts 

o§ = the phenotypi c  vari ance of trai t y ,  and 

symbol s  are as prev i ous ly  defi ned . 

x and y ·, 

a l l other 

(Th i s vari ance formul a  i s  for the regress ion of the est i ma ted 

corre l ated response on the FACSD through the ori g i n on l y . ) 



C H A P T E R F 0 U R 

NON-GENET I C  EFFECTS AND THE EFFECT OF INBREE D I NG 

4 . 1  I ntroduct i on 

After prel i mi n ary analyses i t  was dec i ded not to i ncl ude l ustre 

grade , h andl e grade a nd scoured co l our grade i n  any further eva l uat i on 

as there were i ns u ffi c i ent observat i on s  to obta i n  accurate resu l ts .  

4 . 2 The Effect of Dam Age and B i rth/Reari ng Rank 
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For the ana l ys i s  of ewe hogget and ewe a verage l i fe t i me performance 

tra i ts , dam age and b i rth/reari ng rank  were combi ned to g i ve four 

·cl asses ( see sect i on 3 . 2 . 1 ) .  I n  the sol ut i on of the mi xed-model 

equat i on s  ( MME ) the fi rst cl a s s  was set equal  to zero , consequentl y the 

est imates for the rema i n i ng three c l asses are rel ati ve to i nd i v i dua l s 

wi th  3 ,  4 or 5 year  o l d  dams and be i ng born a s  s i ngl es and  reared a s  

s i ngl e s .  

The effects of  t hese cl asses on ewe hogget tra i ts are g i ven i n  

Tabl e 4 . 1 .  As expected , dam age and b i rth/ reari ng ran k  have l i tt l e  

effect o n  the ewe average l i fet ime performance tra i ts ( see Tabl e 4 . 3 ) . 

For t he ram hogget data dam age and b i rth rank were not cons i dered 

because of the sma l l n umbers recorded . Consequently ,  on ly  the effect 

of be i ng reared as a twi n re l at i ve to be i ng reared as a s i ng l e i s  s hown 

i n  Tabl e 4 . 2 .  



TABLE 4 . 1 :  THE E FFECT OF DAM AGE AND B I RTH/REAR I NG RANK 
ON THE P ERFORMANCE OF  EWE HOGGETS 

Tra i t  G l G 2 G 3  

WWe 0 - 2 . 41 kg - 1 . 88 kg 

LWe 0 - 1 . 94 kg - 1 . 98 kg 

G FWe 0 -0 . 15 kg -0 . 1 5 kg 

We 0 - 0 . 10  kg -0 . 07 kg 

QNe 0 -0 . 24 - 0 . 80 

CHGe 0 0 . 00 -0 . 49 

SLe 0 -0 . 16 cm +0 . 18 cm 

Ye 0 +0 . 80% + 1 . 68% 

MFDe 0 -0 . 40 � - 1 . 06 � 

SF  De 0 +0 . 02 � -0 . 19  � 

FCe 0 -0 . 1 4 - 0 . 23 

G4 

-4 . 57 k g  

- 2 . 28 k g  

-0 . 1 7 k g  

- 0 . 1 0 k g  

- 0 . 5 1  

- 0 . 37 

+0 . 62 cm 

+ 1 . 07% 

+0 . 3 5 � 
+0 . 30 � 
+0 . 2 5 

G 1  = s i ng l e  bi rth/reari ng ran k ;  dam age = 3 ,  4 or 5 years . 

G2 = s i n g l e  bi rth/ reari ng rank ; dam age = 2 years . 

G 3  = twi n bi rth , s i ng l e  reari ng  rank ; a l l dam ages . 

G4 = twi n bi rth/reari ng ran k ;  a l l dam age s . 
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TABLE 4 . 2 :  THE EFFECT OF REAR I NG RANK O N  THE  PERFORMANCE 
OF RAM HOGGETS 

Tra i t  G l G2 

WWr 0 -4 . 33 kg 

LWr 0 - 2 . 81 kg 

G FWr 0 - 0 . 2 1  kg 

Wr 0 - 0 . 19 kg 

QNr 0 - 0 . 1 1 

C HGr 0 -0 . 24 

Slr 0 +0 . 24 cm 

TCNr 0 - 0 . 80 

C Fr 0 -0 . 20 

Yr  0 - 0 . 5 5% 

M FOr 0 +0 . 26 )J 

FCr 0 +0 . 56 

G 1  = s i ng l e rear i ng ran k .  

G2 = twi n reari ng rank . 
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TABLE  4 . 3 :  THE  E F FECT OF DAM AGE AND B I RTH/REAR I NG RAN K  ON 
EWE AVERAGE L I FET IME PERFORMANCE 

Tra i t  G l G2 G 3  G 4  

LBa 0 -0 . 03 -0 . 23 -0 . 02 

LRa 0 -0 . 09 -0 . 18 -0 . 07 

LW a 0 -1 . 1 2 kg  -2 . 6 1 kg - 1 . 46 kg 

G FWa 0 -0 . 15  kg -0 . 1 5 kg -0 . 1 1  kg 

Wa 0 -0 . 09 kg_ -0 . 0 1 kg -0 . 04 kg 

QNa 0 -0 . 17 -0 . 09 -0 . 35 

CHGa 0 +0 . 09 +0 . 14 -0 . 1 1 

SLa 0 +0 . 05 cm +0 . 3 1  cm +0 . 43 cm 

Ya 0 +0 . 70% +2 . 90% + 1 . 1 3%  

MFDa 0 -0 . 16 � - 0 . 5 5  � +0 . 43 � 

G l = s i ng l e bi rt h/reari ng ran k ;  dam age = 3 ,  4 or 5 years . 

G2 = 
s i ng l e bi rth/reari ng  ran k ;  dam age = 2 years . 

G 3  = twi n bi rth , s i ng l e rear ing  ran k ; a l l dam ages . 

G4 = twi n bi rt h/reari ng rank ;  a l l dam ages . 
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4 . 3  The Effect of I nbreed i ng on Performance 

The average l evel  of i nbreed i n g  i n  each of the three s u b- fl ocks  

i ncreased at  a rate of  approx imate ly  0 . 5% per year ( see F i gure 4 . 1 ) .  

Accordi ng to the approxi mate formul a  gi ven by Wri ght ( 1 931 ) :  

6F = ( 1/BNM ) + ( 1 /BNF ) , 

where 6F = the i ncrea se i n  inbreedi ng per generat i on , 

NM = the n umber of mal es  u sed per generat ion , and 

N F = the number of femal es  used per generat i on , 

the expected rate of i ncrease i s  0 . 4% per year . Wri ght • s  formu l a  
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appl i es to  popul ati ons where no se l ecti on i s  practi sed . Conseq uen tl y ,  

i t  cou l d  be expected that the two se l ecti on groups mi ght have a faster 

rate of  i ncrease in i nbreed i ng ,  part i cul arly i n  the face cover group  

where previ ous  stud i e s  have i n di cated a moderate to  h i gh heri tabi l i ty .  

To reduce the rate o f  i ncrease i n  i n breed i ng i n  the contro l  g roup , 

random se l ecti on of rams wi th i n  s i re l i nes  cou l d be used . Al ternat i ve ly  

a l a rger n umber of  s i res  used per year ,  say 1 0 ,  wou l d  reduce the  rate of  

i ncrease i n  i nbreed i ng  to about 0 . 2% per yea r .  An associ ated advantage 

of decreas i ng the rate of  i nbreed i ng i s  the reduct i on i n  t he opportun i ty 

for geneti c  dri ft to occur .  Tabl e 4 . 4  s hows t he number of s i res  

repre sented by the i r sons  i n  the  fol l owing  generat i on ( e . g .  i n  the 

control g roup onl y  three of the s i re s  u sed i n  1969 were represented by 

the i r  sons  i n  the fol l owi ng generati on ) . Thus , there wa s onl y one year 

( 1 974 ) when a l l s i res  i n  the control group were represented by son s i n  

the next generat i on ; i n  many years only two were represented . 
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TABLE  4 . 4 :  THE  NUMBER O F  S I RES REPRESENTED BY AT LEAST ONE SON 
I N  THE FOLLOW I NG GENERAT I ON 

Year Control Face-cover Fl eece -we i ght 
Group  Group Group  

1 958 1 3 3 

1959 2 3 2 

1 960 2 2 3 

1 96 1  2 4 2 

1 962 2 2 2 

1963 2 3 3 

1 964 3 3 3 

1 965 2 2 2 

1 966 3 3 3 

1 967 2 3 3 

1 968 3 3 3 

1 969 3 2 3 

1 970 3 1 3 

1 97 1  2 3 3 

1972 3 2 3 

1 973 3 3 2 

1 974 4 3 3 

7 1  
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The effect of 1 0% i n crease in  i n breed i ng on the tra i ts recorded i s  

s hown i n  Tabl e 4 . 5 .  Ten percent i n breed i ng was chosen a s  that wa s the 

a verage l evel  of i nbreed i ng reached i n  a l l 3 s u b -f locks  after 21 years 

of experi mentati on ; t hu s , any tra i t  marked ly  affected by a 1 0% i ncrea se  

i n  i n breedi ng cou l d be  eas i l y i denti f i ed . To s i mpl i fy the i nterpretati on 

of  these v a l ues , the reg ress ion coeffi ci ents have been d i v i ded by t he 

phenotypi c s tanda rd devi at ion of the trai t to wh i c h they refer . Thus , 

for exampl e ,  the effect  o f  an i ncrease of 1 0% i n  i nbreed i ng ,  i n  the ewe 

hogget fl eece we i g ht group , on greasy fl eece we i g ht wa s to reduce t he 

performance by 0 . 1 13 of  the phenotyp i c  s tandard devi ati on ( see Tabl es  

5 . 1 ,  5 . 2  and  5 . 4  for the  phenotypi c s tandard dev i ati ons ) .  Most tra i ts 

s uffered a depres s i on i n  performance as  i n breed i ng i ncrea sed . The 

l evel of depres s i on wa s vari abl e throughout the three s ub -fl ocks . I n  

most cases  ram hogget tra i ts were affected to a greater degree than t he 

ewe hogget tra i t s .  

I n  general , these  resu l ts agree wi th those revi ewed by Turner and 

Young ( 1 969 ) . T he effect of 10% i n breedi ng doe s not g reatl y al ter the 

performance i n  most  tra i ts .  LW , G FW and W were the tra i ts most 

affected . The l os s  i n  fl eece mas s  was appa rent ly due to decrea ses i n  

body s i ze ,  fi bre d i ameter and , i n  s ome i n stances , stapl e l ength . No 

meas urement of fi bre den s i ty was ava i l a bl e but i t  i s  genera l l y  acce pted 

that  i n breed i ng decreases  the n umber of fi bre s  per un i t  area . 

I nbreed i ng had a vari ab l e effect on l amb product i on .  As expected , 

control and fl eece we i ght  group s heep wi th the h i ghest i n breedi ng 

coeffi c i ents  had l ower l amb product i on .  Howeve r ,  i n  the  face cover 

group l amb producti on i n crea sed as  i nbreed i ng i ncreased . T h i s i ncrease 

was unexpected s i nce i t  i s  general ly  accepted t hat i n breed i ng causes an 

overa l l decrease i n  a n imal vi tal i ty .  



73 

TABLE 4 . 5 :  THE EFFE CT OF 10% I N BREED I NG ON PERFORMANCE* 

DOB 
BW 
ww 
LW 
GFW 

w 
QN 
CHG 
SL 
TCN 
CF 
y 
MFD 
SFD 
PMF 

M I  
FC 
LB 
LR 

Ewe Hogget s  Ram Hoggets Ewe Average 

Face F l eece Face F l eece Face Fl eece 
Cont ro l  Cover We ight Control Cover Weight Control Cover We ight 

- 0 . 004 0 . 1 2 1  -0 . 081 0 . 080 - 0 . 037 - 0 . 2 23 

- 0 . 0 14 -0 . 2 1 6  - 0 . 1 29 -0 . 066 -0 . 2 28 - 0 . 1 62 

- 0 . 1 0 1  - 0 . 249 - 0 . 1 1 1  -0 . 127  -0 . 146 - 0 . 1 67 
- 0 . 275  - 0 . 25 1  - 0 . 2 13 -0 . 325  -0 . 422 - 0 . 381 - 0 . 530 - 0 . 304 - 0 . 1 1 1  

-0 . 104 - 0 . 122  - 0 . 1 1 3  -0 . 27 5  - 0 . 458 - 0 . 3 22 -0 . 389 - 0 . 1 1 3  -0 . 235 

- 0 . 075 - 0 . 1 00 -0 . 065 -0 . 302 - 0 . 388 - 0 . 360 -0 . 277  - 0 . 1 56 -0 . 227  

- 0 . 076  -0 . 028 - 0 . 040 - 0 . 149 0 . 099 0 . 1 10 -0 . 278  0 . 0 14  0 . 067 

0 . 1 1 7 - 0 . 062 -0 . 018 -0 . 178 0 . 070 0 . 009 -0 . 0 1 3  -0 . 548 -0 . 039 

0 . 034 -0 . 0 12  - 0 . 047 -0 . 055 -0 . 327  - 0 . 135  0 . 02 7  0 . 250 - 0 . 3 38 

- 0 . 082 - 0 . 045 -0 . 085 -0 . 172  -0 . 266 - 0 . 007 -0 . 292 0 . 068 0 . 048 

- 0 . 068 0 - 0 . 070 -0 . 145  - 0 . 058 0 . 032 - 0 . 268 -0 . 095 0 . 2 1 1  

0 . 035 0 . 022 0 . 1 15 - 0 . 1 49 0 . 096 - 0 . 203 0 . 204 - 0 . 1 59 -0 . 1 4 1  

-0 . 166 -0 . 0 1 5  -0 . 039 -0 . 263  -0 . 305 -0 . 2 15 -0 . 1 5 0  -0 . 333 -0 . 1 00 

- 0 . 040 0 . 082 -0 . 107 

- 0 . 1 37 - 0 . 060 -0 . 1 17 -· 

- 0 . 026 0 . 002 -0 . 052 -0 . 297 -0 . 1 02 0 . 229 
-0 . 099 0 . 07 5  0 . 019 0 . 082 - 0 . 335 0 . 050 

-0 . 027 0 . 194 -0 . 281 

-0 . 027 0 . 026 - 0 . 265 

* Performance i s  i n  terms of standard devi ati ons . 
( Fo r  exampl e ,  the effect of 1 0% i nbreed i ng on greasy 
fl eece we i g ht ,  in the ram hogget control group , wa s 
to decrea se  performance by 0 . 27 5  of  a standard dev i a t i on . 
Standard dev i at ions are i n  Tabl es  5 . 1 ,  5 . 2  and 5 . 4 . ) 



C H A P T E R F I V E 

PHENOTYP I C  AND GENET I C  CORRELAT I ONS , HER ITAB I L I T I E S  AND 

PHENOTY P I C  STANDARD DEV I AT IONS 

5 . 1  P henotypi c Standard Dev i ati ons 

The phenotypi c  standard dev i ati ons  presented i n  Tabl e s  5 . 1 ,  5 . 2  

and 5 . 4  were deri ved from the error mean s q uares  obta i ned by app ly i ng 

the l i near model g i ven i n  sect i on 3 . 2 . 3 .  For the hogget tra i ts there 

wa s l i tt l e  d i fference between ewe and ram est imates , a l though the ram 

body wei ght and fl eece we i ght trai ts appear to have s l i ght ly  h i g her 

val ue s .  Th i s i s  pos s i bl y  d ue to the greater .magn i tude of  the ram 

hogget performance i n  these tra i ts .  

T he ewe average l i fet ime performance trai ts  genera l l y  s howed l es s  

var i a bi l i ty than the equ i val ent ewe hogget tra i t s ( see Tabl es 5 . 1  and 

5 . 4 ) . Ewe average l i ve we i g ht wa s the onl y tra i t  to s how s l i g ht l y  

greater vari abi l i ty than the correspond i ng ewe hogget tra i t .  Ewe 

average G FW and W s howed s i mi l a r vari ab i l i ty ,  wh i l st ewe average QN , 
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CHG , SL , TCN , C F ,  Y and MFD a l l expres sed l ess  vari abi l i ty ,  than 

corre s pond i ng ewe hogget tra i ts .  The above res u l ts were not unexpected , 

s i nce a l though t he vari ab i l i ty of any part i cul ar  tra i t  at each ewe age 

may be greater than the vari ab i l i ty of the correspond i ng ewe hogget 

meas u rement , the vari ance of the average wi l l  be l es s  than the 

var i a b i l i ty s hown at  each ewe age , becau se the repeatabi l i t i es between 

the 4 ewe records wi l l  be l es s  than one . 
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TABLE 5 . 1 :  PHENOT Y P I C  AND GENET IC  CORRELAT IONS AND PHENOTYP I C  STANDARD DEV IAT I ONS 
FROM THE EWE HOGGET DATA 

DOB BW( t )  ww LW GFW w QN CHG SL 

9 . 30 0 . 24!0 . 39 -0. 18!0 . 1 9  - 0 . 08!0 . 1 0 - 0 . 52!0 . 27 -0. 59!0 . 31 0 . 35!0. 19  0 . 40!0 . 1 7  -0 . 90!0 . 73 
008 8. 78  0 . 46!0 . 36 * -0 . 02!0 . 1 5  0 . 03 !0 . 06 -0 . 09!0 . 09 0 . 35!0 . 1 5 -0 . 44!0 . 1 9  -0 . 74!0 . 3 1  

9 . 45 - 0 . 3 7 !0 . 34 -0 . 48!0 . 2 5 - 0 . 16!0 . 07 -0 . 2 1 !0 . 1 0 - 0 . 23!0. 1 3  0 . 23!0 . 09 0 . 4 9 !0 . 1 5 -0 . 38!0 . 14 

-0 . 01 0 .  72 0 . 64!0 .24  0 . 06!0 . 35 - 0 . 2 1 ! 0 . 42 -0 . 03!0 . 4 2  0 . 14t0. 36 0 . 09!0 . 34 - 0 . 22!0 . 55 
BW 0 . 09 0 .  74 -0. 14!0 . 98 -0 . 20!0 . 84 0 . 2 1 ! 0 . 33 0 . 1 5!0 . 33 0 . 50!0 . 3 1  0 . 46!0 . 37 -0 . 30!0 . 34 

-0 . 0 1  0 . 70 0 . 49!0 . 34 0 . 67:t0 . 26 0 . 56 �0 . 32 0 . 56!0 . 37 0 . 50!0 . 35 0 . 74 !0 . 28 -0 . 28!0 . 36 

- 0 . 4 1  0 . 39 3 . 36 0 . 74!0 . 39 0 . 1 3 !0 . 1 4  0 . 27 !0 . 1 9  - 0 . 37!0 . 1 6 - 0 . 50! 0 . 20 0 . 55!0 . 43 
ww -0 . 33 0 . 39 3 . 4 1  * * * * * * 

-0 . 4 5  0 . 30 3 . 25 0 . 8 1 ! 0 . 37 0 . 5 7 !0 . 29 0 . 56!0 . 3 1 0 . 04!0 . 33 -0 . 1 3!0 . 05 0 . 00!0 . 03 

-0 . 22 0 . 25 0 . 52 4 .  54 0 . 64!0 . 37 0 . 74!0 . 40 0 . 02!0 . 02 -0 . 07!0 . 03 0 . 7 7 !0 . 64 
LW -0 . 09 0 . 33 0 . 6 1  4 . 38 0 . 89! 1 .  03 0 . 75!0 . 87 -0 . 1.8!0 . 1 9 0 . 42 ! 0 . 4 5  0 . 49 !0 . 56 

-0 . 20 0 . 20 0 . 58 4 . 18 0 . 64!0 . 27 0 .  4 7:t0.  25  0 . 4 7!0 . 14 0 . 00!0 . 01 -0 . 20! 0 . 06 

-0 . 1 8 0 . 20 0 . 35 0 . 47 0 . 48 1 . 00!0 . 68 -0 . 43!0 . 24 - 0 . 03!0 . 05 0 . 58!0 . 62 
GFW -0 . 1 8 0 . 1 8 0 . 39 0 . 55 0 . 49 0 . 96!0 . 82 -0 . 07 !0 . 09 0 . 39!0 . 1 7 0 . 35!0 . 3 1  

-0. 1 9  0 . 2 1  0 . 42 0 .  54 0 . 53 1 . 00!0 . 57 -0 . 09!0 . 08 - 0 . 1 7 ! 0 . 05 0 . 45!0 . 28 

-0 . 1 9  0 . 1 7  0 . 32 0 . 4 1  0 . 94 0 . 40 -0 . 52 !0 . 30 0 . 04!0 . 05 0 . 85!0 . 85 w -0 . 20 0 . 14 0 . 37 0 . 50 0 . 97 0 . 40 -0 . 29 !0 . 16 0 . 28!0 . 1 2  0 . 58!0 . 3 1  
-0 . 20 0 . 1 7  0 . 39 0 . 49 0 . 95 0 . 46 -0 . 26!0 . 17 - 0 . 2 5 !0 . 09 0 . 45!0 . 28 

0 . 22 0 . 0 1 -0 . 07 -0 . 05 - 0 . 23 -0 . 33 1 . 72 0 . 53!0. 26 -0 . 80!0 . 80 
QN 0 . 10 0 . 06 -0 . 08 -0 . 07 - 0 . 26 - 0 . 3 5  1 . 80 0 . 42!0 . 23 -0 . 93!0 . 4 1  

0 . 1 0 0 . 04 -0 . 07 -0 . 02 -0 . 22 -0 . 33 1 .  76 0 . 70!0 . 26 - 0 . 37!0 . 22 

0 . 06 0 . 06 -0 . 04 -0 . 02 0 . 06 0 . 05 0 . 26 1 . 1 1 - 0 . 78!0 . 62 
CHG - 0 . 02 0 . 08 - 0 . 02 0 . 06 0 . 07 0 . 06 0 . 37 1 . 1 3 - 0 . 06!0 . 05 

0 . 08 0 . 07 0 . 04 0 . 07 0 . 06 0 . 0 1  0 .  39 1 . 1 1  -0 . 4 1 !0 . 1 5  

- 0 . 1 0  0 . 08 0 . 03 0 . 18 0 . 49 0 . 53 -0 . 58 -0 . 1 4 1 .  74 
SL -0 . 13 -0 . 04 0 . 1 6  0 . 26 0 . 50 0 . 55 -0 . 53 -0 . 09 1 . 69 

-0 . 1 2 - 0 . 06 0 . 1 0  0 . 1 5 0 . 40 0 . 46 - 0 . 54 -0 . 1 5  1 .  7 1  

0 . 14 0 . 09 -0 . 0 1  0 . 04 0 . 08 - 0 . 0 1  0 . 62 0 . 40 -0 . 12  
TCN  0 . 03 0 . 03 -0 . 01 0 . 08 - 0 . 0 1  -0 . 07 0 . 63 0 . 44 -0 . 1 1  

0 . 07 0 . 09 0 . 0 1  0 . 04 0 . 02 -0 . 08 0 . 66 0 . 44 -0 . 1 7 

0 . 1 7 0 . 02 -0 . 03 - 0 . 07 -0 . 23 -0 . 32 0 . 80 0 . 32 -0 . 64 
CF 0 . 1 0 0 . 04 - 0 . 09 -0 . 07 -0 . 26 -0 . 34 0 . 79 0 . 39 -0 . 58 

0 . 1 3  0 . 1 0  -0 . 05 -0 . 05 -0 . 1 9 -0 . 30 0 . 79 0 . 39 -0 . 6 1  

-0 . 08 - 0 . 03 0 . 01 -0 . 03 0 . 13 0 . 45 -0 . 39 0 . 0 1 0 . 29 y -0 . 1 5 -0 . 1 0 0 . 03 -0 . 04 0 . 1 5 0 . 39 - 0 . 4 3 - 0 . 04 0 . 36 
-0 . 08 -0 . 05 0 . 06 0 . 04 0 . 1 6 0 . 46 -0 . 4 1  -0 . 1 1  0 . 33 

- 0 . 3 1  0 . 0 1 0 . 1 7 0 . 2 1  0 . 50 0 . 52 -0 . 33 -0 . 02 0 . 37 
MFD -0 . 1 6  -0 . 03 0 . 2 1 0 . 27 0 . 56 0 . 59 -0 . 42 - 0 . 03 0 .  51  

-0 . 1 4 - 0 . 08 0 . 1 2  0 . 1 9 0 . 37 0 . 42 -0 . 35 - 0 . 06 0 . 40 

-0 . 23 -0 . 1 4 0 . 80 0 . 06 0 . 1 3  0 . 1 1  -0 . 20 - 0 . 16 0 . 1 5 
SFD -0. 1 1  - 0 . 1 4  0 . 09 0 . 07 0 . 1 5 0 . 1 6  -0 . 20 -0 . 06 0 . 1 0  

-0 . 1 0 - 0 . 07 0 . 02 0 . 03 0 . 03 0 . 02 -0 . 07 - 0 . 03 0 . 02 

-0 .03 -0 . 06 0 . 00 0 . 02 0 . 09 0 . 1 1  -0 . 16 - 0 . 1 5  0 . 10 
PMF -0 . 0 1  -0 . 1 1  0 . 02 0 . 03 0 . 14 0 . 13  -0 . 1 7 -0 . 1 1  0 . 1 1  

-0 . 06 0 . 03 0 . 07 0 . 1 2 0 . 1 4 0 . 1 6  -0 . 13 -0 . 12 0 . 1 0 

- 0 . 03 - 0 . 05 0 . 06 -0 . 02 - 0 . 03 - 0 . 03 -0 . 02 -0 . 16 0 . 10 
M !  0 . 0 1  - 0 . 1 4  0 . 03 -0 . 04 0 . 05 0 . 03 -0 . 1 0 -0 . 15 0 . 12 

0 . 00 -0 . 2 1  -0 . 13 -0 . 17 - 0 . 06 -0 . 01 -0 . 07 -0 . 08 0 . 05 

0 . 00 0 . 09 0 . 09 0 . 23 0 . 09 0 . 07 -0 . 03 0 . 08 0 . 12 
FC - 0 . 0 1  0 . 1 5  0 . 14 0 . 1 9  0 . 1 5  0 . 1 6  - 0 . 1 1  0 . 00 0 . 1 8  

- 0 . 08 0 . 03 0 . 1 5  0 . 20 0 . 14 0 . 1 1  - 0 . 07 -0 . 02 0 . 1 5  

D i a gona l fi gures phenotypi c  s tandard dev i at i on s ; 
Phenotyp i c  corre l a t i on s  be l ow d i agona l . 

Genet i c  corre l at i ons above di agona l ; 

E s t i mates are a rranged i n  desce nd i ng order o f :  control group , fa ce-cover grou p ,  fl eece we i ght  
group , respec t i ve l y .  



TABLE 5 . 1  (con t i nued)  

TCN ( t )  CF ( t )  MFD SFD PMf ( t )  M l ( t ) FC 

0 . 06 t0 . 38 0 . 32:0 . 36 -0 . 96!1 . 66 0 . 0 5 t0 . 06 -0 . 36 !0 . 1 9  * N 0 . 2 3 !0 . 1 1  
0 . 08!0 . 35 0 . 52 :0 . 32 - 0 . 47 :0 . 20 -0. 7 8 :0 . 38 0 . 54 :0 . 70 -0 . 23 t0 . 3 1  0 . 23 !0 . 39 * DOB 
0 . 03 : 0 . 28 0 . 2 1 :0 . 29 - 0 . 10!0 . 1 3 0 . 02!0 . 04 -0 . 22!0 . 08 0 . 37!0 . 24 0 . 23:0 . 40 -0 .49!0.22  

0 . 1 3 !0 . 42 0 . 2 1 �0 . 37 N -0 . 1 4!0 . 30 -0 . 08!0 . 33 * # -0 . 25!0 . 40 
0 . 22 !0 . 37 0 . 4 1 !0 . 38 - 0 . 16t0 . 32 -0 . 1 6 !0 . 44 -0 . 45t0 . 95 - 0 . 18:0 . 36 0 . 1 4 t0 . 45 * BW 
0 . 7 1 :0 . 35 0 . 43:0 . 38 - 0 . 12t0 . 66 -0 . 2 1 :0 . 33 -0. 28t0 . 29 0 . 39:0 . 34 -0 . 1 7 t0 . 49 0 . 00 :0 . 46 

- 0 . 55:0. 34 -0 . 59:0 . 33 # - 0 . 0 9 :0 . 03 0 . 29t0 . 1 2 * # 0 . 45 t0 . 20 * * * * * * 0 . 16!0 . 51 .. ww 
0 . 1 4 :0 . 32 0 . 05t0 . 3 5  - 0 . 54!0 . 55 0 . 1 7 t0 . 09 0 . 30!0. 1 1  0 . 48t0 . 27 0 . 5 1 !0 . 7 1 -0 . 1 5 :0 . 08 

- 0 . 1 6 :0 . 39 -0. 47:0 . 36 # 0 . 2 1 !0 . 1 1  0 . 37 !0 . 1 5 * # 0 . 03 !0 . 07 
0 . 34:0 . 68 -0 . 07 !0 . 7 1  - 0 . 33t0. 34 0 . 28:0 . 39 -0 . 05!0 . 1 9  0 . 73t0 . 68 -0 . 1 2 :0 . 94 * 
0 . 48 :0 . 24 0 . 49!0 . 27 # -0 . 1 2 !0 . 03 0 . 09!0. 03 0 . 35!0 . 2 1  0 . 1 1 :0 . 38 -0 . 38 :0 . 1 5  

- 0 . 4 2 !0 . 44 - 0 . 66:0 . 34 0 . 36t0 . 66 0 . 82!0 . 39 0 . 52!0 . 24 * 0 . 04t2 . 29 0 . 07!0 . 04 
0 . 2 3 :0 . 36 - 0 . 02:0 . 37 0 . 19:0 . 09 0 . 34t0 . 29 0 . 1 2 :0 . 2 1  0 . 27t0 . 28 0 . 09!0 . 36 .. 

- 0 . 1 3 !0 . 35 - 0 . 3 1 :0 . 35 - 0 . 40!0.40 0 . 42!0. 20 0 . 39!0. 1 3  0 . 7 1 !0 . 20 0 . 33!0 . 38 - 0 . 58!0 . 25 

- 0 . 30:0 . 4 3  -0 . 66!0 . 32 0 . 42t0 . 93 0 . 8 2 !0 . 40 0 . 57!0 . 26 * O . l l t2 . 50 0 . 1 2 t0 . 06 
0 . 1 0:0 . 37 -0. 26:0 . 34 0 . 46!0. 23 0 . 45!0. 33 0 . 05t0. 1 5  0 . 34:0 . 27 0 . 02:0 . 36 .. 

- 0 . 3 7 !0 . 39 -0 . 59:0 . 3 5  - 0 . 3 1 !0 . 46 0 . 59!0 . 29 0 . 47!0. 1 7  0 . 82:0 . 20 0 . 3 1 t0 . 40 - 0 . 7 5 !0 . 3 5 

0 . 90:0 . 1 6 1 . 00!0. 06 -0 . 95!1 . 7 1  - 0 . 64 !0 . 28 -0. 55:0 . 25 * li 0 . 19:0 . 08 
0 . 35:0 . 28 0 . 78:0 . 1 3  - 0 . 79:0 . 32 - 0 . 49:0. 28 0 . 1 3:0 . 20 -0 . 15:0 . 28 0 . 30!0 . 39 .. 
0 . 94 :0 . 1 0 0 . 96t0 . 06 # -0 . 58:0 . 22 -0. 40:0 . 1 3  - 0 . 21:0 . 22 -0 . 1 5:0. 38 -0 . 1 2 :0 . 07 

0 . 54 :0 . 34 0 .  54 tO . 36 0 . 38:0 . 66 -0 . 29:0 . 10 -0 . 62t0 . 26 * 11 0 . 39:0 . 18 
0 .  3 1 :0 . 36 0 . 08:0 . 42 - 0 . 22t0 . 09 0 . 20t0. 09 0 . 83 : 1 . 07 -0 . 38!0 . 3 1  0 . 07 !0 . 48 * 
0 .  54 tO . 20 0 . 63!0 . 20 - 0 . 53t0 . 53 - 0 . 22:0 . 06 -0 . 40:0 . 1 1  -0 . 1 7!0 . 22 -0 . 18:0 . 37 0 . 10!0 . 04 

- 0 . 35:0 . 70 -0 . 68:0 . 22 # 0 . 7 9 t 0 . 66 0 . 75t0 . 60 * il -0 . 48:0 . 37 
- 0 . 09t0 . 34 - 0 . 64:0 . 2 1 0 . 95:0 . 38 0 . 82:0 . 46 0 . 64:0 . 84 0 . 18t0 . 28 -0 . 12t0 . 44 * 
-0 . 1 0:0 . 32 -0 . 54:0 . 24 0 . 53:0 . 62 0 . 43:0 . 19  0 . 28:0 . 09 -O . Olt0 . 25 - 0 . 39t0 . 5 1 -0 . 25 t0 . 1 1  

2 . 8 1 0 . 93 t0 . 1 0 0 . 50: 1 . 10 - 0 . 4 3:0 . 28 -0 . 4 1 !0 . 32 * na 0 . 29!0.42  
3 . 12 0 . 8 1 :0 . 1 1  - 0 . 34t0 . 29 - 0 . 3 7 t0 . 37 0 . 12:0 . 62 -0 . 06:0 . 3 1  na * 
3 . 07 0 . 89:0 . 07 N - 0 . 50:0 . 24 -0. 34t0 . 25 - 0 . 29:0 . 24 na - 0 . 2 7:!.0 . 39 

0 . 8 1 0. 73  - 0 . 46:0 . 64 -0 . 58!0 . 23 -0 . 50!0 . 3 1  * na 0 . 16!0 . 43 
0 . 86 0 .  7 5  -0 . 76:0 . 2 1  -0 . 67:0 . 28 -0 . 07 :0 . 60 -0 . 15:0 . 30 na * 
0 . 87 0 . 7 1  # - 0 . 63:0 . 2 1 - 0 . 4 1 :0 . 27 -0 . 39:0 . 26 na -0 . 1 2 t0 . 42 

-0 . 24 - 0 . 36 4 . 3 1 0 . 2 7 :0 . 50 0 . 50:0 . 86 * 0 . 24:2 . 37 0 . 35!0 . 59 
- 0 . 25 - 0 . 4 0  3 . 72 0 . 50:0 . 27 -0 . 23 : 0 . 2 9  0 . 34:0 . 28 -0 . 28:0 . 4 1  * 
-0 . 29 - 0 . 40 4 . 33 0 . 96:0 . 99 0 . 57!0 . 57 0 . 60:0 . 44 -0 . 1 9:0 . 6 3  -0 . 65!0 . 68 

-0 . 22 -0. 38 0 . 2 1 2 . 7 1  0 . 66:0 . 27 * # - 0 . 32:0 . 1 2  
-0 . 2 1 - 0 . 4 3  0 . 32 2 . 67 0 . 47 :0 . 75 - 0 . 03:0 . 3 1 - 0 . 06:0 . 64 * 
-0 . 20 - 0 . 3 5  0 . 28 2 . 8 1  0 . 4 1 !0 . 1 5  0 . 38:0 . 20 0 . 32:0 . 36 -0 . 07 :0 . 03 

-0 . 1 6 - 0 . 20 -0 . 02 0 . 32 0 . 99 * 0 . 03t l . 93 -0 . 05:0 . 03 
- 0 . 1 7  -0 . 1 9 0 . 08 0 . 39 0 . 98 0 . 02:0 . 80 0 . 64:0 . 4 2  .. 
- 0 . 08 - 0 . 08 -0 . 02 0 . 28 1 . 03 0 . 23:0 . 20 0 . 03:0 . 34 -0 . 1 1 :0 . 07 

- 0 . 1 8  -0 . 1 8 0 . 1 1  0 . 22 0 . 24 6 . 4 3 R .. 
-0 . 12 -0 . 1 6 0 . 04 0 . 23 0 . 16 8 . 05 0 . 3 1 :0 . 33 * 
- 0 . 1 6  -0 . 1 9 0 . 1 0  0 . 27 0 . 1 7  6 . 94 0 . 25:0 . 32 -0 . 44:0 . 27 

na na -0 . 03 0 . 04 0 . 1 4 0 . 32 6 . 1 0  11 
na n.; -0 .08 0 . 1 1  0 . 22 0 . 29 1 0 . 28 * 
na na 0 . 14 0 . 05 0 . 1 1  0 . 23 5 . 98 -0 . 73 !0 . 57 

0 . 07 -0 . 02 -0 . 03 0 . 00 -0 . 04 - 0 . 05 0 . 00 2 . 03 
- 0 . 0 1 -0 . 1 0  0 . 09 0 . 12  -0 . 1 7 0 . 02 - 0 . 05 1 . 86 

0 . 02 - 0 . 07 - 0 . 05 0 . 07 -0 . 09 - 0 . 03 0 . 02 2 . 1 0 

* nega t i ve s i re v a ri ance component . # = e s t i mate outsi de of theoreti c a l  bounds . 

na not ava i l a b l e .  t = s ta nd a rd e rror c a l cul a ted u s i ng the method o f  Ta l l i s  ( 1 959 ) . 

LW 

GFW 

w 

QN 

CHG 

S L  

TCN 

CF 

y 

MFO 

SFD 

PMF 

M!  

FC 

76 
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TABLE 5 . 2 :  PHENOTYP J C  AND GENET I C  CORRELAT I ONS AND PHENOTY P J C  STANDARD DEV I AT IONS 
FROM THE RAM HOGGET DATA 

DOB BW ( t )  ww LW( t )  GFW w QN CHG 

8 . 52 na na na na na na na 
DOB 9 . 5 1  * -0 . 48!0 . 4 5  0 . 10!0 . 8 1  0 . 66!0 . 76 0 . 39!0 . 32 -0 . 1 5!0 . 07 0 . 22!0 . 1 2  

8 . 94 0 . 80:!.0 . 38 * -0 . 24!0 . 34 0 . 34 !0 . 2 1  0 . 35!0 . 18 0 . 26!0 . 1 1 - 0 . 57!0 . 2 5  

0 . 03 0 . 76 na na na na na na 
BW 0 . 01 0 . 79 * * * * * * 

0 . 18 0 .  74 * 0 . 4 7 !0 . 2 7  0 . 53!0 . 48 0 . 36 ! 0 . 4 5  0 . 06!0 . 34 - 0 . 20!0 . 45 

-0 . 38 0 . 39 3 . 85 na na na na na  
ww -0 . 32 0 . 48 3 .  70 0 . 60!0 . 37 # # -0 . 64!0 . 32 - 0 . 56! 0 . 29 

-0 . 35 0 . 37 3 . 78 * * * * * 

-0 . 30 0 . 25  0 . 50 5 . 36 na "" na na 
LW -0 . 06 0 . 35 0. 54 5 . 1 2 0 . 59!0 . 50 0 . 74!0 . 44 -0 .  7 1 !0 . 34 -0 . 22!0 . 39 

-0 . 1 3 0 . 32 0 . 56 4 . 73 0 . 49!0 . 32 0 . 45!0 . 32 0 . 12!0 . 32 0 . 33!0 . 4 9  

-0 . 22 0 . 20 0 . 2 1  0 . 52 0 . 51 na na na 
GFW -0 . 07 0 . 07 0 . 20 0 . 44 0 . 59 0 . 84! 1 . 88 # - 0 . 36!0 . 40 

-0 . 1 4 0 . 25 0 . 37 0 . 53 0 . 59 1 .  00! 1 .  09 - 0 . 24 !0 . 1 7  -0 . 1 6 !0 . 10 

-0 . 1 9 0 . 23 0 . 24 0 . 43 0 . 92 0 . 43 na na 
w -0 . 08 0 . 04 0 . 1 8 0 . 42 0 . 95 0 . 49 I! - 0 . 30!0 . 22 

-0 . 16 0 . 2 1  0 . 35 0 . 48 0 . 94 0 . 50 -0 . 36!0 . 2 1  - 0 . 2 1:!: 0 . 1 1  

-0 . 07 0 . 02 0 . 04 0 . 05 -0 . 05 -0 . 1 6 1 . 68 na 
QN 0 . 03 0 . 1 1  - 0 . 01 - 0 . 08 -0. 26 - 0 . 38 1 . 82 0 . 64!0 . 25 

0 . 10 0 . 1 3  0 . 1 0  0 . 1 0  -0 . 1 1  -0 . 2 1  1 . 64 0 . 57:!0 . 29 

-0 . 04 -0 . 0 1 - 0 . 04 0 . 06 0 . 1 6 0 . 1 3 0 . 1 3  0 . 90 
CHG - 0 . 02 -0 . 02 - 0 . 09 0 . 08 0 . 18 0 . 14 0 . 26 1 . 1 5 

0 . 09 0 . 07 - 0 . 05 -0 . 03 0 . 00 -0 . 02 0 . 36 1 . 07 

0 . 02 0 . 07 -0 . 1 0 0 . 1 9  0 . 40 0 . 42 - 0 . 3 1  0 . 1 2 SL -0 . 03 -0 . 1 2 0 . 02 0 . 2 1  0 . 5 1 0 . 58 -0 . 52 0 . 06 
-0 . 06 -0 . 09 - 0 . 1 0  0 . 03 0 . 29 0 . 34 -0 . 5 5  -0 . 1 5 

-0 . 03 0 . 1 2  0 . 02 0 . 1 8  0 . 2 7  0 . 17 0 . 66 0 . 29 
TCN 0 . 02 0 . 1 0  - 0 . 0 1  0 . 1 2  0 . 09 -0 . 03 0 . 66 0 . 5 1  

0 . 10  0 . 08 0 . 08 0 . 09 0 . 08 0 . 00 0 . 65 0 . 40 

-0 . 03 0 . 07 0 . 09 0 . 03 -0 . 02 -0 . 1 1  0 . 77 0 . 1 7 
CF 0 . 03 0 . 14 0 . 00 - 0 . 01 -0 . 18 -0 . 3 1  0 . 81 0 . 37 

0 . 1 1  0 . 1 2  0 . 1 1  0 . 05 -0 . 08 -0 . 1 6 0 .  77 0 . 37 

0 . 02 0 . 1 4 0 . 1 2 -0 . 09 0 . 05 0 . 43 - 0 . 35 -0 . 06 y - 0 . 07 -0 . 07 0 . 01 0 . 1 1  0 . 2 3 0 . 5 1 -0 . 4 9  -0 . 05 
-0. 1 1  -0 . 02 0 . 04 0 . 03 0 . 1 7 0 . 49 -0 . 32 - 0 . 06 

-0 . 18 -0. 1 2  -0 . 03 0 . 1 7  0 . 43 0 . 4 1  -0 . 1 0 0 . 1 4  
MFO -0. 09 - o . oe 0 . 04 0 . 2 1  0 . 55 0 . 62 -0 . 5 1 0 . 02 

-0. 1 7  0 . 00 0 . 07 0 . 2 1 0 . 5 1 0 . 55 - 0 . 35 - 0 . 05 

0 . 24 0 . 1 4  -0 . 1 5 na  -0 . 23 -0 . 1 7 -0 . 12 0 . 1 7  I M I  0 . 01 -0 . 1 1  0 . 18  na 0 . 09 0 . 1 1  -0 . 16 -0 . 1 8 
0 . 08 - 0 . 04 0 . 00 na -0 . 03 0 . 03 -0 . 1 1 -0 . 1 5 I 
0 . 03 0 . 1 0  0 . 1 9 0 . 1 7  0 . 1 2 0 . 06 -0 . 01 0 . 06 I FC 0 . 0 1 0 . 09 0 . 14 0 . 26 0 . 05 0 . 05 0 . 01 0 . 14 

-0 . 06 -0 . 08 0 . 06 0 . 1 1  0 . 06 0 . 05 -0 . 05 0 . 00 

See T a b l e  5 . 1  for l egend . 
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TABLE 5 . 2  ( conti nued ) 

SL  TCN ( t )  C F ( t )  y MFD ( t )  M J  ( t) FC 

na na na na na na na 
0 . 1 7 !0 . 09 -0 . 04!0 . 58 -0 . 18!0 . 49 -O . l8:t0 . 1 1  -0 . 06�0 . 43 0 . 1 9:t 0 . 76 0 . 32 !0 . 24 DOB 

-0 . 1 1 !0 . 06 0 . 1 5 !0 . 35 0 . 1 6 !0 . 33 0 . 28!0 . 14 -0 . 14!0 . 50 il -0 . 2 1 t0 . 09 

na na na na na na na * * .. * * * * BW 
- 0 . 0 1 !0 . 36 0 . 06 !0 . 33 0 . 1 1 !0 . 32 - 0 . 32!0 . 50 - 0 . 06:!:0 . 43 -0 . 1 3 ! 0 . 43 -0 . 08:!:0 . 34 

na na na na na na  na  
0 . 2 1 !0 . 10 -0 . 64 :t0 . 62 - 0 . 50:t0 . 5 1 0 . 8 1 :!:0 . 50 0 . 45:!:0 . 42 0 . 32!0 .55  -0 . 70:!:0 . 50 ww * * * .. * 0 . 61 3 . 20 * 

na na na na na na  na  
0 . 2 1 !0 . 37 0 . 03!0 . 46 -0. 1 7! 0 . 39 0 . 46!0. 38 0 . 14:t0 . 35 -0 . 71 :t 1 . 04 0 . 57 !0 . 58 LW 
0 . 47 :!:0 . 30 0 . 76:!:0 . 30 0 . 4 1 !0 . 30 0 .  68:t l .  96 -0 . 22!0 . 50 - 0 .  04 ! 0 . 44 0 . 1 1 :!:0 . 30 

Od na na na na na  na 
0 . 56!0 . 78 -0 . 37 !0 . 85 -0 . 66!0 . 55 0 . 47:!:0 . 57 0 . 86!0 . 00 -0 . 1 8 !0 . 89 -0 . 58:!:0 . 70 GFW 
0 . 44 ! 0 . 3 5  0 . 26:!:0 . 54 0 . 2 1 :!:0 . 54 0 . 95:!:0 . 68 0 . 2 1!0 . 66 0 . 3 1 !0 . 42 -0. 07:!:0 . 04 

na na na na na na na 
0 . 78!0 . 73 - 0 . 42:!:0 . 67 -0 . 79:!:0 . 37 0 . 90:!:0 . 7 9  1 . 00:t0 . 00 0 . 01 :!: 0 . 72 -0 . 36:!:0 . 32 w 
0 . 53!0 . 34 0 . 22!0 . 49 0 . 1 1 :!:0 . 48 0 . 94:!:0 . 69 0 . 15:!: 0 . 6 1  0 . 24 :!:0 . 43 O . OO:t0 . 01 

na na na na na na na 
# 0 . 60! 0 . 22 0 . 96 :!:0 . 06 -0. 63!0 . 33 - 0 . 63!0 . 20 -0 . 66!0. 56 0 . 2 1 :!:0 . 1 3  QN 

-0. 65:!:0 . 30 0 . 94:t0 . 09 0 . 9 1 ! 0 . 07 -0. 56:t0 . 3 1  - 0 . 57:!:0 . 32 -0 . 06!0 . 30 0 . 1 9:!:0 . 06 

na na na na na na na 
-0 . 37 :!:0 . 1 2 0 . 78:t0 . 21 0 . 70!0 . 23 -0. 14!0 . 06 - 0 . 46!0. 30 - 0 . 85!0 . 45 0 . 73:!:0 . 48 CHG 
-0 . 45:t0 . 2 1  0 . 70:!:0 . 26 0 . 75:!:0 . 23 - 0 . 37!0 . 20 - 0 . 29!0 . 56 -0 . 48!0 . 40 - 0 . 35:!:0 . 1 5  

1 . 46 na na na na na na 
l .  53 - 0 . 59!0 . 34 -0. 92!0 . 1 3 0 . 75!0 . 36 0 . 49!0 . 2 3  - 0 . 07:!:1 . 60 - 0 . 46!0 . 29 SL 
l .  56 - 0 . 54:!:0.27 -0 . 7 3 :!:0 . 1 5  0 . 60:t0 . 34 0 . 45:!:0 . 36 - 0 .  43:!:0 . 38 0 . 37 !0 . 1 3 

0 . 10 2 . 85 na na na na na 
-0 . 10 2 . 97 0 . 87!0 . 07 -0 . 2 1 :t0 . 37 - 0 . 72!0 . 28 11 g TCN 
- 0 . 24 2 . 76 0 . 97:!:0 . 03 0 . 1 1 :!:0 . 92 # -0 . 3 7!0 . 32 -0 . 38:!:0 . 29 

- 0 . 49 0 . 80 0 . 62 na na na na 
-0 . 57 0 . 85 0 . 69 -0 . 4 7!0. 26 -0. 73!0 . 18 N 0 . 88:!:0 . 57 C F  
- 0 . 6 5  0 . 87 0 . 63 -0 . 32:!:0 . 7 3  11 -0 . 22:!:0 . 34 -0 . 39!0 . 27 

0 . 16 -0 . 21 -0 . 27 4 . 7 1 na na na 
0 . 40 -0 . 33 -0 . 48 4 . 37 0 . 58!0 . 23 0 . 34!0 . 73 0 . 1 1:!: 0 . 08 y 
0 . 26 -0 . 1 8 -0 . 24 4 . 14 0 . 6 5:!: 1 . 23 -0 . 03:!:0 . 47 0 . 30!0 . 14 

0 . 18 0 . 06 -0 . 06 0 . 07 2 . 09 na na 
0 . 54 -0 . 25 - 0 . 48 0 . 45 2 . 39 0 . 33:!:0 . 7 1 -0 . 53!0 . 54 MFD 
0 . 36 - 0 . 27 -0 . 38 0 . 27 2 . 05 0 .  0}:!:0 . 40 0 . 86:!:0 . 40 

0 . 20 na  na 0 . 02 na 1 0 . 42 na 
0 . 10 na na 0 . 07 na 6 . 1 5  0 . 08:t0 . 80 M !  
0 . 1 1  na na 0 . 1 7  na 6 . 60 0 . 1 0!0 . 33 

- 0 . 04 0 . 1 1 0 . 1 1  -0. 1 3  0 . 02 0 . 07 2 . 20 
0 . 1 3 0 . 12 0 . 05 0 . 02 0 . 06 0 . 08 1 .  73 FC 
0 . 08 - 0 . 0 1  - 0 . 05 0 . 00 0 . 16  -0 . 09 2 . 00 
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TABLE 5 . 3 :  GENET I C  CORRELAT I ONS BETWEEN EWE HOGGET AND EWE AVERAGE L I FET IME PERFORMANCE TRAITS 

L Ba LRa LWa GFWa Wa QNa 

-0 . 1 9!0 . 16 -0 . 0 1 !0 . 07 0 . 1 0!0. 07 # 0 . 70!0 . 74 -0. 10±0 . 1 2 
DO Be * * 0 . 5 7 !0 . 42 0 . 43 0 . 23 0 . 29 !0 . 1 6 0 . 1 5 !0 . 1 0  

0 . 53!0 . 50 0 . 43!0 . 37 0 . 02 ±0 . 07 -0 . 1 1 !0 . 07 -0 . 06!0 . 04 0 . 06!0 . 06 

-0. 53!0 . 3 7  -0 . 88!1 . 5 7  0 . 4 1 !0 . 27 0 . 1 1 !0 . 18 -0 . 20::!:0 . 1 9 0 . 8 1 !0 . 60 
BWe * * -0 . 28 !0 . 99 11 11 # * * * * * * 

0. 29:!:0 . 2 1  0 . 4 1 !0 . 74 0 . 88 ±0 . 49 0 . 07 :!:0 . 1 7  0 . 24:!:0 . 26 0 . 12±0 . 08 
WWe * * 0 . 33 ± 1 . 08 - 0 . 46!0 . 94 -0 . 38::!:0 . 80 -0 . 65! 1 . 3 1  

0 . 63:!:0 . 66 0 . 92!0 . 83 -0 . 68!0 . 45 0 . 42±0 . 29 0 . 44!0 . 3 1  -0 . 66!0 . 40 

0 . 84 !0 . 7 5  0 .  7B:tl . 50 0 . 4 1 ±0 . 48 0 . 05±0 . 29 0 . 22±0 . 34 -0. 45!0 . 4 0  
LWe * * * * * * 

1 .  00± 1 . 1 9  0 . 91 ±0 . 96 0 . 66 !0 . 83 0 . 7 1 ! 0 . 64 0 . 69!0 . 63 -0 . 5 1 !0 . 4 4 

0 . 52!0 . 39 0 . 92! 1 . 65 0 . 22 !0 . 1 9  0 . 57!0 . 80 0 . 66±0 . 79 -0 . 90!0 . 7 1  
GFWe * * * * * * 

0. 90! 1 .  33 -0 . 10!0 . 27 -0 . 33!0 . 46 1 .  00! 1 . 39 1 .  OO:t l .  52 -0 . 8 5± 1 . 07 

0 . 30!0 . 23 0. 70!1 . 27 0 . 4 1 ::!:0 . 27 0 . 5 1 !0 . 80 0 . 65:!:0 . 86 -0 . 84 !0 . 74 
We * .. .. * * 

# p 11 # # # 
0 . 28±0 . 2 5  0 . 14::!:0 . 29 -0 . 1 3:!:0. 09 0 . 64::!:0 . 73 - 0 . 05!0 . 40 0 . 35!0 . 8 1  

QNe .. - 0 . 28 !0 . 22 # # 1 .  00! 1 . 01  
0 . 58±0 . 45 0 . 30!0 . 20 il 0 . 32!0 . 12 0 . 06±0 . 10 0 . 98!0 . 51 

0 . 04 !0 . 08 0 . 14!0 . 28 0 .  1 0 ! 0 . 07 -0 . 65!0 . 75 1 .  00! 1 .  09 0 . 77 :!:0 . 76 
CHGe * * -0 . 58!0 . 55 # # 0 . 23!0 . 38 

-0 . 30 ±0 . 24 -0 . 43±0 . 29 0 . 99!0 . 47 0 . 40:!:0 . 16 0 . 3 1 ±0 . 1 4 0 . 7 1 :!:0 . 33 

-0. 42!0. 51  -0. 40!0 . 84 -0 . 05 !0 . 1 1  -0 . 83::!: 1 . 2 5 -0 . 22:!:0 . 72 -1 . 00!1 . 55 
Sle .. * # 0 . 72!0 . 96 0 .  7 7 ! 1 .  06 0 . 03:!:0 . 5 5 

-0 . 73 !0 . 60 -0 . 92:!:0 . 65 /; -0 .  94±0 . 4 5  -0 . 78±0 . 4 0  -0 . 39 ±0 . 29 

-0 . 34 !.0 . 57 - 0 .  3 1 ! 0 .  60 - 0 . 20!.0. 58 0 . 1 9 !0 . 74 -0 . 05!0 . 7 0  0 . 29 !0 . 66 
T CNe .. * - 0 . 0 7 !0 . 63 -0 . 03! 1 . 07 -0 . 1 7!. 1 . 83 # 

0 . 7 5 ±0 . 65 0 . 44 ± 0 . 72 0 . 89::!:0 . 53 -0 . 37 ± 0 . 34 - 0 . 64!0 . 35 0 . 87!0 . 1 9  

-0 . 54±0 . 59 -0 . 43:!:0 . 6 1 -0 . 14!0 . 60 0 . 22±0 . 84 - 0 . 08::!:0 . 74 0 . 66::!:0 . 44 
CFe .. .. -0 . 86 ± 1 . 34 0 .  1 1  ! l .  94 0 . 12±3 . 52 # 

# 0 . 99!0 . 95 11 -0 . 05::!:0 . 40 - 0 . 37!0 . 39 1 . 00±0 . 1 7  

.. * * .. * * 
Ye * * 0 . 75:!:0 . 5 1  0 . 96!0 . 50 # il # p -0 . 54 ! 0 . 4 1  -0 . 1 1:!:0 . 1 3  0 . 56 ::!:0 . 52 -0 . 44 ! 0 . 4 2  

- 0 . 2 5 ±0 . 1 7  -0 . 42!0 . 7 5  0 . 35±0 . 1 8  0 . 83±0 . 89 0 . 89:!:0 . 8 7  -0 . 80!0 . 6 3  
M FOe .. * * .. * * 

0. 13!0 . 18 0 . 03!0 . 1 0  -0 . 57!0 . 3 1  0 . 48±0 . 26 O . B0:!:0 . 4 6  -0 . 60±0 . 34 

- 0 . 19!0 . 44 -0 . 53:t l . 47 0 . 27!0 . 58 If li If 
SF  De .. .. * * * 

R - 0 . 73!0 . 95 -0 . 08!0 . 1 1 0 . 48!0 . 59 0 . 07 !0 . 1 1  -0 . 1 4 !0 . 16 

0 . 13!0 . 93 0 . 53± 1 . 06 -0 . 24 ! 1 . 3 1  * * /; 
PMFe * * * * * * 

0 . 57 !0 . 66 0 .  7 l :t l . 04 0 . 34! 0 . 47 0 . 6 1 ± 0 . 3 5  0 . 85:!:0 . 40 -0 . 96 ±0 . 29 

0 . 69±0 . 51 0 . 76! 1 . 38 0 . 09!0 . 1 2 -0. 23±0 . 22 - 0 . 45!0 . 40 0 . 23 ±0 . 16 
FCe * li # - 0 . 53 ! 1 . 64 -0 . 54! 1 . 68 .. * * * * * 

See Tab l e  5 . 1 for l e ge n d .  
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TABLE 5 . 3  ( cont i nued ) 

CHGa Sla TCNa C Fa Ya MFOa 

-0 . 89 !0 . 84 .. 0 . 1 2!0 . 50 0 . 42!0 . 57 -0. 33!0 . 22 0 . 43!0 . 29 
0 . 64 !0 . 38 - 0 . 42!0 . 29 N # .. - 0 . 39!0 . 26 008e 
0 . 58!0 . 40 - 0 . 99!0. 96 - 0 . 73!0 . 59 -0. 43!0 . 60 0 . 02 !0 . 02 -0. 33!0 . 23 

-0 . 33!0 . 27 0 . 68!0 . 40 0 . 73!0 . 50 -0 . 51 !0 . 27 -0 . 10:!:0 . 07 
# .. .. .. 0 . 9 1 !3 . 02 8We .. .. .. .. .. .. 

-0. 20!0 . 1 7  .. 0 . 05!0. 37 -0 . 2 1 !0 . 42 0 . 20!0 . 09 -0 .26!0 . 1 1  
0 . 1 9!0 . 4 1  - 0 . 28!0 . 59 .. .. .. 0 . 86 ! 1 . 76 WWe 

-0. 74!0 . 4 7 0 . 63!0 . 59 -0 . 02!0 . 56 0 . 01 !0 . 59 0 . 09!0 . 05 11 
-0. 26!0 . 26 .. -0 . 02!0 . 55 -0 . 52!0 . 64 0 . 20!0 . 1 3  0 . 53 !0 . 36 .. .. 11 11 * .. LWe 
-0 . 03 !0 . 03 -0 . 55!0 . 65 -0 . 1 2! 0 . 4 7  0 . 1 9 ! 0 . 4 9  -0 . 21 !0 . 21 0 . 37!0 . 33 

-0. 09!0 . 07 .. - 0 . 46!0 . 3 5  -0 . 70!0 . 33 0 . 37 !0 . 22 0 . 80!0 . 4 1  .. .. .. .. * * GFWe 
11 1 . 02!1 . 4 9  .. * 0 . 1 1 !0 . 1 6  11 

0 . 23!0 . 2 1  .. -0 . 48!0 . 38 -0. 68!0 . 36 0 . 42!0 . 30 0 . 82!0 . 46 .. .. .. .. * * We # .. .. .. .. 

li .. 0 . 73!0 . 32 0 . 51 ! 0 . 43 -0 . 80!0 . 69 -0 . 4 1 ! 0 . 36 
-0 . 32 !0 . 24 -0. 80!0 . 75 0 .  34! 1 . 03 0 . 83 !0 . 52 * 0 . 05!0 . 3 1 QNe 

0 . 3 1 !0 . 1 6 -0 .25!0 . 38 0 . 83!0 . 2 1 0 . 8 1 !0 . 20 -0 . 64 !0 . 3 1 -0 . 1 9!0 . 1 8 

0 . 09!0 . 34 .. 0 . 1 1 !0 . 69 0 . 24:!:0. 79 - 0 . 82!0 . 6 1  -0 . 18!0 . 13 
-0 . 48!0 . 4 3 -0. 09!0 . 1 8 0 .  06! 1 .  20 0 . 08! 1 . 1 9 .. 0 . 63!0 . 59 CHGe 

0 . 78!0 . 37 -0 . 37!0 . 3 7  0 . 52!0 . 3 1  0 . 53!0 . 32 - 0 . 23!0 . 09 0 . 22!0 . 08 

-0 . 26 !0 . 34 * - 1 . 00!0 . 75 if 0 . 66!0 . 84 0 . 56!0 . 65 
0 . 02!0 . 16  F. 11 0 . 4 1 !. 1 .  94 * # Sle 
0 . 36!0 . 1 8  1 .  00! 1 .  04 0 . 29!0 . 55 -0 . 1 3 !0. 52 0 . 4 1 !0 . 27 -0 . 36!0 . 18 

-0 . 56!0 . 76 * 0 . 50! 0 . 38 0 . 24 ! 0 . 56 -0 . 42!0 . 46 -0 . 74!0 . 35 
0 . 12!0 . 55 0 . 30!0. 54 11 0 . 9 1 !0 . 00 .. - 0 . 4 1 !0 . 50 TCNe 
0 . 02 !0 . 39 0 . 13!0 . 54 1 . 00!0 . 18 0 . 78!0. 22 -0 . 84!0 . 32 - 0 . 27:!:0 . 34 

-0 . 2 1 !0 . 1 7  .. 0 . 75!0 . 32 0 . 65!0 . 36 -0 . 48!0 . 4 1  -0 . 69!0 . 35 
0 . 05!0 . 99 -0 . 24! 0 .  77 0 . 95!0 . 91 11 .. 0 . 5 1 ! 1 . 38 CFe 

- 0 . 1 9 ! 0 . 44 -0 . 3 1 ! 0 . 4 8  0 . 84 !0 . 24 0 . 84!0 . 20 - 0 . 9 1 !0 . 3 1 -0 . 04!0 . 4 1  

* * .. .. * * 
- 0 . 06!0 . 03 1 .  00!0 . 70 -0 . 34!0 . 7 5 i! * 0 . 85 !0 . 62 Ye 

0 . 46!0 . 35 0 . 82!0 . 88 - 0 . 59!0 . 70 11 11 0 . 78!0 . 6 1  

0 . 04 !0 . 03 * -0 . 3 9!0 . 33 -0 . 51 !0 . 34 0 . 40!0 . 22 1 . 00!0 . 52 .. .. .. .. * .. MFOe 
- 0 . 18!0 . 1 2 0 . 69!0 . 6 1  - 0 . 28!0 . 38 - 0 . 42!0 . 37 0 . 70! 0 . 38 11 
- 1 . 00!2 . 36 .. 0 . 43!0 . 74 -0 . 42!0 . 6 5  0 . 99!2 . 09 0 .  72! 1 . 58 .. .. * * * .. SFDe 
-0 . 90! 1 . 1 3 11 0 . 12!0 . 58 0 . 50!0 . 6 1  -0 . 91 ! 1 . 1 0 0 . 45!0 . 62 

lr * - 0 . 55! 0 . 68 - 1 . 00!0. 78 11 11 .. * 11 1 .  06! 5 .  30 .. * PMFe 
- 0 . 10!0 . 45 0 .  7 1 ! 0 .  7 0  - 1 .  00!0 . 33 - 1 . 01!0 .  34 0 . 59!0 . 37 0 . 92!0 . 5 1 

-0 . 58:!0 . 48 * -0 . 1 7:!: 0 . 4 7  -0 . 44!0 . 53 -0 . 45 !0 . 2 1  -0 . 1 7! 0 . 08 
0 . 25!0 . 7 7 -0 . 35! 1 . 1 3 /1 11 * 1/ FCe .. * .. .. * * 
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TAB L E  5 . 4 :  PHENOT Y P I C  CORRELAT I ON S  BETWEEN EWE HOGGE T  AND E W E  AVERAGE L I F ET I ME P E R FORMANCE 
TRAITS AND PHENOTY P I C  STANDARD DEV I ATI ONS FOR EWE AVERAGE L I FET I ME PERFORMANC E T RA I T S  

LBa L Ra LW a GFWa Wa QNa CHGa SLa TCNa CFa Y a  MFOa 

- 0 . 0 1  - 0 . 02 0 . 08 0 . 07 0 . 07 0 . 1 5 0 . 24 0 . 08 0 . 28 0 . 1 9 0 . 06 -0 . 02 

DO Be -0 . 1 1 -0 . 08 0 . 05 - 0 . 1 0 - 0 . 09 -0 . 02 0 . 07 - 0 . 05 0 . 03 0 . 05 0 . 0 1 0 . 0 1  

- 0 . 03 -0 . 08 0 . 1 7  0 . 02 0 . 01 -0 . 08 0 . 03 0 . 03 -0 . 06 -0 . 04 -0 . 03 0 . 00 

0 . 14 0 . 2 1  0 . 24 0 . 1 7 0 . 1 2 -0 . 02 0 . 03 0 . 09 0 . 05 0 . 00 -0 . 07 - 0 . 08 

BWe 0 . 00 0 . 00 0 . 2 1 0 . 22 0 . 2 1  0 . 1 3  0 . 22 0 . 09 0 . 1 5  0 . 08 0 . 08 -0 . 03 

0 . 00 -0 . 03 0 .  22 0 . 1 4 0 . 1 2 -0 . 0 1 0 . 05 0 . 00 -0 . 0 1 -0 . 01 0 . 05 0 . 02 

0 . 06 0 . 1 5 0 . 28 0 . 1 5 0 . 1 1  - 0 . 04 - 0 . 03 0 . 08 - 0 . 05 -0 . 08 - 0 . 02 - 0 . 03 

WWe 0 . 24 0 . 20 0 . 3 5 0 . 32 0 .  26 0 . 08 0 . 1 1  0 . 1 6 0 . 20 0 . 1 0 -0 . 09 - 0 . 0 1  

0 . 1 8 0 . 18 0 . 1 5  0 . 10 0 . 08 0 . 07 0 . 07 -0 . 02 0 . 04 0 . 04 0 . 00 -0 . 02 

0 . 1 7  0 . 24 0 . 4 9  0 . 2 1  0 . 18 -0 . 03 - 0 . 09  0 . 09 0 . 03 -0 . 03 0 . 00 0 . 07 

L We 0 . 29 0 . 2 1  0 . 59 0 . 30 0 .  25 0 . 1 1  0 . 1 6 0 . 1 5 0 . 1 9 0 . 09 -0 . 03 0 . 02 

0 . 08 0 . 03 0 . 52 0 . 05 0 . 00 0 . 04 0 . 05 - 0 . 09 -0 . 03 0 . 03 - 0 . 1 1  0 . 03 

0 . 1 5  0 . 1 5  0 . 32 0 . 64 0 . 62 -0 . 3 1  0 . 1 0 0 . 39 -0 . 08 -0 . 28 0 . 28 0 . 37 

GFWe 0 . 30 0 . 2 1 0 . 33 0 . 56 0 .  55 -0 . 1 7 0 . 1 7  0 .  3 4  -0 . 04 -0 . 18 0 . 2 1  0 . 30 

0 . 14 0 . 1 0  0 . 2 1  0 . 44 0 . 39 -0 . 1 5  - 0 . 05 0 . 1 5 - 0 . 09 -0 . 1 3 0 . 07 0 . 20 

0 . 1 0  0 .  1 1  0 . 26 0 . 6 1 0 . 64 -0 . 40 0 . 1 3 0 . 43 -0 . 1 6 -0 . 36 0 . 40 0 . 40 

We 0 . 26 0 . 1 9  0 . 27 0 . 56 0 .  58 -0 . 24 0 . 1 5  0 . 38 -0 . 1 1  - 0 . 2 5  0 . 30 0 . 36 

0 . 1 4  0 . 09 0 . 1 7 0 . 5 1 0 .  53 - 0 . 3 2  0 . 0 1  0 . 26 - 0 . 20 -0 . 27 0 . 29 0 . 3 2 

- 0 . 06 -0 . 07 0 . 02 - 0 . 20 - 0 . 33 0 . 69 0 . 01 - 0 . 44 0 . 5 1 0 . 64 - 0 . 4 9  - 0 . 32 

QNe 0 . 02 0 . 02 0 . 05 - 0 . 18 - 0 . 23 0 . 64 0 . 24 -0 . 43 0 . 55 0 . 67 -0 . 22 -0 . 3 7 

- 0 . 1 5  - 0 . 1 6  0 . 04 - 0 . 20 - 0 . 27 0 . 66 0 . 1 8 - 0 . 44 0 . 6 1  0 . 68 - 0 . 29 -0 . 40 

- 0 . 06 -0 . 04 0 . 00 0 . 1 0 0 .  07 0 . 1 2  0 . 26 -0 . 1 0 0 . 1 6 0 . 1 5  -0 . 02 0 . 02 

CHGe 0 . 00 0 . 00 0 . 1 3  -0 . 01 - 0 . 03 0 . 25 0 . 24 - 0 . 1 2  0 . 27 0 . 28 -0 . 09 -0 . 06 

- 0 . 0 5  -0 . 1 1  0 . 03 0 . 00 0 . 00 0 . 39 0 . 25 - 0 . 2 5  0 . 32 0 . 37 0 . 00 -0 . 08 

0 . 04 0 . 08 0 . 1 4 0 . 3 7 0 . 4 5  -0 . 4 9  0 . 02 0 . 6 1 -0 . 4 1 - 0 . 44 0 . 4 1  0 . 23 
SLe 0 . 05 0 . 05 0 . 09 0 . 27 0 .  30 - 0 . 3 9  - 0 . 1 1  0 . 43 -0 . 22 -0 . 37 0 . 22 0 . 3 2 

0 . 04 0 . 03 -0 . 03 0 . 1 4 0 . 22 -0 . 38 0 . 02 0 . 48 - 0 - 1 8  -0 . 36 0 . 30 0 . 23 

- 0 . 02 0 . 0 1 0 . 04 0 . 0 1 - 0 . 08 0 . 50 0 . 12 -0 . 1 1 0 . 59 0 . 53 - 0 . 26 -0 . 34 
TCNe 0 . 08 0 . 08 0 . 18  0 . 01 - 0 . 06 0 . 50 0 . 27 -0 . 20 0 . 54 0 . 56 -0 . 2 5  - 0 . 32 

- 0 . 1 0  - 0 . 1 4 - 0 . 0 1  -0 . 1 4 - 0 . 1 8 0 . 52 0 . 20 - 0 . 29 0 . 57 0 . 58 - 0 . 2 1  - 0 . 34 

- 0 . 04 -0 . 05 - 0 . 04 - 0 . 2 1  - 0 . 32 0 . 67 0 . 04 -0 . 4 3  0 . 53 0 . 6 7 -0 . 44 - 0 . 40 
C Fe 0 . 06 0 . 06 0 . 1 1  -0 . 1 1  - 0 . 18 0 . 6 1  0 . 29 - 0 . 38 0 . 56 0 . 66 - 0 . 3 1  -0 . 42 

-0 . 1 0 - 0 .  12 0 . 02 -0 . 17 - 0 . 25 0 . 58 0 . 1 5  -0 . 47 0 . 54 0 . 64 - 0 . 33 -0 . 36 

- 0 . 09 -0 . 08 -0 . 06 0 . 1 6 0 . 30 -0 . 43 0 . 14 0 . 3 1  -0 . 27 -0 . 39 0 . 52 0 . 2 5 
Y e  0 . 02 0 . 02 - 0 .  14  0 . 18 0 .  28 -0 . 34 0 . 0 1 0 . 29 -0 . 25 -0 . 35 0 . 42 0 . 35 

0 . 04 -0 . 02 -0 . 04 0 . 30 0 . 43 - 0 . 42 0 . 1 0  0 . 28 -0 . 29 -0 . 35 0 . 52 0 . 35 

0 . 1 2  0 . 1 4  0 .  13 0 . 3 7 0 . 4 1 - 0 . 3 7  0 . 05 0 . 3 1  - 0 . 2 3  -0 . 36 0 . 29 0 . 60 
M F Oe 0 . 1 2  0 . 1 2  0 . 08 0 . 3 1 0 . 34 -0 . 3 1  - 0 . 02 0 . 36 -0 . 23 - 0 . 3 5 0 . 24 0 . 58 

0 . 1 6  0 .  1 4  - 0 . 04 0 . 25 0 . 32 -0 . 4 1  -0 . 2 3 0 . 26 -0 . 32 -0 . 36 0 . 30 0 . 64 

- 0 . 03 - 0 . 02 - 0 . 05 0 . 1 2 0 . 1 0 -0 . 20 -0 . 1 8 0 . 08 -0 . 25 -0 . 2 5 0 . 00 0 . 27 
SF De 0 . 0 1 0 . 01 -0 . 09 0 . 03 0 . 03 -0 . 14 - 0 . 1 7 0 . 1 6 - 0 . 06 -0 . 1 3 0 . 0 1  0 . 1 3 

0 . 00 0 . 06 - 0 . 08 0 . 08 0 . 05 0 . 07 - 0 . 18 -0 . 05 0 . 05 0 . 07 -0 . 09 0 . 19 

0 . 09 0 . 1 5  0 . 23 0 . 08 0 . 05 - 0 . 04 -0 . 03 0 . 14 0 . 08 -0 . 0 1  -0 . 05 -0 . 04 
FCe - 0 . 03 - 0 . 03 0 . 1 3  0 . 1 4 0 . 15 0 . 03 0 . 01 0 . 1 5  0 . 09 0 . 02 0 . 1 1  0 . 08 

0 . 00 0 . 00 0 . 06 - 0 . 02 - 0 . 03 -0 . 09 0 . 1 4 0 . 1 2 -0 . 03 -0 . 08 - 0 . 02 - 0 . 07 

Phe n o .  0 . 37 0 . 3 7 4 . 96 0 . 54 0 . 4 7 1 .  4 5  0 . 75 1 . 47 2 . 02 0 . 4 1  3 . 38 2 . 20 
Std 0 . 36 0 . 38 4 . 6 1 0 . 53 0 . 45 1 .  44 0 . 7 3  1 .  28 2 . 3 5  0 . 42 2 . 7 7  2 . 04 
De v n  0 . 32 0 . 34 5 . 04 0 . 5 1 0 . 44 1 . 4 9  0 . 7 6  1 .  4 2  1 .  89 0 . 38 3 . 06 2 . 20 

E s t i ma tes a re a rranged in descend i ng o rder o f :  
g rou p , respe c t i ve l y . 

c o n t r o l  g ro u p , face -cover g ro u p , fl eece we i gh t  
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T h e  two tra i ts under  d i rect sel ecti on , face- cover grade a n d  hogget 

gre asy fl eece we i gh t ,  do not a ppear to h ave u n dergone reduced  vari ab i l i ty 

i n  the  corre s pon d i ng se l ect i on fl ocks , compared wi th  that  exh i b i te d  by 

the control fl o c k . 

5 . 2  Phenotypi c  Corre l at i on s  

Phenotypi c corre l at i on s  between ewe hogge t trai ts , ram hogget 

tra i ts and between ewe hogget and  ewe ave rage l i fet ime tra i ts a re 

pre s ented i n  Ta b l e s  5. 1 ,  5 . 2  and 5. 4 ,  re spect i ve l y .  I n  genera l  t he re 

are few d i fferen ces  between the est i mates der i ved from each  s ub - fl ock . 

Al s o  t here does not  a ppear to be any effect of  sex on the magn i t ude of  

corre l at i on s  wi th i n  t he hogget trai ts . 

.. 

Some of t he hogget correl at ions  wa r rant  comment : 

( a ) the moderate l y- s i zed phenotypi c  corre l ati ons between LW and  

( b ) 

GFW ( 0 . 44 to  0 . 55 )  a re s i mi l a r to two previ ous  e s t i mates 

deri ved from Romney ewe hogget data of  0. 50 and 0. 6 1  ( Tr i pathy , 

1966 ; Sumne r ,  1 969 ) . Hogget l i ve we i ght and  W a re a l so  

moderate l y  co rre l ated  ( 0. 4 1  to 0 . 50 ). Hogget l i ve we i gh t  a n d  

wea n i ng we i ght  s how a moderate re l at i on s h i p  ( 0. 50 to 0. 6 1 ) ;  

these e s t i mates be i ng s l i ght l y grea ter t han t he va l ue  of 0 . 49 

deri ved from Romney data by Ba ker  e t  a l .  ( 1 97 9 ) , 

there i s  a very s t rong po s i t i ve corre l a t i on between GFW a n d  W 

( 0. 92 to 0 . 97 ) . Mu l l aney e t  a l . ( 1 970 ) deri ved e s t i mates  

between 0 .8 5  and 0. 93 for the same rel ati ons h i p  i n  Meri n o , 

Corr i eda l e  and Po l wa rth  s heep . Greasy f l eece we i ght  i s  
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mode rate l y a s s oc i ated wi t h  MFD and SL  ( 0 . 37 to  0 . 56 and  0 . 29 

to 0 . 5 1 ,  re spect i ve l y ) . These  e s t i mate s are i n  good agreement  

wi t h  va l ue s  p re sented by Tr i pathy ( 1 966 ) , 0 . 53 fo r G FW/MFD ; 

Rae ( 1 958b ) , 0 . 4 5 for GFW/ SL and  Sumner , 0 . 36 for GFW/SL from 

Romney ewe hoggets . C l ean  fl eece we i ght  s hows a s i mi l a r  

degree o f  rel at i onsh i p wi t h  MFD a n d  SL , 

( c )  q ua l i ty n umbe r exh i bi t s  l ow/mode rate negati ve corre l at i on s  

wi t h  SL , MFD and  Y ( -0 . 3 1  t o  - 0 . 58 ,  -0 . 1 0 t o  -0 . 5 1 a n d  

- 0 . 32 t o  - 0 . 4 9 , respecti ve l y ) ;  s t rong pos i t i ve corre l a t i on s  

wi t h  T C N  and  C F  ( 0 . 62 t o  0 . 66 and  0 . 7 7 to  0 . 8 1 , re s pect i ve l y )  

a n d  a l ow/modera te pos i t i ve a s s oc i a t i on wi th  CHG ( 0 . 1 3  to  

0 . 3 9 ) . The s e  e s t i mates a re a l s o  s i mi l ar to t ho se  der i ved  by 

Rae ( 1 958b ) , T r i pathy ( 1 966 ) and  Sumner ( 1 969 ) . The s trong 

as soc i at i o n  between QN and  C F  s uggest s  t hat C F  i s  t he 

c ha racter i s t i c most empha s i zed when QN i s  a s s e s se d . 

Con s i deri ng t he negati ve a s s oc i a t i on s  between QN and  SL a n d  

QN  and  MFD , i t  i s  n o t  s urpr i s i ng to  f i n d  a l ow negat i ve 

c o rre l at i on be tween QN and  GFW ( - 0 . 05 to -0 . 26 ) ,  

( d )  c haracter gra de i s  phenotyp i ca l l y  u n re l ated to ma ny of  the 

mea s ured t ra i ts ; howeve r ,  t here a re l ow/mode rate , pos i t i ve ,  

corre l at i ons  between CHG and  TCN ( 0 . 29 to 0 . 5 1 )  and  CHG and  

CF  ( 0 . 1 7 to 0 . 3 9 ) , and , a s  p re v i o us l y  ment i oned , CHG a n d  QN , 

( e )  s ta p l e l engt h and  MFD tend to be po s i t i ve l y  a s so c i ated to a 

l ow/moderate degree ( 0 . 18 to 0 . 54 ) ,  a l t hough on l y  one  of  t he 

s i x  e s t i mates fa l l s  be l ow 0 . 36 .  Apart from t he one  l ow 



val ue , t he others are s im i l ar to an es t i mate of 0 . 48 deri ved 

from Romney ewe hogget data by Tri pat hy ( 1 966 ) , 
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( f )  genera l l y ,  SFD appears to be poor ly  correl ated wi t h  most 

tra i ts .  A l ow/moderate , pos i t i ve ,  ass ociat i on is  s hown 

between SFD and  MFD ( 0 . 28 to 0 . 3 9 ) , i . e. as the MFD i ncreases 

s o  does the variabi l i ty of the d iameter of the fi bres , 

( g )  there is a l ow phenotypi c associ at ion  between PMF and M I  

( 0 . 23 t o  0 . 3 2 ) .  However ,  the M I  meas urement tends to be 

affected more by large d iameter med u l l ated fi bres , whereas 

PMF i ncl udes any medu l lated fi bres o bserved t hrough  the 

project ion mi croscope , and 

( h )  face cover appears to be phenotypi ca l l y  unre l ated to the other 

tra i ts i nves t i gated. She l ton e t  a l . ( 1 954 ) presented 

s i gn i fi cant corre lat i ons between FC and GFW and FC and W ;  

woo l ly  face-cover grades be i ng assoc iated wi th  h i gher fl eece 

mass. Al though  t he equi va l ent corre la t i ons i n  t h i s  s tudy 

are sma l l ( 0 . 05 to 0 . 1 6 ) , t hey a l l s how an assoc iat i on of 

h ig her fl eece mass w i t h  open face . Morl ey ( 1 9 5 5 )  and 

Coc krem and Rae ( 1 966 ) s howed s i gn i fi cant  assoc iat i ons 

between open face and h i gher hogget l i ve we ight . Th is  

re l at i ons h i p  i s  a lso  found in  t h i s  s t udy but  t he corre l at i on 

es t i mates are l ow ( 0 . 1 1  to 0 . 26 ) . 
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The p he n otypi c  corre l a t i on s  between  ewe hogget and ewe a ve rage 

l i fe t i me t ra i ts s how s ome i nterest i ng a s soc i at i ons : 

( a )  LWe , GFWe , We , QNe , Sle ,  TCNe , CFe , Ye  and  MFDe are  a l l  

re l at i ve l y  good  i ndi cators of how the  ewe wi l l  perform i n  the  

corre s pondi ng t ra i ts l ater  i n  l i fe .  However ,  CHGe i s  a poor 

i nd i cator of  CHGa . T h u s , c u l l i ng on  t he ba s i s  o f  hogge t 

f l eece  cha ra cte r ,  a s  i s  often practi ced by New Zea l an d  

farme rs , wi l l  n o t  gua rantee a fl ock o f  mature ewe s wi t h  

fl eeces  of good  c haracte r ,  

( b )  ewe hogget face- cover grade ( FCe ) i s  poorly re l a ted  to ma t u re 

ewe t ra i ts . T h i s a pparen t l y  poor a s soc i at i on wi t h  l amb 

p roduct i on i s  i n  contra s t  to mo s t  of the repo rted f i n d i ngs 

( see  sect i on 2 . 3 ) . The r re two po s s i bl e  rea s o n s  for t he 

poor a s soc i at i on . F i rs t l y ,  the corre l at ion  i n vol ves  two 

d i sc rete tra i t s , when i n  fact an a s s umpt ion  of the  product­

momen t  correl at i o n  approach  i s  t hat  t he data mu st  be  cont i nuo u s . 

Secon d l y ,  i t  s eems l i kel y from p rev i ou s  i n ve s t i ga t i ons  ( see  

sect i on 2 . 3 )  t h at  there i s  a non - l i near  re l at i on s h i p  between 

FC a n d  LB or LR , i . e .  the very wool l y-faced s heep  ( say grade s 

1 to 4 )  have poor l ambi ng performance , but above grade 4 there 

may be l i tt l e or  no a s so c i at i on wi th  LB or LR . The  on l y  

ot her a va i l a b l e e s t i mate s  o f  the phenotypi c corre l at i on 

between FCe a n d  l amb prod uct i on i nvo l ve Meri nos  a n d  we re a l s o  

ve ry l ow ( - 0 . 09 t o  0 . 05 ,  Young e t  a l . 1 963 ) , 
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( c )  GFWe i s  po s i t i ve ly  associated wi th  1Ba and LRa .  Lewer ( 1 978 ) 

i n  h i s  rev i ew of l i terature l i sted the  fol l owi ng p henotypi c 

correlat i ons between lambs weaned and GFW ; - 0 . 1 2 , -0 . 01 , 

- 0 . 0 2 ,  - 0 . 08 , - 0 . 08 , 0 . 03 ,  0 . 02 ,  0 . 03 and 0 . 04 .  F rom h i s  

own Perenda l e  data Lewer  ( 1 978 ) est i mated the fol l owi ng 

va l ues ; - 0 . 1 1 ,  -0 . 05 , - 0 . 1 7  and -0 . 09 at ewe ages of 2 ,  3 4 

a nd 5 years , res pect i ve ly .  However i t  i s  a common 

observati on t hat  ewe s rear i ng twi ns  o r  tri pl ets wi l l  produce 

l es s  woo l.  A l though some of the est i mates revi ewed by Lewer 

( 1 978 )  i n vo l ve negati ve assoc iat i on s between ewe hogget G FW 

and lamb product i on , they were gene ra l l y  sma l l and unl i ke l y  

t o  be s ign i f i cant ly d i fferent from zero , 

( d )  WWe and LWe s how sma l l pos i t i ve assoc iat i ons w i th LBa and 

LRa .  These est i mates a re s i mi l a r  to t hose rev i ewed and 

der i ved by C h ' ang and Rae ( 1 97Z ) . 

5 . 3  Geneti c  Correlat i ons  

As stated i n  the  stat i s t i ca l  met hods sect i on ,  two tec h n i ques were 

used to der i ve standard e rrors ( SE )  for the geneti c co rre l at i ons . 

To enab l e a compari son of the two SE  esti mates a sampl e of the control 

ewe hogget geneti c corre l at i ons is p resented i n  Tabl e 5 . 5 .  

The fol l owi ng pattern can be observed : 

(a ) when the genet i c  correl at i on i s  near  zero ( e . g .  LWe/QNe ) the 

Ta l l i s  method p rovi des a l arge est i mate of the SE  i n  

compari son to the s i z e o f  the corre l a t i on coeff i c i ent . The  

second method p rov i des a much sma l l e r est imate , 
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TABLE 5 . 5 :  A COMPA R I SON OF TWO METHODS OF DERIV I NG STANDARD E RRORS FOR 
GENET I C  CORRELAT IONS US I NG CONTROL EWE HOGGET I NFORMAT ION 

LWe GFWe QNe CHGe Ye 

LWe 0 . 64±0 . 24 0 . 02±0 . 35 -0 . 07±0 . 34 1 .  00± 1 . 10 

±0 . 37 ±0 . 02 ±0 . 03 ± 1 . 7 3  

GFWe -0 . 43±0 . 33 -0 . 03±0 . 36 0 . 36±0 . 88 

±0 . 24 ±0 . 05 ±0 . 66 

We 0 . 74±0 . 24 1 .  00±0 . 02 - 0 . 52±0 . 3 1  0 . 04±0 . 3 7 0 . 42±0 . 64 

±0 . 40 ±0 . 68 ±0 . 30 ±0 . 0  ±0 . 93 

QNe 0 . 53±0 . 2 9 -0 . 95±0 . 00 

±0 . 26 ± 1 . 7 1  

CHGe 0 . 38±0 . 9 1 

±0 . 66 

SLe 0 .  77 ±0 . 49 0 . 58±0 . 39 -0 . 80±0 . 1 7  -0 . 78±0 . 55 # 

±0 . 64 ±0 . 62 ±0 . 80 ±0 . 62 

MFDe 0 . 2 1 ±0 . 27 0 . 82±0 . 14 -0 . 64±0 . 2 1 -0 . 29±0 . 27 0 . 27±0 . 65 

±0 . 1 1  ±0 . 3 9 ±0 . 28 ±0 . 1 0 ±0 . 50 

SF  De 0 . 37±0 . 3 1  0 . 52±0 . 3 1 -0 . 55±0 . 29 -0 . 62±0 . 28 0 . 50±0 . 93 

±0 . 1 5 ±0 . 24 ±0 . 2 5 ±0 . 26 ±0 . 86 

Fee 0 . 03±0 . 36 0 . 07 ±0 . 39 0 . 19±0 . 38 0 . 39±0 . 34 0 .  3 5 ± 1 . 00 

±0 . 07 0 . 04 ±0 . 08 ±0 . 1 8 ±0 . 5 9  

# Correl a t i on est i mate outs i de of theore t i ca l  bounds . 

U pper standard error ( SE )  deri ved us i ng t he method of Ta l l i s ( 1 959 ) . 

Lower SE deri ved as s tated i n  secti on 3 . 2 . 5 .  
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( b ) when the  genet i c corre l at i on i s  near  +1  o r  - 1  a n d  t he e s t i mate 

i n vol ves  tra i ts wi th  h 2 g reater t han a bout 0 . 2  ( e . g .  G FW/ W ) , 

Ta l l i s ' s  a pproa ch  g i ves a very sma l l  e s t i mate of the  S E  wh i l s t 

the other met hod p ro v i de s a mu ch l a rge r e s t i mate , 

( c )  when t he geneti c correl ati on i s  near + 1  o r  - 1  wi th  at l ea st 

one of  the  tra i t s hav i ng an  h 2  of l ess  than about 0 . 2  ( e . g .  

LW/ Y )  t he n  both S E  e s t i mates a re l a rge , and 

( d )  when the geneti c co rre l at i on fa l l s  i n to the range of  -0 . 2  to 

-0 . 8  o r  +0 . 2  to +0 . 8  t he two methods s uppl y s i mi l ar S E  

est i ma te s . 

It  i s  not c l ear  a s  to why these  d i ffe ren ce s  i n  S E  est i mates have 

occu rred . Two pos s i bl e  reason s are , f i rs t l y ,  Ta l l i s  ( 1 959 ) a s s umes an 

equal  n umber of progeny recorded per s i re ,  whereas  i n  t h i s study the  

numbe r of progeny per s i re va ri es  between 2 and 1 5 .  Second l y ,  a s  

s hown i n  sect i on 3 . 2 . 5 ,  the second approach to e s t i ma t i n g  s tandard 

errors  d i d not i nc l ude three cova ri ance te rms , beca use  of  t he d i ffi cu l ty 

i n  e s t i mati n g  t hem . The fo rmu l a  of  Ta l l i s  ( 1 959 )  i nc l uded the s e  

cova r i ance s . 

On the bas i s  of the p rece  d i n g d i s cu s s i on the seco n d  a pproach  to 

ca l c u l at i n g the SE es t i mates was fa vo u red  over Ta l l i s ' s  met hod . 

Genet i c  c orrel ati on est i mates , and  the i r S E s , between ewe hogget 

tra i t s , ram hog get tra i ts and between ewe hogget and ewe a verage l i fet i me 

pe rformance tra i t s are g i ven i n  Ta b l e s  5 . 1 ,  5 . 2  and 5 . 3 ,  re spect i ve l y .  
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T he e s t i mate s a re qui te v ar i ab l e and  a t  best  they s hou l d  on l y  be grouped 

broad l y  a s  s ugge sted by B rown and  Tu rner  ( 1 968 ) : 

- 0 . 6  and  l ower h i gh  negat i ve ,  

-0 . 4  to -0 . 6  moderage negat i ve , 

- 0 . 2 to -0 . 4  l ow negat i ve , and  

-0 . 2 to 0 negl i g i bl e ,  

th i s  same pa tte rn i s  then  repeated for pos i t i ve co rre l a t i ons . 

Est i mate s of the genet i c  co rre l a t i ons  amongst  control  ram hogget 

tra i ts we re not ca l c ul ated  due to the smal l n umbe r of observati ons per 

s i re .  

For the  ewe and ram hogget corre l at i on s  the  e s t i mates a re 

e s sent i a l l y  s i m i l a r but s ome d i ffere n ce s  a re not  covered by the SEs . 

W i th i n each  hog get sex  t he re a re often di ffe re nces  between the three 

s ub - fl ock  genet i c corre l a t i on e st i ma te s . 

Some o f  the more i mportant genet i c corre l a t i ons  amongst  the hogget 

tra i ts a re : 

( a ) t he h i g h ,  po s i t i ve ,  genet i c rel at i on s h i p between g reasy 

f l eece we i ght a n d  c l ean  fl eece we i g ht i n di cates  that se l ect i on 

fo r G FW shou l d  be adeq uate to i mprove W .  Becau se wool buye rs 

i n i t i a l l y a s se s s  the va l ue of a l i ne of woo l  on the  e s t i mated 

amount  of c l ean  f i bre ,  s ome peopl e have advocated the se l ect i on 

of  re pl acement  s tock  based o n  W .  Us i n g the formu l a e of 

Fa l coner ( 1 960 ) for pred i ct i ng  d i rect and  i nd i rect responses  

to  se l ecti on , i nd i rect se l ec t i on for W ,  us i ng GFW , i s  between  



85% and  1 00% as effi c i en t  a s  d i rect se l ect i on for  W ( u s i n g 

genet i c  pa ramete r e s t i ma tes from th i s study ) . Any extra 

geneti c ga i n s ach i eved by s e l e ct i ng for W wou l d  be u n l i ke l y  

to offset the  extra costs  i nc u rred i n  obtai n i n g  a n  est i mate 

of the c l ean scoured  y i e l d ,  
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( b )  g reasy f l eece we i g ht i s  moderate l y/ h i gh l y co rre l ated wi th  L W , 

SL  and MFD . Con sequentl y ,  s e l e ct i on based on  hogget GFW  

shou l d  re s u l t i n  b i gger  s heep wi th  coarse r ,  l on ge r  fl eeces , 

( c )  the genet i c correl ati o n  between QN and MFD i s  s omewhat 

s tronge r than the phenotyp i c  re l at i on s h i p .  However ,  attempts 

to i ncrease  QN s hou l d be avo i ded due to con s i s tent ly  nega t i ve 

correl at i ons  wi th GFW and  W ,  

( d )  genet i c  a s s o c i at i on s  between hogget face -cover g rade and  

other  hogget  tra i t s a re var i ab l e .  There i s  s ome i nd i ca t i on 

of  negat i ve corre l at i on s  between FC and SL  and FC and MFD ; 

however these  are not cons i s tent . The po s s i b i l i ty of  these  

a s soc i at i on s  ex i st i n g  i s  s upported by severa l negat i ve 

es t i mate s o f  the corre l at i on between FC and G FW .  Morl ey 

( 1 955 ) repo rted gene t i c co rrl eat i ons  of -0 . 58 a nd -0 . 29 

between FC and  GFW a n d  FW and  W ,  re spect i ve l y ,  i n  a fl o c k  of  

Austra l i an Meri no s heep , 

( e )  the gen et i c re l at i on s h i p s be tween  GFW/W and PMF/M I  a re 

cons i stent l y  po s i t i ve .  Sel ect i on for i n creased  fl eece ma s s  

cou l d  t herefore l ead  t o  a sma l l i nc rease  i n  the proport i on of 



medu l l ated fi bre s . For Romney breeders thi s s hou l d not  be 

of great concern s i n ce Romney woo l  i s  predomi nant l y  u se d  for 

t he man u facture of ca rpets . Howeve r ,  Ros s  et a Z . ( 1 981 ) 

noted that  i n crea s i ng the p roport i on of  medu l l ated f i bre s  i n  

Romney wool cou l d l i mi t  the fl ex i bi l i ty o f  i ts end  u s e  a s  an 

appare l  wool , and  

( f ) C hopra ( 1 978 ) reported a genet i c  corre l a t i on of 0 . 69 between 

TCN and G FW i n  a f l o c k  of Romney s hee p .  E s t i mates i n  t h i s 

study va ry between - 0 . 42 and  +0 . 26 .  Con sequent l y ,  t he 

s ugge s t i on of i nd i rect  se l ecti on for G FW through  TCN  i s  not 

s u pported . 

Some i ntere st i ng genet i c rel at i on s h i ps occur  between the  ewe 

hogget  and ewe average l i fe t i me tra i ts ( see  Tabl e 5 . 3 ) : 

( a ) both WWe and LWe a re po s i t i ve l y  a s soc i ated wi th LBa  and  LRa , 

thereby s uggest i n g  t hat se l ect i on for i ncrea sed l i ve we i ght  

s hou l d  al s o  i ncrease l amb prod uct i on . Young  et a Z . ( 1 963 ) 

and Ch ' ang and Rae ( 1 97Z )  ·a l so  found pos i t i ve genet i c  

corre l at i ons  between ewe hogget l i ve we i ght and  l amb  

product i on ,  

( b ) GFWe and  We a l s o  ten d  to be po s i t i ve l y  re l a ted wi th  L Ba and  

LRa . Th i s i s  i mportant from a s e l ect i on v i ewpo i nt  a s  

several  authors have produced  negat i ve e st i mates of  

re l a t i on s h i ps  ( Lewe r ,  1978 ) .  Mo st  of  these  negat i ve 

e s t i mates were fo und  in the Me ri no or  Rambou i l l et breeds , 

9 1  
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i . e . fi ne -woo l l ed s hee p .  Al so t he G F W  mea surements  were 

ma i n l y  on ewe s o l der t han 2 years , compa red wi t h  t h e  ewes i n  

t h i s study wh i ch were 1 5  months  of  age . Thus , i t  i s  po s s i b l e  

that  the true geneti c corre l ati on between coarse woo l  from 1 5  month 

ewe s  and l amb product i on i s  po s i t i ve ,  

( c )  i t  i s  i mportant to note the  cons i s te n t l y  negat i ve re l at i on s h i p 

be tween Sle and  LB and LR because  i f  attempt s we re made to 

i n c re ase GFW by sel ect i n g fo r a l ong  stapl e ,  l amb p roduct i on 

cou l d s u ffe r ,  

( d )  G FWe i s  mode rate l y  to h i g h l y  corre l ated wi th both G FWa and  

Wa , thereby s uggest i n g  that  se l ect i on ba sed on  the  hogget 

t ra i t i s  s u ffi c i ent to ga i n  re sponse  i n  the mature fl eece 

we i ght , 

( e )  from the av a i l a b l e  e s t i mates  i nvo l v i ng FCe , there appears to 

be a h i gh  po s i t i ve geneti c a s soc i a t i on wi th l amb p roduct i on .  

T h i s i s  i n  cont rast to the  phenotyp i c  e s timates  wh i c h  were 

ve ry c l o se  to z ero . Young  e t  a l .  ( 1 963 ) re ported the 

fol l owi ng  FC/ l amb prod uct i on geneti c co rre l at i on s : 0 . 54 ,  

0 . 6 5 ,  0 . 1 0 ,  0 . 2 2 ,  -0 . 1 2 a n d  - 0 . 28 ,  e s t i mated from a f l ock  of 

Au stra l i an Meri no shee p .  The con sen s u s  o f  t h e s e  e s t i mates 

s uggests  that se l ect i o n  for an open face  in the  ewe hogget 

cou l d be ben e fi c i a l i n  terms  of  l amb product i on ,  



( f )  t he FCe/GFWa and  FCe/ Wa geneti c corre l at i ons a re cons i s ten t l y  

negat i ve .  These f i g u res  suggest  that  open fa ced ewe hoggets 

wi l l  tend to  l eave progeny wi th  l owe r ma ture fl eece we i ghts , 

and 
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( g )  ewe hogget qua l i ty numbe r i s  po s i t i ve l y  corre l ated wi t h  ewe 

a verage l i fet i me g reasy f l eece we i g ht product i on . T h i s 

re l at i ons h i p i s  unexpecte d a s  an i n crease i n  QNe s hou l d ,  

a ccord i ng to the  other  geneti c corre l at i on s , re s u l t i n  smal l e r  

ewes , s horter s tap l es and  fi ner f i bre s . Consequentl y ,  the 

i ncrease i n  G FWa wou l d have to be a ccoun ted fo r by an i n c rease  

i n  the non - fi bre component  of GFW . Th i s i s  po s s i b l e  beca use  

a strong negat i ve corre l at i on between QNe and  Ya doe s ex i s t .  

T he re l at i on s h i p between QNe and  Wa i s  negl i g i b l e .  

I t  i s  d i ffi cu l t to un dertake any me an i ngfu l  d i sc u s s i on of many of  

the  rema i n i ng geneti c corre l at i ons  because  of the apparent i n stabi l i ty 

of e st i mates obtai ned  from the t hree s u b-fl ock s . The var i ab i l i ty of 

these e s t i mates coul d be due to se l ect i on o r  t he smal l n umber of 

observat i ons  ava i l ab l e for e s t i mat i on of  t he geneti c corre l ati ons . 

Bo hren e t  a l . ( 1 966 ) i nvesti gated the rate of  change i n  genet i c var i ances  

and covar i ances whe n se l ect i on wa s pract i s e d . They s h owed that genet i c 

cova r i a nce s woul d read i l y change  i n  a s e l ect i o n  s i tuat i on , and 

con s equen t l y  that genet i c  corre l at i on s  were on l y  va l i d  for a few 

gene ra t i on s . Thus , i n  theory , geneti c corre l at i on s  s hou l d have been 

cal cu l ated every 2 or 3 generat i on s , however  t he smal l n umber of 

observa t i ons  in t h i s study d i d not al l ow th i s to be underta ken . 
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5 . 4  Heri tabi l i t i e s 

Two est i mates of the standard e rror ( SE )  were obta i ned for each  

heri tabi l i ty e s t i mate ( see sect i on 3 . 2 . 5 ) .  Ta b l e  5 . 6  p resents  these 

two e s t i mate s , a l ong wi th  the  heri ta b i l i t i es , for the ewe hogget control  

g roup  trai t s . T he SE  e s t i mates obta i ned u s i ng the a pproac h of  Swi ger 

e t  a l .  ( 1 964 ) are never g re ate r than those  obta i ned by the other method , 

a l though  t he d i fferen ce i n  mag n i tude neve r exceeds 0 . 05 .  The 

s i m i l ar i ty of  the SE e s t i ma te s  i s  p ro babl y due to the re l at i ve l y  

con stant fami l y  s i ze ( fo r  most tra i ts there were between 2 and  1 5  

progeny meas ured  per s i re ) . Beca use  the method of  Swi ger  e t  a l . ( 1 964 ) 

as s ume s a one -way ana l y s i s -of-var i ance  mode l the S E  pre sented i n  Tabl es 

5 . 7 ,  5 . 8  and  5 . 9  wi l l  be der i ved from the other a pproa c h  u n l e s s  otherwi se  

stated . 

He ri tabi l i t i es deri ved u s i ng the  paterna l  ha l f- s i b corre l at i on 

me thod a re g i ven i n  Tabl es 5 . 7 ,  5 . 8  and  5 . 9  for ewe hogget , ram hogget 

and ewe average l i fet ime pe rformance t ra i ts ,  res pe cti ve l y .  

General l y ,  h 2  es t i mates for corre s pond i ng t ra i ts i n  each  of  the 

three s u b-fl o c k s  are i n  ag reement w i t h  each other and wi th  e st i mates 

rev i ewed by C hopra ( 1 97 8 ) . Howeve r ,  s ome unexpectedl y l ow h 2  e st i mate s 

are n ot con s i s tent  wi th prev i ou s l y  reported va l ues ; Sle , Ye and  M l e  i n  

the contro l  g roup , LWe , CHGe , MFDe and  S FDe i n  t he fa ce cover g roup  and  

WWe and  Fee i n  t he face cover g rou p .  

Beca use  i ns uffi c i ent  p ro geny we re recorded per s i re i n  the ram 

hogget control  g roup , no heri ta bi l i ty e s t i mates we re ca l c u l a te d  for 

that  g rou p .  Severa l  d i s c repa n c i e s  occur  between h2  e s t i mates from the 



TABLE 5 . 6 :  A COMPAR I SON  OF TWO M ETHODS OF D ER I V I NG STANDARD  E RRORS 
FOR H ER I TAB I L IT I E S  U S I NG CONTROL EvJE HOGGET I N FORMAT I ON 

Tra i t h 2  S E 1  SE2  

WWe 0 . 35 ±0 . 1 5 ±0 . 1 4 

LWe 0 . 34 ±0 . 1 5  ±0 . 14 

GFWe 0 . 28 ±0 . 14  ±0 . 1 3 

We 0 . 26 ±0 . 14 ±0 . 1 3 

QNe 0 . 3 1 ±0 . 1 5  ±0 . 1 3  

CHGe 0 . 35 ± 0 . 1 5  ± 0 . 14  

SLe 0 . 09 ±0 . 1 1 ± 0 . 1 1  

Ye 0 . 04 ±0 . 1 0 ± 0 . 10  

M FOe 0 . 64 ±0 . 20  ± 0 . 1 6 

SF  De 0 . 39 ± 0 . 1 6  ± 0 . 14 

FCe 0 . 28 ± 0 . 14  ± 0 . 13 

Fo r ca l cu l a t i on of  S E 1  s ee secti on 3 . 2 . 5 .  

S E 2  = the approa ch  of Swi ger  e t  a l .  ( 1 964 ) . 
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TABL E 5 . 7 :  EST I MATE S  OF  HER I TAB I L I TY AN D THE I R  STANDARD  ERRORS 
FROM THE  EWE  HOGGET DATA 

Tra i t  Control Face Cove r F l eece We i g h t  
Group Group G roup 

DO Be 0 . 26 ±0 . 1 5  0 . 25±0 . 13  0 . 4 1±0 . 14 

BWe 0 . 3 2 ±0 . 14* 0 . 28±0 . 1 3* 0 . 1 9±0 . 1 0* 

WWe 0 . 3 5 ±0 . 1 5  # 0 . 24±0 . 1 1  

LWe 0 . 34±0 . 1 5 0 . 06±0 . 1 0 0 . 52 ±0 . 16 

GFWe 0 . 28±0 . 14 0 . 34 ±0 . 14 0 . 34±0 . 1 3 

We 0 . 2 6 ±0 . 14 0 . 36±0 . 14 0 . 23±0 . 1 1  

QNe 0 . 3 1 ±0 . 1 5 0 . 39±0 . 1 5 0 . 36±0 . 1 3 

CHGe 0 . 3 5±0 . 1 5 0 . 25±0 . 1 2  0 . 50±0 . 1 5  

SLe 0 .  09±0 . 1 1  0 . 33±0 . 1 4 0 . 33±0 . 1 3 

TCNe 0 .  2 7 ±0 . 13*  0 . 33±0 . 14* 0 . 32±0 . 1 2 *  

CFe 0 . 27 ±0 . 14* 0 . 32±0 . 1 3* 0 . 26±0 . 1 2* 

Ye 0 . 04 ±0 . 10 0 . 40±0 . 1 5 0 . 05±0 . 09 

MFDe 0 . 64±0 . 20 0 . 2 1 ±0 . 1 2 0 . 49±0 . 1 5 

S F  De 0 . 3 9±0 . 16 0 . 04±0 . 10 0 . 63±0 . 1 7 

PM Fe # 0 . 36 ±0 . 1 3* 0 . 5 1 ±0 . 1 3 *  

M i e  0 . 0 1 ±0 . 14* 0 . 53±0 . 2 1*  0 . 39±0 . 1 9*  

FCe 0 . 28±0 . 14 # 0 . 16±0 . 1 0 

# negat i ve s i re var i ance component 

* stand ard error e s t i mated by t he method of  Swi ger  et al . ( 1 964 ) 
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TABLE  5 . 8 :  E ST I MATES OF HER I TAB I L ITY  AND  THE I R  STAN DARD E RRORS 
F ROM THE RAM HOGGET DATA 

Tra i t Face Cover F l eece We i ght  
Group  Group  

DOBr 0 . 1 7±0 . 14 0 . 32±0 . 16 

BWr # 0 . 32±0 . 16*  

WWr 0 . 19±0 . 14 # 

LWr 0 . 26±0 . 1 5* 0 . 42±0 . 1 7* 

GFWr 0 . 07±0 . 1 2 0 . 15±0 . 14 

Wr 0 . 1 1 ±0 . 1 3 0 . 2 1 ±0 . 1 5 

QNr 0 . 46±0 . 1 6 0 . 58±0 . 1 7 

CHGr 0 . 50±0 . 1 6 0 . 27 ±0 . 1 5 

Slr  0 . 39±0 . 1 5  0 . 47±0 . 1 7 

TCNr  0 . 29±0 . 1 5* 0 .  50±0 . 1 8* 

CFr  0 . 47±0 . 1 7*  0 . 59±0 . 18* 

Yr 0 . 33±0 . 1 5  0 . 22 ±0 . 1 5 

MFDr 0 . 50±0 . 1 7 *  0 . 18±0 . 1 5* 

M i r  0 . 19±0 . 20* 0 . 83±0 . 27*  

FCr 0 . 1 3 ±0 . 1 3 0 . 52 ±0 . 1 7 

# negat i ve s i re va ri ance component  
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* standard  error e s t i mated by the  method of Swi ger e t  a Z . ( 1 964 ) 



TABLE  5 . 9 :  E ST I MATE S  O F  HER ITAB I L I T Y  AND THE I R  STANDARD ERRORS 
FROM THE  EWE  AVERAGE L I F ET I ME PERFORMANC E DATA 

T ra i t  Contro l  Face Cove r F l eece We i ght 
Grou p  G roup G ro up 

L Ba 0 . 22±0 . 23 # 0 . 1 9 ±0 . 24 

L Ra 0 . 07 ±0 . 2 1 # 0 . 24±0 . 24 

LW a 0 . 48±0 . 2 5 0 . 26±0 . 27 0 . 4 1 :!:0 . 26 

GFWa 0 . 1 4±0 . 22 0 . 50±0 . 28 0 . 68±0 . 27 

Wa 0 . 1 6 ±0 . 22 0 . 42±0 . 28 0 . 47 ±0 . 26 

QNa 0 . 2 2 ±0 . 23 0 . 34±0 . 27 0 . 73±0 . 27 

CHGa 0 . 18±0 . 23 0 . 46±0 . 28 0 . 57±0 . 27 

SLa # 0 . 3 1 ±0 . 2 7 0 . 1 8±0 . 24 

TCNa 0 . 60±0 . 28* 0 . 14±0 . 28* 0 . 56±0 . 28* 

CFa 0 . 40 ±0 . 27*  0 . 14±0 . 28* 0 . 49±0 . 28* 

Ya 0 . 56 ±0 . 26 # 0 . 63±0 . 27 

MFDa 0 . 74±0 . 27 0 . 29±0 . 27 0 . 6 1 ±0 . 27 

# nega t i ve s i re var i ance component 

* s ta n da rd e rro r e s t i mated by the met hod  of Swi ger e t  a l .  ( 1964 ) 
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two se l ect i on f l ocks ; TCNr , M l r  and FCr  e st imates  are l ower i n  the  

face cover g roup , whi l s t CHGr  and MFDr e s t i mates a re l ower i n  the  fl eece 

we i g ht group . Nega ti ve s i re vari ance components occu r  for BWr i n  the 

fa ce cover s u b-f l ock and for WWr i n  t he fl eece we i g ht s u b-fl oc k .  The 

rema i n i ng e st i mates  are s i mi l a r to those rev i ewed by Chop ra ( 1 97 8 ) . 

I n  an  attempt to i dent i fy whether genet i c  va r i at i on was be i ng 

a ffected by s e l ect i on i n  t he face cover and fl eece we i g ht gro up s , the 

data  were d i v i ded i nto the  peri ods 1 956 to 1 966  and  1 967 to 1976  and h 2 

e s t i mates ca l c u l ated wi th i n  each peri od . However , due  to the  re l at i ve l y  

sma l l n umber o f  s i res  observed , the h 2  e s t i mates  we re too unstab l e  to 

s uggest  whether any chan ges  i n  genet i c  vari ati on had occurred . 

From the  ava i l a bl e i n fo rmat i on ,  there doe s n ot appear to be any 

not i ceabl e l os s  i n  genet i c var i at i on for GFW i n  the  fl eece we i g ht 

fl oc k .  Howeve r ,  geneti c var i at i on for F C  may be decl i n i ng ,  beca use  of  

t he nega t i ve s i re vari an ce component i n  the  ewe hoggets and t he great l y  

reduced h 2  e s t i mate , for t he fa ce cover group , i n  the ram hogget data . 

The  prev i ou s l y  ment i oned d i scre panc i es between h 2  est i mates obta i ned 

from the d i fferent s u b-fl ocks  may s uggest that c hanges i n  genet i c  

var i at i on have occu rred i n  several  other tra i t s .  

Al though  he ritabi l i ty es t i mates  were obta i ned  from the ewe a vera ge 

l i fet i me data , they a re of  l i mi ted va l ue because  i t  wi l l  be too l ate to 

appl y se l ect i on on ce the req u i red i nfo rmati on i s  col l ected . 

e s t i mates a re p resented i n  Tabl e 5 . 9 .  

MASS EY U N IVERS ITY 
LIBRARY 
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C H A P T E R S I X 

THE  USE OF  THE  I NVERSE  OF  THE  R E LAT I ONSH I P  MATR I X 

I N  M I XED-MODEL- EQUAT I ONS  

A s  s u g gested i n  sect i on 2 . 4 . 2  i t  was  hoped to  uti l i ze geneti c 

re l a t i o n s h i p s  between a n i ma l s a cros s  generat i on s  wi th i n a f l ock  to 

co rrect for the yea r to yea r env i ronmental d i fference s .  Th i s wou l d 

then p rov i de an a l te rnat i ve to the requ i rement  of a con trol  group  

wi thout  hav i n g  to  use  s i re s  i n  more than  one year  to prov i de t he 

genet i c  l i n k .  

1 00 

I n  pre l i m i n a ry a n a l yses  o n l y  s i res  were i n cl uded a s  ran dom e ffe ct s 

i n  the mi xed-mode l -equat i on s  ( MME ) . Con sequen tl y ,  on l y  the genet i c  

re l at i on s h i ps between s i re s , i n  d i fferent generati ons , prov i ded the  

l i nk a cro s s  envi ronmen t s . The re l at i on s h i p s  between rams i nc l uded  the  

contr i but i o n s  thro u g h  bot h the dam  and  the  s i re .  Th i s ca u sed 

computa t i ona l  probl ems s i n ce Hende rson ' s  ( 1 97 6 )  a l gor i t hm coul d not  be 

u sed to prod uce the  i nverse  o f  the re l at i on s h i p matri x .  To ena b l e the  

i n cl u s i on of  cont ri b u t i ons  from both the d am and s i re the re l ati on s h i p 

ma tri x i ts e l f had to  be deri ved , whereas Hende rson ' s  ( 1 976 ) a l gor i t hm 

avoi d s  th i s s te p .  After p rod uc i ng the re l at i on s h i p matr i x the 

re l at i on s h i p s among s t  the s i res i ncl uded i n  the  MME h ad  to be extracted . 

The s i re re l at i on s h i p matri x was t hen i nverted u s i ng ordi nary mat r i x 

i nvers i on procedure s . 

By a ddi ng  the i n verse  of  the si re re l at i on s h i p matri x t i mes the  

ra t i o  of  e rror vari ance to s i re va ri ance ( cr�/cr� ) to  t he Z ' Z  port i on  o f  
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t h e  MME ( see  sect i on 3 . 2 . 6 )  i t  wa s expected that  the genet i c  t rend wou l d 

be re fl ected i n  the re l at i ve breed i ng val ues  o f  the s i re s  used a c ro s s  

t i me .  However ,  on l y  a sma l l port i o n  of  the  genet i c  trend  wa s ref l e cted 

i n  the  rea l i zed her i tab i l i ty e s t i mates cal c u l ated by reg res s i ng the 

average s i re breed i ng va l ue e st i mates on the f l ock  average c umu l ated 

se l ect i on d i ffe rent i a l s  ( FACSD ) . For examp l e ,  the rea l i z ed heri tab i l i ty 

es t i mate fo r ewe hogget GFW was 0 . 0 086 ( see Tab l e 6 . 1 for a ve rage s i re 

bree d i n g  va l ue e s t i mates  and Tabl e 7 . 4  for the FACSD ) . T h i s e s t i mate  

wa s n ot l a rge  enough to expl a i n  an apparent  genet i c  re s ponse  of  about  

0 . 6  kg  i n  ewe hogget GFW dur i ng  the 21  years o f  se l ect i on eval uate d .  

A pos s i bl e  rea son for the fai l u re o f  t h i s approa ch wa s the 

s parsene s s  o f  the i n verse  of the re l at i on s h i p mat ri x .  Thu s , the 

genet i c re l at i on s h i p s  be tween s i re s  al one may not have been s uffi c i ent  

to  enab l e e ffecti ve s epa ra t i on of  genet i c  and  env i ronmental  effect s . 

I f  the ana l y s i s  had been repeated wi th dams a nd  s i res  i nc l uded a s  

random e ffects  the i n verse o f  the a s soci ated re l at i on s h i p matri x wou l d 

have been l e ss  spars e . Th i s may have re s u l ted i n  a more e ffect i ve 

sepa rat i on of  the genet i c and env i ronmental  effects . Neverthe l e s s , 

pra ct i ca l  comput i n g  pro bl ems wou l d ari se by i nc l ud i ng  dams as  ra ndom 

effects ; the n umbe r o f  s i mu l taneou s equat i on s  to be so l ved wou l d have  

i n creased to about 5 00 i n  t h i s study . 

Con s i deri ng the cos t  of ma i nta i n i n g a control  group , both i n  money 

terms a nd  i n  l ost o p po rt un i ty to have a l a rger sel ect i on grou p , i t  wou l d  

appear de s i rabl e to  further exami ne  th i s a pp roach  to dete rm i n e  

i t s potent i a l  i n  s u p p l yi ng est i mates  of t he geneti c t rend  free of  

env i ronmenta l  i n fl uences . 



TABLE  6 . 1 :  AVERAGE Y EARLY  S I RE  BRE ED I NG VALUE ESTIMATES  FOR EWE 
H OGGET GREASY FL EECE WE I GHT W ITH THE  I NCLUS I ON OF  THE 
I NVERSE OF THE  R ELAT IONSH I P  MAT R I X  IN  THE M I X E D  MODEL  
EQUAT I ONS* 

Year  Average Predi cted Breed i ng V a l ue  

1956  0 . 00 1  

1 957 -0 . 008 

1 9 58 -0 . 009 

1 9 59 -0 . 030 

1 960 -0 . 0 1 9  

1 9 6 1  0 . 055  

1962  - 0 . 002 

1 963 0 . 024 

1 964 -0 . 020 

1 96 5  -0 . 005 

1 966  -0 . 003 

1 967  0 . 034 

1 968  0 . 006 

1 969  0 . 087 

1 9 70  -0 . 009 

1 9 7 1  0 . 041 

1 9 72 0 . 007 

1 9 73 - 0 . 002 

1 974 0 .  0 1 1  

1 9 7 5  0 . 027 

1976 0 . 047 

* Us i n g data from the fl eece we i g ht fl ock . 
( The regre s s i on of the average pred i cted breed i ng va l ue on  
FAC SD res u l ted i n  a coeffi c i en t  of  0 . 0086 kg . ) 

( kg )  
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C H A P T E R S E V E N 

D I RECT RESPONSES TO SELECT I ON 

7 . 1  I n t rod ucti on 

The  rat i os of e rror var i a n ce to s i re v a ri ance components ( o�/ o� ) 
for i n c l u s i on i n  the MME were mo s t l y  est i mated from the contro l  s u b ­

f l o c k s  fo r ewe hogget and  ewe average l i fet i me performan ce trai ts . 

1 03 

The est i mates from the control  s ub-fl ock  were chosen be cau se t hey were 

l ea st  l i ke l y  to have been affected by se l ect i on . Beca u se control  g roup  

est i mates  of  the  s i re var i ance components  for  ewe hogget PMF  and  ewe 

average SL were negat i ve ,  and we re very sma l l fo r ewe hogget SL and  M I  

compa red wi th the two se l ect i on groups , the contro l  group  ra t i os for 

these  t ra i t s  we re repl aced by the  average o f  t he rat i o s  from the two 

sel ect i on fl oc k s .  The ram hogget ra t i o s  were taken a s  be i n g the 

average o f  the two sel ect i on s u b-fl ock rati o s , s i nce n o  var i ance 

component s  were e s t i mated for the  control  s u b-f l ock . 

Pre l i mi nary ana l yses  s howed that the p red i cted s i re breed i ng v a l ue s  

a nd  t he  e s t i mate s o f  t he f i xed effects were re l at i ve l y  i n sens i t i ve to  

c hanges  i n  the mag n i t ude of  t he  rat i o .  Tab l e 7 . 1  pre sents  a samp l e o f  

e st i mates of the yea r effects  from 1 97 1  to 1 976 and  p red i cted s i re 

breed i ng va l ues from the ana l ys i s  of ewe hogget GFW i n  the fl eece we i g ht  

group . The  o�/og rat i os of  3 ,  8 ,  10 and  1 2  equate to heri tab i l i t i es o f  

1 . 0 ,  0 . 44 ,  0 . 36 a n d  0 . 3 1 ,  re spect i ve ly . 

S i nce  the e s t i mates of d i rect re spon ses  ( and corre l ated respon ses ) 
we re der i ved from t he yea r effects ( see sect i on 3 . 2 . 6 )  the o�/o� rat i os 

were g rou ped i n  the fol l owi ng fa s h i on to reduce c omput i ng work l oad : 



TABL E  7 . 1 :  THE  E FF ECT OF THE  MAGN ITUDE  OF  T HE o�/o� RAT I O  ON 
SOLUT IONS  TO THE  M I XED  MODEL EQUAT IONS 

Effect  

Year  

Si re* 

Level  Rat i o  

3 8 10 1 2  

197 1 2 . 84 2 . 85 2 . 85 2 . 86 

1 972  3 . 88 3 . 89 3 . 89 3 . 89 

1 973  4 . 02 4 . 02 4 . 02 4 . 02 

1974  3 . 28 3 . 26 3 . 25 3 . 25 

1975  3 . 79 3 . 7 9  3 . 80 3 . 80 

1 976  3 . 68 3 . 7 0  3 .  70  3 . 70 

1 1  0 . 32 0 . 25 0 . 23 0 . 22 

2 1  -0 . 25  -0 . 1 6 -0 . 14 -0 . 1 3 

3 1  -0 . 18 - 0 . 1 5 -0 . 1 4 -0 . 1 3  

4 1  - 0 . 1 9  - 0 . 09 -0 . 08 -0 . 07 

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

6 1  0 . 00 0 . 00 0 . 00 0 . 00 

7 1  -0 . 09 - 0 . 05 -0 . 05 -0 . 04 

8 1  0 . 05 0 . 03 0 . 03 0 . 02 

9 1  0 . 2 9 0 . 22 0 . 20 0 . 1 9 

* 1 1  refers to s i re n umber 1 i n  year  1 ( i . e .  1956 ) , 
2 1  refers to s i re n umbe r 1 i n  year 2 ,  etc . 

The so l ut i on s  i n  the  tab l e pertai n to ewe hogget GFW 
i n  the fl eece we i g h t  group ( s o l ut ions  are i n  kg ) .  

1 04 



( a )  for t ra i t s  wi th  a heri ta bi l i ty of 0 . 5  to 1 . 0  a rat i o  of 5 

was a s s umed ,  

1 05 

( b )  for her i tabi l i t i e s of l e s s  t han 0 . 2  the actua l  ra t i o  was u s ed , 

a s  a re l a t i ve l y  l a rge change i n  the ra t i o res u l ted f rom a sma l l 

change  i n  the her i tabi l i ty ,  and 

( c )  for her i ta bi l i t i e s between 0 . 2  and 0 . 5 three group i n g s  we re 

used ; 0 . 2 to 0 . 3 , 0 . 3 1 to 0 . 4  and 0 . 4 1 to 0 . 5 .  The  mi d ­

po i nt s  of  t �e se grou pi ngs  equate t o  rat i os of 15 , 1 0  a n d  8 ,  

res p e ct i ve l y .  

7 . 2  D i rect Re sponse  to Se l ecti on fo r Open Face 

The rate s of responses  to sel ect i on , a s  e s t i mated u s i ng m i xed-mode l ­

equat i on s  ( MME ) ,  for open face i n  the ewe and ram hoggets a re s h own i n  

F i g u res 7 . 1  a nd  7 . 2 .  The  re sponses  to  s e l e ct i on we re a l s o  e s t i mated 

u s i n g ord i na ry l east  squa res ( OL S )  techn i ques . The OLS and  MME e s t i mate s 

o f  response a re very s i m i l ar ,  consequent l y  OLS va l ue s are not s hown i n  

the  f i gure s . Any d i ffe rences  that  do occur  between the OLS and  MME 

e s t i mates wi l l  be d ue to the extra var i ance accounted for i n  the MME by 

i nc l ud i ng the random s i re effect . The  i n c l u s i on of s i �es i s  expected 

to  take account  of d i ffe r i ng n umbers  of progeny per s i re and  a l so 

d i fferences i n  s i re bree d i ng va l ues . 

The fl oc k - average - c umul ated - se l e c t i on - d i fferen t i a l  ( FACSD )  

i n c reased i n  a l i near fa s h i on  i n  both sexes ( see Tab l e  7 . 4 ) . The ra te 

of  accumu l at i on wa s j u st  under one - ha l f of a face-cover grade  per yea r .  

I n  both sexe s , the rate o f  accumu l at i on a ppea red to l es sen between 1 97 1  
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and  1 9 7 5 .  Th i s  wou l d  a g ree wi t h  t he s u s pected l oss  o f  s i re var i a n ce i n  

the face cover s u b - fl oc k ,  for FC ( s ee sect i on 5 . 4 ) . Veri f i cat i on o f  

th i s  s uggested pl atea u i ng o f  re s pon se  wou l d req u i re t h e  eva l u at i on of  

i nfo rma t i on from severa l  more years . 

Rea l i zed  he r i tab i l i t i es ( h� ) were e s t i mated u s i ng 3 techn i ques : 

( a ) t he be st  f i t regres s i on of  est i ma te d  response to se l ect i on 

on  FACSD ,  

( b ) t he regre s s i on of  e s t i ma ted res ponse  to  se l ec t i on on FACS D , 

but  wi th t he  regres s i on forced t h rough  the or i g i n ,  and  

( c ) t he ra ti o of  total  e s t i ma ted re s ponse  to the tota l FACS D .  

Bec a u s e  t he control and  sel ected s u b-fl oc k s  or i g i nal l y  came from the  

same ba se  fl ock , t he reg res s i on of  e s t i mated geneti c re s pon se  on  f l ock  

average cumul ated se l e ct i on d i ffe rent i a l  s ho u l d pass  through  the  o r i g i n  

( H i l l , 1 97 2 b ) . The var i ous h� e s t i mates a nd  the i r s tandard error s  a re 

pre sente d  i n  Tabl e 7 . 2 . 

There i s  good ag reement between  a l l e s t i ma tes and t hey a l so  compare 

favourab l y wi th the a va i l abl e e s t i mates of  her i tabi l i ty l i sted i n  Tabl e 

2 . 7 .  For e very one fa ce-cover grade of  se l ect i on d i fferen t i a l , 

between 0 . 4  and  0 . 5  o f  a face -cover grade wa s obtai ned i n  s e l ect i on 

re s ponse . 



TABLE  7 . 2 :  EST I MATES OF REAL I ZED HER ITAB I L IT I ES AND THE I R  
STANDARD ERRORS FOR FACE -COVER GRADE 

Ewe Hog gets  Ram Hoggets 
A A 

h r ±SEl  ±SE2  h r ±SE 1 ±SE2  

Leas t  squa res  e st i mate of 
response , be s t  fi t reg re s s i on 0 . 46 0 . 1 9 0 . 04 0 . 46 0 . 1 5 0 . 14 

MME e s t i mate of re s pon s e ,  
bes t  fi t regre s s i o n  0 . 47 0 . 1 9 0 . 04 0 . 46 0 . 1 5 0 . 1 1  

Lea s t  squares  e s t i mate of 
res pon s e , regres s i on t hrough 
the ori g i n  0 . 49 0 . 18 0 . 03 0 . 40 0 . 20 0 . 04 

MME e s t i mate of  re spons e ,  
regre s s i on through  t he ori g i n  0 . 49 0 . 1 8 0 . 02 0 . 44 0 . 20 0 . 03 

Ra ti o o f  total  re sponse  (MME 
est imate ) to tota l FACSD 0 . 54 0 . 1 9 0 . 3 9 0 . 2 1 

S E 1  = standa rd error u s i n g t he fo rmul a  of H i l l  ( 1 972b ) 
SE2 = standard error o f  the reg res s i on coeffi c i en t  
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T he two h� e s t i mates u s i n g the rat i o approach are s omewhat more 

var i a b l e compared wi th those  o btai ned u s i ng  regre s s i on techn i q ue s . 

T h i s i s  not s u rpr i s i ng con s i deri ng the var i at i on exhi b i ted  by the  

es t i ma ted res pon s e s  to sel e ct i on .  I f  the expe r i ment had been 

1 1 0  

termi n ated i n  1 97 1  the hf e st i mate wou l d have been 0 . 6 1 , but  i f  1 974 

ha d been the end poi nt , then  t he h� e s t i mate wou l d have been 0 . 34 ( from 

the ewe hogget data ) .  Consequentl y ,  i f  t he e s t i mates of response  are 

var i a b l e i t  doe s  n ot a ppea r advi sab l e to u se the  ra ti o approac h .  

T here i s  l i tt l e d i ffe rence between real i z ed heri tabi l i ty e s t i mates 

deri ved from the ewe hogget c ompared wi th  the ram hogget data . 

Rea l i zed heri tabi l i ty e st i mates ba sed on  MME and OLS est i mates o f  

res pon se a re s i mi l a r .  Fo rc i ng the regre s s i on t hroug h the ori g i n  d i d 

not g reat l y  a l ter  the h� e s t i mates compa red wi th  the va l ues  obtai ned 

u s i ng  best-fi t regres s i on .  

Two es t i mates  of the standard erro rs ( SE ) we re ca l c u l ated . I t  was 

thought  that dr i ft vari ance cou l d ma rked l y contri bute to the SE , 

con s i deri ng that  7 . 5  generati ons  had e l ap sed s i nce  the beg i nn i ng o f  the  

ex peri ment ( the average genera t i on i nterval  wa s est imated at  2 . 8  years  

u s i ng  the me thod of Patt i e  ( 1 965 ) ) . The  SEs  e s t i mated u s i ng the  standard 

error of the regres s i on coeffi c i ent a re genera l l y  muc h l es s  than  those  

e s t i ma ted u s i n g the formu l ae of H i l l  ( 1 97 2 b )  wh i c h  ta ke account  of  the  

vari a t i on contr i buted by random genet i c  dr i ft ( see Ta b l e  7 . 2 ) . The  

standard errors  of  the  reg res s i on coeffi c i ents  a re al ways smal l e r when 

the regres s i on i s  forced t hro ugh  the o ri g i n  ( compared wi th best -f i t 

re g re s s i on )  be cau se the or i gi n i s  a s s umed to be known wi thout error . 
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As d i s c u s sed i n  s e c t i on 2 . 4 . 3 ,  the deg ree o f  random genet i c  dr i ft 

i n  the  control group cou l d have been reduced i f  res tri cted - randomi zed  

se l ect i on of  repl acement  stock  had  been pract i sed . Howe ve r , the rea l  

effect o n  the S E  o f  real i zed he r i tabi l i ty e st i mates  wou l d  p robab ly  have  

been  sma l l i n  thi s study . 

A l t hough  the re s t ri cted se l ect i on proced ure desc ri bed i n  sect i on 

2 . 4 . 3  i s  pro bably  not wo rkabl e  for l arge an i ma l  experi men ts , i t  may be 

u sed  to i l l u s trate the smal l c hange that occurs  i n  the SE compared wi th 

the use  of  randomi zed se l ect i on of  repl acements . The e ffect i ve s i ze o f  

t h e  breed i n g group a n d  the  effect i ve numbe r mea s u red wou l d have i ncrea sed 

from 43 to 5 9  and 90 to 146 , res pec t i ve l y ,  i f  restri cted se l ecti on of  

control  repl acements  rather  than  random se l ect i on had  been  u sed i n  t h i s 

experi men t .  However , t hese  i nc reases  wou l d have on l y  reduced the S E  o f  

t h e  ewe hogget rea l i zed heri tabi l i ty for face -cover grade from 0 . 1 8 to 

0 . 1 7 ( u s i n g the method of  regre s s i n g  throu g h  t he ori g i n ) . I f  1 0  rams 

had been u sed  i n  the control breed i ng group ( compa red wi th  t he 4 a ctua l l y  

u sed ) then the above S E  wou l d have decreased  from 0 . 1 8  t o  0 . 1 5 .  T h u s , 

i n  pract i ce ,  re str i cted ran dom se l ect i on of  repl acements  i n  the con t ro l  

fl ock wo u l d have h a d  l i tt l e  effect o n  the a cc uracy wi th whi ch  t h e  rate o f  

genet i c g a i n wa s p re d i cted i n  t h i s study . 

Al s o  i n cl uded i n  F i gures 7 . 1 and  7 . 2  a re t he pred i cted rate s o f  

res ponse  i n  face -cover grade , u s i ng the paterna l  ha l f- s i b  e s t i mates  o f  

heri tab i l i ty ( 0 . 28 a nd  0 . 3 2 for t h e  ewe a n d  ram hogget s , respect i v e l y ) 
t i mes  the  FACSD . A s  expected , the  pred i cted res pon ses  are somewh at l es s  

than  t h e  re s ponses e s t i mated from t he MME , s i nce the rea l i zed heri tabi l i ty 

e s t i mates  a re cl oser  to 0 . 5 than  0 . 3 .  
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Res u l t s  from t h i s study s uggest  that s e l ect i on for h i g h  face - cover 

g rades  s hou l d res ul t i n  a fl oc k of o pen-fa ce s heep in  rel at i ve l y  few 

generat i on s of se l ect i on , depend i n g  on the i nten s i ty of se l e ct i on . 

7 . 3  D i rec t  Respons e  t o  Se l ec t i on fo r High Hogget Greasy F l eece We i ght 

T he MME est imates  o f  geneti c re s pon se  to s e l e ct i on i n  t he ewe and 

ram hoggets are presen ted i n  Fi gure s  7 . 3  and 7 . 4 .  By v i s ua l  exami nat i on 

of the e s t i mated res pon ses  no  s ugges t i on of a s e l ect i on p l ateau wa s foun d . 

The fl oc k average cumu l ated se l ect i on d i fferen t i al  i n creased  at the  

l i near rate  of  approx i mate l y  0 . 2  kg pe r year i n  both the ewe and  ram 

hoggets ( see Ta bl e 7 . 4 ) .  

The rea l i zed heri tabi l i ty e s t imates and the i r  standard errors  were 

ca l cu l ated fol l owi n g  the  same proced ures men t i oned i n  sect i on 7 . 2 .  The  

var i ou s  e s t i mates a re s h own i n  Tab l e 7 . 3 . As wi th the rea l i zed 

her i tabi l i ty est imates  for face- cove r grade , there were no  i mportant 

d i fferences  between : 

( a )  e st imates obta i ned u s i ng OLS and MME est imates o f  genet i c 

response , 

( b )  ewe hogget and  ram hogget e st i mate s , and  

( c )  best fi t reg res s i on e s t i mates , e s t i ma te s  from regres s i on 

through the o ri g i n  and  e s t i mates from the rat i o  method . 

Standard erro rs e s t i mated u s i n g the vari a n ce of the regres s i on 

coeffi c i ent aga i n  d i d  not  appear to ta ke account  of the dr i ft var i ance  



-
en 1 .  2 

� 
-
... 
.c 
.� 1 . 0  
G) 
� 
G) 
u 0 . 8  
G) 
G) 

-

>-
0 0 . 6 
lV 
G) 
... 
en 
c 0 . 4  
G) 
0 
c 
0 o .  2 
a. 
f/) 
G) 

a: 

5 6  

- - -

- - - - -

5 8  

Response  e s t i ma ted from MME 

Response  p red i cted u s i ng ewe hogget h 2 ( 0 . 28 )  t i me s  FACSD 

Res pon se  p red i c ted  u s i ng ewe hogget h 2 ( 0 . 28 )  t i mes  0 . 2 5 
p l u s  ram hogget h 2 ( 0 . 1 1 ) t i me s  0 . 7 5 FACSD 

FACSD 
� 

, 

/ _ _/ 
,-./� 

6 0  6 2  

_/ _ ..--/ 
/-� 

,/, 

6 4 6 6  

�/' 

6 8  7 0  7 2  7 4 

,-

7 6  
Y e a r  b o r n  

F I GURE 7 . 3 :  E ST IMATE D  AND PRED I CTED RATES  OF RESPONSE TO SELECT ION FOR EWE HOGGET GREASY 
FLEECE  WE I GHT 

...... ...... 
w 



- Res pon s e  e s t i mated from MME 
0) - . - Res pon s e  pred i cted u s i ng ram hogget h 2 ( 0 . 1 1 )  t i me s  FACSD � 

- 1 . 0 1 • • • • • Respon se  pred i cted u s i ng ram hogget h 2 ( 0 . 1 1 )  t i me s  0 . 7 5 FACSD 
� p l u s  ewe hogget h2 ( 0 . 28 )  t i me s  0 . 2 5 FACSD  
0) 

·-

CD 
� 0 . 8  
CD 
(,) 
CD 
CD - 0 . 6  

-

>o � 0 . 4 � 
.... I \---�;'-,�----·_, 

m 
c: 

'-

CD 0 .  2 
VI 
c: 
0 
Q. 
VI 
CD 

c:r: 5 6  

, - - -
, -

- - - �  ,. ----- - ../ ,. - _,... -
, � -��' 

5 8  6 0  6 2  6 4 6 6  6 8  7 0  7 2  7 4  7 6  

Y e a r  b o r n 

F I GURE  7 . 4 :  E ST IMATE D  AND PRED I CTED  RAT E S  OF RESPON S E  TO S E L ECT ION  FOR RAM HOGGET GREASY 
F L E E C E  WE IGHT 

...... 
...... 
� 



1 1 5 

TABLE  7 . 3 :  EST I MATES OF REAL I ZED HER I TAB I L IT I E S  AND THE I R  STANDARD 
ERRORS FOR GREASY FLEECE  WE I GHT 

Ewe Hoggets 

±SE 1 ±SE2 

Lea s t  s quare s  e s t i ma te of response , 0 0 03 . 0 . 09 0 . 1 . bes t  f i t reg res s 1 on 

MME e s t i mate o f  res ponse , 0 . 1 0 0 . 10 0 . 02 be s t  fi t regre s s i on 

Lea s t  square s  e s t i mate of  res ponse , 0 . 1 3 0 . 09 0 . 02 reg re s s i on t h ro ugh  ori g i n  

MME e s t i mate of re s pon se , 
regre s s i on  t hrou g h  ori g i n  

Rat i o  o f  total re s pon se ( MME 
es t i ma te ) to  tot  a 1 FACSD 

0 . 14  0 . 09 0 . 0 1 

0 . 1 2 0 . 1 0 

Ram Hoggets 

fl 2  r ±SE 1 ±SE2 

0 . 06 0 . 1 0 0 . 08 

0 . 1 6  0 . 1 0 0 . 04 

0 . 1 6 0 . 09 0 . 03 

0 . 1 7 0 . 09 0 . 0 1 

0 . 1 9  0 . 1 0 

SE 1 = s tanda rd erro r  u s i ng the  formu l a  of H i l l  ( 1 97 2 b ) . 

SE2  = s ta n dard error o f  t he regres s i on coe ffi c i ent . 



and  genera l l y  resu l ted i n  much sma l l er S E  val ues  compared wi th  those 

e s t i mates der i ved u s i n g the formu l a  of  Hi l l  ( 1 9 72b ) .  
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Patt i e  and Barl ow ( 1 974 ) c i ted McG u i rk ( 1 973 ) as  hav i ng observed 

l i tt l e d i ffe rence  between s tandard error e st imates  wh i ch i nc l uded a 

contr i but i on from dr i ft v a r i ance compa red wi th  those wh i ch d i d not . 

Howeve r ,  McGu i rk ( 1 973 ) o n l y u sed 1 4  po i nts to p redi ct the regres s i on ,  

t hereby res u l t i ng  i n  a l arge SE of the  regres s i on coe ffi c i en t .  

E v i dence from th i s study s ugge st s  that  to avoi d underest i mat i ng the S E  

o f  rea l i zed her i tabi l i ty e s t i mates dr i ft vari ance s hou l d be accounted 

for .  

Compared w i t h  heri tab i l i ty e s t i mates deri ved us i n g the covari an ce 

of re l at i ve s  techn i ques , the hf val ues  i n  Tab l e  7 . 3  a re smal l e r than 

expected . I n  h i s rev i ew ,  Lewer ( 1 978 ) s howed that  most h 2  e s t i mates  

of g re asy f l eece wei gh t  l ay between 0 . 3  and  0 . 6 ,  whi l s t on l y  3 out  of 

t he 34 quoted val ues  fe l l be l ow 0 . 3 .  However ,  t he h� e s t i mates  of 0 . 1 

to 0 . 2 found  i n  th i s  s tudy are con s i stent wi th the  heri tab i l i t i es 

deri ved v i a the  paternal  ha l f- s i b techn i que , u s i n g  ram hogget data 

( 0 . 07 and 0 . 1 5 ) . Thus , i t  appears that there may be s ome effect of  

sex on the  her i ta bi l i ty of hogget G FW .  

Kyl e  and  Terr i l l  ( 1 953 ) , Young e t  a l .  ( 1 960 ) an d E i kj e  ( unpubl . )  

reported l owe r heri tab i l i ty e s t i mates fo r fl eece  wei ght i n  ram hoggets  

c ompared  wi th  ewe hogget s , however the di fferences  were non -s i gn i fi cant . 

Baker e t  al. ( 1 979 ) pre s e nted heri tab i l i ty e s t i mates for GFW of 

0 . 27 ± 0 . 09 and 0 . 4 1 ±0 . 1 0  for ram and ewe hogget s , res pect i ve l y .  They 

con s i dered the  di fferen ce between the  two e s t i mates to be s i g n i fi c ant . 
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I n  t h i s s tudy , the  add i t i ve genet i c  vari ance components  for ewe and  

ram hogget GFW  were about  0 . 08 and 0 . 04 ,  respect i ve ly .  Correspon d i n g  

env i ronmenta l  var i ance c omponents  for ewe a n d  ram hogget G FW were 0 . 23 

and 0 . 34 ,  respect i ve l y .  These  va l ue s  are i n  good agreement wi th  those  

o f  Baker et al . ( 1 979 ) who  al s o  repo rted g reate r envi ronmenta l  vari a t i on 

but l es s  add i t i ve gen et i c  vari at i on for GFW i n  ram hoggets compared wi th  

ewe hogget s . 

E i kj e  ( un publ . )  a nd  Bake r et al. ( 1 979 ) a l so reported sma l l er ram 

heri tabi l i ty est i mates fo r body we i ghts , compa red  w i t h  ewe e s t i mate s . 

Thus , s ome e v i dence i s  a cc umul at i n g to  sugges t  that rea l  d i fferen ces  i n  

her i tab i l i t i e s  between sexe s  m i g ht ex i st .  

F i g u res  7 . 3  and 7 . 4  s how the predi cted ra te of re sponse  to se l ect i on 

for h i gh hogget GFW u s i n g paterna l  ha l f- s i b  he r i tabi l i ty e st i mates  o f  

0 . 28 a nd  0 . 1 1  for t h e  ewe hoggets and  ram hoggets , res pect i ve l y .  A s  

expected , t h e  rate o f  res ponse i s  ove rest i mated i n  the ewe hoggets but 

s l i g htl y underest imated i n  the  ram hoggets . T h i s oc curs because a 

greater p roport i on o f  the  se l ect i on d i ffe rent i a l  i s  due to ram se l e ct i on 

rather than  ewe se l ect i on . I n  t h i s study the  ram se l ect i on d i ffe rent i a l  

was approx i mate ly  t h ree  t i mes  the  s i ze of the  ewe se l ect i on d i fferent i a l . 

By accoun t i ng  for the g reater cont ri but i on of  the  ram se l ect i on 

d i fferent i a l  the actua l  res pon se s  s h own i n  F i g u re s  7 . 3  and  7 . 4  a re 

c l o se l y  pred i cted . 

The p ra cti cal  s i g n i fi cance of t h i s res u l t i s  that s i nce  commerc i a l 

farme rs have on l y  a l i m i ted oppo rtun i ty to i nc rease the  se l ecti on 

i nten s i ty fo r GFW t h rough  ram s e l ect i on (most  commerc i a l  s heep-fa rmers 
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i n  New Zeal and  buy the i r rams from a s pec i a l i ze d  ram breede r ) , they may 

be ab l e  to obta i n  s i gn i f i c an t  genet i c g a i n s  t hrough  mo re i nten se  

se l ect i on for G FW i n  t he ewes . For examp l e , by s ubj ect i ve l y  a s se s s i ng 

GFW a sel ect i on d i ffe rent i a l  of  0 . 1 5  kg  may be obta i ned i n  the  repl a cemen t 

ewe s ( th i s equates  to cu l l i ng  1 5% of the  poores t  performi ng  ewe s ; i f  a 

phenotyp i c s tanda rd dev i a t i on of 0 . 5 kg i s  a s s umed ) .  A s e l ect i on 

d i ffe rent i a l  o f  th i s  s i ze enabl es a genet i c res ponse of 0 . 02 kg  pe r 

generati on ( as s umi ng  a ewe heri tabi l i ty of 0 . 28  for GFW ) . T hroug h  

obj ect i ve mea s urement of  ewe hogget GFW  a se l e ct i on d i ffe ren t i a l  o f  

0 . 3 5 kg  may b e  pos s i b l e ,  i . e .  40% of t he poore st  pe rformi ng ewes are 

c u l l ed for GFW .  A ewe s e l ect i on d i fferent i a l  o f  0 . 3 5 kg wou l d res u l t  

i n  a genet i c  re s ponse  of 0 . 05 kg per generat i on . To obta i n a s i mi l a r 

res po n se per gene rati on v i a  ram se l e ct i on a s e l e ct i on d i ffe rent i a l  o f  

a bout  0 . 5  k g  wou l d be req u i re d  ( as s umi ng  a ram heri tabi l i ty o f  0 . 1 1  for 

GFW ) . I t  i s  l i ke l y  that  many commerci a l  breeders wou l d fi nd  i t  

d i ffi cu l t to a ch i eve s u c h  a s e l ecti on d i ffe renti al u n l e s s  they have 

acce s s to rams wi t h  h i gh p red i cted bree d i n g  va l ues  for GFW . Furthennore , 

the b reeder wou l d have to  reduce the attenti on pa i d to other t ra i ts s u c h  

a s  reproduct i ve rate . However ,  i n  mos t  s i tuat i on s  the genet i c ave ra ge 

of the  commerc i a l fl ock  wi l l  l ag beh i nd the genet i c average of  the  s t u d  

f l ock  and part of  t h e  req u i red se l ect i on d i ffe rent i a l  from the  rams 

wou l d be supp l i ed through th i s  d i ffe rence . Thus , i t  appears that  

s e l e c t i on for G FW vi a the  ewes may be i mportant  i f  the d i fference 

between ewe and ram heri tab i l i ty for GFW , a s  s uggested  by t h i s s tudy , 
• 

i s  real . 



TABLE 7 . 4 : FLOCK  AVERAGE CUMULATED  S ELECT I ON D I FFERENT IALS  
( FACS D )  FOR  EACH SEX  IN  THE TWO SEL ECT ION FLOCKS 

F l eece We i ght  F l oc k  Face Cover F l ock  

Year  

1956  
1957  
1958 
1959 
1960 
1961  
1 962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971  
1 972 
1973 
1974 
1975  
1976 

Ewes 1 Rams 1 Ewes 2 

0 0 0 
0 0 0 

0 . 44 0 . 44 1 . 26 
0 . 6 1 0 . 69 0 . 89 
0 . 79 0 . 9 1 2 . 23 
1 .  03 0 . 92 1 . 89 
1 .  32  1 .  3 5  3 . 1 0 
1 . 42 1 . 43 3 . 06 
1 .  97 1 .  7 5  4 . 86 
2 . 07 1 .  93 4 . 42 
2 . 23 2 . 1 2 7 . 14 
2 . 33 2 . 50 6 . 1 6 
2 . 58 2 . 63 7 . 74 
3 . 1 2 3 . 07 7 . 59 
3 . 10 3 . 1 6 8 . 3 7 
3 . 34 3 . 38 9 . 78 
3 . 60 3 . 54 9 . 38 
3 . 5 7 3 . 70 9 . 7 5 
4 . 02 4 . 00 9 . 7 1 
4 . 27 4 . 1 7 9 . 66 
4 . 23 4 . 46 10 . 22 

1 FACSD for hogget greasy fl eece wei gh i  ( kg ) .  

2 FACSD for hogget face- cover g rade . 

Rams 2 

0 
0 

0 . 96 
1 . 02 
2 . 06 
1 .  6 1  
3 . 4 5  
3 . 1 0 
4 . 90 
4 . 43 
6 . 9 1 
6 . 86 
8 . 47 
7 . 73 
8 . 4 1  
9 . 68 
9 . 62 
9 . 5 1  
9 . 49 
9 . 6 5 

1 0 . 68 

1 1 9  



120  

C H A P T E R E I G H T 

CORRELATED  RESPONSES TO SELECT I ON 

8 . 1 I n t roduct i on 

Becau se  of the  f i ndi ng s  i n  Chapter seven on ly  corre l ated res ponses  

us i n g  MME  e s t i mates  o f  genet i c res pon s e , wh i c h  are then reg re s sed  

through  the  or i g i n ,  a re presented , un l es s  otherwi se  stated . Standa rd 

errors ba sed on t he work of H i l l  ( 1 97 2 b )  a re i ncl uded . 

8 . 2  Correl ated Re sponses to Sel ecti on for Open Face 

T h e  correl ated respon ses  ( C R )  i n  other tra i ts to s e l ecti on for 

open face a re presented i n  Tabl e 8 . 1 .  The  CR  i s  i n i t i a l l y  expre s sed  i n  

terms o f  change i n  t he tra i t  ( i n  ori g i na l  un i ts of meas urement )  res u l t i ng 

from t he appl i cat i on of a se l e ct i on d i fferent i a l  of one grade i n  face 

cover ; e . g . , the  CR i n  ram hogget l i ve we i ght i s  +0 . 29 kg  for a 

se l ecti on  d i fferent i a l  of one face -cover g ra de .  An i nd i cat i on o f  the  

re l at i ve i mportance of the CR i s  g i ven  by t he s tandard i zed  correl ated  

res po n s e . Th i s wa s deri ved by d i v i d i ng the  ori g i nal  CR  by t he 

phenoty p i c  s tanda rd devi at i on of  the trai t ( as g i ven i n  Tabl e s  5 . 1 ,  5 . 2  

and 5 . 4 ) .  Thus , t he standard i zed CR i n  ram hogget l i ve wei ght  i s  0 . 05 

of a phenotypi c  s tandard dev i at i on per fa ce - cover grade of  s e l ecti on  

d i fferent i al . 

I n  general  there have been no  maj or corre l ated changes  i n  the  t ra i t s  

mea s u re d . An i mportant re s u l t  i s  the  smal l change i n  both the  GFW and 

W tra i t s . Thu s , i t  appears that  the s e l ect i on of ope n - face hoggets wi l l  

not reduce  the amount  of wool c l i pped , a s  was i mpl i ed by t he negat i ve 



TABLE 8 . 1 :  CORRE LATED RESPONSES  TO  SEL ECT I ON FOR OPEN FACE 
AND THE I R  STANDARD E RRORS 

1 2 1  

Trai t Ewe Hogget Ram Hogget Ewe Averag e  
CR 1 ±S E  STD2 CR 1 ±SE  STD2 C R 1 ±S E  STD2  

DOB ( days ) -0 . 1 0±0 . 65 -0 . 0 1 3  0 . 02 ±0 . 62 0 3 
BW 
ww 
LW 
GFW 
w 
QN 
CHG 
SL 
TCN 
CF 
y 
MFD 
SFD 
PMF 
M I  
L B  
L R  

( kg )  0 ±0 . 06 0 3 - 0 . 02±0 . 05 - 0 . 03 3  
( kg )  0 . 02±0 . 2 7 0 . 01 0 . 08±0 . 22 0 . 02 
( kg ) 0 . 20±0 . 36 0 . 04 0 . 29±0 . 40 0 . 05 0 . 5 1 ±0 . 46 
( kg )  -0 . 02±0 . 03 -0 . 04 - 0 . 03 ± 0 . 02  - 0 . 06 - 0 . 02±0 . 03 
( kg )  - 0 . 01 ± 0 . 03 - 0 . 03 - 0 . 02±0 . 02 - 0 . 05 0 ±0 . 03 

- 0 .  04±0 . 1 3 - 0 . 02 0 ±0 . 1 5 0 -0 . 02±0 . 09 
0 . 0 1 ±0 . 09 0 . 01 0 ±0 . 07 0 0 .  0 1 ±0 . 04 

( cm )  0 .  07±0 . 13  0 . 04 0 . 07±0 . 1 2 0 . 05 0 . 01 ±0 . 10 
0 . 04±0 . 20 0 . 01 3  0 ±0 . 23 0 0 . 1 0±0 . 2 1 

0 ±0 . 05 0 3 - 0 . 0 1 ±0 . 06 - 0 . 02 0 . 0 1 ±0 . 03 
( % ) 0 . 25±0 . 14 0 . 06 - 0 . 03±0 . 3 2  -0 . 01 0 . 34±0 . 34 

( � )  - 0 . 13±0 . 2 9 -0 . 05 - 0 . 1 6 ±0 . 1 5  -0 . 08 - 0 . 26±0 . 25 

( � )  - 0 . 09±0 . 08 -0 . 09 
( % ) - 0 . 1 0±0 . 56 - 0 . 02 3  

0 . 29±0 . 5 1 0 . 0 5 3  
0 . 0 1 ±0 . 02 
0 . 0 1 ±0 . 0 1 

1 C R  = co rre l a ted res pon s e  i n  or i g i n a l  u n i t s  of mea s u remen t  
p e r  face -cover g rade of  se l ect i on d i fferen t i a l . 

0 . 10 
- 0 . 04 

0 
- 0 . 0 1 
0 . 01 
0 . 07 
0 . 05 3  
0 . 02 3  
0 . 1 0 

- 0 . 1 2 

0 . 03 
0 . 03 

2 STD = correl ated response  per face - cover  grade of  se l ect i on 
d i ffe rent i a l  standard i zed by d i v i d i ng by t he phenotypi c 
standa rd devi ati on for t hat t ra i t .  

3 L ea st  square s  e st imate o f  re sponse  u sed a s  MME e s t i mate u na va i l a bl e .  



geneti c corre l a t i on e s t i ma ted by Mor l ey ( 1 955 ) and  a l so  by t he several  

negati ve e s t i ma tes foun d  i n  th i s s tudy ( see Tabl es  5 . 1 ,  5 . 2  and 5 . 3 ) .  

1 22  

A poss i b l e  rea s on for the  neg l i g i bl e  c hange i n  G FW and W i s  t hat  both the 

hog get and  mature l i ve we i g hts of face -cover g roup  an ima l s h ave  i nc reased  

s l i ght l y .  Because  LW  a n d  GFW tend t o  be pos i t i ve l y  re l ated , both 

phenotyp i c a l l y  and genet i ca l l y ,  the s l i g ht i ncrease  in body s i ze may h ave 

offset t he effect of any negat i ve geneti c corre l a t i on between FC a nd  G FW .  

A s l i g ht i n crease  i n  the  c l ean scoured y i e l d i n  the ewe hogget and  

ewe average l i fet ime data  i s  a pparent . 

the ram hogget data . 

Howeve r ,  no  change wa s s hown i n  

There wa s a smal l reduct i on i n  the MFD and  a s l i g ht i nc rease  i n  SL  

a s  the  s heep  became more  open fa ce d .  Thus , s e l ect i on for open face 

apparen t l y  l ed to fi ner , l onger fl eece s .  Howe ve r ,  bot h correl ated 

re s pon ses  were sma l l i n  re l at i on to  the i r s tandard  errors . 

A pos i t i ve corre l a ted re s ponse  occurred i n  both L B  and  L R .  The  

genet i c  corre l ati ons between FC and  L B/LR presented by Young  et al . 

( 1 963 ) were general l y  pos i t i ve ,  a s  we re those der i ved i n  t h i s s tudy ( see  

Tabl e 5 . 3 ) . Thus , these  corre l ated respon ses  a re i n  the  e xpected 

d i rect i on .  Dur i ng 2 1  yea rs o f  se l ect i on the corre l ated respon ses  

amounted t o  a bout 1 0%  i n  both L B  a nd L R .  C l a rke  ( 1978 ) reported a 

re s ponse  of 3 1 %  i n  the n umber of  l ambs rea red per  ewe mated a fte r 2 5  

years o f  s e l ect ion for twi nn i ng  a b i l i ty onl y ,  i n  a fl ock  o f  Romney s heep . 

Th i s  equate s to a res pon se  of a bout  26% i n  2 1  years . W i thout  a ccoun t i ng 

fo r fl oc k s i z e and se l e ct i on i n ten s i ty i n  parti cu l a r ,  t he corre l ated 

re s ponse  i n  LR , to se l ect i on for o pen  face , i s  a l i tt l e under  one- h a l f  of 
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t h a t  wh i c h  mi ght  b e  expe cted through  d i rect se l e ct i on for twi n n i ng  

abi l i ty .  T he degree o f  re sponse i n  the face-cover group i s  depende n t  

o n  obta i n i ng one face - cover grade of  se l ect i on d i fferent i a l  every 2 years . 

I n  a n  a l ready open -face f l ock of  sheep , i t  wou l d be d i ffi cu l t to obta i n  

a sel ecti on d i fferen t i a l  of th i s s i ze .  

E s t i mates of the standard e rrors o f  the correl ated respon ses  were 

rel at i vel y una ffected by the ma gn i tude of the e s t i mate of the genet i c  

corre l at i on  used i n  t he formu l a  g i ven i n  sect i on 3 . 2 . 7 .  For exampl e ,  

by s u bst i t ut i n g - 1 , 0 and  + 1  for t he genet i c  co rrel ati on  between FCe a n d  

LWe the correspond i ng  S E s  o f  t h e  CR  i n  ewe hogget l i ve we i g ht were a l l 

+0 . 36 .  S i mi l a rl y ,  S E s  of the C R  i n  ewe hogget greasy f l eece we i g ht  we re 

+0 . 03 ,  +0 . 04 and  +0 . 03 ,  res pec t i v e l y .  

8 . 3  Corre l ated Responses  to  Sel ecti on for  H igh Hogget G reasy F l eece Wei ght 

The var i ous  corre l ated res ponses  ( C R )  to s e l ecti on for h i g h  hogget 

grea sy fl eece we i g ht , and  the i r s ta ndard e rrors , are g i ven  i n  Tabl e 8 . 2 .  

Corre l ated  res ponses  are expre s sed i n  a s i m i l ar fa sh i on to  that  stated  at  

the  beg i n n i ng  of s ect i on 8 . 2 ,  ex cept that  the  c orre l ated respon ses  a re 

expre s sed i n  c hanges per kg of G FW sel ect i on d i fferent i a l . 

Hogget c l e an fl eece wei g ht ( W )  s howed a s t rong pos i t i ve res ponse . 

Thi s wa s expected con s i deri ng the  h i gh pos i t i ve genet i c  corre l at i ons  

between G FW and  W der i ved i n  t h i s study , and  by other other  worke rs ( see  

Ta bl es  2 . 6 , 5 . 1 ,  5 . 2  and  5 . 3 ) . I t  has  been suggested t hat  sel ect i on for 

W wou l d res u l t i n  g reater  net e conomi c g a i n s  t h rough g reater res pon se i n  

the amount of  c l ean  f i bre produced pe r an i ma l , compa red wi th  se l ect i on 

for G FW .  The s trong  CR  i n  W ,  to  se l e ct i on for GFW, obta i ned i n  t h i s 
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TABLE 8 . 2 :  CORRELATED RESPONSES TO  S E LECT I ON FOR H IGH HOGGET 
G REASY FLEECE  Wti GHT AND T H E I R STANDARD ERRORS 

T ra i t  Ewe Hogget Ram Hogget Ewe Average 

DOB 
BW  
ww 
LW  
G FW 
w 
QN 
CHG 
SL  
TCN  
C F  
y 
MFD 
SFD 
PMF 
M I  
FC 
LB 
L R  

C R 1 ±SE STD2 C R 1 ±SE  STD2 CR 1 ±S E  

( days ) - 0 . 62 ± 1 . 58 - 0 . 07 3  -0 . 2 1 ± 1 . 64 - 0 . 02 3  

( kg )  0 ±0 . 14 0 3 -0 . 03 ±0 . 14 -0 . 04 3  

( kg )  0 . 23±0 . 67 0 . 07 0 . 38±0 . 56 0 . 1 0  
( kg )  0 . 40:!:{) . 87 0 . 09 0 . 3 9± 1 . 02 0 . 07 0 .  68± 1 . 1 2 

( kg )  0 . 24±0 . 07 
( kg )  0 . 13±0 . 07 0 . 33 0 . 1 4±0 . 06 0 . 33 0 . 24±0 . 06 

- 0 . 2 1 ±0 . 32 - 0 . 1 2  - 0 . 22±0 . 39 -0 . 13 - 0 . 56±0 . 23 
- 0 . 05±0 . 22 - 0 . 0 5  - 0 . 07±0 . 18 -0 . 08 -0 . 07±0 . 1 1  

( cm )  0 . 38±0 . 3 1  0 . 22 0 . 3 5 ±0 . 3 1 0 . 24 0 . 63 ±0 . 24 
- 0 . 02±0 . 49 - 0 . 0 1 3  - 0 . 1 9±0 . 59 - 0 . 07 - 0 . 40±0 . 5 1 

- 0 . 07±0 . 13 - 0 . 1 0 3  -0 . 1 0±0 . 1 5  -0 . 1 6 - 0 . 1 3 ±0 . 09 
( % )  0 . 59±0 . 35 0 . 1 4  0 . 08±0 . 82 0 . 02 1 . 18±0 .  82 

( lJ )  0 . 32±0 . 7 0 0 . 1 2  0 . 29±0 . 40 0 . 14  0 . 1 6±0 . 6 1 
( ].J )  - 0 . 02±0 . 20 - 0 . 02 

( % )  - 0 . 19±1 . 33 - 0 . 033 
- 0 . 18±1 . 2 7 - 0 . 03 3  
- 0 . 09±0 . 36 - 0 . 04 -0 . 02±0 . 41 -0 . 01 

0 . 0 7 ±0 . 06 

0 . 0 7±0 . 04 

1 CR = corre l ated res ponse i n  or i g i na l  un i t s of mea s uremen t  
p e r  k g  of  G FW sel ecti on d i fferent i a l . 

STD2  

0 . 14 

0 . 44 
0 . 5 1 

-0 . 3 9 
- 0 . 09 

0 . 43 
-0 . 20 3  

- 0 . 3 2 3  

0 . 35 
0 . 07 

0 . 1 9 

0 . 1 9 

2 STD = correl ated res pon se per k g  of  G FW se l ect i on 
d i fferent i a l  s tandard i zed  by d i v i d i ng by the phenotypi c 
s t anda rd dev i at ion for t hat  tra i t .  

3 Least  s quare s  e st i ma te of  res po n se u sed  a s  MME e st i mate unava i l ab l e .  



1 2 5  

study i mpl y that  t h e  extra c o s t  i n cu rred i n  est i ma t i n g  t h e  c l ean  

scoured  yi e l d ( to enabl e se l ect i on on W )  wou l d  not be  offse t  by g reate r 

genet i c  ga i n s  i n  c l ean fl eece we i g ht . T h i s i s  cons i stent  wi t h  the  

paternal  ha l f- s i b  est i mates of  the  heri tabi l i ti e s and genet i c  

corre l at ion s  der i ved i n  t h i s study , i . e . GFW and W have s i mi l ar h 2  

e st i mates and a h i g h genet i c  co rre l at i on ex i sts  between the n .  

The i ncre ases  i n  G FW a n d  W have been  accompan i ed by s trong 

corre l ated res ponses i n  ewe hogget a nd ewe average Y .  Ram hogget c l e an 

scou red yi e l d  showed on l y  a sma l l pos i t i ve respon se . The genet i c  

corre l at i on s  c a l c u l ated i n  t h i s study ( see Tabl e s  5 . 1 ,  5 . 2  and  5 . 3 )  were 

too vari abl e to enabl e any accurate pred i ct i on as to how Y wou l d respond 

to se l ecti on on  G FW .  Previ ous est i mates o f  the GFW/ Y genet i c corre l a t i on 

tended to be smal l ( see Tab l e 2 . 6 ) . Thus , the corre l a ted responses i n  

ewe hogget a n d  ewe ave rage  Y i n  th i s  s tudy were probab ly  g reater t han 

expected . Turner ( 1 977 ) s uggested t ha t  i f  c l ean  scoured y i e l d s  became 

too h i gh some fi bre d amage may re su l t from weather i ng and dust  a nd  that  

a n  opt imum Y may exi st fo r a pa rti cu l a r  envi ronment . I f  t h i s suggest i on 

i s  correct i t  may be nece s s a ry to i mpose a ce i l i ng on Y when se l ecti n g  

for h i gh GFW .  

The response  i n  ewe average GFW and  W were a l so stron g l y  posi t i ve .  

The respon se i n  bot h of these  tra i t s  has  been greater  than i n  the  

correspond i ng  ewe hogget tra i ts .  The  l arger respon se i n  ewe a ve rage 

GFW can be  exp l a i ned i f  t h i s tra i t  has  a h i g h h2  and  i s  s tron g l y  

correl ated ( ge net i ca l l y )  wi t h  GFWe . T he two ava i l a bl e e s t i mates  of the  

genet i c  corre l ati on a re 0 . 57 and 1 . 00 for the control and  fl eece wei ght  

g roups , respec t i ve l y .  T he face cover and fl ee ce  we i ght g roups  both 
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g i ve h i g h  est i mates  of GFWa h2  ( 0 . 50 and  0 . 68 ,  res pect i ve l y )  but  the  

control  f l ock e st i mate i s  l ow ( 0 . 14) . Assumi ng  heri tabi l i t i es of 0 . 1 5 

an d 0 . 5 for hogget G FW an d ewe average G FW and  a geneti c  corre l at i on  of 

0 . 6  between these two trai ts , t he pred i cted corre l ated respon se  i n  GFWa 

to a 1 kg se l ect i on d i fferent i a l  i n  hogget GFW i s  +0 . 29 kg . T h i s 

compares fa voura b l y  wi th the  e st i ma ted  corre l ated response o f  +0 . 24 kg ; 

the re s pon se i n  ewe average W wou l d fo l l ow as a conseq uence o f  a h i gh 

GFWa/Wa geneti c corre l at i on .  

There has  been a general  tendency for the average d ate-of-b i rth  

( DOB ) o f  the ewes and  rams to  decre ase . Th i s has  probab l y  bee n  c aused  

by se l ect i on for  h i g h  GFW  wi t hou t f i rst  adj usti ng for  DOB .  Th i s  

suggests  that there i s  genet i c  vari at ion  i n  DOB and that  earl i er b i rth 

i s  a s soc i ated wi th  h i g her GFW .  The ava i l a bl e est imates of  t h i s genet i c 

correl a t i on ( see Tab l es 5 . 1 a n d  5 . 2 )  a re too vari ab l e to dec i de whether 

or  not the  a bove s uggesti on i s  t rue . 

B i rth we i gh t  ( BW )  d i d not  change apprec i abl y i n  e i ther  sex . WW 

i nc re ased i n  both t he ewe s and  rams , a res ponse whi c h  was con s i stent 

wi t h  the  e st imates of GFW/ WW genet i c corre l at i on s  i n  Tab l es 5 . 1  and  5 . 2 .  

Hogget l i ve we i g ht and ma ture ewe l i ve wei g ht a l so i ncreased and  a ga i n  

these  responses a re a s  expected from the genet i c corre l at i on s  i n  Ta b l es 

5 . 2 ,  5 . 2  and  5 . 3 .  

As expected , a l l SL a n d  MFD  measu rements  showed pos i t i ve correl ated 

re spon ses .  The  a ctua l c hange i n  MFD i s  p robab ly  u n i mportan t  a s  an 

i nc rease  i n  hogget GFW of 1 kg wi l l  o n l y  i ncrease the MFD by a bout 1 . 5  

mi c ron s .  Such  an  i ncrease i n  MFD i s  u n l i ke l y  to affect the va l ue of 

\ 
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Romney woo l  i n  New Zea l an d ,  s i nce , at  p re sent , there i s  l i tt l e  fi n en e s s  

premi um o n  wool s coarser  than a bout  29 mi c ron s . S i mi l a rl y ,  the change  

i n  SL  i s  on l y  very sma l l .  No e s t i mates of  fo l l i c l e  den s i ty a re 

avai l a b l e s o  i t  i s  not pos s i b l e  to brea k down the response  i n  GFW i nto 

i ts va r i ou s  c omponents , a s  s uggested i n  sect i on 2 . 2 . 6 .  

Qual i ty n umbe r s howed a con s i stent de crease  i n  mag n i tude a s  the  

ex per i ment  progres sed . The a s s e s sment of QN i s  parti a l l y  dependen t  on 

cri mp frequency ; t he hi gher  the  C F  t he h i gher  the QN . The c on s i s tent  

dec l i ne i n  CF wou l d a l so contri bute to the  reducti on i n  QN . 

Face -cover g rade decreased i n  both the  ewe and ram hoggets , however 

the res ponse  i s  u n l i ke ly  to be s i gn i fi can t .  The genet i c  corre l at i on s  i n  

Ta bl es  5 . 1  and 5 . 2  s uggest a negati ve FC/GFW geneti c  correl ati on . 

Mo rl ey ( 1 955 ) ca l c u l ated a negat i ve genet i c  correl at i on of  -0 . 29 between 

these two tra i ts .  A pos s i bl e  rea son for t he sma l l corre l ated response  

i n  FC  i s  t hat  the  fl eece we i ght  s ub-fl ock  had  an avera ge  FC  g rade of  

about 5 when  the expe riment s tarted ; i . e . , tend i ng to a woo l l y-fa ced  

cond i t i on .  For the  hoggets to  become se l ected a s  pa rents  they o bvi o us l y  

had t o  be i n  cond i t i on to produ ce a good f l eece we i g ht . S i n ce hogget 

l i ve we i g ht and G FW tend to be pos i t i ve l y  co rrel ated phenotyp i ca l l y  t h i s 

coul d p rec l ude any very wool l y- faced s heep  from be i ng s e l ected , the reby 

avoi d i n g  any l arge corre l ated response  i n  FC . 

C HG , TCN , SFD , PMF and M I  a l l  s how smal l non - s i gn i fi cant correl ated 

re spon s es .  
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The two measures o f  l amb product i on LB  and  L R ,  both  s how pos i t i ve 

co rre l ated responses . These  respon ses  are a s  expected a ccord i ng to the  

geneti c  corre l ati ons e st i mated i n  t h i s study a n d  by  Young  et al. ( 1 963 ) .  

Lewer ( 1 978 ) c i ted seve ra l workers who had found  n egat i ve rel at i on s h i ps  

between l amb  product i on and  GFW ; Lewer ( 1 978)  a l so deri ved severa l  

negat i ve e s t i mates of t h e  genet i c  corre l at i on between GFW and  LR . 

Howeve r ,  mos t  of these e st i mates i nvol ve geneti c corre l a t i on s  u s i n g  GFW 

taken afte r the age of 18 month s .  O f  the fou r e st imates based on 

hogget GFW on l y  one i s  s t rong l y  negat i ve ;  i t  i s  i n  Meri nos and i n vol ves 

on l y  l ambs weaned at 2 yea rs-of-age . The e st i mates of correl ated 

res pon ses for LB and LR  a re both +0 . 07% ( pe r  kg  of se l ect i on d i ffe rent i a l  

for hogget GFW ) . The se  f i gures s uggest that  a total CR of about 30% 

shou l d have occu rred i n  the  fl eece we i ght g roup , compa red wi t h  the 

con trol g roup , between 1956 and  1 976 . Howeve r ,  the MME e st i mate s of 

genet i c  response suggest  t hat t he total  CR  i s  c l oser to about 20% . 

Howeve r ,  t he i mporta nt  resu l t  i s  that  the corre l a ted responses  i n  both 

l amb product i on trai t s  a re pos i ti ve .  A pos s i b l e  exp l anat i on for the  

l a rge CR i n  l amb product i on i s  that  f i xat i on of  s ome gene  ( or genes ) 

favourab l e for l amb product i on has occurred . F u rther i nformat i on 

regard i ng  t he mode of  i n her i tance of l amb product i on i n  the fl eece 

we i g ht g roup  coul d be obta i ned by mati ng fl eece we i g ht and contro l  g ro u p  

rams t o  a fl ock  o f  u n re l a ted Romney ewes . By compa ri ng t he l ambi n g  

performance  of  the offspr i ng , a n d  perhaps l ate r generat i on s , any maj or  

geneti c e ffects shou l d be  d i scerni b l e .  I f  s i mi l a r CRs for l amb 

product i on can  be i dent i f i ed i n  other greasy f l eece we i g ht se l ec t i on 

exper iments  ( Cl arke , 1 980 ; H i ght  a nd  Bi g ham , 1980 ) , t hen se l ecti on fo r 

h i g h hogget G FW may se rve as a u sefu l mean s  of i ndi re ct se l ecti on for 

l amb produ ct i on .  



Except for l amb producti on , the corre l ated respon ses to se l ect i on 

for h i g h hogget greasy fl eece we i g ht agree wi th prev i ou s l y  publ i s hed 

i nformat i on .  

1 29 
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C H A P T E R N I N E 

CONCLUS IONS  

In  t he fl eece we i ght se l e ct i on fl ock g reasy fl eece wei ght i nc reased 

at approx imate ly  0 . 03 kg per year in both the ewe and ram hogget s , wi th 

no s i gn of  any dec l i ne in the rate of res ponse i n  l ater years . 

Real i zed heri tabi l i ty esti mate s of about 0 . 1 5 were i n  good agreement 

wi th  paternal hal f- s i b corre l at i on est i mates of G FW heri tabi l i ty i n  the 

ram hoggets . Howe ve r ,  the response i n  hogget GFW was on l y  about one­

ha l f  o f  that wh i c h  wou l d have been predi cted by equi val ent ewe hogget 

heri tabi l i ty esti mates . Th i s apparent d i fference i n  heri tabi l i ti es 

between the two sexes cou l d be o f  practi ca l  s i gn i fi cance to commerc i a l  

breeders , i n  parti cu l ar ,  who may obta i n  s i gn i fi cant genet i c ga i ns 

through more i nten se sel ect i on for GFW i n  the ewes . Al so , i f  the 

di fference i n heri tabi l i t i es i s  real , pred i c t i ons  of d i rect respon ses 

to se l ecti on for G FW may be overest imated ; because a greater proporti on 

of the total se l ect i on d i fferent i a l norma l l y  comes from rams , but most  

heri tab i l i ty estimates are  deri ved from ewe data . Furthermore , a s  

stated by Ba ker et al. ( 1 9 79 )  a nd  E i kj e  ( unpubl . )  di fferences i n  

heri tabi l i ti es between sexes may l ead to d i fferent i a l  wei ghti ngs  bei ng 

appl i ed to ewe and ram record s . 

Seve ra l  maj or corre l ated responses occurred i n  the fl eece we i ght 

se l e ct i on fl ock . Most i mportantly , the re were strong corre l ated 

respon ses i n  hogge t  c l ean fl eece wei ght  and i n  ewe average l i fet i me 

greasy and cl ean f l eece wei ght . After 2 1  years of se l e ct i on for h i g h 

hogget GFW each ewe produ ced , on average , between 4 kg and 5 kg more 
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greasy woo l , duri ng 5 years i n  the  fl ock , than her  contempora ri e s  i n  the  

control group .  Severa l  o f  the other c orre l ated respon ses were 

as soci ated wi th  the i ncrease i n  fl eece product i on , i . e . i ncreased l i ve 

we i ght , stapl e l ength and mean fi bre d i ameter ( on average , these trai ts 

i ncrea sed by a bout 1 . 5  kg , 1 . 5  cm and 1 . 5  � '  respecti vely ,  duri ng the 

21 years eva l uated ) .  No  measure of fol l i cl e den s i ty was ava i l abl e for 

th i s study . A l a rge corre l ated res ponse of .2 5% to 30% i n  l amb 

p roducti on was recorded after 21 years of se l ect i on for h i g h  hogget GFW. 

Th i s l a rge corre lated res ponse i n  l amb product i on was unexpected , and 

i t  i s  un l i ke l y  that it can be expl a i ned sol e ly  a s  a corre l ated response 

to  se l ect i on for h i gh hogget G FW .  I t  i s  pos s i bl e  that the stat i st i cal 

techn i ques empl oyed i n  th i s study may have overest imated the true 

correl ated response , due to the d i s crete nature of the data ; a l ternat i ve l y ,  

chance f i xat i on of some genes favourabl e to l amb product i on may have 

o ccurred . 

T he face-cover sel ect i on fl ock s howed a con s i derab l e respon se i n  

face-cover g rade but may be approach i ng a se l e ct i on p l a teau . Data from 

several more years wi l l  requ i re eval uati on before thi s pos s i bi l i ty coul d 

be substanti ated .  No adverse correl ated respon ses were observed in  the  

face- cover sel ecti on fl ock . I n  parti cu l ar , there wa s no  l os s  of hogget 

or ewe fl ee ce wei ght as the fl ock became more open face d .  Pos i t i ve 

corre l ated - re sponses occurred i n  hogget and ewe l i ve wei ght  and i n  l amb 

producti on . Duri ng the 2 1  years o f  sel ecti on , l amb product i on ( LB and 

L R )  i n creased by about 10% compared  wi th the control fl ock . 

When ca l cu l ati ng s tandard errors of the se l ecti on res pon ses , i t  

became apparent that i t  wa s necessary to account for random geneti c  
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dri ft vari ance . Standard errors not i nc l ud i ng an est i mate of  the dri ft 

variance were substant i a l ly  smal l er than those that di d .  

I n i t i a l  attempts t o  est imate genet i c  t rends  i n  the sel ecti on g roups 

us i ng best l i near unb i a sed pred i ct i on ( BLUP ) methods produced l ow ,  

unacceptabl e resu l ts . Presumab ly  the use o f  the i nverse of the s i re 

re l ati on s h i p matri x d i d  not s uppl y suffi ci en t ly  strong genet i c  t i es 

across  years to enabl e the separati on of geneti c and envi ronmenta l 

effects . The uti l i z at i on of  re l at i on s h i p  matri ces i n  BLUP procedures 

warrants further research as it  may obv i ate the need for contro l  g roups . 

In part i c u l ar ,  the i ncl us i on of  ewe-ewe and ewe-ram rel at i onsh i ps may 

strengthen genet i c  l i nks  between years suffi ci ently to enabl e to 

separat i on of geneti c  and envi ronmental e ffects . 

The ord i nary l east squares and mi xed-mode l -equati on ( MME ) techni ques 

gave s im i l a r  estimates of di rect and corre l ated responses to sel ect i on .  

Con sequentl y ,  for data sets l i ke that used i n  thi s study t he re appears 

to be l i tt l e benef i t i n  us i ng the more-compl i cated and t i me-con s umi ng 

MME approach . 

Heri tabi l i t i e s  and genet i c correl ati on s were est i mated wi th i n each 

of the 3 fl ocks , u s i n g  the paterna l  hal f-s i b  approach . I n  general , 

heri tabi l i ty and genet i c  corre l at i on est imates agreed wi th  publ i s hed 

va l ues  of these parameters . Some d i screpanc i es di d occur between 

est imates of the same parameter deri ved from the three s u b- fl ocks . A 

poss i b l e  expl anati on of  the vari abl e est i mate s  i s  that t he genet i c 

vari ance and covar i ance components have changed i n  response to the 

se l ect ion  operat i n g  i n  the two se l ect i on g roups . Al so , the smal l 
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n umber of observati ons  avai l ab l e d i d not  a l l ow accurate est imat i on of  

the  vari ous genet i c  corre l at i on s ,  as i s  i nd i cated by the  general l y  l arge 

standard error e st imate s .  

Standard error estimates of  genet i c  correl ati ons obta i ned  by u s i ng 

the formu l a  of Ta l l i s  ( 1959 ) d i d not appear to adequately  refl ect the 

vari a bi l i ty of the parameter est imates under some ci rcumstances . The 

SE est i mates were · often unneces sari l y  l arge when the genet i c  corre l at i on 

wa s on l y very sma l l ,  or unrea l i sti ca l l y  sma l l when the geneti c 

corre l at i on neared - 1  or + 1 . A second met hod of obta i n i ng the standard 

errors was favoured . Thi s approach i nvo l ved est imati ng vari ances of  

var i ance and covari ance components and  covar iances between vari ance 

components , as s u ggested by C . R . Henders on ( unpubl . ) . These e st imates 

were then i n cl uded i n  an equat i on deri ved u s i ng the approxi mate formu l a 

for the vari ance of  a rat i o  ( see secti on 3 . 2 . 5 ) .  

Est imates of  the heri tabi l i ty S E  cal cu l ated us i ng ei ther the 

approach of Swi ger et al. ( 1 964 ) or the method descri bed i n  secti on 

3 . 2 . 5  were s i mi l ar .  Th i s wa s probab ly due t o  the rel ati vel y s tab l e 

fami l y  s i zes . Thus , the comparati ve l y  s i mpl e method of Swi ger et al. 

( 1 964 ) may be acceptabl e when rel ati ve l y  equa l n umbers of progeny a re 

recorded per s i re .  

Mai ntenance o f  these experimental fl ocks uti l i zes  l and and l abour 

res ources wh i ch cou l d be u sed for other projects . Compl et i on of  these 

anal yses enab l e s  future pol i cy to be con s i dered . Questi ons  s t i l l  to 

be answered i nc l ude : 



· ( a ) are t he s heep whi ch  produce heavy fl eeces more , o r  l es s , 

effi ci ent at  ut i l i z i ng feed than the l ower produc i ng control 

an imal s?  Meas urement of  the amount of feed cons umed by t he 

fl eece wei ght group compared wi th the  control group shoul d 

provi de an answer to th i s questi on , 

( b ) wh i ch of the components of  GFW have contri buted most to the  

i ncreased fl eece mas s  of  the fl eece we i g ht group?  Agai n a 

compa ri son of  the cont rol and fl eece we i g ht groups s hou l d 

prov i de the requi red i nformat i on for thi s quest i on , 
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( c ) i s  the face -cover sel ect i on fl ock a pproachi ng a se l ecti on 

pl ateau for face-cover grade? Th i s  q uest ion can on l y  be 

an swered by a l l owi ng the face-cover f l ock to undergo sel ect i on 

for several more years , 

( d ) a s  a res u l t of  the geneti c changes caused by se l ecti on , has  

the  phys i o l og i ca l  functi on i ng of t he sel ected group an ima l s 

been affected? Thi s cou l d  be studi ed by exami nati on of 

d i fferences i n  b l ood metabol i tes between the se l ected and 

control groups , 

( e ) what i s  t he genet i c  basi s of the h i g h l amb producti on i n  the 

f l eece wei ght  group? By progeny test i ng fl eece we i ght g roup  

rams over a f lock  of commerci a l ewes and  observ i ng the l amb 

product i o n  of  the offspri ng ,  and perhaps l ater generat i o n s , 

t he mode of  i n heri tance of l amb product i on i n  th i s fl ock may 

be determi ned , and 
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( f )  how do rams from the fl eece we i gh t  group compare wi th rams 

from other h i g h  produci ng stra i ns of Romney s heep , for examp l e 

rams f rom the Ruakura h i g h  ferti l i ty sel ect i on fl ock ( C l a rke , 

1978 ) or  from t he Wa i hora ram breed i ng sc heme ( H i ght  et al . , 

1975 ) ?  Th i s  q ue st i on  cou l d be answered by progeny test i ng 

rams f rom the d i fferent stra i n s  u s i ng a fl oc k  of unre l ated 

ewes . 

To enabl e these quest i on s  to be sol ved a l l three experimental f l ocks  

shou l d be retai ned  for further eval uat i on .  
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