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ABSTRACT 

S e l e c t ion ob j e c t ive s and c r i t e r i a  we re d e f ined and appra i s e d  

for a s imp l e  produc t ion sys tem invo lving a New Z e a l and Romney 

b r e ed ing f l ock under N o r th I s l and h i l l  c oun try c ond i t ions , in 

wh i ch a l l  surp lus o f fs p ring are s o l d  as  l ambs . 

Thr ough the ava i l ab i l i ty o f  New Z e a l and Woo l  Board auc t ion 

da t a  for the s e asons 1 9 7 6 / 7 7  to 1 9 80 / 8 1 , the inf luence o f  

woo l qua l i ty tra i t s  o n  pr1ce  wa s ana l y s e d  by regre s s 1on 

te chn ique s . Tra i t s  examined inc luded mean fibre d i ame ter 

(MFD) , s ty l e ( S) , mean l ength (ML)  and y i e l d  ( Y ) . For the 

1 9 8 0 / 8 1  s e a s on on ly , further data  from the Coded S a l e s  

As s i s tance Report ( C . S . A . R . ) wa s ava i l ab l e  for s c ouring 

ind i c ator ( S I ) , c o l our ind i c a t o r  (Cl) , f e l ted ( F ) , pen 

s t a in ( P ) , c o t ted ( C o ) , tender ( T ) , mixed length ( LV)  and 

mixed qua l i ty (QV) . In add i t ion , the e f f e c t s  on p r i c e  o f  

thr ee non- f l e e c e  var iab les , l o t  we i gh t  ( LW ) , mode o f  o f fer­

ing (MO ) and New Z e a l and Woo l  Board marke t in terven t i on 

po l i c i e s  ( In t ) , we re c ons idered . 

Y was shown to  have a maj or in f luence ove r greasy pr 1 c e . 

The re l a t ionship be twe en p r i c e  and HL was con f irmed a s  b e ing 

non- l inear , wi th ML hav ing a gre a t er e f fe c t  on the  pr i c e  of  

shor ter woo l s .  S and MFD we re l e s s  in f luent i a l . The 

c on t r o l  th e s e  four t r a i t s  j o in t ly exer ted  over gr easy  p r i c e  

ranged u p  t o  74 . 0% ,  wh i ch was fur ther enhanc ed by the 

in troduc t ion of quadra t i c  terms . ML2 wa s the mo s t  impor tant 

quadra t i c  t e rm .  The inclus ion o f  the C . S . A . R .  and non- f l ee c e  

re l ated t r a i t s , f a i l e d  t o  provide any fur ther c on t r o l  ove r  

pr1ce . C l  proved to  b e  an e f f e c t ive sub s t i tu t e  f o r  S .  

S e l ec t ion o b j ec t ive s were d e f ined for gre asy and c le an woo l , 

c omb ined w i th shor t , l ong and mixed l en g th ca t egor i e s . 

E c onomic we i gh t s  for woo l qua l i ty trai t s  were d ir e c t ly 

c alcu l a ted  from the r e gre s s i on o f  auc t i on p r i c e  on the l eve l 

o f  the t r a i t s . E c onomic we i gh t s  for numb er o f  l amb s 

weaned ( NLW) '· wean ing we i gh t  (WW), ewe b ody we i gh t  ( E BW ) , 
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gre a s y  fle e c e  we igh t  ( GFW) and clean flee c e  we i gh t  ( CFW) 

were c alculated  us ing the marg inal pro f i t  me thod . The 

r ela t iv i t i e s  b e tween the calculated e c onom i c  we i gh t s  were 

generally 1n good agreemen t wi th tho s e  of  p reviou sly 

publi shed e s t ima te s . 

For the s ele c t ion obj e c t ives  d e f ined , var 1 ous s elec t ion 

c r i t e r i a we r e  appra i s e d . The s e  included the tra i t s  in the 

s ele c t ion ob j e c t ive , or the i r  re spec t ive c r i t e r i a , a s  well 

a s  ho gge t body we igh t  ( HBW) , qua l i ty numb e r  ( QN )  and fle e c e  

chara c ter grade (CHG) . NLW ( d am) , HBW and HGFW were o f  

maj o r  impor t ance in the s ele c t i on index . The remaining 

tra i t s  we re of  only min imal value . On  the bas i s  o f  c o s t 

o f  mea surement and valu e wi th in the index , th e fu ll index 

wa s c onve r t e d  to a r e du c ed index o f  NLW ( d am) , HBW and 

HGFW . In t e rms o f  ac curacy o f  pred i c t ion and e c onomy , th i s  

inde x  wa s considered s u i table for mo s t  c o1nmerc i al cond i t i on s . 

Fur ther r edu ced ind i c e s  wer e compu ted wh i c h  gene rated le s s  

overall gene t i c  gain , b u t  wh ich ind ividual breeders  may 

cons ider mor e  appropr i a t e to the ir par t i cular requ i remen t s . 

Sens i t iv i ty analy s e s  for HBW , NLW , GFW ( CFW) and SC gener a l l y  

produced f ew change s o f  any cons equence to  the s ele c t ion 

ind i c e s . Re s t r i c t ion o f  all gene t i c  change in E BW 

s i gni f i c an tly redu c e d  the expec ted overall gene t ic gain . 
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CHAPTER ONE 

INTRODUCTION 

New Z e a l and sheep bre e d e r s  have tended to s e l e c t  for a wide 

var i e ty of t r a i ts . The emphas i s  breeders p l a c e  on each tra i t  

var i e s  a c c o r d ing to the i r  own sub j ec t ive eva luat ions , the 

prac t i c e s  o f  c o l l eague s ,  c l i en t s  and adv i s o r s , breed s o c ie ty 

regu l a t ions and the proc edures o f  the nat i onal  sheep 

per formance-recording s c heme , Sheep lan . 

A pre c i s e  de f in i t ion o f  an approp r i a t e  s e l ec t ion obj e c t ive 

h a s  o f ten been pre c luded by the l ack o f  r e l i ab l e  e s t ima tes  

o f  e c onom�c va lue s . Th i s  � s  par t i cu l ar ly re l evan t to  woo l  

tra i t s (Rae , 1974; Wickham ,  1981, 1982; Mo rr i s  e t  at., 

19 82; Wh i t e l ey and Jack s on , 1982). As a resu l t , poten t i a l l y  

impor tan t  tra i t s  have been i gnored , wh i l e  many irre l evant 

t r a i t s have r e c e ived undue c ons ider a t i on . 

The cur rent e c onom� c c l ima te  o f  e s c a l a t ing c o s t s  and 

f l u c tuating re turn s ha s p l aced a greater  emphas i s  on the 

need  to breed  a more pro f i t ab l e  f l o ck . Thus , a re-appr a i s a l  

o f  s e l e c t ion ob j ec t ive s and c r i teria  i n  sheep breed ing i s  

t ime ly .  

The purp o s e  o f  the pre s en t  s tudy was to  re-a s s e s s  e c onom� c 

we i gh t s , d e f ine s e l e c t i on obj e c t ive s and examine s u i tab le  

s e l e c t ion c r i teria  for  the  New Z e a l and Romney ( sub s e quen t l y  

r e f e rred to  a s  the Romney)  under North I s l and h i l l c ountry 

c ond i t ions . Part icular  a t tent ion wa s p a i d  to  woo l tra i t s , 

and d a t a  c o l l e c ted by the New Z e a l and Woo l  Board a t  woo l  

s a l e s  dur ing the 19 76-81 period we re ana l y s e d  to  provide 

r e c en t  and more comp l e t e  e s t ima t e s  o f  the economic we i gh t s . 



CHAPTER TWO 

REVIEW OF LITERATURE 

2.1 D EF I N I T I ON OF S E L E CT I ON OBJE C T I VE S  AND C R I T E R I A  

2. 

The e s tab l i shment o f  a c l ear goal o f  l ives tock produc t i on i s  

the f ir s t  requiremen t  in imp l emen t ing a suc c e s s fu l  an ima l 

b r e e d ing pro gramme ( D i ckerson , 1970, 1982). I t  i s  wi th th i s  

goa l  in mind that s e l ec t i on obj e c t ive s and c r i teria  may b e  

d e f ine d . 

2.1.1 The go a l s  o f  l iv e s tock produc t i on 

Harr i s  (1970), Scov i l l e and Sarhan (1978) and Rae (1982) 

i d en t i f ied pro f i t  maximi s a t ion a s  the goa l  o f  mo s t  conc ern to  

comme r c i a l  l ive s tock produc t i on sys tems in "we s tern" 

c oun t r i e s . W i ckham (1966) s ta t e d  that the goal o f  New 

Z e a l a nd sheep breede rs shou l d  be to breed sheep tha t have 

the g ene t i c  ab i l i ty to increase  pro f i t ab i l i ty .  

Wickh am (1975), Wi l ton et al. (1978), Ponzoni (1979) and Ro s s  

et al . (1982) sugge s ted  tha t th i s  goal o f  pro f i t  maximi s a t i on 

b e  expre s s e d  in mone tary terms , thereby enab l ing a c omp ar i s on 

o f  inpu t s  and ou tpu t s  t o  be  made on the s ame bas i s  ( i . e .  

Pro fi t = Income - Expen s e s ; Har r i s ,  1970). Pear s on and 

Mi l l e r  (1981) p o in t  ou t that th i s  " ac coun t ing" approach i s  

th e one taken �n the ab s ence o f  an ade qua t e  b io l o g i c a l  

fun c t i on ab l e  to tran s l a te an und e r lying produc t ion fun c t ion 

in to  e c onom�c terms . 

Havi n g  e s tab l i shed a goal  o f  e c onom� c e f f i c iency , there 

remains a need to  d i s t ingu i sh who s e  pro fit , animal b r e e d ing 

shou l d  max imi s e  - the c ommerc i a l  breeder , the pr iva t e  inve s t o r  

( comp any ) or the governmen t  repre s en t ing the nat ion . I t  � s  

po s si b l e  for e ach par ty t o  have c on f l ic t ing in tere s t s , 
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e sp e c i a l ly  dur ing per i o d s  o f  h i gh in f l a t i on (Taylor , 19 77). 

Har r i s  (19 70), Moav (19 73), W i l ton et al. (19 78), Mi l ler and 

P e a r son (19 79 ) and P e a r s on and Mi l l e r  (19 81) have a l l  

addre s s ed th i s  i s sue . I t  wa s genera l ly c onc luded tha t  

a l though the di f ferent s ec tors  have the ab i l i ty to  in fluence 

one ano ther to varying ex ten t s , the pro f i t  of  the comme r c i a l  

b r e eder ( th e  pr imary d e c i s ion-maker )  i s  the mo s t  impor tant 

when formu l a t ing anima l breed ing po l ic ie s  under free­

en t erpr i s e  c ond i t ions . 

The pro f i t  maximi s a t ion approach is  b a s e d  on the e s tab l i shme n t  

o f  a super ior popu l a t i on ( f lock)  a s  oppo s e d  to the breed ing 

o f  a s ingl e ,  ou t s tand ing ind ividual (Rae , 19 58). As sugge s t e d  

by Har r i s  (19 70), the p r imary s e l e c t ion un i t  o f  the 

c ommerc i a l  b reeder is the ind ividua l anima l , hence the 

c ommerc i a l  breeder ' s  goal  o f  pr o f i t  maximi sat ion is c ommon l y  

expre s s ed on a per an imal bas i s , de s p i t e  a l so be ing par t ly 

dependent upon the charac t er i s t i c s  o f  the en t i r e  en terpr i s e . 

Th i s  can b e  achieved b y  der iving an appropriate pro f i t  

fun c t ion ,  d e t a i l ing i t ems o f  income and expend i ture a s s oc i a t e d  

wi th produc t ion .  

Con s iderab l e  a t t ent i on has r e c en t ly be en d i rec ted towards  

d eve l o p ing profi t func t ion s , e s pe c ia l ly for dairy c a t t l e  

en t erpr i s e s  in the U . S. (Andru s and McG i l l i ard , 19 75; G i l l  

and Al l a i r e , 1976 a ,  b ;  Lin and Al l a ire , 1977; Mi l l er and 

P e a r s on , 19 79; Ba l a ine et al., 19 81; Pearson and Mi l l e r , 

19 81). The app l ic a t ion o f  such pro f i t  func t ions r ema ins 

unc er t a in . F i r s t ly , e s t ima ted  pro f i t  per anima l c ou l d  b e  

u s e d  p e4 � e  a s  a me thod o f  d i r e c t ly s e l e c t ing an ima l s . 

S e c ond l y , i t  i s  pre f e r ab l e  according to  Mi l ler and Pear s on 

(19 79), tha t  the pro f i t  func t ion be u s e d  in conj unc t ion wi th 

c l a s s ic a l  gene t i c  theory, where i t  is c onver ted to  a fun c t i o n  

o f  overa l l  gene t ic mer i t  (Wi l t on et al., 19 78), th i s  

c onver s ion be ing the f irs t s t ep i n  the d e r iva t ion o f  a 

s e l ec t ion index (Ha z e l ,  19 43). 
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S in c e  an an ima l � s  capab l e  o f  produc ing throughou t i t s  l i fe ,  

i t  i s  e s s en t ia l  tha t p r o f i tab i l i ty b e  eva luated on a l i fe t ime 

b a s i s .  Th i s  app roach is adop t ed by s ev e r a l  o f  the above 

authors . Mor r i s  et �t. (19 82) we igh t e d  e a ch tra i t  by the 

fre quency wi th wh ich i t  wa s expr e s s ed in an ave rage l i fe t ime . 

Har r i s  (19 70) propo s e d  a l t erna t ive , bu t a l l i ed , go a l s  to  

p ro f i t  maximi s a t ion . The s e  we re max imi s a t ion of  re turn on 

inve s tmen t ( Inc ome /E xp ens e s )  and minimi s a t ion o f  c o s t s  per 

un i t  produc t ion (Expen s e s /Produc t ) . Har r i s  (19 70) and 

D i cke r s on (19 74) {c i te d  by W i l ton et �t., 19 78) sugge s t ed tha t  

the goa l  o f  minimi s a t i on o f  c o s t s  can b e  u t i l i s ed t o  a c c oun t 

for qua l i ty fac tor s . D icker s on ( 1982) s ta t ed th a t  such a 

goa l is  more exp l anatory o f  c onsumer pr i c e s than the pro f i t  

mar g �n goa l . 

P ro f i t  max imisat ion � s  no t ,  however ,  a un i ver s a l ly accep ted 

goa l . S c ovi l l e and Sa rhan (19 78) and Cunn ingham (19 82) 

showed tha t  " eas tern b l oc" and "third  wor l d" na t ions p l ace 

mor e  empha s i s  on food supp ly , pre sumab ly w i th l i t t l e  

c onsequence for produc t ion c o s t s . 

Lynch (19 80) commen ted on the ra t iona l i ty o f  the pro f i t  

maximi s a t ion ph i l o s ophy , by c l a iming tha t there i s  a tendency 

to d e-human i s e  farming and make i t  a c o l d  bus ine s s  enterpr i s e  

s o l e ly concerned wi th d o l l a r s  and c en t s ,  r a ther than a way 

o f  l i fe .  On the same theme , McAr thur (19 82) sugge s te d  tha t 

many farmer s  are "pro f i t  s a t i s f ie r s" when they c an a f ford 

the luxury , rather than pro f i t  max imi s e r s . In such 

c i rcums t anc e s , ae s th e t i c  fac tors  a s sume greater impor tanc e �n 

r e l a t ion to  pro f i t  mo t ive s . Th i s  i s  in agreement w i th 

p r ev i ou s  s ta t emen t s  mad e  by Dan i e l l  (19 70) and a review by  

W i ckham (19 81). Howeve r ,  as  Mor r i s  e t  �t. (19 82) p o in te d  ou t ,  

s a t i s fac t ion i s  d i f f i cu l t  to  quan t i fy and h ence c anno t b e  

read i ly inc orpora ted into modern breeding programme s . 

Ma i j a l a  (19 76) c laimed tha t  e c onom�c c ons idera t i ons  have 

frequen t ly b een in c on f l ic t  wi th b io l o g i c a l  expedi ency . 

Ma i j a l a  sugge s ted tha t  e c onomic goa l s  are inadequate  for 

a c cu r a t e l y  s p e c i fying s e l e c t ion obj e c t ive s and a d e f in i t i on 
in t e rms o f  b io l o g i c a l  parame ters  i s  pre f e r ab l e . In c on t ras t ,  
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D i cker s on ( 1 9 8 2 )  ackn owl edged the imp o r t ance o f  b i o l og i c a l  

c on s i dera t i ons , but  s ta ted tha t breed ing obj e c t ive s mu s t  b e  

d e t ermined f ina l l y  b y  the e f f e c t s  on e c onomic e f f ic iency . 

F ow l e r  et a� . ( 1 9 7 6 )  compared the mer i t s  o f  the ec onomic mode l 

( s e l e c t ion for e c onom i c  e f f i c iency i . e .  pro f i t ab i l i ty )  wi th 

tho s e  o f  an al terna t ive b i o l og i c a l  mode l ( s e l e c t i on for 

b i o lo g i c a l  e f f i c iency i . e .  food conver s i on ra t i o )  for 

s i tua t i on s  invo lving the s e l e c t i on o f  p i gs . Al thou gh i t  wa s 

found tha t under a f ixed s i tuat ion , the two mode l s  we re 

s imi l ar , Fowl e r  et a � . ma in ta ined tha t  the b i o l og i c a l  mod e l 

wa s pre f e rab l e , as i t  was more exp l anatory o f  wha t  s e l e c t ion 

po l i c i e s  shou l d  be  under d i f ferent s i tu a t ions . W i l ton e t  a� . 

( 1 9 7 8 )  sub s equen t l y  sugge s te d  tha t  i f  government  p o l icy i s  

heeded and i f  the c o s t s  and p r i c e s  u s ed tru ly re f l e c t  

e f f i c i ency and con sume r requ i r emen t s  and prefe renc e s , then an 

e c onom i c  goa l  wi l l  be s im i l ar to a goa l  based  on b io l o g i c a l  

e f f i c i ency . 

Land ( 1 9 8 l a )  d i s cu s s e d  the c on s e rva t ion o f  gene t i c  re s our c e s  

a s  an a l t erna t ive s tr a t e gy and prop o s e d  that i t  b e  a 

supp l ement  to exi s t ing po l i c i e s . Wi ckham ( 1 9 7 5 )  and 

McAr thur ( 1 9 8 2 )  agre ed that , desp i t e  pre s ent  marke t value s , 

the produc t ion and p r e s erva t i on o f  an ima l s  bred for 

d i f fe re n t  obj e c t ive s may provide s ome fu ture gene t ic 

f lexib i l i ty to c a t e r  for change s in demand and farming 

s y s tems . Ind ividua l breed ing group s and the governmen t were 

sugge s te d  as  l ike l y  cand i d a t e s  to t ake on such a r e s pon s ib i l i ty .  

De s p i t e  such a l terna t ives , gene t ic impr ovemen t lS c ommon l y  

d e s c r ib e d  i n  terms o f  the increase  i n  pro fi tab i lity per 

an ima l , a s  a way of pa r t l y  max imi s ing the private pro f i t  o f  

the c ommerc i a l  breeder . I dea l ly a comprehens ive data  s e t  

on each ind ividual  anima l i s  required, t o  de t a i l  the inpu t s  

a s so c i a t e d  wi th produc t i on and the sub s e quen t l eve l o f  ou t pu t 

achieved . In the word s o f  Rob e r t s on ( 1 9 7 3 ) , 

" . . . .  gene t i c i s t s  have for too  l ong b een 

naive in c a l l ing an anima l super ior mer e l y  



becau s e  i t  has a h i gh ou tpu t , wi thou t 

paying a t ten t i on to  inpu t s " . 

6 .  

Un for tuna t e l y , under a New Z e a l and s h eep graz ing s i tuat i on , 

much o f  th i s  type o f  informa t ion i s  b eyond the re s our c e s  o f  

the ava i l ab l e  fac i l i t ie s  in terms o f  b o th t ime and e xpen s e . 

Ou tpu t (number o f  l amb s reared , body we igh t , f l e e c e  we i gh t  

e t c )  o f  ind ividu a l  an imal s can gener a l l y  b e  read i l y  

measured at  min ima l cos t .  Inpu t d a t a  are d i f f i cu l t  to  

c o l l e c t (Rae , 1 9 8 2 ) , e s p e c i a l ly under extens ive graz ing 

c ond i t ions , whe r e  the maj or c o s t i s  that as soc i a ted w i th 

pas ture produc t ion and u t i l i s at ion ( Carter , 1 9 8 2 ; Morr i s  

et a..e.. , 1 9 8 2 ) . 

Hence , i t  � s  d i f f i cul t to  ass e s s  sheep under  New Z e a l and 

cond i t ions for e c onomic e f f i c iency . As a con s e quenc e ,  there 

i s  l i t t l e  informa t i on c oncerning the gene t i c s  of  e f f i c i ency . 

E s t ima t e s  o f  re l evant gene t i c  parame t e r s  are urgen t l y  

requ i r ed ( Ca r te r , 1 9 8 2 ) . Rae ( 1 9 6 2 )  d id however c a l c u l a t e  

a he r i t ab i l i ty o f  0 . 3 8 for the b i o l o g i c a l  e f fic iency o f  woo l  

produ c t ion ,  whe r e  e f f i c i ency wa s de f ined a s  the ra t io o f  

f l e e c e  we igh t / b od y  we igh t . 

W i th the excep t i on o f  Morr i s  et a..t. ( 1 9 8 2 )  who accoun ted for 

some c o s t s of produc t ion , the approach o f ten taken to 

max imi s e  pro f i t  h a s  been to s imp l y  max imi s e  gros s ,  rather 

than n e t , inc ome ( Carte r , 1 9 8 2 ) . The as sumpt ion is  made 

tha t  gro s s  and n e t  inc ome have a r e a s onab l y  h i gh , pos i t ive  

corre l a t ion . 

For woo l  produc t ion ,  th i s  i s  suppor t e d  by two New Z e a l and 

pen- f e e d ing t r ia l s  wi th Romney sheep ( C l ark et a..t . , 1 9 65;  

Wod?i cka-Toma s z ew ska , 1 9 6 6 )  and by  t r i a l s  w i th Au s tra l i an 

Mer ino s (Do l l ing and Moore , 1 9 60; Hami l ton and Lan g l and s ,  

1 9 69; Savi l l e  and Robards , 1 9 7 1 ) . The s e  tr i a l s  have shown 

tha t  greater woo l  produc t ion i s  not  s o l e ly a r e s u l t o f  

grea t e r  intake s o r  l ive we i gh t s , bu t tha t  sheep w i th h i gher 

f l e e c e  we i gh t s  d o  produce more woo l p er un i t  of  feed c on s ume d , 
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and pre sumab ly per un i t  o f  inpu t expre s s e d  in e c onom1c t e rms . 

Evidence to  the c on tr ary has  b een pre s en ted for Au s tra l i an 

Mer ino s fed �d fibi�um by P a t t i e  and Wi l l iams (19 67) and 

Robard s and Atk ins (19 76). 

For l amb produc t i on , Joyce �� �f. (19 76) showed tha t  ewe s 

from a Romney f l ock s e l e c ted  for h i gh f e r t i l i ty , produce 

l amb s mor e  e f f i c i en t l y  than a corres pon d ing f l ock o f  

c ontro l ewe s . E f f i c i ency was de f ined a s  k g  o f  l amb we an e d  

p e r  1000 kg o f  d r y  ma t ter intake . 

2.1.2 Me thods  o f  c op1ng wi th mu l t i-tra i t  objec t ive s 

To max 1m1 s e  yie l d  f r om a dua l -purp o s e  sheep breed l ike the 

Romney , where pro f i t ab i l i ty is a fun c t i on o f  b o th me a t  and 

woo l  produc t ion , the breeder is forced t o  give c ons idera t i on 

t o  a var i e ty o f  d i f f e rent tra i t s  when d e f ining h i s  s e l e c t ion 

o b j ect ive s .  The s e  t r a i t s  are un l ike l y  to be of equa l 

e c onomic importance , to be  improve d a t  the same rate , or t o  

b e  independent o f  e a ch o ther . What then i s  the most e f f i c i en t  

me thod o f  c oping wi th mu l t i- t r a i t  ob j e c t ive s ?  

S evera l me thods  o f  hand l ing the mu l t i- t r a i t  s i tuat ion have 

b een do cumented . 

( a )  Tandem S e l e c t i on ( Ha z e l  and Lu sh , 19 42) 

One tra i t  i s  s e l ec ted un t i l  i t  i s  adequa t e l y  improved , 

then a s e c ond , a th ird e tc . , un t i l  f ina l ly , a l l tra i t s  

are a t  de s ired l eve l s . 

( b )  Independent Cu l l ing Leve l s  (Ha z e l  and Lu sh , 19 42) 

For each trai t ,  a l ower l imi t i s  e s t ab l i shed , b e l ow 

wh i ch any ind ivi dual 1 s  cu l l ed regard l e s s  o f  me r i t  

f o r  o ther tra i t s . 

( c )  S e l e c t ion o f  E x treme s  (Abp l ana l p , 19 72) 

S e l e c ted ind i v i dua l s  are the h i gh e s t  per forming for 

any one tra i t , but no t ne c e s s ar i ly for s ever a l  trai t s . 
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( d )  S e l e c t i on Index ( Smi th , 19 36 and Haz e l , 19 43) 

Al l tra i t s  are s e l e c ted for s imu l taneou s l y  on the b a s i s  

o f  a s in g l e  index value , repre s en t ing an individual's 

net mer i t  or the c omb ined wor th of the tra i t s  

cons idered . 

Compar i s ons o f  the e f f i c iency o f  the var 1ou s  me thod s , in 

terms of expec ted gene t i c  gains in e c onomi c un i t s , have b een 

a t t emp ted by seve ral au thor s (Ha z e l and Lu sh , 19 42; Young , 

19 61; Abp l ana l p ,  19 72). The gene r a l  c onc lu s i on from the s e  

s tu d i e s  i s  tha t , under c e r t a in s imp l i fy ing as sump t i on s , the 

s e l e c t ion index is never l e s s  e f f i c i en t  than independent 

cu l l ing l eve l s  or s e l e c t ion o f  e x treme s , wh ich in turn are 

never l e s s  e f f i c ien t  than tandem s e l ec t ion . The supe r io r i ty 

o f  the s e l e c t i on ind ex incre a s e s  a s  the numb er o f  tra i t s  

s e l ected for inc rea s e s , bu t d e c re a s e s  with increas ing 

d i f ferenc e s  in r e l a t ive impor tan c e . Se l e c t ion of extreme s 

i s  only more e f f ic ient than independen t cu l l ing l eve l s  i f  

the s e l e c t ion in tens i ty i s  l ow ( i . e .  greater than 50% o f  

ind ividua l s  ava i l ab l e  for s e l e c t ion are r e tained ) . Turner 

and Young (19 69 ) d i s cu s s ed the prac t i c a l  app l i c a t ion o f  the s e  

me thod s . 

Thu s , for mu l t i- tra i t  o b j e c t ive s under mo s t  cond i t i on s , u s e  o f  

a s e l e c t ion index 1 s  l ikely  to  r e su l t  i n  the gre a t e st gene t i c  

ga1ns . Hence , i t  i s  n o t  surp r i s ing tha t  the l i t e r a ture  

c on t a ins a va s t  amoun t of  d i s cu s s i on on  s e l e c t ion index 

the ory . 

2.1.3 Se l e c t io n  obj e c t ive s v s . s e l e c t ion c r i t e r i a  

S e l e c t ion index theory requ 1 r e s  a forma l de fin i t ion o f  the 

s e l ec t ion ob j ec t ive s and the s e l e c t ion c r i teria . 

A l inear s e l e c t ion obj e c t ive , or aggregate geno type ( H ) , was 

d e f ined by Haz e l  (19 43) a s , the s um o f  i t s  severa l  geno typ e s  

( a s suming a d i s t inct geno type f o r  e ach e conomi c tra i t ) , each 

gen o type)  b e ing we i gh t e d  according t o  the e conomi c we i gh t  o f  



tha t  t r a i t .  

Ma thema t i c a l l y , 

H = Ea·G· � � 

9. 

where a i � s  the e c onom�c we i gh t  o f  the 

i th tra i t  

G i � s  the geno type ( a dd i t ive breed­

ing va lue ) o f  the i th 

trai t .  

Henc e , the d e f in i t ion o f  a l inear s e l e c t ion ob j e c t ive invo lve s  

spec i fying the trai t s  and a s s igning appropr i a t e  e conomic 

we igh t s  t o  each . 

Lu sh (1961 ) and M i l l e r  and P e ar s on (1979) d i s cu s s e d s i tu a t ions 

where the s e l ec t ion obj e c t ive  may not be a l inear  func t ion o f  

i t s  componen t trai ts . In such c a s e s , the d e f in i t ion o f  a 

non- l inear ob j e c t ive i s  mor e  c omp lex than tha t  for a l inear 

ca s e , wi th me an values for each of the tra i t s  b e ing inc luded 

(Wi l t on e� �f., 1978). Kemp thorne and Nord skog (1959) 

sugge s t e d  the u s e  o f  square d var iab l e s  to adj u s t for non­

l inear i t y , wh i l e  Smi th (1967) d i s cu s s ed tra i t s  c on s i s t in g  o f  

produc t s  b e tween var iab l e s . W i l ton e �  �f. (1968) and Wi l ton 

and Van V l eck (1 968) d i s cu s s e d  such quadra t i c  o b j e c t ives and 

c ompared var iou s  s e l e c t ion ind i c e s  der ived from them . Harr i s  

(1970) and Mi l l e r  and P e ar s on (1979) sugge s ted tha t  such non­

l inear ob j ec t ive s b e  re-wr i t ten l inear l y , or tha t  they b e  

avo ided i f  po s s ib l e  as n o  un i que e c onomic we igh t s  exi s t  and 

they mu s t  be al tered as popu l a t ion means change . 

For a tra i t  to b e  j u s t i f iab l y  inc luded in the s e l ec t ion 

obj ec t ive  i t  shou l d  be o f  e c onomic importance and be ab l e  to 

b e  improve d gene t ic a l ly . G j e drem (1 972) found tha t  the 

s e l e c t i on obj e c t ive shou l d  c on ta in a l l  trai t s  o f  e c onomic 

impor tan c e  ( each we i gh te d  by  i t s  r e s p e c t ive ec onomi c we i gh t ) , 

even i f  s ome tra i t s  are not  ( or ind e e d  c an not b e )  measured .  
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S ch l o te (1 9 77) u s e d  the produ c t  o f  the econom1c we i gh t  and 

the add i t ive gene t i c  s t andard dev i a t i on (wi th c orr e l a t e d  

e f fec t s  added) as  a gu ide l ine for inc luding trai t s  i n  the 

s e l e c t i on obj e c t ive . Th i s  produc t i s  a l so re ferred to by 

D i cke r s on (1 9 82). M i l l e r  and Pearson (1 9 79 )  propo sed tha t  

a l l  tra i t s  having ma j or e f fec t s  on var i ab l e  c o s t s  b e  cons ider­

e d . Mor r i s  et al . (1 9 82) incorpo r a t e d  tra i t s wh ich had the 

mo s t  e f fe c t  on ne t 1ncome and wh i ch r e s pond to gene t i c  

s e l ec t ion . 

Be cau s e  d irec t s e l e c t ion for the obj e c t ive is  o f ten impo s s ib l e , 

i t  is  ne c e s sary t o  imp l emen t  s e l ec t ion p l ans us ing o ther t r a i t s  

as  s e l e c t ion cri t e r ia . Th i s  i s  par t icu l ar ly true o f  an 

obj e c t ive for l i fe t ime produc t ion , u s in g  in forma t ion ava i l ab l e  

early in l i fe ( e . g . hogg e t  produc t i on ) a s  the bas i s  for 

s e le c t i on .  S e l e c t i on c r i ter ia need to  b e  capab l e  of b e ing 

measured , pre ferab l y  be fore breed ing age , with min imum c o s t 

and techn i c a l  d i f f i cu l ty (Ponzoni , 1 9 79 ). The tra i t s  ac t ing 

a s  se l e c t ion cri t e r ia are  comb ined in a s e l ec t ion index ( I )  

and are as s igned appropr i a t e  we igh t s  wh ich max imi s e  the 

c orr e l a t ion b e tween the index and the ob j e c tive . The s e  index 

we igh t s  are dependent  upon the her i tab i l i t ies , var i an c e s  and 

economic we igh t s  o f  trai t s  in the ob j e c t ive and upon the 

corr e l a t ions b e tween a l l  the tr a i t s  in the ob j ec t ive and a l l  

the mea sured cri t e r i a . Ma thema t i c a l ly , 

I = Eb · X ·  1 1 

whe r e  b. 1 s  the mu l t ip l e  regre s s 1on c o-e f f i c ient  1 
wh i ch max1m1 s e s  the corre l a t ion b e tween 

H and I 

x. 1 s  the pheno type o f  the i th t ra i t  1n 1 
the index 

The numb er of tra i t s  1n the index need not be  equiva l en t  t o  

the number 1 n  the o b j e c t ive . Gj edrem (1 967 a,b ) showed h ow 

the inc l u s ion o f  e c onomi c a l ly unimpo r t an t , bu t corre l a te d  
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t r a i t s  1n the index can increase  the e f f i c iency wi th wh i ch 

an index pred i c t s  the obj ec t ive . 

2 . 1 . 4  Changing Romney obj e c t ive s and c r i teria 

S ince  the ini t i a l  impor t a t ion 1n 1 8 5 3 , the ob j e c t ive s o f  

breed ing Romney sheep in New Z e a l and have under gone maj or 

change s .  

Pri o r  to the turn o f  the c entury , l i t t l e  i s  known o f  wha t  

tra i t s  were b e ing s e l e c ted for ( o r  agains t ) . I t  i s  probab l e  

tha t s e lec t ion obj e c t ives  we re no t c l ear ly  d e f ined and that 

the maj or i ty o f  breed e r s  were s e l ec t ing on the bas i s  o f  

var ious per s ona l wh ims and pre ferences for body con forma t i on ,  

evenne s s  o f  f l eece e t c . (Wickham , p e�� . eomm. ). In 190 7 , the 

New Zealand Romney Sheep Breede r s ' As soc i a t ion ( N . Z . R . S . B . A . ) 

r e l e a s ed a de s c r ip t ion o f  a typ i c a l  Romney (N . Z . R . S . B . A . , 

190 7 ) . Sub s equent N . Z . R . S . B . A .  F l o ck Books con t a ined s imi l ar , 

but progre s s ive ly  more de tai l ed , d e s cr i p t ions . Thus , the 

s e l e c t ion ob j e c t ives o f  regis tered  N . Z.R . S . B . A .  s tud b r e e de r s , 

who a t  tha t  t ime were l arge ly r e s pons ib l e  for ini t i a t ing 

change in the breed  through the ir  r am s a l e s , were genera l ly 

gove rned by the s e  s tr ingent type r e quirements . 

The l i terature o f  the d ay ttsua l ly suppor ted  the b r e e d ing o f  

Romneys to me e t  the s e  ob j e c t ive s . Mor ton ( 193 2 )  and P e rry 

( 193 3 )  gave d e t a i l ed d e s c r ip t i ons  o f  qua l i ty in the Romney , 

wh i l e  Hewi t t  ( 19 3 6 )  d i s cu s s ed the t ype o f  Romney he 

con s idered shou ld  b e  bred . 

I t  i s  read i ly apparent tha t  the i d e a l  sheep tha t  was c ommon l y  

a imed for wa s pure , o f  good c ons t i tu t ion , had good conform­

a t ion ( inc lud ing ana tomical  s truc ture ) , and was free  o f  any 

fau l t s wh i ch d e trac ted from the appearance o f  the anima l . 

Bree d ing o f  she ep in th i s  fash i on i s  a l egacy d a t ing back t o  

a t  l e as t Roman t ime s (Varro , BC 3 7 ; c i te d  b y  Turner , 195 6 ) . 

Such v i sual  charac t er i s t i c s  were b e l ieved to be  a s s o c i a ted  

wi th h i gh produ c t iv i ty . The ab s en c e  of  any re ferenc e t o  
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mea sured , e conomi c a l l y  produc t ive tra i t s  �s no tab l e . 

No t a l l  Romney farmer s  were r e g i s tered N . Z . R . S . B . A .  s tud 

b r e eders . Subs tan t i a l  d i f f erenc e s  aro s e  b e twe en the s e l e c t ion 

ob j e c t ive s of the ram breed ing and c omme r c ial f l ocks . 

F a rme r s  w i th non-r e g i s t ered f l ock s  were more in tere s ted �n 

b r e e d ing e c onomi c a l ly pro f i tab l e  sheep by s e l e c t ing on 

pro duc t ive tra i t s  and not on type tra i t s . The demand from 

c omme r c i a l  f locks for s tock o f  h i gher gene t i c po ten t i a l  and 

e c onomi c wor th s tead i l y  increa s ed . 

Suppor t for the requ i r emen t s  o f  the c ommer c ial f l ocks 

appeared in the l i tera ture . Bar ton ( 1954 )  d i s cu s s ed var ious 

c r i t i c i sms of the type o f  Romney produced  by s tud breeder s . 

The bas i c  me s s age c onveyed , c onc erned the unde s irab i l i ty 

o f  pl ac ing s o  much emphas is  on unproduc t ive or fancy breed  

p o in t s . The  nee d  for a more produc t ive and  pro f i t ab l e 

Romney wa s s tre s s ed . Rae ( 195 4 )  d i s cus s ed the obj e c t ives 

n e c e s s ary to  improve the Romney . To do th i s , Rae expre s s e d  

t h e  impor t ance o f  e a c h  tra i t  i n  the e c onomic t e rms o f  Haze l 

( 1 943 ) . F or the p e r i o d  con s idered , i t  wa s shown that 

fer ti l i ty and woo l  tra i t s  wer e  of maj or impor tance . 

Rae ( 1 95 8 )  wen t on to  s ta t e  tha t  the u s e  o f  e c onomic we i gh t s  

to  de te rmine the impor tance o f  tra i t s , s i gnal l e d  the end o f  

b r e ed s tandards and breed  p o in t s  as  the c r i te r i a  o f  the 

c ommerc i a l  wor th o f  an an ima l . I t  b e c ame evi den t tha t  the 

t r ad i t iona l prac t i c e s  o f  the s tud breeder were insu f f i c ient 

t o  mee t  the demands of the c ommer c ia l  f l ocks ( Rae , 1964b ) . 

Rae ( 1964b) s ta te d  tha t , for dual -purpo s e  sheep , the tra i t s  

tha t  shou l d  b e  s e l ec t e d  for were fer t i l i ty (number o f  l amb s 

weaned or t o ta l  we i gh t  o f  l amb s weaned ) , f l e e c e  we i gh t  and 

ho gge t b ody we i gh t . The ab s en c e  of c on fo rma t ion from the 

ob j ec t ive  was j u s t i f i e d  by Kir ton ( 1964 ) who rev i ewed and 

d e s cr ib e d  exper imen t s  wh i ch indicated tha t  con forma t ion i s  

o f  l i t t l e  s i gni f i c anc e from the mea t  produ c t ion v i ew po in t . 

Dan i e l l  ( 19 7 0 ) , Morr i s  et al . ( 198 2 )  and Rae ( 198 2 )  have 

subs equen t l y  suppor t e d  the s e  c l a ims . 



Rec en t ly , c ommerc i a l  Romney b r e e d e r s  have been gu i d e d  in 

the ir s e l e c t ion po l i c ie s  by the Na t i ona l F l ock Rec o r d ing 

S cheme ( N . F . R . S . )  and i t s  suc c e s s or , Sheep lan .  The N . F . R . S .  

wa s inaugura ted in 1 968 . The s cheme produced w i th in- f lo ck 

gene t i c rank ings o f  anima l s  o f  dua l-purpo s e  breeds  on an 

index cons i s t ing o f  we i gh t  o f  l amb weaned and hogge t f l ee c e  

we i gh t . Fur ther de t a i l s  a r e  d i s cus s e d  b y  Cl arke ( 1 96 7 ) . 

13. 

A modi f i ed and expanded s cheme , name d Sheep lan , c ommenc ed in 

1 9 7 6  and i s  s t i l l  operat iona l . The tra i t s  inc lud e d  in Sheep­

l an are , numb er o f  l amb s born , l amb wean ing we i gh t , hogge t 

b ody we i gh t  and hogge t f l e e c e  we i gh t . In add i t i on ,  f l e e c e  

qua l i ty charac te r i s t i c s  e t c. can be  recorded , bu t d o  no t form 

par t o f  the dua l -purpo s e  breed  s e l e c t ion index . The 

t e chni c a l i t i e s  of Sheep lan are d ocumen ted by C l arke and Rae 

( 19 7 6 , 197 7 ) ,  Da l t on and Ca l l ow ( 197 6 ) , Cal low ( 1 98 1 a , b )  and 

D an ie l l  and C a l l ow ( 198 2 ) . 

D e s p i te an increas ing accep t an c e  o f  mea sured trai t s , 

par t icu l a r l y  fer t i l i ty ,  as a maj or b a s i s  o f  s e l e c t i on ,  

b reeders  s t i l l  pay c ons iderab l e  a t tent ion to a var i e ty o f  

s ub j e c t iv e l y  bas e d  wool tra i t s . Wi ckham ( 196 6 )  examined the 

empha s i s  tha t shou ld  be p l a c ed on woo l  charac ter i s t i c s . The 

tentat ive conc lus ions reached , show that of the many woo l 

t r a i t s  a b r e e der c ou l d  s e l e c t for , f l e e c e  we igh t  wa s o f  

paramoun t impor tanc e .  C o l our , c o t t ing and tenderne s s ,  and 

in certain c ircums tance s  mean l ength and qua l i ty numb er 

(mean fibre d i ame te r )  were a l s o  of  s ome e c onomic s i gn i f i c anc e . 

Charac ter , han d l e , l u s tre , evenn e s s  and hairine s s  were 

r e l a t ive ly un impor tan t . The s e  f indings have sub s e quen t l y  b een 

supported by N . Z . S . A . P .  ( 19 7 4 )  and Wickham ( 19 7 5 , 1 98 1 ) . 

Bulk has r e c en t l y  been de f ined a s  a tra i t  o f  pr ime impor tance 

t o  the c arpe t indu s try wh ich may warrant s ome s e l e c t ion 

a t tent ion ( Ca rnaby and E l l i o t t , 1980 ; Rae , 198 2 ; Ro s s  e t  a!. ,  

1 9 8 2 ) . 
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2 . 2  T H E  E S T I MAT I O N OF T H E  E C O N OM I C  WE I GH T S  OF WOOL T RA I T S 

Haz e l  and Lush ( 1942 )  s ta ted tha t  the e s t ima t ion o f  e c onom1 c 

we i gh t s  for each tra i t  wa s the f i r s t s tep  in s p e c i fying the 

s e l e c t i on ob j ec t ive . for the s e l ec t ion index formu l a t ion 

d eve l oped  for an ima l b reed ing by Haz e l  ( 1943) , the e c onomic 

we i gh t  o f  a trai t is d e fined as the amoun t by wh ich pro f i t  

may b e  exp e c ted t o  increase  for each uni t  o f  improvemen t in 

tha t  trai t .  Con s e quen t ly ,  e c onomic we i gh t s  shou l d  no t b e  

s imp l e  expr e s s ions o f  p r i c e  p e r  un i t  produ c t , but  shou l d  

ind icate  change s i n  pro f i t  or n e t  re turns when a l l  o ther 

t r a i t s  in the s e l e c t ion ob j e c t ive or aggre gate geno type are 

he l d  cons t an t . It  s e ems qu i te c l ear tha t ne t ,  ra the r  than 

gro s s , e c onomic we i gh t s  are r eqHired . M i l ler and Pearson 

( 1 979)  sugge s ted tha t the use of  gro s s  e c onomic we igh t s  may 

r e su l t  in unwarran t e d  emphas i s  b e ing p l a c e d  on tra i t s  wi th 

h i gh re turns or c o s t s , the reby reduc ing the e f fec tivene s s  o f  

s e l e c t ion t o  max imi s e  pro f i t . 

The e s t ima t ion o f  accurate  e c onomic we i gh t s  1 s  no t very e a s y  

and s evera l techn i qu e s  have b e e n  u t i l i s e d . 

2 . 2 . 1  Subjec t ive a s s e s sment 

Al though no t we l l -do cumented , the u s e  of  s ubj e c t ive e c onom 1 c  

we i gh t s , p e r s ona l ly as s e s s e d  by  the s h e e p  breeder , i s  l ike l y  

t o  have or i g inated i n  the early days o f  o r gan i s ed sheep 

b r e e d ing (Varro , BC3 7 ; c i ted by Turne r , 1 95 6 ) . In the s e  

t ime s , the breeder ( and / or h i s  fami l y )  wou ld  have had 

c omp l e te control ove r  the produc t ion ,  proc e s s ing and marke t­

ing pha s e s  of  the woo l . Under the s e  c ond i t ions , the  u s e  o f  

sub j e c t ive e s t ima t e s  wou l d  have b een rea s onab ly succ e s s ful 

a s  the b r e e d er cou l d  r ead i ly eva luate wh ich tra i t s  gave h im 

the be s t  f inal  produc t, and pre sumab l y  the grea t er re turns 

(Wi ckham , 1 98 1 ) . 

The advent o f  the s p e cial i s t  s p 1nne r and weave r s aw the 

demi s e  o f  the breede r-manu fac ture r . The b reeder be gan s e l l in g  
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h is woo l  to  such s pe c ia l is t s  and in d o ing s o ,  l o s t  h is ab i l i ty 

to  de termine the e f fe c t  o f  var iou s tra i t s  on the f ina l produc t .  

I t  wa s s t il l  po s s ib l e  f or the proc e s s o r  to  supp ly the b r e e d e r  

with s u c h  in forma t ion but , a s  the proc e s s ing indus t r ie s  

inc r e a s e d  in comp l ex ity , the l iaison b e tween the two s e c t o r s  

de t e r io r ated . The r e su l t  wa s tha t  b r e e d e r s  had d i f f icu l t ie s  

in de f in ing s e l e c t ion obj e c t ives ( L ip s on , 197 2 )  and th is 

l ead to  the as s igning of un founded sub j e c t ive e c onomic we igh t s  

t o  various trait s .  Under the s e  c ircums t ances , the e c onomic 

we igh t s  are in te l l igent gue s s e s  rather than accurate 

e s t ima t e s . 

Even today , ou t s ide the mod e rn improvement programme s ,  

sub j e c t ive e s t ima te s o f  ec onomic impor t ance s t i l l  in f luence 

sheep b r e e d ing po l ic ie s . Comp l ianc e w i th breed soc ie ty , 

showring and f l e e c e- j udg ing s t andards are  examp l e s . 

This me thod is ina c c ura te and can eas i l y  impair gene t ic 

progre s s  and pro f i t  max imis a t ion . W i th the deve lopment o f  

more prec ise , ob j e c t ive te chnique s ,  th i s  me thod is no t 

recommended for u se by modern cornrr1er c ia l  breede r s . 

2 . 2 . 2  Gene t ic progr e s s  required 

Th is te chn ique is s imilar to  tha t o f  sub j ec t ive est ima t ion , 

but ha s the advan t age o f  b e ing b a s e d  on the quan t it a t ive 

criter ion o f  gene t ic progre s s . In e s s ence , suc c e s s ive 

approx imat ions o f  the e c onomic we igh t s  ( or the ir sub s t itu te s )  

are mad e  un til  the gene t ic progre s s  o f  a l l  tra i t s  reache s a 

sub j e c t ive op t imum . P e s ak and Baker ( 1 9 6 9 )  and Baker ( 1 9 74 )  

r e ferred t o  th is me thod a s  s e l ec t ion f o r  d e s ired gains . 

W ith re ference to  p � g  s e l e c t ion , S ch l o t e  ( 197 7 )  propo s e d  tha t  

th is t e chn ique � s  p a r t icu l ar ly su itab l e  for the e conomic 

we igh t ing o f  mea t  qua l i ty . For bro i l er produc t ion , Sel l e r  

and Moav ( 1 9 7 3 )  � i t e d  b y  Mil l e r  and P e a r s on ( 1 9 7 9 ) )  sugge s te d  

tha t when fer t i l ity i s  9 5 %  and egg produc t ion is  5 0  eggs / hen 

e gg numbe r  should r e c e ive 2 6 . 1  t ime s as  much we igh t ing as  

growth r a t e , wh i l e  for 9 5 %  f e r t il ity and 200 eggs /hen , e gg 
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number shou l d  r e c e 1ve only 1 . 6  t ime s a s  much we i gh t  a s  growth 

rate . 

S ch l o t e  ( 197 7 )  main t a ins tha t  th i s  me thod can c ope w i th 

r e s t r i c ted  s e l e c t ion ind i c e s  (Kemp thorne and Nord skog , 1959)  

where the sub j e c t ive op t imum is  rep l a c e d  by a mo re s t r i c t , 

c l early  de fined ob j e c t ive . 

2 . 2 . 3  Proc e s s ing t r i a l s  

One s o l u t ion t o  the dependence o f  b r e e d e r s  on subj e c t ive 

e c onomic weigh t s  i s  to s trengthen the c ommun i c a t ion l ink 

between breeder and proce s s or . However , ind ividua l proc e s s o r s  

o f ten have a pre j ud i ced v i ew o f  the indu s try . 

Dire c t  evidenc e c onc e rning the impor t an c e  o f  varying woo l  

t ra i t s  in pro c e s s ing can be  ob tained f r om res earch t r i a l s . 

Invar iab ly , the pro c edure fo l l owed by  such tr ia l s  has b e en to  

proc e s s  woo l  wi th known leve l s  o f  par t i cu lar tra i t s  and 

c ompare the f inal product again s t  the p r oduc t s  from wool 

having d i f fer ing l eve l s  of tho s e  same t r a i t s . Tra i t s  c an b e  

var ied  ind ividua l l y s o  tha t opt imum l eve l s  can b e  d e t e rmined 

or  s eve r a l  tra i t s  c an b e  var ied s imu l t aneou s l y  a l l owing any 

interac t ion be twe en tra i t s  to be d e t e c t e d . Ro s s  et al . 

(1982) ?Ointed out that due to the c ommon t rade prac t i c e  o f  

L�ending d i f feren t type s o f  woo l s , e s p e c ial ly for carp e t  

proc e s s 1ng , tr i a l s a l s o  need to  be  c on duc ted where the 

p erc en t age s o f  the b l end c omponen t s  are var ied together w i th 

a tra i t  o f  one o f  the c omponen t s . 

On ly  a l imi ted numbe r  o f  t r i a l s have b e en performed and the s e  

have l ar ge ly b een r e s t r i c t e d  t o  Mer ino- type woo l  proc e s s e d  on 

the wor s ted sys tem .  An important  feature of the s e  t r i a l s  i s  

tha t  they are approached and interpr e t e d  from the manu fa c turer s ' 

viewpo i n t . The r e l evance to  the woo l grower depend s on 

whe ther or not he i s  paid a c cord in g l y  ( Sk inner , 1965 ) . 

The ma 1n re sul t s  f r om pub l i shed t r i a l  work were  re c en t l y  

reviewed b y  Dorgan (197 2 ) , Downe s ( 1 9 7 5 )  and Hun ter ( 1980 ) . 
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( a )  Mean f ib r e  diame t e r  

I n  trying t o  as s e s s the importance o f  mean f ibre d i ame t e r  

(}1FD ) , r e s earcher s face a maj or d i f f i cu l ty � n  ob t a in ing 

woo l s  d i f fe r ing in MFD on ly , as th i s  trai t �s corre l a t e d  

w i th mean fibre l e ngth , cr imp and s t r ength . 

Bas tawi sy et al . ( 1 96 1 )  c onduc ted  a s er i e s  o f  t r ia l s  

u s ing the Amb l e r  Superdra f t e r  on the New Brad ford 

wors ted sys tem .  They c ompared the prope r t i e s  o f  var ious 

woo l  tops d i f fe r in g  in MFD . The ir re s u l t s  show that  

wh i l e  c oar s e  yarns can be  manu fac tured from e i ther f ine 

or c oar s e  woo l s ,  f ine yarn s can only be  spun from f ine 

woo l s . E qu iva l en t ly , the e f fe c t  of  MFD was reduced as  

the required yarn c oun t b e c ame coar s e r . I t  was a l s o  

found that the f iner  the woo l  u s ed , the more uni form the 

roving and the yarn became . 

The overwhelming i n f luence o f  a l ower MFD on sp �nn �ng 

per formance has been quan t i f i e d  by s everal au tho rs . 

Von BP-r gen ( 196 3 )  su gge s t e d  that MFD d e termined 80% o f  

�he var iat ion be twe en l o t s  in wor s t e d  yarn manu fac ture . 

Other f ibre proper t i e s  ( par t icular ly  l eng th and s t rength ) 

accoun t e d  for the rema ining 20% . Skinner ( 1964 )  propo s ed 

that HFD contro l l ed up to 90% o f  the s p innab i l i ty o f  woo l  

and Bas tawi sy e t  a l . ( 196 1 )  c a l cu l a t e d  that a 1 �m 

change in MFD �n s p �nn �ng i s  s u f f i c i e n t  to ou twe igh a 

1 0mm change in mean f ibre l ength . 

MFD i s  a l s o  impor t an t  �n inf luenc ing the prope r t i e s  o f  

the f inal  fabr ic . Baud ine t and Jows e y  ( 19 7 8 )  c onduc t e d  

a t r i a l  where two s er i e s  o f  wor s te d  f abr i c s  were 

manu fac tured from tops vary ing in MFD . De s p i t e  b e ing 

of  near - iden t i c a l  c ons t ruct ion , the  yarn and fab r ic 

produ c e d  from tops  wi th a l ower MFD had a s o f ter hand l e , 

greater  warmth and grea ter s tren g th and exten s ib i l i ty . 

The adve r s e  e f fec t s  o f  greater MFD on crease  r e c overy 

and of l ower MFD o n  fe l t ing and abras ion r e s i s tance were 

d i s cus s ed by Hunt e r  ( 1 980 ) . 
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The super i o r i ty o f  woo l  o f  l ower MFD for the produc t ion 

o f  mo s t  appare l produc t s  has b e en e s t ab l i shed for Me rino­

type woo l s .  Bu t doe s th i s  advan tage app l y  in the 

produc t ion and performance o f  c arpe t s , now the maj or end 

u s e  of Romney- type woo l ?  

Akin t o  the wor s te d  s i tuat ion , woo l s  o f  l ower MFD 

proc e s s e d  o n  the woo l l en s y s t em can b e  spun into f iner 

yarns if  r e qu i red ( Ince , 1 9 7 9 ) . 

E l l io t t  and Agar ( 1 9 7 9 )  exper imented w i th woo l s  rang ing 

from 30 to 42 �m . The re su l t s  show that MFD had l i t t le  

inf luence on proc e s s ing and on l y  sma l l  e f fec t s  on 

c arpe t per formance . However ,  d i f ferences  in carpe t 

appearan c e  were cons idered to  b e  o f  comme r c ia l  

s i gn i f i c anc e .  Carpe t s  mad e  from woo l s  o f  lower MFD had 

greater yarn bulk , b e t ter  carp e t  cover , h i gher r e s i s tan c e  

to  abras ion (wear)  and a s o f t e r  hand l e . 

O ther res e a r ch (Ro s s ,  1 9 7 8 b ; Ro s s  �t al . ,  1 9 8 0 )  u s 1ng 

p redominan t l y Romney woo l s  and b l ends rang 1ng 1n MFD 

from 30 to  40  �m shows ; 

( i ) MFD alone has very l i t t l e  inf luence on carpe t 

per formance ( inc lud ing appearanc e re ten t i on) 

( i i ) Abr a s i on ( or we ar)  re s i s t ance of carpe t s  is no t 

propor t ional to  MFD , and in fac t may be  inve r s e ly 

propor t ional 

( i i i )  Con s iderab l e  change s in MFD only produce sma ll 

and incon s i s ten t d i f feren c e s  in carp e t  hand l e . 

D e s p i t e  the s e  r e s earch finding s , the New Zealand c arpet  

manufac tur ing indu s try , acc ord ing to  Ros s ( 1 9 7 8b ) , 

p r e fer s MFD to b e  36 �m o r  h i gh er ,  becau s e  a h i gh MFD 

i s  though t to be a s s o c iated  wi th ; 

( i ) S tren g th wh i ch wi th s tand s modern pro ce s s 1ng force s ,  

g iving h i gher yarn y i e l d s  

( i i ) Le s s  p i le f l a t ten ing - b e t ter  r e s i l i ence 



( i i i )  Longe r-wear ing carpe t s  - h i gher abra s i on 

re s i s tance 

( i v ) Lu s tre for s p e c i a l  ty p roduc t s  

( v ) B e t t e r  appe ar anc e re ten t ion 

( vi )  C r i s per hand l e  and more medu l la t i on 

( b )  F ibre d i ame ter var i ab i l i ty 
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Op in ion var � e s  a s  t o  the importanc e o f  f ib r e  d i ame ter 

var iab i l i ty (VFD) . Within the proc e s s ing indus try , a 

wide ly-h e l d  view i s  tha t  b l end ing o f  raw woo l s  

s i gn i f i c an t ly d i f f e rent in MFD i s  undes i rab l e , d e s p i te 

techn i c a l  eviden c e  that the proce s s ing p e r formanc e  o f  

such b l end s i s  norma l for mo s t  prac t i c a l  range s (Downe s ,  

1 9 7 5 a ) . 

Bas taw i s y  et at. ( 1 9 6 1 )  compared  the per formance o f  

two rov ings o f  s imi l ar MFD , bu t w i th s ign i f i can t ly 

d i f ferent var i a t ions abou t tha t  mean . Nei ther  the 

sp inn ing performanc e  or yarn un i formi ty was s i gn i f i c an t l y  

a l tered b y  u s ing the mo re var iab l e  roving . 

Corb e t t  et at. ( 1 9 68 )  a l s o  found that greater VFD d id 

no t produ c e  any maj o r  d i f fe renc e s  in wor s t ed s p inn ing 

p e r formanc e ,  bu t d i d  tend to  l owe r yarn breaking 

s t rength and un i fo rm i ty . Such in f luenc e s  were  conc luded 

t o  be un impor tan t . 

Down e s  ( 1 9 7 5 b )  a l s o  found the e f f e c t s  o f  VFD in wor s ted  

proc e s s ing to b e  min imal . An exc e p t ion to  th i s  r e s u l t 

o c curred when s p i nn ing t o  the l imi t ( i . e .  the f ine s t  

yarn from a par t i c u l ar woo l ) .  Even s o  th i s  i s  

re l a t ively  unimpor tan t a s  s p inn ing e f f i c iency wa s only 

s l i gh t ly r educ e d  and under  c omme r c i a l  c ond i t ions l imi t­

p p inning i s  r are l y  prac t i s ed . 

The s e  t r en d s  are suppo r t ed by Baud ine t and Jows ey 

( 1 9 7 8 )  who aga in showed that VFD d id no t c au s e  wor s t ed 

sp inn ing per formanc e to d e t e r i or a t e  o r  produce  fabr i c s  



2 0 . 

o f  poorer qua l i ty .  

Andrews and Ro t t enbury ( 1 9 80 )  (c i ted by vJh i te ley and 

Jackson , ( 1 982  ) ,  have e s t ima t ed that a 1 %  inc r e a s e  

in the coe f f ic i ent o f  var i a t ion i s  equiva l en t  t o  on l y  

a 0 . 1  to  0 . 2  �m inc r e a s e  � n  MFD ,  f o r  Mer ino- type  woo l s . 

A l arge VFD wi th in a carpe t b l en d  � s  con s idered by  the 

manu fac tu r in g  indus try to  be mo s t  d e s irab l e , e s p e c i a l l y 

for the woo l l en s y s t em and woven carpe t s , but  gene ra l ly 

not  for s emi -wor s ted yarns or l o op-p i l e carp e t s  ( Ro s s , 

1 9 7 8b ) . Th i s  VFD can be ach i eve d by the add i t i on o f  

trad i t iona l carp e t  wool s e . g . Drysdale  woo l . The f iner 

f ibres , l o c a ted in the midd le  of  the yarn , are 

a s s oc i a t e d  w i th sp inn ing p e r f o rmance and yarn bulk , 

wh i l e the coarser  f ib re s , l o c a t e d  on the ou t s ide  o f  the 

yarn , g ive the de s i red  hand le  and appearance ( Carnaby 

and Grosb e r g , 1 9 7 6 ; Ro s s , 1 9 7 8b ) . 

E l l i o t t  and Agar ( 1 9 7 9 )  inve s t i ga ted the e f fe c t s  o f  

VFD on carpe t proc e s s ing and sub s equent per formanc e .  

The i r r e su l t s  are s imi l ar to tho s e  ob ta ined for 

appare l produ c t ion , in that on l y  minor , ins i gn i f i c an t  

e f fe c t s  we r e  ach ieve d . The s e  f indings are suppor t e d  by 

Ro s s  et at . ( 1 9 8 0 ) . 

VFD thu s appears  to  b e  o f  l i t t l e  importan c e  �n e i ther 

appare l or  c arpe t end u s e s . 

( c )  Mean f ibre l ength - s oundne s s  

A number o f  r e s e arch work e r s  have shown tha t  the 

e f fe c t ive p r oc e s s ing length of a woo l , i . e .  the mean 

f ibre l en g th (MFL) a f ter  card ing , depend s not on l y  on 

the in i t i a l  s tap l e  l ength but a l s o on the s trength 

or  soundn e s s  o f  the woo l . Th i s  in turn i s  a s s oc i a t e d  

wi th f ib r e  d i ame ter . Bra t t  ( 1 9 6 5 )  repo r t e d  1 4% b r e ak­

a ge for 4 8 / SOs  woo l  c ompared wi th 2 3 %  for 5 8 / 60 s  woo l  

dur ing wor s t e d  proce s s �ng . 
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There  are seve r a l  o ther f a c t o r s  wh i c h  con tr ibu te  t o  

fibre b reakage b e s ides  the in t r ins i c  s trength o f  the 

f ib r e  i t s e l f .  F ibre entang l emen t  dur ing s c ouring i s  

one fac tor wh ich h a s  i t s  maj or e f fe c t dur ing card ing 

and c omb ing , bu t a l s o  in drawing and sp inn ing . Bacon­

Ha l l  et al . ( 1 9 6 5 ) showed tha t  f i b r e  breakage during 

carding and c omb ing inc r e a s ed w i th incre as ing MFL . 

Machine s e t t ings and pro c e s s ing techniques  are r e l a ted  

to the  d egree of  b reakage (Downe s ,  1 9 7 5 a ) . 

The r e su l t o f  such breakage dur ing proc e s s 1ng 1 s  tha t , 

for a g iven s e t  o f  equipmen t , the MFL o f  tops  fal l in t o  

a narr ow range , d e s p i t e  l ar ge d i f fe r enc e s  i n  the s tap l e  

o r  f ib r e  l ength s  o f  the raw woo l s  (Wa l l s , 1 9 6 8 ) . How­

ever , the r e l a t ionship be twe en uns t r e tched s t ap l e  

l ength i n  the raw woo l  and MFL in t h e  top 1 s  ve ry 

s trong , de s p i t e  s t ap l e  s t r ength var i a t ion (Andrews and 

Ro t t enbury , 1 9 7 5 ; Andrews , 1 9 7 9 ) . 

MFL i s  a maj or de t erminant o f  the type o f  proc e s s 1ng 

and mach inery u s e d . For examp l e , longer woo l  ( > 80mm) 

i s  r e qu i red for wor s t ed proc e s s ing b ecau s e  the c omb ing 

oper a t ion can o n l y  hand l e  such f ib r e s and the requ i re­

ment  is for f ine , even yarn . In c ompar i s on ,  the 

woo l l en s y s t em is more  s u i t ed to  shor ter woo l s ,  a l though 

almo s t any l ength is  a c c e p t ab l e . 

Bas t aw i s y  et al . ( 1 9 6 1 )  c ompared three  woo l s  o f  

d i f fe r ing MFL . The rr resu l t s  sugge s t  tha t  woo l  o f  

gre a t e r  MFL can b e  spun to  a f iner and s t ronger yarn 

wi th no a f fec t on uni formi ty . The greater s trength 

i s  der ived from the inc r e a s e d  l ength produc ing a 

grea t e r  fr i c t iona l re s i s tance to s l i ppage be tween 

c ons t i tuen t fibre s .  The s e  r e su l t s  were supported  by  

Wa l l s  ( 1 9 6 8 ) . B a s tawi sy e t  al . ( 1 9 6 1 )  a l s o  examine d  

whe ther  a l imi t t o  t h e  bene f i c i a l  e f fe c t s  o f  inc r e a s ed 

MFL c ou l d  be  a t ta ined . T o  do th i s , i t  was nec e s s ary 

for them to  c onve r t  from woo l to  s p e c i a l l y-made 

ar t i f i c ia l  f i b r e s . I t  was demon s tra t ed that a l imi t 
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d i d  exi s t  around 1 00 mm i . e .  MFL ' s  greater than 1 0 0  mm 

d i dn ' t p ro duce any proce s s ing or per formance advan tage s .  

Hunter ( 1 9 8 0 )  d i s cu s s ed fur the r  bene f i t s  o f  inc r e a s ing 

MFL w i th in reasonab l e  bound s . 

Bas taw i s y  et al . ( 1 9 6 1 )  a l s o  a t temp t e d  to i s o l a te the 

e f fe c t  o f  fibre s trength on proc e s s ing per formanc e  by 

chemic a l ly weaken ing fibre s t o  varying extent s .  As  

expec ted , the weakened f i b r e s  b roke to  a gre a t e r  extent  

dur ing p r o c e s s ing and th i s  in turn l imi ted the s p inning 

coun t of the yarn . 

Ro s s  et a l . ( 1 9 6 0 )  a l s o  inve s t iga ted the e f fec t s  o f  

vary ing s t aple  s t rength on wor s ted proce s s ing p e r formance .  

The s ound e r  woo l s  were  more  s a t i s fac tory than e qu iva l en t  

tender woo l s  i n  many aspe c t s . I n  add i t ion , Ro s s  e t  al . 

found that the area o f  tendern e s s  a l ong the f i b r e  had 

impor tan t  cons equenc e s . Tenderne s s  near the b a s e  or 

in the cen tre of l ong fibre s had l i t t l e e f fe c t .  I t  � s  

tenderne s s  in o ther re gion s  wh ich reduce proc e s s in g  

pe forman c e . Un surp r i s ingly , Ro s s  et al . found woo l  wi th 

a tender reg ion one th ird o f  s taple  l ength from the b a s e , 

produced a shor t e r  top and l onger no i l  than woo l  ln 

wh ich the tender  r e g ion was c l o s e r  to  the b a s e . Th i s  

wa s c on f i rmed b y  B r a t t  e t  a l . ( 1 9 64 )  and Andrews ( 1 9 7 9 ) . 

Re s earch r eviewed by Hun ter ( 1 9 8 0 )  has demon s tr a t e d  the 

propo r t ional  r e l a t ionship b e tween f ibre s tren g th and 

the c o r r e s pond ing s t rength s o f  yarn s and fabr i c s . 

In genera l ,  MFL s eems to b e  o f  much more impor t anc e  

t o  the carpet  yarn manu fac tu r e r  than MFD . Ro s s  ( 1 9 7 8 b )  

s tated tha t  the c arpe t indu s t ry h a s  fairly r ig i d  

spe c i f i c a t i ons , wh i ch requ i r e  woo l s  o f  5 0- 1 2 5 mm ( s t ap l e  

l ength) for  the woo l l en sys tem and 7 5- 1 5 0  mm , w i th 

perhaps s ome 7 5- 1 7 5  mm for s emi-wors ted yarns . Shor t , 

s econd- shear woo l  under 5 0  mm are de f in i te l y  no t wan t e d  

as  the s e  g ive r i s e  to  exc e s s ive f i b r e  lo s s , e s p ec i a l ly 

in cut-p i l e  c arpe t s . On the o ther hand , very l on g  woo l s  



c ause  proc e s s ing prob l ems on the card and r e su l t  1n 

l ow bulk in  the yarn s ( Ro s s , 1 9 7 8b ) . 

23 . 

As  new carpet  te chno l o gy i s  introduc ed , l en g th and 

s treng th r e quiremen t s  are l ik e l y  to become even more 

r i g id . B l ends for ro tor op en-end sp inn ing need to be 

a lmo s t  c omp l e te l y  f r e e  from f ibres  l onger than 1 00- 1 2 5  mm ,  

a s  the s e  wr ap around the ou t s ide  o f  the yarn produc ing 

l oc a l i s e d  l e an spo t s  (Gore and Morgan , 1 9 7 7 )  and a 

c ons equen t grainy appearance in the carpe t .  DREF 

open-end- s pun yarns c an be made from f ib r e s  o f  a l l  

l engths ( Ro s s ,  1 9 7 8 b ) . 

F ibre s t rength is  o f  increas ing importan c e  as  proc e s s 1ng 

s p eeds  cont inue to increas e .  For examp l e , the 

t echno l o g i c a l  change from woven to tu f t e d  carpe t 

manu fac ture ; the h i gher s p e e d  o f  the tu f t ing n e e d l e  

produc e s  n o t  on ly h i gher s tre s s  l o a d s  o n  t h e  yarn , bu t 

l o ad s  tha t fluc tua t e  a t  h i gh frequency (Ashwor th , 1 9 7 9 ; 

E l l io t t ,  1 9 7 9 ) . The requ i remen t  under the s e  c ond i t ions 

i s  for woo l  wi th much gre a t er yarn s t reng th and 

un i formi ty . 

( d )  F ibre l ength var iab i l i ty 

As for VFD , opinion var i e s  re gard ing the impor tanc e  o f  

f ibre l en g th var i ab i l i ty (VFL ) and there a r e  few 

experimen t a l  resul t s . Al though f ibre breakage redu c e s  

the range t h a t  MFL ' s  o f  top s proc e s s e d  f r om d i f ferent 

woo l s  f a l l  into , for a given l o t  o f  woo l , breakage 

d ras t i c a l l y  inc re a s e s  VFL , even i f  n o i l  i s  removed .  

McMahon ( 1 9 7 6)  e s t ima t e d  that only 20% o f  the VFL o f  

tops  was due to VFL o f  the raw woo l  - the remaining 80% 

b e ing a t tr ibuted to  b l end ing and fibre b r e akage in 

carding and comb ing . 

B a s tawi s y  e t  al. ( 1 9 6 1 ) , again us ing ar t i f ic i a l  f ibres , 

inve s t i ga te d  the e f f e c t s  o f  VFL on proc e s s ing p e r form­

anc e . The r e su l t s  showed tha t  a ' var iab l e ' top 
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( co e f f i c ient o f  var i a t ion ( cv)  = 2 0 . 8%)  spun t o  a more 

un i form and h i gher coun t yarn than a " s quare" top 

( CV = 1 3 . 9% ) . A fur ther t r i a l  wa s c onduc t e d  w i th even 

gre a t e r  VFL va lues  ( CV = 2 5 %  and 3 7 . 7 % ) . Th i s  t ime 

there  wa s no advan tage to e i ther top , lead ing t o  the 

conc l u s i on tha t  the grea t e r  var i ab i l i ty had n o t , and 

probab ly c ou l d  not , reduc e unde s ir ab l e  fibre  c lu s t e r ing 

from the  dra f t ing opera t i on , to any fur ther e x tent . 

Bra t t  ( 1 9 6 5 )  a l s o  found tha t  VFL had a pronounc e d  

e f fe c t  o n  wor s t e d  sp inn ing p e r formance o f  b o th 48 / S O s  

and 5 8 / 60 s  woo l s .  Rovings w i th a n  a lmos t d i a gona l 

cumu l a t ive frequency fibre  d iagram were sup e r i o r  to  

e i ther more un i form or mor e  var iab l e  rov�ngs . 

Thus , an opt imum VFL probab ly exi s t s  for s p inn ing 

p e r fo rmance and yarn proper t ie s , a l though Hun t e r  ( 1 9 8 0 )  

a l s o  reviewed s ome r e s earch t o  the c ontrary . P r e f e rred  

VFL obv i ou s l y var i e s  from one  manu fac ture t o  ano ther , 

but ther e  i s  general agreemen t  tha t , wh i l e  the n a tura l 

VFL o f  s ome woo l s  i s  inadequate for  e f fic ient  p roc e s s ing , 
too h i gh a percen t age o f  sho r t  f ib r e  ( l e s s  than 30 mm) 
i s  und e s irab l e  (Downe s ,  1 9 7 5 a ) . Th i s  wou l d  b e  

equ iva l en t  t o  a CV o f  app rox . 60% . 

A s imi l a r  s i tu a t ion exi s t s  wi thin the carpe t indus t ry 

(Lar s en , 1 9 7 8 ) . VFL i s  again a c r i t ical  requ i r emen t 

for e f f i c ient proc e s s ing , wi th woo l s  ranging f r om 5 0-

1 2 5 mm norma l ly spec i f i e d  for the woo l l en sy s t em .  An 

excep t ion to th i s  i s  the manu fac tur ing o f  hard - twi s t  

yarns wh i ch contain a gre a t e r  propor t ion o f  s h o r t  f ib re s 

(Lar s en , 1 9 7 8 ) . Th i s  i s  po s s ib l e  b e c au s e  the h i gher  

fold ing twi s t  in the yarn is  capab l e  o f  s u s t a in ing 

yarn s treng th . 

( e )  Cr imp 

As for MFD , i t  � s  d i f f i cu l t  to  s e l e c t woo l s  d i f fer ing 

only  in c r imp . Hun ter ( 1 9 8 0 )  d i s cus s ed var i o u s  a s p e c t s  



o f  th i s  p rob l em .  

S ta p l e  cr imp i s  poorly r e l a t e d  to  fibre c r 1mp . In 

proc e s s 1ng , it is  fibre  cr imp wh i ch as sume s more  

imp o r tanc e , a s  wh i l e  it  i s  reduced  to s ome exten t , 

s tap l e  c r imp i s  to tal l y  d e s t royed in the c a r d ing 

opera t i on . 
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Menk a r t  and De tenb eck ( 1 9 5 7 )  s tud ied the s ign i f i c an c e  

o f  l ow and h i gh f ibre c r imp frequency i n  wor s te d  

proc e s s 1ng . De s p i t e  s ome d i s rup t i on ,  f ib r e  cr imp 

surv ived proce s s ing and exer ted  a sma l l  b u t  ins ign i f i c an t  

e f f e c t o n  the proper t i e s  o f  the top , roving , yarn and 

fabr ic . 

Lang and Swe e t ten ( 1 9 6 0 )  proc e s s ed ' norma l ' and ' doggy ' 

Mer ino woo l s  on the o l d  wor s ted  sys tem .  Doggy ( o r  

anoma lous ) woo l  i s  as s o c iated  w i th age ing a n d  i s  

charac t e r i s ed pr imar i ly by a l o s s  o f  cr imp , and a l s o  

a harsher hand le  and greater l u s tre . A t  h i gh coun t s  

the s p inn ing o f  the norma l woo l s  exceeded tha t  o f  the 

doggy , bu t under norma l c omme r c i a l  cond i t ions the re  

wa s l i t t l e  d i f ferenc e . Phy s i ca l  and subj e c t ive te s t s 

on yarns and fabr i c s  fa i l ed to d i s t ingu i sh maJ Or 

d i f f e r enc e s  b e twe en the two typ e s  o f  woo l . 

Contr ary r e su l t s  have b e en ob ta ined us ing the Amb l er  

Superdra f ter . Bas taw i s y  et �£ . ( 1 9 6 1 )  demon s tr a t e d  

tha t  woo l s  o f  l ow c r imp c an b e  p r o c e s s e d  on t h e  wor s ted 

sys t em in to  f iner and s tr onger yarns than e q u iva lent  

woo l s  of  h i gh c r imp . Henc e , in th i s  cas e , h i gh f ibre  

c r imp has no advantage for  the  manu fac ture r , a l though 

a c e r t a in l ev e l  i s  requ i r e d  for f ibre adhe s ion . Th i s  

r e su l t  wa s c on f irmed b y  B a s taw i s y  et �£ . i n  a fur the r  

t r i a l  invo lving art i f i c i a l  f ib re s . 

Car t e r  et �£ . ( 1 9 6 1 ) c ompared the per formanc e  o f  norma l 

and d oggy woo l s  on b o th the O l d  Brad ford and Amb l e r  

Sup e rdra f t  sp inning sys tems . In agreemen t  w i th the 
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prev1ous s tu d i e �  the resul t s  showed the super ior i ty o f  

norma l woo l s  on the o l d  low-dra f t  sp inn ing sys tem and 

the rever s e  for sp inn ing on the Amb l e r  Superdra f t e r . 

Hun t e r  ( 1 9 8 0 )  sugge s te d  tha t  the var 1ous c on f l i c t in g  

repor ts  c a n  b e  a t tr ibu ted  to a n  in terac t ion b e tween the 

t ra i t  and the p roc e s s ing techn i qu e s  used , but c onc luded 

tha t wh i l e  a min imum l evel of  c r imp is  r e qu i red , exc e s s ive 

l eve l s  can be d e l e tar ious  for wor s ted proc e s s ing . 

As a s eque l to  the s tudy o f  Menkar t  and De tenb eck ( 1 9 5 7 ) , 

Menka r t  and Jo s eph ( 1 9 5 8 )  inve s t i ga t ed the s i gn i f i c an c e  

o f  low and h i gh f ibre cr imp in woo l l en proc e s s ing . I n  

general , the r e sul t s  were near l y  i den t i c a l  to  tho s e  

ob t a ined previous ly f o r  the wor s t e d  sys tem ,  ind i c a t i n g  

tha t  cr imp leve l had l i t t l e  inf luence . In th i s  c a s e , 

i t  wa s cons ide red to b e  surpr i s in g , as i t  had b e en 

expec ted tha t  the more random and looser wocllen s tru c t ure 

migh t  a l l ow h i gh leve l s  of f ib r e  c r imp to  man i fe s t  

i t s e l f  more  c l early . 

To s ome exten t , th i s  was i l lu s t r a t e d  by Lip son ( 1 9 7 2 ) . 

He found tha t  wh i l e  grea ter  c r imp did  no t p l ay a maj or 

ro l e  in pro c e s s ing p e r formanc e ,  i t  did favourab l y  

in f luence th e bulk and appea r anc e o f  kn i twear . 

S ome res earch has shown tha t  c r 1mp form ,  r a ther than 

c r imp frequency ,  has a s i gn i f i c an t  e f fe c t  on proce s s in g . 

Wh i te ley ( 1 9 6 6 )  f ound that f i b r e s  wi th p l anar c r imp , 

a s  oppo s ed to  tho s e  w i th he l i c a l  c r imp , tended to  f e l t  

t o  a gre a t e r  e x tent . C onve r s e ly , the re l evance o f  c r 1mp 

form p e� � e  wa s que s t ioned by Hun t e r  ( 1 9 8 0 ) , as a 

r e su l t  o f  reviewing c on f l i c t ing evidenc e .  

In the carp e t  indus try , he l i c a l  f ib r e  c r imp s e ems t o  b e  

a d e s irab l e  t r a i t  a s s o c iated  wi th bu lk and res i l ience  

( Ro s s , 1 9 7 8b ) . The c r imp 1n  Romney woo l  is  usua l l y  

p l anar , wh ich a c c ordingly g iv e s  yarns o f  poor bulk in  
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compar � s on t o  Down- type woo l s  wh ich have poor s tap l e  

cr imp b u t  h i gh he l ic a l  f ib r e  cr imp . Proc e s s o r s  c an 

ar t i f i c i a l ly  c r imp low- c r imp woo l s  (Hun te r , 1 9 8 0 ) , but  

the p ro c e s s is  not  wide ly  u s e d . 

Ro s s  ( 1 9 7 8b ) no ted tha t  s emi-wo r s ted  yarns mad e  from 

h i gh- c r imp woo l s  may not  n e ed a s e t t ing t r e a tmen t  for 

cut-p i l e  carpe t s , wh i l e  l ow-twi s t  yarns made f r om l ow 

c r imp woo l  are very d i f f i cu l t  to  s e t . 

( f ) Medu l l a t ion and kemp f i b r e s  

T r i a l  work involving the e f f e c t  o f  medu l la ted  and kemp 

fibres  in pro c e s s ing d a t e s  b ack to the l a t e  1 9 30 ' s ,  a 

t ime whe n  the re  wa s con c e rn over the ha i r ine s s  o f  

Romney wool . 

Townend and McMahon ( 1 9 44)  c ompared the per formance o f  

48 / SO s  Romney hogge t woo l  from the s ame f l ock tha t  

d i f fe r e d  on ly i n  the l eve l o f  me du l l ated f i b r e  ( 6% by 

medu l l ame ter index) . It wa s found that n e i ther the 

proce s s ing prop e r t i e s  nor the fab r ic app earan c e  and 

hand l e  were in f l uenc ed . Th i s  inve s t i gat ion wa s 

extende d  by Peryman �t al . ( 1 9 5 2 )  to  Cor r i e d a l e  ho gge t 

woo l  o f  5 6 / 60 s  qua l i ty .  When spun a s  fine a s  po s s ib l e , 

woo l  g iv ing a medu l l ame t e r  r e a d ing o f  6 . 3% had  s ome 

infe r i o r  proc e s s ing proper t i e s  c ompared wi th woo l o f  

2 . 9% medu l l a t ion . No appr e c i ab l e  d i f feren c e s  wer e  

d e t e c t e d  i n  the appearance o r  hand l e  of  e i ther  woven 

or kni t t e d  fab r i c s . 

Woo l  w i th a h i gh propor t ion o f  medu l l ated f ib r e s � s  no t 

norma l l y  u s ed in appare l  manu fac ture , exc e p t  f o r  s ome 

spec i a l t y  twe ed- type fabr i c s  ( N . Z . S . A . P . , 1 9 74 ) . 

Conve r s e l y , h i gh l y  medu l l a t e d  woo l  in the form o f  ha iry 

cru tch ings  or  s p e c i a l ty c a rp e t  wool is  accep t ab l e  to  

the carpe t indu s t ry and i s  c ommonl y  regarded a s  a mos t  

des irab l e  component o f  carp e t  b l ends . The ac tua l  

propo r t i on o f  such heav i l y  medu l l a te d  woo l  wi l l  vary 
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a c c o r d ing to  the par t i cu l ar proc e s s �ng s y s t em ( l e s s  

for s emi-wor s ted than f o r  woo l l en ) , the produc t b e ing 

manu fac ture d  ( l e s s  for l oop p i l e c arpe t s  than for c u t  

p i l e  carpe t s )  e t c . , bu t i s  common ly abou t 2 0 %  ( Ro s s ,  

1 9 7 8 b ) . 

Medu l l a t e d  f ibres  are advan tageous to carpe t produc t ion 

b e c a u s e  medu l l a t ion is a s s o c i a ted wi th the f o l lowing 

prop e r t i e s  o f  the f in i shed carpe t (Ro s s , 1 9 7 8b ) . 

( i ) natura l , non- syn the t ic appearance 

( i i ) c r i s p  handle 

( i i i )  inc rea s ed fibre vo l ume for a g�ven we i gh t  of  

woo l 

( i v ) inc r e a s e d  bulk and b e t ter  c over 

( v ) inc rea s e d  ab i l i ty to h i d e  s o i l ing 

( v i )  recovery from c omp re s s ion , re s i l i en c e  and 

avo idance of tracking . 

Wh i l e long , c on t inuou s ly-medu l l a t e d  f ibre s a r e  d e f in i t e ly 

wan t e d  by the indus try , shor t and very medu l l a t e d  kemp 

f ib r e s are no t .  Ro s s  ( 1 9 7 8b)  and Ro s s  et at . ( 1 9 8 2 )  

sugge s t ed tha t 2 t o  4 %  b y  we i gh t  i s  the maximum l eve l 

o f  kemp fibre s tha t c an b e  to l erated . Th i s  i s  en t i r e l y  

due t o  the de l e teriou s  e f fe c t s  they exert  o n  b o th 

proc e s s ing and per formanc e o f  the f inal produc t .  Kemp 

f i b re s increa s e  proc e s s in g  wa s tage , par t i cu l a r ly dur ing 

the c ard ing and sp inning opera t ion s . Th i s  no t only  

redu c e s  yarn yields  ( D e a l , 1 9 7 8 ) ) but inc r e a s e s  the  t ime 

spent  c l eaning and ma i n t a in ing the mach inery . The 

d i f fe rent dye ing and l i gh t  re f l e c t ion proper t ie s  may 

produ c e  an und e s irab l e  appearance in the f in i shed 

produ c t  ( Ro s s ,  1 9 7 8b ) . The sho r t  but  coar s e  d imens i on s  

o f  kemp f ib r e s  en sure tha t they l ie to t h e  ou t s ide  o f  

the yarn , r e s u l t ing in a harsh han d l e  (Ro s s ,  1 9 7 8b )  and 

exce s s ive shedd ing dur ing manu fac ture and in s u b s e quent 

wear (Ander s on and C l e gg , 1 9 63 ) . Kemp f ib r e s  are 
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a c c e p t ab l e , and to  s ome degree nec e s s ary , for c e r t a in 

textu r e s  in s ome s pe c ia l ty produc t s  such as  Berber 

carpe t manu fac ture ( Ro s s , 1 9 7 8b ;  W ickham , p e�� . eomm. ) .  

( g )  C o l our 

The impor tance o f  c o l our l ie s  in the e f fe c t  it can have 

on the appearanc e o f  the f inal  produc t .  Be s t  r e s u l t s  

can b e  ob tained f r om a wh ite woo l , as  poor c o l ou r  

l imit s  the range o f  shades to  wh ich a produ c t  c an be  

dyed ( N . Z . S . A . P . , 1 9 74 ;  W ickham and B igham , 1 9 7 6 ) . 

S ty l e s  and fab r ic d e s ign s with br igh t , pure c o l our s , 

e s pe c ia l ly pas t e l  shade s , contra s t ing weave s and 

sharp ly  de f ined c o l our pa t terns requ ir e a wh it e , 

read i l y  dyeab le  woo l  (Po a t s  and Fong , 1 9 5 7 ) . O f f­

wh ite woo l tend s t o  r e su l t  in fina l dyed c o l ou r s  that 

are du l l  (Chang e t  al . ,  1 9 6 9 )  making i t  d i f f icu l t  to 

ma tch ma teria l  mad e  from wh i t e  and o f f-wh i t e  wo o l s , 

unl e s s  the f ina l c o lour is very dark ( P o a t s  and Fong , 

1 9 5  7 )  . 

S imil a r l y , the c a rp e t  indu s t ry requ 1 r e s  wh ite woo l s  

to ob t a in c larity in the f ina l produc t .  Th is 1 s  

espec ia l ly true o f  c onsumer-r ich marke t s , where  the 

range o f  carp e t  c o l ours is sub t l e and one-co l our 

pa s te l  shades are popu l ar (Ashwo r th , 1 9 7 8 ) . Re c en t l y  

deve loped carpe t manu fac tur ing techn iques  tend to  

impose  s tr ic t er  c o l our r e qu iremen t s . F ir s t ly ,  the 

manu fac ture of p l a in wh i t e  c arpe t s  for sub s equen t 

dye-pr in t ing techn iques such as  the c ompu t e r  c on tro l l e d  

Mil l it ron j e t-pr in t e r  ( Ro s s ,  1 9 7 8 a ) . As  chance p l ays 

a maj or r o l e  in wha t  c o l our a f ib r e  is dye d , an a l l  

wh ite  carpet  i s  required , hence wh i tene s s  in the raw 

woo l  is  e s s en t ia l . S e c ond ly , d is c o l our a t ion is · :o f ten 

a s s o c ia ted with p o o r e r  ten s il e  s t rength , wh ich 

produ c e s  more  b r e akages und e r  the gre a t e r  s tre s s e s  o f  

the new tu f t ing p r o c e s s e s . 
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The amoun t o f  d i s c o loured woo l that can b e  u s e d  depends 

on the s ty l e  and c o lour in demand by con sumers  ( P oa t s  

and Fong , 1 9 5 7 ) . The maj or ou t l e t  for such woo l s  h a s  

b e e n  i n  dark-dyed ou terwear , indu s tr ial fab r i c s  and 

f e l t s , and in nove l ty produ c t s  to  g ive s p e c i a l  e f f e c t s . 

A l though b l e a ching te chn i qu e s  a r e  ava i l ab l e for imp roving 

d i s c o l oure d wool s ,  they have a dve r s e  s ide-e f f e c t s  on 

r e s i l ienc e and proc e s s ing capab i l i t i e s  e t c . (Poa t s  and 

F ong , 1 9 5 7 ) . 

Na tura l l y p i gmen t e d  fibre s , s p r e a d  through an o therwi s e  

wh i te f l e e c e , are a l s o  de fini t e l y  not wan ted  b y  appar e l  

or  carp e t  manu fac ture r s , unl e s s  s p e c ial e f fec t s  a r e  

r e quired . B l a ck fibre i s  very obvious 1 n  wh i te and 

p a s t e l  shade fab r i c s  and the i r  remova l by hand-p i c k ing 1 s  

c o s t ly (Poa t s  and Fong , 1 9 5 7 ) . C a rp e t s  do not  genera l ly 

c ome under the same c l o s e  s c ru t iny , s o  the pre s en c e  o f  

the o c c a s iona l p i gmen ted fibre i s  no t so d e l e t e r ious  

(Wi ckham , p e� � . eomm . ) .  

(h ) Lu s tre 

Woo l s  w i th h i gh l eve l s  of lu s tr e  are genera l ly und e s i r ab l e  

(Wickham and B i gham , 1 9 7 6 ) . When proces s ed a l one , they 

don ' t  hold to g e ther due to  the i r  l ow inter- f ibre fr i c t i on . 

L ike c o l our , lu s tre can re s tr i c t  the range o f  produ c t s  

tha t  can b e  manufac ture d  (Dorgan , 1 9 7 2 )  a s  i t  inte r f e r e s  

wi th pat tern d e f in i t ion by produc ing unwant e d  shad ing 

e f fe c t s . Thu s , lus tre shou l d  be  kept  as l ow as  

po s s ib l e  ( N . Z . S . A . P . , 1 9 7 4 ) , a l though b l en d ing by manu­

f a c turers o f  h i gh l u s t re woo l s  w i th corre spond ing l ow 

l u s tre woo l s  c an a l l ev i a t e  the p r ob l em .  

I n  s ome s i tu a t i ons , spe c ia l ty yarns are made to  

a c c en tuate the  featur e s  of  h i gh l eve l s  o f  lus tre . For  

examp l e , lus trous woo l s  can b e  d y e d  to  b r i gh t  c o lours  

(Wi ckham and B i gham , 1 9 7 6 ) wh i l e  c a rp e t s  are mad e  f r om 

l u s t rous woo l s  to c omp e te . wi th the  lus trou s carpe t s  

produced from s ynthe t i c  f ibre s ( L a r s en , 1 9 7 8 ) . S ome t ime s 
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chemic a l  treatment s  are u s ed to  enhance the l u s tre o f  

end-pr o duc t s  (Wickham , p e� � . comm . ) .  

( i) Hand l e  

Hand l e  � s  an ind icator  o f  s o ftne s s  or har shne s s . In 

gener a l , the f iner the woo l ,  the s o f ter the hand l e  

( Rober t s , 1 9 5 6 ; Campbe l l  and Lang , 1 9 6 5 ; Wa l l s , 1 9 68 ; 

N . Z . S . A . P . , 1 9 7 4 ) . Rob e r t s  ( 1 9 5 6 )  a l s o iden t if ied c r imp 

frequency as  an impor tan t factor  in f luenc ing h and l e . 

Fab r ic s  requ � r �ng a s o f t  hand l e  are there fore  u s ua l ly 

proc e s s ed from fine woo l s .  However ,  the re l a t ionsh ip 

b e tween f ibre hand le  and fab r ic han d l e  is n o t  s te a d fa s t ,  

as the lat ter is a l s o  dependent on yarn and fab r ic 

c on s truc t ion , and the f in i s h ing te chn iques  tha t  are 

u s e d  (Wa l l s , 1 9 68 ; N . Z . S . A . P . , 1 9 7 4 ) . C on s e quen t l y , 

fine woo l s  can be  mad e  t o  p rodu c e  f irm , c r � s p  or  even 

har sh-hand l ing fab r ic s , and conver s e ly , c oa r s e  woo l s  

can g ive a s o f te r  hand l e  i f  c o s t l y  add i t iona l proce s s ing 

is c onduc ted . 

The c arpe t indu s try gene r a l ly requ � re s  a c r isp-han d l ing 

woo l , a l though there are a l s o  marke t s  for s o f t -handl ing 

carpe t s  ( Ro s s ,  1 9 7 8 b ) . Han d l e  is though t  to  b e  a mo s t  

impor t an t  charac ter a t  the poin t  o f  sa le (Ros s ,  1 9 7 8 b )  

- a c r i s p  or harsh han d l e  is  as soc ia ted with good f l oo r  

p e r f o rmanc e (De a l , 1 9 7 8 ) . 

( j )  Bu lk 

Loo s e  woo l bulk �s c l o s e l y  a s s o c ia te d  with h e l ica l  

c r imp and f ib r e  diame t e r  ( Ro s s  e t  a� . , 1 9 8 2 ) . E l l io t t  

and C arnaby ( 1 9 8 0 )  have s h own that l oo s e  woo l  bulk is  

the mo s t  impor t an t  f ib re trait  in f luencing yarn bu lk . 

F ib r e  medu l l a t ion and l ack o f  l ength a l s o  enhan c e  yarn 

bulk . Ro s s  ( 1 9 7 8 )  s ta t ed tha t yarn bu lk is  a s s oc ia te d  

with two imp o r t an t  carpe t proper t ie s , 

( i ) inc reased c over 

( ii  ) greater  r e s i l ience ( re s is tanc e to c omp re s s ion) 
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Becau s e  o f  the s e , bulk has apparent va lue to  the 

cus tomer a t  the p o i n t  o f  s a l e  b y  appear ing to  g iv e  more  

value for money . Yarn bulk d i f ference s  o f  gre a t e r  than 

1 5 % are u s u a l ly v i s ib l e  ( Carnaby and E l l io t t , 1 98 0 ) . 

As wi th hand le , l o o s e  woo l  b u lk and yarn bulk are n o t  

nec e s s ar i l y r e l a ted . Yarn bu lk i s  a l s o in fluenced b y  

man ipu l a t ion be fore and dur ing proce s s ing ( b l ending , 

u s e  o f  bu lk enhanc ing t r e a tmen t s  o f  the woo l , f i b r e  

a l i gnmen t  b e fore and dur ing s p inn ing , twi s t in g  and 

f ini shing techn ique s ) . Th i s  i s  for tuna te  for the 

Romney as i t s woo l  is n o t ab l e  f or the lack o f  l o o s e­

wool bulk ( Carnaby and E l l i o t t ,  1 9 8 0 ) . 

(k)  C o t t ing 

C o t ted wo o l  ne e d s  to  b e  sub j e c t e d  to vigorous opening 

procedure s b e fore proc e s s ing ( Henderson , 1 9 6 8 ) , o ther­

wi se it  can j am the feed ro l l e r s  and damage the c lo th ing 

on  a card (Deal , 1 9 7 8 ) . The mechanical  s eparat ion 

l eads to mo re  f ib re b r eakage and shor ter f ib r e  l en g th 

(Hender son , 1 9 68) , wh ich can r e duce  the sp inn ing 

e f f i c ienc y . 

( 1 )  Charac t e r  

D i fferent group s � n  the woo l  indus try u s e  the t e rm 

charac t e r  t o  denote  d i f fe r en t  t r a i t s . As genera l ly u s ed 

in New Z ea l and , char a c t e r  i s  a sub j ec t ive c omb inat ion 

o f  fac tor s inc lud ing s tap l e  f o rma t ion , regul ar i ty and 

d i s t inc tne s s  of s tap l e  c r imp and ab s ence of taper ing 

t ip and medu l l a t ion (Wickham and B i gham , 1 9 7 6 ) . As  

the s e  fac to r s  have l ar ge ly  b e en d i s cu s s ed b e fore  in  

the ir own r i gh t , and as  char a c t e r  i s  di f f i cu l t  to  

unive r s a l l y  d e f ine , i t  wi l l  no t b e  c ons idered h e r e  in  

any fur ther de tai l .  Su f f i c e  i t  t o  s ay tha t ,  o p i n i on 

var ie s gre a t ly wi th r e s pe c t  t o  charac ter ' s  impor t an c e  

in proce s s ing , w i th v i r tua l ly n o  d i r e c t  exp e r imen t a l  

ver i f i c a t ion . 
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(m) S tyl e 

In a s imi l ar fash ion to  charac ter , s tyle i s  a sub j e c t ive 

comb in a t i on o f  factor s , e s pec i a l ly  co lour ( W i ckham and 

B i gham , 1 9 7 6 ) , but may inc lude length , s oundne s s , 

medu l l a t ion and vege t ab l e  ma t t er  c onten t  (Dorgan , 1 9 7 2 ) . 

As the s e  have b e en d i s cu s s ed ind iv idual ly , s ty l e  wi l l  

b e  g iven no more  a t tent i on . 

2 . 2 . 4  Margina l pro f i t  

G iven tha t the pr 1mary obj e c t ive  o f  the b reeder 1 s  t o  max1m1 s e  

p r o f i t ,  the n  the mo s t  conv inc ing informa t ion o n  th e impor t ance 

o f  t ra i t s  wou l d  b e  exp e c t e d  t o  c ome from the b a lance b e tween 

the inc ome rece ived and expen s e s  paid . The mar g in a l  pro f i t  

me thod i s  a par t i a l  budge t ing t e chn ique , based  on the 

d i f ferenc e b e tween inc ome and expen s e s  as s o c i a t e d  w i th a un i t  

increas e in produc t ion from the current l eve l o f  produ c t ivi ty . 

S ch l o te ( 1 9 7 7 )  iden t i f i e d  s evera l  d i f ferent s i tu a t i on s . For  

examp l e , an improvement in  pro f i t  can be  ach ieved by 

inc reas ing r e turns w i thou t a f f e c t ing produc ti on c o s t s . Th i s  

i s  repre s e n t a t ive o f  the s i tu a t i on invo lv ing qua l i ty tra i t s , 

where the marke t p r i c e o f  the produc t varies  wi th the l eve l 

o f  the t r a i t .  The e c onomic we i gh t s  are the var i a tion s in 

' p r i c e  per un i t  expre s s ion o f  the tra i t . 

Ano ther  examp le  i s  whe r e  s e l e c t i on reduc e s  the c o s t s  wi thou t 

p r oduc ing greater  re turns . Th i s  i s  r e pr e s enta t ive o f  quan t i ty 

t r a i t s . The economi c we i gh t s  are the p r i c e s o f  the r e du c ed 

quan t i ty o f  feed e t c . requ i r e d . 

F o r  Haz e l ' s  ( 1 943 ) formu l a t i on , the e c onom1c we i gh t  ( a )  o f  

a tra i t  can be c a l cu l a ted  b y , 

a = Eq · p ·  - E q · p · 1 1 J J 
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where  q · = the add i t ion a l  quan t i ty o f  i th pr oduc t � 

q · = 

J 
the add i t ional  quan t i ty o f  j th inpu t 

P ·  = 
� the un i t  pr � c e  o f  i th produc t 

P ·  = 

J 
the un i t  pr � c e  o f  j th inpu t 

In s ome c i rcums t anc e s , i t  � s  impo s s ib l e to d i rec t ly ob t a in 

c e r t a in un i t  p r i c e s  or c o s t s . S ch l o te ( 197 7 )  sugge s re d tha t  

i n  s u c h  cas e s , indire c t  opportun i ty c o s t  value s be u s e d . 

Morr i s  et al . ( 198 2 )  u s e d  a mar g ina l pro f i t  approach to  

c a l cu l a te e c onomic we i gh t s  for  four maj or New Zealand sheep 

breed c a t egor i e s , inc lud ing the Romney .  Al lowanc e s  were made 

for the co s t s  a s s oc i a ted wi th ewe rep lac emen t s  and the 

gre a t e r  ma intenance requ i remen t s  of heavier ewe s . I t  wa s 

c ons ide red nece s s ary to eva luate an ima l s  on a l i f e t ime b a s i s , 

hence the t ra i t s  were we i gh t e d  by the frequency wi th wh ich 

they a r e  l ike ly  t o  be expre s sed in a ewe ' s  l i f e t ime .  

The te chn ique o f  Mor r i s  et al . ( 198 2 )  has been app l ied  to  

Au s tr a l ian Me r ino ' s  by Ponzoni ( 1979)  and to Au s t ral ian 

pr ime l amb breeds  by S t a f ford  and Wa lkley ( 1 9 79 ) . 

2 . 2 . 5  Regre s s ion o f  s e l l ing pr �ce  on  leve l o f  woo l tra i t s  

The maj or d i s advan tage o f  the mar g in a l  pro f i t  me thod i s  tha t 

i t  cann o t  suc c e s s fu l ly a l l oc a t e  inc ome and expend i ture i tems 

s imu l t aneou s l y  to tra i t s  c on c erned wi th qua l i ty . Con s e quen t ly , 

the r e gr e s s i on o f  long- t e rm p r i c e  average s on the l eve l s  o f  

woo l qua l i ty t r a i t s  ha s been c onduc t e d . Th i s  procedure 

e s t ima t e s  the amoun t of c on t r o l  the independen t var i ab l e s  

( trai t s )  have over the dependan t  var i ab l e  ( pr i c e )  and the ir 

r e s pe c t ive r e gre s s ion c oe f f i c ient s . P rev ious  work in th i s  

area h a s  been l ar ge ly c on f in e d  t o  Aus tral ian Mer ino f l ee c e  

woo l  and hen c e  the resu l t s  a r e  n o t  d irec t ly re l evan t to  

Romney breeders  in New Z e a l and . 

Dun l op and Young ( 1960 ) c onduc ted a l inear regre s s � on 

ana ly s e s  for the mean p r i c e  o f  Aus tr a l i an Mer in o  f l ee c e  typ e s  

o n  qua l i ty numb e r , l ength , charac t e r , c o l our , s oundne s s , 



3 5 . 

h and l e , f ibre d i ame t e r  and c r �mp frequency . Qua l i ty numb er 

was  of  gre a te s t  s i gn i fi canc e in con tr o l l ing p r � c e . Length 

and c o lour a l s o  a s sumed s ome impor t anc e ,  but to  a much l e s s e r  

exten t . The rema ining trai t s  were s eemingly o f  l imi ted value . 

A l l  e i gh t t ra i t s  j o i n t ly a c c oun ted for 9 0% o f  the var i a t ion 

�n p r � c e . 

I n  an endeavour to  i s o l a t e  the impor tanc e o f  each tra i t , 

Dunlop and Young d e l e ted var i ab l e s  from the ana lys i s  and 

no ted how much o f  the con t r o l  over p r i c e  was l o s t  a f t e r  each 

d e l e t ion . Reduc t ion to the three mo s t  va luab l e  tra i t s , v i z . 

qua l i ty number , l ength and c o l our , had no e f fe c t  on the 

ab i l i ty to  c ontrol  pr ice , as  9 1 % o f  the var i a t i on in p r i c e  

w a s  exp l a ined b y  the s e  three t ra i t s . The impor tanc e o f  

qua l i ty numb er wa s a gain demon s trated , wi th l ength and c o l ou r  

s t i l l  o f  s ome s i gn i f i c anc e . Thu s , a l l  t h e  de l e ted  tra i t s  

were re l a t ively in s i gn i f i can t  and the i r  absence d i d  no t harm 

the ab i l i ty to pre d i c t  p r i c e , g iven the presence  o f  qua l i ty 

number , l ength and c o l our . I t  wa s a l s o  shown tha t  f ibre 

d i ame ter and cr imp frequency a s sumed imp o r tance in the 

ab sence o f  qua l i ty number . 

Dun lop and Young c a l cu l a te d  e c onom�c we i gh t s  as  the produc t 

o f  the s imp l e  regre s s i on c oe f f i c ient and the average c l ean 

f l ee c e  we i gh t . 

Sk inner ( 1 9 6 5 )  per formed s imi l a r  ana lys e s  to tho s e  o f  Dun lop 

and Young ( 1 9 60 ) . Re gre s s i on ana lys e s  were conduc ted  for 

me an p r i c e  on s tap l e  l ength , c r imp frequency , hand l e , den s i ty , 

f r eedom o f  growth ( co t t ing) , charac ter , c o l our , vege tab l e  

ma t ter , we a ther ing , c r imp d e f in i t ion and c r imp r e gu l ar i ty .  

The s e  e l even independe n t  var i ab l e s  j o in t l y  con t r o l l e d  9 1 . 9% 

o f  the var i a t ion in pr i c e . In agreemen t w i th Dun lop and 

Y oung ( 1 9 60 ) , cr imp frequency ( re l a t e d  t o  qua l i ty numb e r ) , 

a s  we l l  as  s tap le  l en g th and c o l our , were o f  maj or s igni f i c anc e . 

D e l e t ion o f  var i ab l e s  t o  l e ave the se thr e e , on ly  r educ e d  the 

c on tr o l  ove r  var i a t ion in pr i c e  to  8 9 . 8% .  The grea t e r  

s i gni f i c an c e  o f  c r imp frequency wa s aga in d i sp l ayed , wh i l e  
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s tap l e  l eng th and c o l ou r  rema ined o f  s im i l a r  impor tanc e . 

Apa r t  from the d i f ferent s e t  o f  independent var i ab l e s  u s e d , 

the maj or d i f ference b e tween the two s tu d i e s  i s  tha t , whi l e 

Dun l o p  and Young ( 1 9 60 )  had previou s l y on ly  c ons idered l inear 

mod e l s , Sk inner  ( 1 9 6 5 )  expanded h i s  ana lys e s  to inc orpora te  a 

curv i l inear ( quadra t i c )  mode l .  I t  wa s shown tha t  the pr ice­

tra i t  r e l a t ionship was more ac cura te ly d e f ined by  a curv i l inear 

mod e l ,  as the u s e  of  a quadra t i c  e qua t i on incre a s e d  the 

c on t r o l  ove r p r i c e  from 8 9 . 8% for the l inear mod e l  to  9 3 . 9 % .  

Cr imp frequency was s t i l l  o f  ma j or s ign i f i canc e , but for the 

curv i l inear mod e l ,  s ta p l e  length wa s o f  more impor tance than 

c o l ou r . 

U s ing ana l o gou s techn i q u e s  to the previous  s tudi e s , Mu l l aney 

and S ander s on ( 1 9 7 0 )  examined data  for b o th Mer ino and 

Cros sbred woo l types  ( C ro s sbred = Cor r i e da l e , P o lwar th ) . 

The wool trai t s  s tud ied  were the s ame as  for Dun l op and Young 

( 1 9 6 0 )  wi th the exc lus i on of s oundne s s . In contras t to  

Dun l op and Young who sub j e c t ive ly  re corded woo l  t ra i t s  on 

who l e  f l e e c e s  and e s t ima t e d  l ength , c r imp and d i ame t e r  on 

mid s i d e  samp l e s , and to Sk inner ( 1 9 6 5 )  who u s e d  b a l e  l o t s , 

Mu l l aney and Sand e r s on me a sured or appr a i s e d  a l l  trai t s  on a 

mids i d e  samp l e . 

As in the ear l i e r  s tudie s , qua l i ty numb er was o f  the u tmo s t  

impor t ance for bo th Mer ino and Cros sbred woo l  type s . In 

c on t ra s t  to  Dun l op and Young ( 1 9 60 ) , the sub j e c t ive ly  

appra i s ed tra i t s  o f  c o l ou r , hand l e  and charac t e r  a l l  a s sumed 

gre a t e r  impor t ance than l ength , a lb e i t  to  a negl i b ib l e  exten t . 

Aga in , l i t t l e  c on t r o l  over p r i c e  was l o s t when d e l e t ion 

proc e dure s  redu c e d  the o r i g ina l s even tra i t s  to qua l i ty numb e r , 

c o l ou r  and hand l e .  In the ab s ence o f  qua l i ty numb e r , the 

inc r e a s e d  impor t ance of e i ther mean f ib r e  d iame t e r  or  c r imp 

frequency wa s again i l lu s t ra t e d . 

McKinnon et al . ( 1 9 7 3 )  c on s idered four sub j e c t ive ly-appra i s e d  

tra i t s , qua l i ty number , s ty l e , vege t ab l e  ma t ter  c on t en t  and 

s tap l e  l eng th a s  p r i c e  d e t e rminan t s  o f  grea s y  Mer ino woo l . 



The i r  r e su l t s  sub s tan t i a t e d  tho s e  o f  the pre c e d ing 

inve s t i ga t ions , in tha t  qua l i ty number wa s of v i t a l  s i gn i f ic­

anc e  in  con t r o l l ing pri c e , w i th the excep t ion of one s e a s on 

when i t  was sup erc eded by s ty l e , a t ra i t  wh ich o therw i s e  

ranked s e cond �n  impor tanc e . The f our tra i t s  j o in t l y 

acc oun t e d  for up to 9 3 %  o f  the var ia t i on in p r � c e . 

To ac c oun t for a greater p e r centage o f  the var i a t i on �n 

p r i c e , McKinnon et ai . inc orporated quadra t ic , cub i c and 

produc t terms in to  the ana l ys i s  .. The resul t ing h i gh 

s ta t i s t i c a l  s i gn i f icance o f  terms for ( l ength ) 2 in mo s t  

s e a s on s , supp o r t e d  Sk inne r s ' ( 1 9 6 5 )  c ontent ion tha t  the 

r e l a t ion ship b e tween p r i c e  and l en g th is more ac cura t e ly 

d e f ined by a curv i l inear mod e l . The quadr a t i c  and cub ic  

qua l i ty numb e r  t e rms we re a l s o  s ta t i s t i c a l ly s i gn i f i can t . 

The produc t term , qua l i ty numb er x s ty l e , proved to be  o f  

maj or impor tanc e .  The inc l u s ion o f  such quad r a t ic , cub ic  and 

produc t t erms , r e s u l ted in moderate to lar ge in c rea s e s  in the 

con t ro l over p r � c e . 

In an a c c ompany ing s tudy t o  tha t  j u s t  d i s cu s s ed , Wh i te l ey 

and McKinnon ( 1 9 7 3 )  evalua t e d  the e f fe c t s  o f  b o th sub j e c t ive ly 

appra i s e d  trai t s  ( qual i ty number , b r oker ' s  yie l d , s ty l e , 

s t ap l e  l ength and vege tab l e  ma t ter  c on t en t )  and obj e c tive ly 

measured tra i t s  ( f ibre d i ame t er , c r imp frequency and t e s ted  

y i e l d )  on greasy  price  of  Me r ino woo l . In con t ra s t  to  

prev�ous work , no one par t i c u l ar t ra i t  proved to  be  of  ove r­

whe lming impor tanc e . Var i o u s  c omb in a t ions o f  the s e  tra i t s  

cou l d  a c c ount for n o  more  than 7 5 %  o f  the var i a t ion i n  p r i c e . 

The re l a t ionship b e tween p r i c e  and l en g th was aga �n shown to  

b e  curvi l inear . A no tab l e  r e s u l t was tha t  the s ub s t i tu t i on 

o f  sub j e c t ively appraised  t r a i t s  by ob j ec t ive l y  measured 

tra i t s  p roduced  a reduc t ion in  the control  ove r p r i c e . Th i s  

wa s no t c ons idered  surpr i s ing as  the woo l  was purch a s e d  u s �ng 

sub j e c t ive eva lua t ions and the r e l a t i on sh i p  wi th the 

correspon d ing ob j ec t ive measuremen t s is widely acknowl e d ge d  

as  b e in g  imper fec t .  
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Wh i te l ey and McKinnon then conduc t e d  a s im i l ar s e r 1 e s  o f  

regre s s 1on ana ly s e s  for c l ean p r i c e . Var ious c omb ina t ions o f  

the t r a i t s  cou l d  ac coun t for no mor e  than 64% o f  the var i a t ion 

in p r i c e . The inc lus ion o f  a quad ra t i c term for s tap l e  

l en g th again r e s u l ted i n  an 1nc re a s e  1 n  price  c on tr o l . 

Con t rary to the f indings o f  McKinnon e� al . ( 1 9 7 3 ) , the 

qua l i ty numb er x s ty l e  produc t t e rm p roduced only a ne g l i g ib l e  

imp rovement in the ab i l i ty to  accoun t for price  var i a t ion . 

From a l l  the s e  s tudi e s , i t  i s  c l ear ly  i l lus tra ted tha t  f or 

sub j e c t ive ly-app r a i s e d  Au s tral ian Me r ino f l ee c e  woo l , p r i c e  

has b e en grea t l y  i n f luenc ed b y  qua l i ty  number ( c r imp 

frequency) and to  a l e s s e r  extent by  c o l our , l ength and 

hand l e . No o ther  tra i t wa s shown to c ons i s ten t ly a f fe c t 

p r 1 c e . 

2 . 2 . 6  New Z e a l and Woo l  Board re l a t iv i t i e s  

Wiggins and B e g g s  ( 1 9 7 9 )  d e s c r ibed  a me thod wh ich they c l a im 

c l ar i fys the s i gna l s  r e c e ived from the  marke tp lac e . A f t e r  

each auc t ion , the New Z e a l and Woo l Board c a l culates  the 

adj us t e d  we i gh te d  average s a l e  p r i c e  ( A . W . A . S . P . )  for the 

s a l e . A . W . A . S . P .  is a mea sure of wha t  the ave rage p r i c e  o f  

a l l  woo l  s o l d  a t  the s a l e  wou l d  have b een , had a l l typ e s  

been represen te d  in  the s a l e  i n  the i r  norma l s ea s ona l 

propo r t i ons a t  ave rage y i e l d  (Wi gg in s  and Beggs , 1 9 7 9 ) . T o  

corre c t  for the po s s ib i l i ty that n o t  a l l  types  wi l l  be  on 

o f fer at  any one p a r t i cu l ar s a l e , the New Z e a l and Woo l  Board 

ma in tains  a re-assessable re l a t ivi ty va lue for each woo l  type 

wh ich , ac cord ing to W i gg in s  and Beggs , represen t s  the ' norma l ' 

r e l a t i on ship o f  a type ' s  p r i c e  to  the ave rage p r i c e  o f  a l l  

type s . 

The me thod propo s e d  for e s t ima t ing the re l a t ive 

o f  woo l  t ra i t s  i s  b a s ed on the s e  re l a t iv i t ie s . 

F igure  2 . 1 shows the r e l a t ionsh ip b e tween mean 

importan c e 

For examp l e , 

f ib r e  

d iame t e r  and p r i c e  ra t io for B s ty l e  f l e e c e  woo l  o f  fu l l  

l ength dur ing the 1 9 7 8 / 7 9 s ea s on . Pr i c e  r a t io s  can b e  
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F IGURE 2 . 1 :  MEAN F IBRE DIAMETER VS . PRICE . 1 9 7 8 / 7 9 

( from W i gg in s  and Begg s ,  1 9 7 9 )  
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c onve r t e d  to c /kg by  mu l t ip ly ing by  the appropr i a t e  A . W . A . S . P .  

I t  i s  evident tha t the re l a t ionsh ip i s  d e fin i t e l y  non- l inear ; 

i . e .  premiums , a s  ind i c a t e d  by  the s l ope  o f  the l ine , change 

w i th in the range o f  mean f i bre d i ame te r  cons idered . In th i s  

par t i cu lar  examp l e , u s ing the ave rage s a l e price  for the 

1 9 7 8 / 7 9  s eason o f  2 1 8 . 8  c /kg , every mi c r on dec rement from 

3 3  �m to  2 1  �m produ c e d  a premium o f  7 . 5  c /kg c lean .  Th i s  

c an b e  sub d ivided t o  give a premium o f  4 . 5  c /kg c l ean b e tween 

33 �m and 28 �m , and 1 0 . 0  c /kg c l ean b e tween 28 �m and 2 1  �m . 

W i th in the 3 3  �m to  40 �m range , in to wh i ch the maj o r i ty o f  

Romney woo l  i s  c l a s s i f ied , l i t t l e  o r  n o  premiums are shown 

t o  exi s t  a t  tha t  t ime . 

The re l a t ionship b e twe en mean l ength and price  r a t i o  for 3 7  �m 

B s ty l e  f l ee c e woo l  dur ing 1 9 7 8 / 7 9  i s  shown in F i gure 2 . 2 .  

Th i s  woo l  type i s  no t a typ i c a l  o f  Romn e y  f l ee c e  produc e d  1n 

New Z e a l and . As wi th mean f ibre d i ame t e r , the r e l a t ion s h i p  

f o r  me an l ength i s  non- l inear i n  th i s  examp l e . C l ean p r 1 c e  

increas ed b y  0 . 45 c /mm in the 50- 1 1 0  mm range , and b y  

0 . 0 7 c /mm from 1 1 0- 1 7 5  mm . 

The re l a t i onship b e tween s ty l e  and p r 1 c e  ratio dur ing 1 9 7 8 / 7 9  

i s  shown in F i gure 2 . 3  for 3 7F-D woo l  wh i ch i s  aga 1n 

repre s en t a t ive o f  Romney f l e e c e  woo l . I n  contras t to  the 

p r e c e d ing tra i t s , the r e l a t ionship i s  v i r tually  l inear . I n  

th i s  examp l e , each increment in s ty l e  g r a d e  has r e a l i s e d  a 

p remium o f  2 . 5  c /kg c le an . 

Obv ious ly , the s e  r e l a t i onsh i p s  be twe en p r 1ce  and woo l  

charac te r i s t i c s  vary , no t on ly  wi thin and b e tween s ea s on s  b u t  

a l s o be twe en woo l  type s . In recogn i t i on o f  th i s , the New 

Z e a l and Woo l  Board curren t ly p repar e s  mon th ly graphs 

d ep i c t ing the r e l a t i onship s for a range o f  woo l  type s . 

Sugge s te d  r e f inemen t s  t o  the me thodol o gy inc lude a s ta t i s t i c a l  

measure o f  var i a t ion l ikely to  be  encoun t ered and the 

e x tens ion o f  the curr e n t  t e chn i ques  to c over o ther t ra i t s  

such as  c o l our , tende rne s s  e t c . 
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FIGURE 2 . 2 :  MEAN LENGTH VS . PRICE . 1 9 7 8 / 7 9 . 

( from Wiggins and Beggs , 1 9 7 9 )  
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F IGURE 2 . 3 :  STYLE VS . PRICE . 1 9 7 8 / 7 9 

( from Wiggins and Be ggs , 1 9 7 9 )  
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The maJ or fun c t i on o f  the work t o  d a t e  has been to i den t i fy 

trend s . The app l i c a t ion to anima l breeding i s  not  documented , 

bu t i t  can prob ably be  imp l i ed tha t  the va lue s may b e  ave raged 

over t ime and u s ed as  e c onomic we i gh t s . 

2 . 2 . 7  Regre s s ion o f  pro f i t  on the s e l ec t ion obj e c t ive 

Th i s  me thod i s  e s sen t i a l l y  the s ame as tha t  previou s l y  

d e s c r ibed for w o o l  qua l i ty tra i t s  ( 2 . 2 . 5 ) . Pro f i t  rep l ac e s  

auc t i on pr i c e  a s  the d ependent var i ab l e  and the tra i t s  i n  the 

ob j e c t ive are inc luded a s  independent var i ab l e s . As ou t l ined 

by Pe arson and M i l ler  ( 1 98 1 )  for a U . S .  da iry enterpr i s e , a 

pro f i t  fun c t ion i s  s p e c i fied  for e a ch ind ividual  o f  a 

popu l a t i on o f  an ima l s , pre ferab ly on a mu l t i-herd b a s i s . 

Inpu t s  and ou tpu t s  are we i gh te d  by the ir r e spec t ive p r i c e s . 

The e c onomic we i gh t s  are then c a l c u l ated as  the par t i a l  

regre s s ion coe f f i c i en t s  o f  the pro f i t  func t ion on the t r a i t s  

i n  the s e l e c t ion ob j e c t ive . 

Prob l ems can ar i s e  i f  impor tan t  t r a i t s  are omi t ted or i f  

tho s e  u s e d  do n o t  furn i sh accur a t e  p r ed i c t ions . Changing 

e c onomic cond i t ions nec e s s i ta t e  re-c ompu t a t i on ,  a l though the 

re su l t s  of Ba l a in e  �t at . ( 1 98 1 )  i n d i c a te d  tha t , i f  e conomic 

e f f ic iency is  d e f ined on a pro f i t  p e r  day b a s i s , then 

d i f ferent pr i c e  r egime s may have o n l y  a negl igib l e  e f f e c t on 

ind ividual rank ings . 

Due t o  the h i gh d a ta c o l l e c t ion c o s t s  o f  th i s  me tho d , P e a r s on 

and M i l ler  ( 1 9 8 1 )  recommended a l imi t e d  app l ic a t ion to  only  

tho s e  herds  having the  gre a t e s t in f luence on  gene t i c  improve­

men t . A maj or p r ob l em o f  u s ing such a technique in the New 

Zealand sheep indus try , wou ld  resu l t  from the d i f f i cu l ty o f  

accur a t e l y  e s t ima t ing ind ividual f e e d  c o s t s  (Chap ter  2 . 1 . 1 ) .  

There wou ld  a l s o  b e  prob l ems as s o c i a t ed wi th exa c t l y  d e f ining 

the value of the produc t s  produ c e d , as the s i tu a t ion i s  n o t  

as  c l ear  cu t a s  for the va lue o f  m i l k  i n  the da iry indu s try 

(Wickham , per s . c omrn) . I f  app l i c ab l e , the me thod wou l d  mo s t  

c e r t a inly b e  c o n f ined t o  ram breed ing f l ocks . 
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2 . 2 . 8  Produc t ion sys t ems ana lys i s 

A l l  the me thods d i s cus sed have b een in tended t 9  g �ve a 

d e s c r i p t i on o f  e c onomi c e f f i c i en cy on an ind ividu a l  an ima l 

b a s i s . However , the improveme n t  o f  a t r a i t  can change the 

op t ima l organ i s a t ion o f  a farming enterpr i s e . Henc e , ano ther 

approach invo lve s expre s s ing e c onomic e f f i c iency �n a farm 

p l ann ing o r  produc t ion sys t ems ana ly s i s  c ontext . As the name 

imp l ie s , s u ch a me thod s tu d i e s  the e n t i r e  produc t i on frame­

work by tak ing into accoun t r e s ourc e l im i t a t ions , change s �n 

p r i c e  and c o s t s accord ing t o  vo lume and o ther non- l inear 

inpu t-ou tpu t re l a t ionships , wh i ch are i gnored when th e 

r e l a t ive ly  s imp l e  ' per an ima l ' pro f i t  func t ions are deve lope d . 

The e f fec t o f  such s imp l i f i c a t i ons on s e l e c tion ac curacy i s  

y e t  t o  be  d e termine d . Wi l ton ( 1 9 7 9 )  d i s cu s s ed the app l i c a t i on s  

o f  produc t ion sys tems ana lys e s  and i t s  u s e s  i n  formu l a t ing 

s e l e c t ion goa l s  and ma t ing p l an s . 

Us ing bee f c a t t l e  as  an examp l e , Me l ton et at. ( 1 9 7 9 )  pre s en te d  

a procedure b a s ed o n  produc t ion sys t ems analy s i s  tha t  i s  

c apab le  o f  e s t ima t ing the e c onom i c  we i gh t  o f  spec i f i e d  trai t s . 

The i r  me tho d  cons i s te d  o f  der iving a pro f i t  func t i on and a 

p rodu c t ion func t ion . The produc t ion func t ion ,  c ompr i s ing 

b o th an ima l and bree der- supp l i e d  inpu t s , is  sub s t i tu t ed into 

the pro f i t  func t ion . Under the a s sump t ion tha t pro f i t  is  to 

be max imi s e d , then the resul t an t  func t ion is max imi s e d  

ma thema t ica l ly b y  e qua t ing the par t i a l  d e r iva t iv e s  o f  tha t 

func t ion , w i th re spe c t  to  each var iab l e , t o  zero and 

s imu l taneou s l y s o lving the ensu ing s e t  o f  firs t-order 

e qua t ion s . I n  th i s  way the e c onomic we i gh t s  o f  e ach tra i t 

a r e  d e te rmine d , as  we l l  as the o p t ima l l eve l s  o f  b r e e der­

supp l ied inpu t s . The e c onom i c  we igh t s  are , ac cord ing to  

Me l ton e t  a t ., a produc t o f  the  average va lues of  a l l  tra i t s  

cons idere d , the ava i l ab le produ c e r  inpu t s  and the ir  p r i c e s , 

the p r i c e  o f  the produc t and the spec i f i e d  produ c t ion fun c t i on .  

The gre a t  advan tage o f  th i s  me thod i s  f l ex ib i l i ty a s  i t  c an 

b e  app l ied  t o  su i t  the vary ing produ c t ion c ond i t ions  o f  

ind ividual  b reeders . Each b r e e d e r  spec i f ie s  h i s  produc t ion 
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fun c t ion , inpu t and ou t pu t  pr i c e s , and the average l eve l o f  

tra i t s  in h i s  f l ock o r  herd . However , the va s t  amoun t o f  

in forma t i on required for such compu t a t i on i s  genera l ly b eyond 

the s c ope o f  mo s t  b r e e d e r s  where there is on l y  one maj or 

produ c t ,  l e t  a l one for the dua l -purpo s e  Rornney where bo th 

mea t  and woo l  produc t ion rece ive empha s i s . The spec i f i e d  

produ c t ion func t ions c anno t  be  eas i ly der ived . Becau s e  o f  

th i s , W i l ton e t  �l . ( 1 9 7 8 )  propo s e d  tha t c ont inued s e l e c t ion 

on a pro f i t  per an ima l b a s i s  i s  pre ferab l e , at l e a s t un t i l  

the e f fec t s  o f  the prev i ou s ly men t i oned s imp l i f i c a t i on s  can 

be  a s s e s s ed . 

Thomp s on ( 1 9 8 0 )  cri t ic a l l y d i s cu s se d  th i s  me thod , sugge s t ing 

tha t the  pro f i t func t ion der ived by Me l ton e t  �l . ( 1 9 7 9 )  

favour s anima l s  wi th va l u e s for the tra i t s in the pro f i t 

func t i on tha t  are near the mean , i . e .  such an ima l s  produce 

gre a t e r  pro f i t . In c on tra s t ,  the l inear s e l e c t ion index 

d eve l oped by Haz e l  ( 1 94 3 )  favour s an ima l s  wi th ext reme value s .  

Th i s  s i tuat ion a r i s e s  b e c au s e  the index i s  r e l evan t for on ly 

par t of the pro f i t  func t i on . Thomp s on sugge s ted  that , g iven 

the p r o f i t  func t ion der ived by Me l t on et al . ( 1 9 7 9 ) , i t  wou l d  

be  w i s e r  to u s e  an index appropr i a t e  for the who l e  func t ion ,  

such a s  the quadra t i c  ind ex deve loped by  W i l t on et al . ( 1 9 6 8 ) . 

2 . 3  PUBL I S H E D  E C O NOM I C  WE I GH T S  F O R  T H E  R OM N E Y  

A summary of the pub l i sh e d  l i tera ture c oncern ing e c onomlc 

we i gh t s  for the Romney is  shown in Table  2 . 1 .  Inspec t i on o f  

the t ab le  reve a l s tha t f e r t i l i ty ,  l amb weaning we i gh t  and 

gre a s y  f l e e c e  we igh t  have b een c on s i s ten t l y  empha s i s e d . I t  

i s  impor tan t  t o  note  tha t , w i th the exc ep t i on o f  Mor r i s  et al . 

( 1 9 8 2 ) , the e conomic we i gh ts  are gro s s  value s . Morr i s  e t  al . 

( 1 9 8 2 )  tried  to  account for s ome produc t i on c o s t s  in an 

e f fo r t  to der ive net  va lue s . Th i s  l S  probab l y  why the 

r e s u l t an t  ra t i o  of the i r  e s t ima t e s  is l ower than in previou s  

s tud i e s . 



TABLE 2 . 1 :  PUBLI SHED ECONOMIC WE IGHTS FOR THE ROMNEY EXPRES SED AS RATIOS . 

( GFW = l .  0 ) 

Source 

Rae ( 1 9 5 4 ) 1 

NFRS 1, 2 

C1 arke ( 1 9 6 7 )  

Tay1or e t  a l .  

Waihora GBS 
Right e t  a l .  

Sheep1an 

( 1 9 8 0 )  

( 1 9 7 5 )  

C 1arke & Rae ( 1 9 7 6 ) 

Tay1or e t  a l .  ( 1 9 8 0 )  

Morr i s  e t  a l .  ( 1 9 8 2 )  

Period 
NLB NLW 

5 . 0  

7 . 8  

1 9 6 0/6 1 - 6 4 / 6 5 6 . 0  

1 9 6 5/ 6 6 - 6 9 / 7 0 7 . 6  

1 9 6 6/ 6 7 - 7 0 / 7 1  8 . 4  

1 9 7 0/7 1 - 7 4 / 7 5 6 . 8  

5 . 8  

1 9 7 0 / 7 1 - 7 4 / 7 5  6 . 0  

1 9 7 5/7 6 - 7 9 / 8 0  5 . 4  

3 . 7  

T R A I T 

ww LBC LD% LCW LCG 

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

0 . 1  

0 . 3  

0 . 1  0 . 1  

s 

HBW ECW GFW QN s 

1 . 0  0 . 1  0 . 5  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

1 . 0  

0 1 . 0  

0 1 . 0  

1 . 0  

0 1 . 0  

1 .  Adjusted to metric measures 2 .  Total We ight of  Lambs Weaned Convert ed to NLW ( LWW = 2 3 . 3kg : Dalton 

NLB 
NLW 
ww 

Number lambs born 
Number lambs weaned 
Weaning weight 

LBC 
LD %  

LCW 

Lamb body conformat ion 
Lamb dressing percentage 
Lamb carcass weight 

LCG = Lamb carcass grade 
HBW = Hogget body weight 
ECW = Ewe carcass weight 

& Rae ( 197 9 ) ) 

GFW = Greasy fleece weight 
QN = Quality number 
S = Style 

.p. 
"". 
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In genera l , i t  i s  eviden t tha t  the ra t io s  be tween the tra i t s  

exh ib i t  a r e a s onab l e  repeatab i l i ty ove r  the t ime per iod 

invo lved . L a t e ly , an increas ing re l a t ive emphas i s  on woo l 

produ c t ion may be  c l a ime d . The s e  trend s we re c on f irmed by  

Tay l o r  et al . ( 1 9 8 0 ) , who examined the r e l a t ive movemen t s  in 

woo l  auc t ion pr ice s and l amb expor t s chedu l e p r i ce s . I t  wa s 

shown tha t  the two c ommo d i t i e s  have exper i enced r e a s onab ly 

s imu l taneous h i gh and l ow poin t s . Con s e qu en t ly , it  fo l l ows 

tha t  the ec onomic we i gh t s  us ing the s e , or r e l a ted p r i c e s , 

have rema ined re l a t ive l y  con s tan t . 

W i th the exc e p t ion o f  Rae ( 1 9 5 4 ) , ther e  has  b een no cons ider­

a t i on given to  the ec onomic we i gh t s  o f  woo l qua l i ty trai t s , 

hen c e  the ir  exc lus ion f r om many s e l e c t i on ob j e c t ive s . Rae 

( 1 9 5 4 )  a l s o d e r ived a va lue for face cover o f  70 d / grade 

( $ 0 . 5 8 / grade or 0 . 7 0 c omp ared wi th greasy f l ee c e  we i gh t  o f  

1 . 00 ) . Due t o  the inc omp l e t e na ture o f  the informa t ion u s ed , 

i t  wa s con s i dered tha t  that wa s not  the b e s t e s t ima t e  

ava i l ab l e . W i ckham ( p e r s . cornrn . ) sub s e quen t l y  sugge s ted tha t 

fac e c over i s  not  an ob j e c t ive , but a po s s ib l e  c r i ter ion for 

fer t i l i ty ,  l amb growth and lower hand l ing c o s t s , and a s  such , 

shou l d  no t have an ec onomic we i gh t  a s s i gned t o  i t .  

2 . 4  GE N E RAL P R OBL E MS A S S O C I AT E D  W I TH T H E  U S E  OF E C O N OM I C  

WE I GH T S  

The r e  exi s t s  an acu t e  na ive ty of gene t i c i s t s  t o  e c onom�c 

parame ters  and of e c onomi s t s to  anima l bre e d ing programme s . 

Th i s  has  r e su l t ed in r e l a t ive ly  l i t t l e  r e s earch hav ing been 

d i r e c ted toward examin ing the proper t ie s  and prob l ems o f  

e c on om� c we i gh t s . 

The s e l e c t ion index formu l a t ion o f  Haz e l  ( 1 94 3 )  a s sume s tha t  

the e c onomi c we i gh t s  a s s i gned to  individual tra i t s  a r e  known , 

f ix e d  c ons tan t s . Vand ep i t t e  and Haz e l  ( 1 9 7 7 )  d i s cu s s e d  why 

th i s  a s sump t i on i s  s e l d om true . 
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F i r s t ly ,  econom 1 c  we i gh t s  are on ly  e s t ima tes and mus t  b e  

recogn i s e d  and t r e a te d  a s  such . They can range from ac curate 

e s t ima t e s  for the s i tuat ion whe r e  c omp l e t e  in forma t i on i s  

ava i l ab l e , t o  in t e l l igent gue s s e s  i n  l e s s  de s irab l e c a s e s . 

Even i f  in forma t i on i s  fre e l y  ava i l ab l e ,  the e s t ima t e s  are  

s t i l l  sub j e c t  to  r e a sonab ly large s amp l ing errors (Vandep i t t e 

and Haze l , 1 9 7 7 ) . 

Se c ond ly , e c onom i c  we i gh t s  on ly  de f in e  the econom1c env l r on­

men t under wh ich anima l s  are expec t e d  to produ c e  (Rae , 1 9 5 8 ) . 

Var i a t i ons in the phys i c a l  environmen t are s e l dom taken into 

accoun t  and the n e e d  for  tra i t s  such as  hard ine s s , l ongev i ty 

and adap tat ion i s  not d irec t ly c on s i d e red (Rae , 1 9 5 8 ) . 

Th ird l y , the frac t iona ted nature o f  the sheep indus try , 

whe ther in terms o f  popu l a t ion s t ruc ture t i ers , geo graph i ca l  

l o c a t i on s , farming sys tems o r  b r e e d  s t ra ins e t c . , can p r o duce 

a var i e ty o f  b r e e d e r s  wi th d i f fe r en t  i deas , obj e c t ive s and 

e c onomi c framewo rk s ( Rae , 1 9 8 2 ) , and c ons equen t l y  d i f fe r e n t  

s e t s  o f  opt imum e c onomic we i gh t s . I n  th i s  respec t the New 

Zea l and sheep indu s try is not as  comp l exly s tr a t i f i e d  as tho s e  

i n  o ther ma j or she ep- farming coun tr i e s . 

con f l i c t  in the ob j ec t ive s be tween h i l l  

farme r s  shou l d  b e  minima l ( Rae , 1 9 64b ) . 

Hence , wi th in a b re e d , 

country and l owl and 

Mor r i s  et at. ( 1 9 8 2 )  d i s cu s s ed the e x i s tence o f  c on f l i c t 

b e tween the obj e c t ive s o f  ram-breed ing and commerc i a l  f l o cks . 

Only  th o s e  trai t s  o f  economic value t o  the commer c i a l  f l o ck 

shou l d  be  inc luded in the s e l e c t ion ob j ec t ive s o f  ram-b r e ed ing 

f l ocks (Ponzon i , 1 9 7 9 ; Mor r i s  et at ., 1 9 8 2 ; Rae , 1 9 8 2 ) . To 

b e  e c onomi c a l l y  f e a s ib l e  to  the ram- b reeder , it is n e c e s s ary 

tha t  the commerc i a l  farme r s  recogn i s e  super ior rams and pay 

a premium for them . As p o in t e d  ou t b y  Har r i s  ( 1 9 7 0 ) , auc t ion 

s a l e s  in the pas t have provided l i t t l e  oppor tun i ty for 

gene t i c a l ly sup e r i o r  anima l s  to  a t tr ac t  prem1ums . 

F ina l l y , the anima l s  s e l ec ted  now wi l l  no t rea l i s e  any 

prof i t s un t i l  s ome t ime in the fu ture . By tha t s tage i t  1 s  

po s s ib l e tha t  the e c onomic framework under wh ich s e l e c t ion 
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oc curred has  a l t e re d , thereby po s s ib ly in f luenc ing the 

e f f i c iency of s e l e c t ion and the expec ted  p ro f i tab i l i ty of the 

s e l e c ted an ima l s . In the words  o f  Vandep i t t e  and Ha z e l  ( 1 9 7 7 ) , 

ec onom�c we i gh t s  re f l e c t  produc t ion c o s t s  and a c on sumer 

pre ferenc e  through the p r i c ing me chan i sm .  Con s e quen t ly ,  

e c onomi c we i gh t s  are in f luenced by pr i c e  t rends , quan t i ty 

and qua l i ty t rend s , te chno l o g i c a l  innova t ion s e t c . In a 

s l i gh t ly d i f ferent  c on t ex t , Vandep i t te and Ha z e l  ( 1 9 7 7 )  a l s o  

d i s cu s s e d  the prob l em o f  gene t i c  improvement t ime l ags  induc e d  

by  mu l t i- t i ered  popu l a t ion s truc tur e s . C on s e quen t l y , the 

need for proj e c ted  e c onomic we i gh t s , wh i ch take into 

c on s iderat ion expec ted  fu ture c i rcums tanc e s , has b e en h i gh­

l i gh ted  b y  s eve ral  au thor s (Rae , 1 9 5 8 ; Wi ckh am , 1 9 6 6 , 1 9 7 5 ; 

Harr i s , 1 9 7 0 ; Mi l l er  and Pearson , 1 9 7 9 ; Morr i s  et al . ,  1 9 8 2 ; 

Cunn ingham , 1 9 8 2 ; Rae , 1 9 8 2 ; Ro s s  et a l . ,  1 9 8 2 ) . 

Th e t a sk o f  foreca s t ing future e c onom�c c ond i t ions i s  

formidab l e  ( Cunn ingham , 1 9 8 2 ) , requ i r ing thorough and 

in tens ive ana l y s i s . Tay l o r  ( 1 9 7 7 )  do cumen ted the e s c a l a t ing 

c o s t s  and f lu c tua t ing r e turn s fac ing the New Z e a l and sheep 

farme r . It  is  important to d i s t ingu i sh be tween general  

t rend s and shor t-t erm f luc tuat ion s  (Rae , 1 9 58 ; Tay l o r  et a l . , 

1 9 8 0 ) . As sugge s t ed by M i l l e r  and Pear s on ( 1 9 7 9 ) , curren t 

t rend s , for examp l e  resu l t ing from techno l o g i c a l  or  marke t ing 

advan c e s , may in tens i fy in the fu ture . Te chn i que s for the 

a c c u r a t e  pred i c t i on of fu ture e conom�c c ond i t ion s , w i th 

r e s pe c t  to the i r  inf luence on the r e l a t ive impor tan c e  o f  

s p e c i f ied t ra i t s are l ack ing . Ma i j a l a  ( 1 9 7 6)  i n  advo c a t ing 

the  use  of  current e c onomic we i gh t s , c ompromi s ed b e tween the 

i d e a l  s i tua t i on o f  having future p r ed i c t i ons and the o ther 

extreme of no t e s t ima t ing any ec onomic we i gh t s  at a l l . 

C on s i d era t i on o f  the s e  p o in t s  reve a l s tha t  the r e  can b e  no 

unique s e t  of e c onom�c we i gh t s  wh i ch c an b e  un ivers a l ly 

app l i e d  to  ach ieve maximum re s pons e  in e c onomi c a l ly impor tan t  

gene t i c  improvemen t .  The f ixed c on s tan t c onc e p t  o f  e c onomic 

we i gh t s  �s  e rroneous . E conomic we i gh t s  nee d  frequen t 

r e a s s e s smen t , a l though Rae ( 1 9 8 2 )  sugge s t e d  the current  
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e c onomlc we igh t s  for the Romney in Sheep l an are s t i l l  

adequ a t e  for pre s en t  purpo s e s . F o r  admini s tr a t ive ea s e , 

breed ing s cheme s are o f t en forced t o  make swe e p ing gene ra l i s ­

a t ions c oncerning the app l i c a t ion o f  e conomic we i gh t s . Sheep­

l an ( C l arke and Rae , 1 9 7 6 )  curren t l y  rec ogni s e s  breed  

d i f fe renc e s  by a s s i gn ing d i fferent s e t s of  economic we i gh t s  

t o  tho s e  breeds  p ar t i c ipa t ing in the s cheme . I t  d o e s  n o t  

d i s t ingu i sh b e tween breeders  a t  a mor e  r e f ined l eve l . I n  

th i s  manner ,  an individua l breeder may be  a s s i gned a s e t  o f  

economic we i gh t s  tha t  i s  sub-op t ima l for h i s  par t i cu l ar 

cond i t i ons . 

2 . 5  EFFE CT OF E R R O R S I N  E CO N O M I C  W E I GH T S  ON S EL E C T I O N I ND E X  

EFF I C I E N C Y  

O p t imum respons e wou l d  be  expe c t e d  i f  pre c l s e  parame t e r s  are 

u s ed . E rroneou s e s t ima t e s  are l ike l y  to  r e su l t  in a l o s s in 

e f f i c i ency . Cons e quen t l y , it  is  of  impor tanc e to know the 

exten t to wh i ch e rror s in e c onomi c we i gh t s  reduce the 

e f f i c i ency o f  a s e lec t ion index . R e s earch e f fo r t s  in th i s  

area have been min ima l , de s p i t e  the obvious impor tan c e  o f  

econom l c  we i gh t s . 

Pease  e� ai . ( 1 9 6 7 )  ( c i te d  by  Vandep i t te and Haz e �  1 9 7 7 )  for 

p l g s , and Cunningham and Gj edrem ( 1 9 7 0 )  for sheep , made 

pas s ing re ference to the e f fec t s  of  e rroneous e c onomic 

we i gh t s . In b o th s tud ie s , error s o f  up to  approxima te l y  5 0 %  

were no t found t o  b e  o f  c r i t i c a l  imp o r t anc e . 

Ronn ingen ( 1 9 7 1 )  examined the e f fe c t s  o f  f a l s e  e c onom l c  

ra t io s  on the e f f i c iency o f  a two t ra i t  s e l e c t ion index for 

( i ) da iry c a t t l e (mi lk y i e ld and mi l k  f a t  yie l d) and 

( i i ) sheep ( numbe r  o f  l amb s and f l e e c e  we i ght ) . 

Ronningen c on c lu d ed tha t  the e f f i c iency o f  the d a i ry c a t t l e  

index wa s no t sub s tan t ia l ly in f luen c e d  b y  minor var i a t ions 

from the true e conomic ra t io . As the devi a t ions inc rea s e d , 

there wa s a c o r r e sponding inc rea s e  in  the l o s s  in e f f i c i ency . 



5 1 . 

Serious l o s s e s  wer e  incurr e d  when the mo s t  e c on omica l ly 

impor tan t tra i t  wa s a s s i gn e d  a negat ive econom i c  we i gh t  1n 

comb in a t i on wi th a h i gh her i tab i l i ty .  S i gn i f i can t l o s s e s  were 

a l s o  ob t a ined in s i tua t ions where the maximum gain from 

d ire c t  s e l e c t ion was sma l l .  S imi l ar r e su l t s  wer e  ob t a ined for 

the sheep index , excep t l o s s e s  in e f f i c iency proved to  b e  

more s e r 1ous . 

Fowler e t  ai . ( 1 9 7 6 )  found tha t  errors  or change s in 

ind ividu a l  e c onomic we i gh t s  o f  50% resul ted in on l y  trivial  

e f fe c t s  on the pre d i c ted e f f i c iency of  a s e l ec t ion index for 

p 1 gs . In no c i rcums tanc e ,  d i d  such errors redu c e  the 

e f fic iency o f  the index by more than 2% . 

Vandep i t t e and Ha z e l  ( 1 9 7 7 )  a l s o  u s e d  a p 1 g  s e l e c t i on index 

as a te s t  c a s e  to  inve s t i g a t e  the e f f e c t s  of i n t en t iona l ly 

in trodu c e d  error s . Their  r e s u l t s  c on f i rm tho s e  o f  previous 

ana ly s e s , ind i c a t ing tha t errors in s in g l e  econom i c  we igh t s  

o f  ± 5 0% genera l ly h a d  l i t t l e  e f fe c t  as  real gene t i c  gain wa s 

r educ ed by  l e s s  than 1 %  for each o f  the tra i t s  c on s idered . 

The l o s s in r e l a t ive e f f i c iency when a b iased s e l e c t ion index 

( re su l t ing from e r rors  in e c onomi c we i gh t s  of up to 200% ) 

i s  u s e d  ins tead o f  an unb i a s e d  index wa s i l lus t r a t e d . A 

marked non- l inear d i s symme try in the l o s s  o f  s e l e c t i on index 

e f fic iency wa s d i s p l ayed . Nega t ive errors ( i . e .  under­

e s tima t i on of ec onomic we i gh t s )  r e su l t  in a gre a ter  l o s s  than 

pos i t ive e r rors  ( i . e .  overe s t ima t ion o f  e c onomi c we i gh t s )  o f  

the s ame ma gni tude . Error s o f  ± 50%  produced l o s s e s  in 

r e l a t ive e f f i c iency of b e tween 0 . 1 6% and 0 . 9 0% , wh i l e  l arger 

e rrors of ± 200% generated mor e  s e r ious l o s s e s  wh i ch ranged 

f rom 1 0 . 1 4% to 7 6 . 44% . 

Thi s  s tudy wa s then extended t o  cons i d e r  the impor t an c e  o f  

s imu l taneous  random errors i n  a s e t  o f  economic we i gh t s . 

Us ing b o th Mon te  Carlo  s imu l a t i on and ma thema t ic a l  approx ima t­

i on , Vand ep i t t e  and Haz e l  d emon s trated  tha t  sma l l  errors  

( C . V .  < 0 . 5 0 )  redu c e d  re l a t ive  e f f i c i ency by l e s s  than 2 . 6% ,  

whereas l a r ger error s ( CV = 1 . 0 )  re su l t ed in a l o s s  o f  

approx . 1 5 % . The s ame non- l inear and non- symme t r i c a l  
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prope r t ie s  d i s c overed p revious ly  were
.
revealed  aga1n . 

Ponzoni ( 1 9 7 9 )  c onduc t e d  a sens i t iv i ty ana ly s i s , in wh i ch h e  

examined the e f fec t o f  a l t e r ing t h e  r e l a t ive p r i c e s  o f  b o th 

me a t  and woo l  p roduc t s  for an Au s tr a l ian Merino sheep 

farming en terpr i s e . The changes  in marke t pr i c e s  tha t  were 

mad e , were c on s i dered b y  Ponzon i to  be represen t a t ive o f  

extreme s i tua t i ons . Neve r the l e s s , the resul t an t  e f f e c t  on 

gene t i c  gain wa s s l igh t , hence c on f i rming previous ly  pub l i shed 

conc lu s i ons for a var i e ty o f  produc t ion sys tems , tha t gene t i c  

progr e s s  i s  n o t  sub s tan t i a l ly h indered b y  modera te  e r r o r s  in 

the ec onomic we i gh t s . S t a f ford and Wa lkley ( 1 9 7 9 )  c on du c ted 

a s imi l ar ana ly s i s  for Au s t ra l ian p r ime lamb produc t ion . 
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CHAPTER THREE 

THE INFLUENCE OF WOOL QUALITY TRAITS ON PRICE 

3 . 1  I NT R O D U C T I O N 

Pri o r  to each auc t ion s a l e  wi th in New Zealand , the v a l u ing 

s ta f f  of the New Zealand Wool Board appra i s e each l o t  of woo l  

on o f fer . O n  t h e  bas i s  o f  the i r  a s s e s smen t , they a s s i gn to  

each l o t , a New Zealand Woo l Board  ' type ' ,  de f ining me an 

f i b re d i ame t e r  (MFD) , woo l  c a t e go r y , s ty l e  grade ( S )  and 

l ength grade (ML) . For examp l e , a 3 7F2D type wou l d  repre s en t  

a l o t  o f  ma in f l eece woo l  ( F )  h av ing a MFD as s e s s e d  or 

mea sured a t  37  �m ( 3 7 ) , a B  s ty l e  grade ( c ode 2 )  and from 

1 00- 1 5 0  mm in l ength ( c ode D) . Y i e l d ( Y )  o f  gre a s y  woo l � s  

a l s o  e s t ima te d , but no t inc luded w i thin th e type va lue . 

S ince the b e g inn ing o f  the 1 9 8 0 / 8 1  s e a s on ,  fur ther informa t i on 

has been recorded in the Coded S a l e s  As s i s tance Repo r t .  Th is  

report cons i s t s  o f ,  

1 .  Scour ing ind ica tor ( S I ) , a s s e s s ing the suitab i l i ty o f  

the l o t  for local  s c our ing ( inver s e l y propo r t iona l to 

vege tab l e  ma t t er c on t ent ) . I t  is graded 1 to 3 ,  wi th 

1 b e ing s u i t ab l e  for s c ourin g  ( l i t t l e  or no vege tab l e  

ma t ter ) . 

2 . 

3 .  

Co lour ind i c ator ( C I ) , a s s e s s �ng the l ike ly c o l our o f  

the l o t  a f t e r  s c our �ng . I t  � s  graded 1 to 4 ,  wi th  1 

ind i c a t ing good c o l our a f ter s c our �ng . 

Add i t iona l in forma t ion on any o f  up to  three o th e r  

trai t s . The s e are coded a c c o r d ing t o  New Z e a l and Woo l  

Board s p e c i f i c a t ions . For examp l e , tender woo l  i s  

repre s en t e d  b y  T ,  pen s ta in woo l  b y  P .  They are there­

fore grade d on a 0- 1 s ca l e . 

Fur ther de ta i l s  o f  th i s  va luing s y s t em are g 1ven by C o r r i gan 

( 1 9 7 9 )  and N . Z . W . B .  ( 1 98 0 / 8 1 ) . 

� 
I 
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In add i t ion to  the phys i c a l  a t tr ibu t e s  o f  the woo l , informa t ion 

inc luding s a l e  d a t e , centre o f  s a l e , mode of o f fe r ing , numbe r  

o f  b a l e s  and l o t  we i gh t  i s  a l s o  r e c o r d e d  for e ach l o t . 

At the c omp l e t ion o f  each s a l e , the s e  d a ta are c omb ined w i th 

the pr i c e  r e c e ived for the par t i cu l ar l o t  and are tran s ferred 

to New Z e a land Woo l Board c ompu ter f i l e s . 

3 . 2  MAT E R I AL S  A N D  M E T H ODS 

The woo l  charac te r i s t i c-p r i c e  da ta requ ired to e s tab l i sh the 

impor tan c e  o f  the d i f fer ing var iab l e s  on pr�ce  we re ob t a ined 

from the New Zealand Woo l  Board c ompu t e r  f i l e s . 

Only  d a t a  from woo l  s o l d  a t  auc t ion in New Zealand were 

c ons idered ( e s t ima t e d  to b e  approx . 75% o f  the total c l ip ;  

N . Z . W . B . , 1 9 8 0 ) . Wo o l  tha t  was s o l d  by the extra cho i c e  

s cheme , by  auc t ion in  the Un i t e d  Kingdom o r  pas s e d  in , wa s 

exc luded . Woo l reo f fered through the au c t ion sys tem by the 

New Z e a l and Woo l  Board and woo l  purch a s e d  a t  auc t ion by the 

New Z e a l and Woo l Board under marke t in t e rvent ion and s t rata  

p r i ce control  s t ra t e g i e s  were  not exclude d . 

The f ive s e l l ing s e a s ons from 1 9 7 6 / 7 7  to  1 9 80 / 8 1  we re s e l e c ted  

for ana l y s i s . W i th in each s e a s on , a l l  e i gh t  c en t r e s  (Auck l and , 

Nap i er , Wanganu i , We l l ington , Chr i s t church , Timaru , Dune d in 

and Inver c arg i l l )  and a l l  s a l e s  wi th in tho s e  c en t r e s  we re 

inc luded . W i th in s a l e s , four mod e s  of  o f fe r ing ( r e c l a s s e d , 

b inne d , i n t er l o t ted and grower s  bran d )  were con s idered . No 

r e s tr i c t i on wa s p l a c e d  on l o t  s i ze ( l o t  we i ght ) . 

The woo l types  s e l e c ted  for ana lys i s  c on formed to  the fo l l ow­

�ng type spec i f i c a t i ons ; 

MFD 

C a t e gory 

s 

ML 

y 

3 3  to 40 �m 

F l e e c e  woo l  ( F )  

1 to 5 grade 

B ,  C ,  D ,  E ,  J ,  0 and R grad e s  

No t re s tr i c ted w i th in the greasy range , 

but  s coured woo l  no t inc lude d . 
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Th i s  was cons idered t o  be  an adequa te  r ep r e s en t a t i on o f  

p o s s ib l e  Romney f l ee c e  woo l s . Further ana l y s e s  wou l d  need t o  

b e  conduc t e d  for woo l  typ e s  ou t s ide the s e  l imi t s  e . g .  for 

d i f fe r ing breed group s , woo l  oddmen t s  e t c . 

I n  add i t ion , the tra i t s  cons i dered from the Coded S a l e s  

As s i s tance Repor t i n  t h e  1 9 8 0 / 8 1  s e a s on were ; 

S cou r ing ind i c a t o r  ( S I )  

C o l our ind i c a t o r  ( C I )  

Mixed Qual i ty (QV)  

Mixed Length (LV) 

Tender (T)  

Cot t ed ( Co )  

F e l t e d  ( F )  

Pen S t a in ( P )  

The numb er o f  records 1n  each s e a son wa s , 

1 9 7 6 / 7 7  3 1 , 7 9 2  

1 9 7 7 / 7 8 34 , 0 2 6  

1 9 7 8 / 7 9  3 S , S OS  

1 9 7 9 / 80 3 6 , 4 7 6  

1 9 80 / 8 1  3 6 , 9 49 

To tal 1 7 4 , 748  
= = = = = = =  

Be f o re the data were ana ly s e d , s everal  tran s forma t ions wer e  

mad e . 

The a l phabe t i c a l  l en g th range codes  were c onve r t e d  i n t o  s ing l e  

nume r i c a l  va lue s , accord ing t o  the means o f  the range s . The 

d i f f erence b e tween the s e  means wa s 2S mm .  The s e  values  were 

then expre s s e d  on a sma l ler  s c a l e  by divi s ion by a fac tor o f  

1 2 . The r e su l t ing s c a l e  e f f e c t ive ly equa t e d  each un i t  

i n c r ement  t o  an inc rea s e  in length o f  1 2 . S  mm o r  O . S  inche s . 
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Code 

Range (mm )  

Mean (mm )  

B C D E J 0 R 

150 - 2 0 0  1 2 5- 1 7 5  1 0 0 -1 5 0  1 0 0 - 1 2 5  7 5- 1 0 0  5 0- 7 5  2 5- 5 0  

Mean 
1 2  

1 7 5  

1 4  

1 5 0  

1 2  

1 2 5  

10  

112  

9 

8 7  

7 

6 2  

5 

3 7  

3 

The s e l e c t e d  var iab l e s  from th e Coded S a l e s  As s i s tance Repo r t  

were g �ven nume r i c a l  va lues o f  1 i f  rec orded and 0 i f  not  

recorded . 

Gre asy p r i c e  was expres s ed a s  a percen tage o f  the s e a s onal  

me an of  a l l woo l  s o l d . The greasy  price  o f  each l o t  was 

mu l t ip l ie d  by the approp r i a t e  s e asonal  c ons tan t g iven b e l ow .  

Mean p r i c e  o f  a l l  
woo l s o l d  ( c /kg) 

Con s t an t  (M���) 

7 6 / 7 7  7 7 / 7 8 7 8 / 7 9 7 9 / 80 8 0 / 8 1  

2 1 9 . 5 8 1 90 . 4 3 2 1 8 . 80 2 6 5 . 0 9 247 . 48 

0 . 45 54 0 . 5 2 5 1  0 . 4 5 7 0 0 . 3 7 7 2  0 . 40 4 1  

As suming t h e  re l a t i onship b e tween the woo l  typ e s  and the 

s easonal  means is c on s tan t , th i s  shou l d  accoun t for s e a s on a l  

var i a t ions i n  p r i c e  iden t i f i e d  b y  W . M . S . G .  ( 1 9 6 7 ) . A 

further s e t  o f  cons t an t s  derived from the s ea s on a l  means o f  

3 5-4 1 �m woo l s ,  was a lmo s t  equiva l en t  t o  tho s e  given above . 

A mu l t ip l e  r egre s s ion ana ly s i s  was c onduc ted u s in g  REG , a 

genera l i s e d  l e a s t  s quare s compu ter program (Gi lmour , pers . 

c omm) . P r i c e  wa s t rea ted a s  the dependent var i ab l e , wh i l e  

the woo l t r a i t s  and l o t  a t tr ibu t e s  were treated a s  the 

independent  var i ab l e s . To ac c ount for s ome of the w i th in 

s eason var i a t ion iden t i f i e d  by  W . M . S . G .  ( 1 9 6 7 ) , the e f f e c t s  

o f  s a l e  da t e  were ab s orbed  dur ing the ana lys i s  ( S ear l e , 

1 9 7 1 ) . E s s en t i a l ly , th i s  was d one by t r e a t ing s a l e  d a t e  a s  
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ano ther var iab l e  �n the ana lys i s . 

Fur ther d a t a , whe r e  requ ired , we re extrac t ed from N . Z . W . B .  

( 1 9 7 6 / 7 7 , 1 9 7 7 / 7 8 , 1 9 7 8 / 7 9 , 1 9 7 9 / 80 , 1 9 80 / 8 1 ) . 

3 . 3  R E S U L T S  

3 . 3 . 1  Gre asy ana lys e s  

The firs t s e t  o f  ana l y s e s  conduc ted  u s ing the New Z e a l and 

Wo o l  Board da ta invo lved the e f fec t s  of MFD ,  S ,  ML , Y ,  as 

we l l  as l o t  we igh t  (LW ) , mode o f  o f fe r ing (MO )  and New 

Z e a l and Woo l Board market interven t i on p o l i c i e s  ( In t )  on 

greasy p r i c e . Each o f  the five s ea s ons were ana l y s e d  

ind ividua l l y and then t h e  data from each were c omb ined and 

the ana lys e s  repeated . 

General s ta t i s t i c s  are shown in Tab l e  3 . 1 .  There i s  r e l a t ive ly  

l i t t l e  d i f f e rence b e tween the f ive s ea s on s , al though it  c ou l d  

b e  argued tha t  MFD ha s inc reased  and ML d e c reas ed over the 

p e r iod s tu d i e d . 

The s imp l e  c o rre l a t ions  be tween the woo l  trai t s  and greasy  

p r i c e  are  shown in Tab l e  3 . 2 .  Y wa s c on s i s ten t l y h i gh l y  

c o rre l a ted w i th gre a s y  price . O f  the o th e r  tra i t s , ML and 

S h ad moderate  corre l a t ions , wh i le MFD s eemingly had no 

r e l a t ionship  wi th gre a s y  p r i c e . 

TABLE 3 . 2 :  S IMPLE CORRELAT IONS WITH GREASY PRICE 

S e a s on 

7 6 / 7 7  7 7 / 7 8 7 8 / 7 9 7 9 /80 8 0 / 8 1  

MFD 0 . 0 1 -0 . 0 3 -0 . 0 1 0 . 03 -0 . 0 1 

s -0 . 2 7 -0 . 29 -0 . 2 9 -0 . 3 6 -0 . 35 

ML 0 . 3 3 0 . 44 0 . 2 5 0 . 2 3 0 . 38 

y 0 . 5 8 0 . 60 0 . 69 0 .  70  0 . 6 1 

A l l  

0 . 00 

-0 . 3 1 

0 . 3 3 

0 . 64 



TABLE 3 . 1 :  GENERAL STAT I ST I C S  OF GREASY ANALYSES  

Original No . o f  
Records 

No . o f  Records a fter 
Absorption 

MFD ( �m)  mean 
s .  d .  

s ( grade ) mean 
s . d .  

ML (mm) mean 
s . d .  

y ( % )  mean 
s .  d .  

Greasy Price ( c/kg ) mean 
s .  d .  

- - - -

7 6 / 7 7  

3 1 , 7 9 2  

3 1 , 7 3 5  

3 5 . 4 5 
1 .  6 2  

2 . 6 4 
0 . 8 3 

1 0 3 . 3 5 
2 3 . 0 5 

7 7 . 7 0 
2 . 7 9 

2 3 6 . 0 5 
1 0 . 9 8 

- --- --� -

........ 

--

7 7 / 7 8  

3 4 , 0 2 6  

3 3 , 9 7 0  

3 5 . 5 0 
1 .  6 1  

2 . 5 2 
0 . 8 0 

1 0 4 . 1 4 
2 3 . 4 1 

7 7 . 2 8 
2 . 8 6 

2 0 7 . 4 3 
1 0 . 0 0 

- ---- - ------

Season 

7 8 / 7 9  7 9 / 8 0  

3 5 , 5 0 5  3 6 , 4 7 6  

3 5 , 4 4 8  3 6 , 4 1 8  

3 5 . 6 0 3 5 . 6 6 
1 . 5 3 1 . 5 5 

2 . 6 4 2 . 7 2 
0 . 8 1 0 . 9 0 

1 0 2 . 8 0 1 0 1 . 8 6 
2 2 . 2 1 2 3 . 9 6 

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

2 3 2 . 4 6 2 8 4 . 9 0 
1 0 . 0 3 1 3 . 1 2 

8 0 / 8 1  

3 6 , 9 4 9  

3 6 , 8 8 3  

3 5 . 8 6 
1 .  5 8  

2 . 6 4 
0 . 8 5 

9 8 . 7 7 
2 5 . 0 2 

7 7 . 7 3 
3 . 1 8 

2 6 6 . 6 7 
1 4 . 5 3 

Al l 

1 7 4 , 4 7 8  

1 7 4 , 4 5 0  

3 5 . 6 2 
1 .  5 8  

2 . 6 3 
0 . 8 4 

1 0 2 . 0 7 
2 3 . 6 2 

7 7 . 7 6 
2 . 9 7 

2 4 5 . 5 7  
1 2 . 6 5 

V1 
00 
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The par t i a l  and s tandard i s e d  p ar t i a l  regre s s 1on c oe f f i c i en t s  

for Y ,  ML , S and MFD , a l ong wi th the percentage con t r o l  the s e  

trai t s  col l e c t iv e l y  exe r t e d  over g r e a s y  p r ic e , are shown in 

Tab l e  3 . 3 .  I t  i s  demon s trated tha t  S wa s c on t inua l ly o f  

ma j or s i gn i f i c anc e ,  reach ing a peak premium o f  4 . 3 6 c /k g / grad e  

i n  the 1 9 80 / 8 1  s eason . ML and Y a l s o  had impor tant , b u t  

sma l l er e f fe c t s . MFD wa s again o f  l i t t l e  conc ern , a l though 

i t  can be  s e en tha t  i t s  value has inc reas ed , par t i cu l ar l y  1n 

the 1 9 8 0 / 8 1  s e a s on .  Join t ly , the s e  f our trai t s  were  ab l e  to  

con t r o l  from 5 7 . 3 % to  74 . 0% o f  the  variat ion in  pr1ce . 

In an e f for t to  e xp l a in a gr e a t e r  p e r c entage o f  the var i a t i on 

1n p r i c e , the e f fe c t s  o f  three non- f l e e c e  re lated  var iab l e s , 

v i z . LW , MO and Int , we re added to  the regre s s ion mode l .  The 

add i t ional con t r o l  a f forded by the s e  fac tors  wa s neg l i g ib le , 

ranging from 0 . 3 % in 1 9 7 7 / 7 8 to 1 . 3% in 1 9 7 9 / 8 0 . Append i x  I 

(A and B )  con t a i n s  the me an LW , the a c tua l con tr o l  ove r  greasy 

price ach ieved by in troduc ing the th ree  t e rms , as  we l l  aa the 

respec t ive par t i a l  regre s s ion coe f f i c ien t s  and the i r  

imp l i c a t ions . 

The u s e  o f  quadra t i c terms has featured in some o f  the 

Au s t ral i an Me r ino ana ly s e s . Sk inner ( 1 9 6 5 ) and McKinnon et at . 

( 1 9 7 3 )  b o th showe d length s quared  (ML 2 ) to be o f  impor t an c e , 

and McKinnon et at . ( 1 9 7 3 )  a l s o found tha t  the produc t t erm , 

s ty l e  x qua l i ty number ( S  x QN) was o f  s ome value . Gu i d e d  by  

the s e  r e sul t s , s quares and cro s s -produ c t s  o f  the  tra i t s  in  

the or i ginal mod e l  (Y , ML , S and MFD )  were then added to  that 

very s ame mode l . 

I t  can be  s een from Tab l e s  3 . 4 ,  3 . 5 ,  3 . 6 ,  3 . 7 ,  3 . 8  and 3 . 9  

tha t the introduc t i on o f  such quadra t i c terms improved the 

contro l over p r i c e  from a fur ther 3 . 3% in 1 9 7 8 / 7 9  to a fur ther  

1 0 . 4% in 1 98 0 / 8 1 .  On  the  b a s i s  of  s ta t i s t i c a l  s i gn i f i c an c e , 

terms were then d e l e ted in turn from the ana ly s i s . I t  1 s  

evident in a l l  o f  the s e a s on s , tha t the only quadr a t i c  t e rm 

o f  maj o r  impor tan c e  was ML 2 • The S x ML produc t term d i d  

a s s ume inc reased va lue i n  the 1 9 8 0 / 8 1  s ea s on . The impor tanc e  

o f  Y ,  M1 and S i s  a ga in demon s trated . 
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TABLE 3 . 3 :  WOOL TRAIT REGRE S S I ON COEFFIC IENT S ( l ) FOR 

GREASY PRICE 

Season y ML s MFD % 
Control 

7 6/7 7 p 2 . 4 1  2 . 5 6 - 3 . 0 2 - 0 . 0 6 5 7 . 3  

S P  0 . 8 6 1 . 3 3 - 3 . 6 2 - 0 . 0 4 

7 7/7 8 p 2 . 3 7 3 . 0 7 - 2 . 9 4 - 0 . 3 3 7 4 . 0  

S P  0 . 8 3 l .  5 7  - 3 . 6 8 - 0 . 2 0 
I 

7 8/7 9 p 2 . 5 5 I 2 . 2 8 - 2 . 1 7 - 0 . 2 7 6 7 . 4  I 
I 

S P  0 . 8 7 i 1 . 2 3 - 2 . 6 7 - 0 . 17 
I 

7 9/ 8 0  p 3 . 2 0 2 . 5 8 - 3 . 5 3 - 0 . 3 4  6 9 . 3  

S P  1 . 0 6 1 . 2 9 - 3 . 9 1 - 0 . 2 2 

8 0/ 8 1  p 2 . 9 4 3 . 3 5 - 4 . 3 6 - 1 . 2 7 6 6 . 7  

S P  0 . 9 3 l .  6 1  - 5 . 1 4 - 0 . 8 0 

All p 2 . 6 9 2 . 8 0 - 3 . 2 0 - 0 . 4 4 6 6 . 0  

SP  0 . 9 1 l .  4 2  -3 . 8 0 - 0 . 2 8 

p = parti a l  regr e s s ion coe f f i c ient 

SP = standardised partial regre ss ion coeffic ient 

( l )  Y ( c/kg/% ) ,  ML ( c/kg/0 . 5 i n )  

S ( c/kg/grade ) , MFD ( c/kg;' ).lm) 



TABLE 3 . 4 :  THE EFFECT OF QUADRAT IC  TERMS FOR Y ,  ML , S AND MFD ON EXPLAIN ING VARIAT ION IN GREASY 

PRICE FOR THE 1 9 7 6 / 7 7  SEASON 

y y2 ML ML2 s 8
2 MFD MF D2 

MFD X S MFD x ML MFD X Y S X ML S X Y ML X Y % 
Con trol 

+ + + + 5 7 . 3  

+ + + + + + + + + + + + + + 6 3 . 5  

+ + + + + + + I + + 
I 

+ 6 3 . 5  ; 
+ + + + + + + + + 6 3 . 5  

+ + + + + + 

I 
+ 6 3 . 3  

+ + + + I 6 2 . 8  I 
+ + + 

I 5 7 . 2  I 

+ + + 5 6 . 5  

+ + 5 2 . 0  

+ + 3 7 . 5  

+ + 2 0 . 1  

(j'l 
........ 



TABLE 3 . 5 : THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIATION IN 

GREASY PRICE FOR THE 1 9 7 7 / 78 SEASON 

% y y2 ML ML2 s s2 MFD MFD2 MFD X S MFD x ML MFD x Y S x ML S X Y ML X Y Contro l 

+ + + + 7 4 . 0  

+ + + + + + + + + + + + + + 7 7 . 5  

+ + + + + + + + + + 7 7 . 4  

+ + + + + + + + 7 7 . 4  

+ + + + + + 7 7 . 2  

+ + + + + 7 7 . 0  

+ + + + 7 6 . 7  

+ + + 7 3 . 8  

+ + + 7 0 . 7  

+ + 6 8 . 4  

+ + 3 9 . 8  

+ + 3 0 . 3  

-�-

(j"' 
N 



TABLE 3 . 6 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIATION IN 

GREASY PRICE FOR THE 1 9 7 8 / 79  SEASON 

y y2 ML ML
2 

s s 2 MFD MFD
2 

MFD x S MFD x ML MFD X Y S X ML S X Y ML X Y 

+ + + + 

+ + + + + + + + + + + + + + 

+ + + + + + + + + + + 

+ + + + + + + + 

+ + + + + 

+ + + + 

+ + + 

+ + + 

+ + 

+ + 

+ + 

% 
Contro l 

6 7 . 4  

7 0 . 7  

7 0 . 7  

7 0 . 6  

7 0 . 1  

6 9 . 9  

6 7 . 2  

6 6 . 4  

6 4 . 2  

5 0 . 5  

1 5 . 7  

0"1 
w 



TABLE 3 .  7 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAIN ING VARIATION IN 

GREASY PRICE FOR THE 1 9 7 9 / 8 0 SEASON 

% y y2 ML ML2 s 8 2 MFD MFD2 MFD X S MFD x ML MFD X Y S X ML 8 X Y ML X Y 
Contro l  

+ + + + 6 9 . 3  

+ + + + + + + + + + + + + + 7 3 . 5  

+ + + + + + + + + + + 7 3 . 4  

+ + + + + + + + + 7 3 . 3  

+ + + + + + 7 2 . 6  

+ + + + 7 2 . 3  

+ + + 6 9 . 2  

+ + + 6 5 . 8  

+ + 6 3 . 5  

+ + 5 4 . 7  
+ + 

1 9 . 6  

0"1 
� . 



TABLE 3 . 8 : THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

GREASY PRICE FOR THE 1 9 8 0 / 8 1  SEASON 

y y2 
ML s s

2 % ML
2 

MFD MFD
2 

MFD X S MFD x ML MFD X Y S X ML S X Y ML X Y Control 

+ + + + 6 6 . 7  

+ + + + + + + + + + + + + + 7 7 . 1  

+ + + + + + + + + + + + + 7 7 . 1  

+ + + + + + + + + + 7 6 . 4  

+ + + + + + + 
. 

+ 7 6 . 1  

+ + + + + + 7 5 . 7  

+ + + + + 7 3 . 6  

+ + + + 7 2 . 3  

+ + + 6 4 . 8  

+ + + 6 5 . 2  

+ + 5 8 . 5  

+ + 4 4 . 2  

+ + 2 6 . 4  

-- 0' 
V1 



TABLE 3 . 9 :  THE EFFECT OF QUADRATIC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

GREASY PRICE FOR ALL SEASONS 

% y y2 ML ML2 s 8 2 MFD MFD2 MFD X S MFD x ML MFD X Y S X ML S X Y ML X Y 
Contro l 

+ + + 

+ + + + + 

+ + + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + 

+ + + 

+ + 

+ 
+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + + + + + 

+ + + 

+ + 

+ + 

I + 

I 
I 

- - --- -------------------------------

6 6 . 0  

+ + 7 1 . 2  

+ + 7 1 . 2  

+ + 7 1 . 1  

7 0 . 9  

7 0 . 5  

7 0 . 2  

7 0 . 1  

6 5 . 7  

6 4 . 2  

6 0 . 5  

4 5 . 0  

2 2 . 0 

0'\ 
0'\ 
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As be fore , t erms for LW , MO and I n t , and a l s o  LW 2 , were added 

to the in i t ial  quadra t i c  mode l . I t  c an be  s een in Appendix I I  

(A) tha t  the in t roduc t ion o f  the s e  t e rms again had a neg l i gib l e  

e f fec t o n  incre a s ing the c ontro l over pr� c e . 

3 . 3 . 2  C l ean ana lyse s  

The importance o f  Y i n  con t ro l l ing greasy p r � c e  h a s  been we l l  

demon s tra ted . F o r  th i s  reason i t  wa s c on s i dered wor thwh i l e  

to rep e a t  the ana l y s e s  for c l ean pr i c e , a s  opp o s e d  t o  grea s y  

pr� c e . C l ean p r � c e  for each l o t  wa s c a l cu l a ted s imp ly a s , 

C l ean p r � c e  1 00 
= greasy pr � c e  x -y-

In th i s  way , Y � s  u s e d  mu l t ip l i c a t ive ly  and no t addi t ive ly  as 

be fore . 

The general s t a t i s t i c s  per t a ining t o  the c l ean ana l y s e s  are 

as  for the grea s y  ana l y s e s  ( Tab le  3 . 1 ) , with the excep t ion o f  

c l ean p r � c e  wh ich i s  pre s en t ed i n  Tab l e  3 . 1 0 .  

TABLE 3 . 1 0 :  ADD I T IONAL STAT I STICS  OF CLEAN ANALYSE S 

Season 

76/77 7 7/7 8 7 8 /79 79/80 8 0 / 8 1  All 

Clean P r ice ( c/kg ) mean 3 0 4 . 2 1 268 . 3 2 2 9 9 . 0 2  363 . 9 9 3 4 3 . 1 0 3 1 5 . 9 4 

s . d .  1 1 . 6 3  10 . 58 9 . 6 7 12 . 2 2 1 5 . 0 9 1 1 . 9 4 

The simple correlations between the phys i c a l  a t t r ibu t e s  o f  the wool 

and c l ean price are shown in Tab l e  3 . 1 1 .  As for the p rev i ou s  

greasy  ana lys e s , ML and S we re we l l  c or r e l a ted  w i th the p r i c e  

var iab l e , wh i le MFD showed n o  r e l a t ion sh i p . The moderate  

negat ive corr e l a t ion s be twe en Y and c l e an price  are  though t 

to  re f l e c t  the d i f fe rence in y i e l d  as s e s smen t  o f  the New 

Zealand Wool Board v a lu ing s ta f f  and the  eventua l buyer s  o f  

the woo l . Thu s , i f  the New Z e a l and Woo l  Board valuers unde r­

e s t ima te  Y ,  re l a t ive to  the buye r s  e s t ima te , the c a l cu l a t e d  

c l ean pr i c e  wou l d  b e  h i gher and v i c e  ver s a . 



TABLE 3 . 1 1 :  S IMPLE CORRELATIONS WITH CLEAN PRICE 

S e a s on 

6 8 . 

7 6 1 7 7  7 7 1 7 8 7 8 1 7 9 7 9 1 80 80 1 8 1  A l l 

MFD 0 . 05 -0 . 0 1  -0 . 0 1 0 . 00 -0 . 09 -0 . 0 1 

s -0 . 2 1 -0 . 2 1 -0 . 1 6 -0 . 2 7 -0 . 2 9 -0 . 2 3 

ML 0 . 5 4 0 . 7 2 0 . 5 8 0 . 5 3 0 . 5 9 0 . 5 9 

y -0 . 24 -0 . 2 1 -0 . 2 5 -0 . 1 8 -0 . 1 7 - 0 . 2 1 

The par t i a l  and s tandard i s ed par t ia l  regre s s �on c oe f f i c i en t s  

f o r  Y ,  ML , S ,  and MFD on c l ean price , a l ong wi th the c on t r o l  

they exer ted over tha t  var i ab l e  are shown in Tab l e  3 . 1 2 .  A 

s imi l ar p a t t ern to the greasy ana l y s e s  eme rged , exc e p t  tha t : 

( 1 )  Y has  dimin i sh e d  in impor tance as  wou ld  b e  expec ted  

for  a c l ean ana l y s e s . The e f fec t d emons tra ted �s  

presume d to b e  a res idu a l  b e tween valuat ion s . 

(2) con t r o l  over p r i c e  var i a t i on ,  a t tr ibutab l e  to the 

four tra i t s  has b e en s eve rely  redu c e d  from 74 . 0% t o  

6 1 . 1 %  i n  1 9 7 7 I 7 8 to 6 9 . 3%  to 40 . 0% in  19  7 9 I 8 0 . 

The in troduc t ion o f  terms for LW , MO and Int aga in provided  

very l i t t l e  add i t ion a l  con t ro l . The ac tual  percen tage 

c ontrol  a chieved and the r e s pe c t ive par t ia l  regre s s i on 

c o e f f i c i en t s  o f  the s e  terms are g iven in Appendix I (C ) . 

The add i t ion o f  quadra t ic terms to the i n i t ia l  mode l enhanc e d  

the ab i l i ty t o  de t e rmine pr i c e . Th i s  i s  i l lus trated  i n  Tab l e s  

3 . 1 3 ,  3 . 1 4 ,  3 . 1 5 ,  3 . 1 6 ,  3 . 1 7 and 3 . 1 8 .  The improvemen t 

r anged f r om a fur th e r  4 . 6% in 1 9 7 7 1 7 8 t o  a fur ther 1 5 . 9 % in  

1 9 80 1 8 1 . As be fore , t e rms wer e gradua l ly d e l e t e d  from the 

ana l y s i s . ML 2 again prove d t o  be  v i r tu a l l y  the on l y  quadra t i c  

t erm o f  v a lue , a l though in the l ater  two s e ason s , the S x ML 

produc t t e rm a s s umed increa s e d  s i gn i f i cance . 

The t r i v i a l  increa s e s  �n p r l c e  contro l a t tained by  adding 

t e rms for LW , LW2 , MO and Int  to the quadratic  mod e l  are 

shown in Append ix I I ( B ) . 

I 



TABLE 3 . 1 2 :  WOOL TRAIT REGRE S S ION COEFF IC IENTS ( l ) FOR 

CLEAN PRICE 

69 . 

% Season y ML s MFD Contro l 

7 6/7 7 p - 0 . 8 1 3 . 2 3 - 3 . 9 9 - 0 . 0 3 
SP  - 0 . 2 9 1 . 6 8 - 4 . 7 9 - 0 . 0 2 

7 7 /7 8 p - 0 . 4 0 3 . 9 5 - 3 . 7 9 - 0 . 4 3  
S P  - 0 . 1 4 2 . 0 2 - 4 . 7 4 - 0 . 2 7 

7 8/7 9 p - 0 . 5 9 2 . 9 6 - 2 . 7 7 - 0 . 3 6 
SP  - 0 . 2 0 l .  6 0  - 3 . 4 2  - 0 . 2 4 

7 9 / 8 0  p - 0 . 5 8 3 . 2 5 -4 . 5 5 - 0 . 4 2 
SP  - 0 . 1 9 1 . 6 3  - 5 . 0 4  - 0 . 2 7 

8 0/ 8 1  p - 0 . 6 3 4 . 3 2 - 5 . 5 5 -1 . 6 7 
S P  - 0 . 2 0 2 . 0 7 -6 . 5 4 - 1 . 0 6 

Al l p - 0 . 6 0  3 . 5 8 - 4 . 1 3 - 0 . 5 7 
S P  - 0 . 2 0 l .  8 2  - 4 . 9 0 - 0 . 3 6 

P = partial regre ssion coe f f icient 

SP = s t andardi sed partial regre s s ion coef fic ient 

( l )  Y ( c/kg/% ) , 

s ( c/kg/grade ) , 

ML ( c/kg/0 . 5 in . ) , 

MF D  ( c/kg/f.! ID) 

3 9 . 6  

6 1 . 1  

4 1 . 3  

4 0 . 1  

4 8 . 2  

4 5 . 1  

I 



TABLE 3 . 1 3 :  THE EFFECTS OF QUADRAT I C  TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

CLEAN PRICE FOR THE 1 9 7 6 / 7 7  SEASON 

y y2 ML ML2 
s s

2 MFD MFD
2 

MFD x S MFD x ML MFD x Y S X ML S X Y ML X Y 
% 

Control 

+ + + + 3 9 . 6  

+ + + + + + + + + + + + + + 4 7 . 8  

+ + + + + + + + + + + 4 7 . 7  

+ + + + + + + + 4 7 . 6  

+ + + + + + + 4 7 . 4  

+ + + + + 4 7 . 1  

+ + + + 4 7 . 1  

+ + + 4 4 . 6  

+ + 3 5 . 9  

+ + 3 5 . 9  

+ + 2 1 . 2  

-.....! 
0 



TABLE 3 . 1 4 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

CLEAN PRICE FOR THE 1 9 7 7 / 7 8 SEASON 

% y y 2 ML ML2 s s 2 MFD MFD2 MFD X S MFD x ML MFD X Y S X ML S X Y ML X Y Control 

+ + + + 6 1 . 1  

+ + + + + + + + + + + + + + 6 5 . 7  

+ + + + + + + + + + + 6 5 . 6  

+ + + + + + + 6 5 . 5  

+ + + + + 6 5 . 3  
I 
I 

+ + + + 6 4 . 6  

+ + + 
I 

6 4 . 2  

+ + 5 5 . 8  

+ + 5 9 . 5  

+ + 4 1 . 1  

-....J 
........ 



TABLE 3 . 1 5 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

CLEAN PRICE FOR THE 1 9 7 8 / 7 9 SEASON 

% y y2 ML ML
2 

s s
2 MFD MFD2 MFD X S MFD x ML MFD x Y S x ML S X Y ML X Y Control 

+ + + + 4 1 . 3  

+ + + + + + + + + + + + + + 4 7 . 5  

+ + + + + + + + + + + 4 7 . 5  

+ + + + + + + + 4 7 . 3  

+ + + + + 4 6 . 3  

+ + + + 4 5 . 9  

+ + + 4 3 . 8  

+ + 3 8 . 6  

+ + 3 8 . 0 

+ + 2 3 . 2  

'-.1 
N 



TABLE 3 . 1 6 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  HL , S AND HFD ON EXPLAINING VARIATION IN 

CLEAN PRICE FOR THE 1 9 7 9 /80  SEASON 

% y y2 
ML ML

2 
s s

2 
MFD MFD2 MFD X S MFD x ML MFD x Y S X ML S X Y ML X Y Control 

+ + + + 4 0 . 1  

+ + + + + + + + + + + + + + 4 7 . 7  

+ + + + + + + + + + + 4 7 . 6 

+ + + + + + + + + 4 7 . 4  

+ + + + + + + 4 6 . 9  

+ + + + + + 4 6 . 6  

+ + + + + 4 5 . 2  

+ + + + 4 4 . 9  

+ + + 4 4 . 0  

+ + 3 2 . 6  

+ + 3 7 . 8  

+ + 2 4 . 5  

......., 
w . 



TABLE 3 . 1 7 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT ION IN 

CLEAN PRICE FOR THE 1 9 8 0 / 8 1 SEASON 

% y y2 ML ML2 
s s

2 MFD MFD
2 MFD x S MFD X ML MFD x Y S X ML S X Y ML X Y Contro l 

+ + + + 

+ + + + + + + + 

+ + + + + + + 

+ + + + + + + 

+ + + + + + 

+ + + + 

+ + + + 

+ + + 

+ + 

+ + 

+ + 

- - --.--- --

+ 

+ 

--- -----

+ 

+ 

- --- ---

+ 

--- --- ---- -

4 8 . 2  

+ + + 6 4 . 1  

+ 6 3 . 7  

+ 6 2 . 7  

+ 6 2 . 0  

+ 6 1 . 2  

I 5 8 . 9  

5 5 . 4  

4 5 . 5  

4 3 . 1  

2 4 . 4  

-.....! 
.p. . 



TABLE 3 . 1 8 :  THE EFFECT OF QUADRAT IC TERMS FOR Y ,  ML , S AND MFD ON EXPLAINING VARIAT I ON IN 

CLEAN PRICE FOR ALL SEASONS 

% y y2 
ML ML

2 
s s

2 MFD MFD
2 MFD x S MFD x ML MFD X Y S X ML S X Y ML X Y Control 

+ + + + 4 5 . 1  

+ + + + + + + + + + + + + + 5 3 . 2  

+ + + + + + + + + + + 5 3 . 1  

+ + + + + + + + 5 2 . 9  

+ + + + + + + 
5 2 . 7  

+ + + + + + 5 2 . 3  

+ + + + + 5 0 . 9  

+ + + + 5 0 . 7  

+ + + 5 0 . 0  

+ + 4 1 . 3  

+ + 4 2 . 3  

+ + 2 5 . 8  

-....! 
V1 
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3 . 3 . 3  Coded S a l e s  As s i s t an c e  Report  ana lyses  

For the 1 9 8 0 / 8 1  s e a s on on ly , data from the New Z e a l and Woo l 

Board Coded S a l e s  As s i s tanc e  Re port  ( C . S . A . R . ) wer e  ava i l ab l e 

for ana l y s i s . In a dd i t ion to  MFD , S ,  HL and Y ,  i t  was 

pos s ib l e  t o  ana l y s e  the p r i c e-de termin ing impor tanc e  o f  the 

fo l l owing var iab l e s ; s c our in g  ind i c ator ( S I ) , c o l our 

ind i c a tor ( C l � f e l t e d  ( F ) , pen s t a in ( P ) , c o t t e d  ( Co ) , t ender 

( T ) , mixed l ength ( LV )  and mixed qua l i ty ( QV) . 

General s ta t i s t i c s  are pre s en t e d  in Tab l e  3 . 1 9 .  I t  i s  

importan t  t o  rei terate  tha t  S I  is  expr e s s e d  on a s c a l e  o f  

1 ,  2 o r  3 �  C l  1 to  4 and the rema in ing C . S . A . R .  var i ab l e s  

are on a 0 or 1 s c a l e . 

The s imp l e  c orre l a t ions b e tween the woo l  charac t er i s t i c s  and 

p r i c e  ( gr e a s y  and c l ean)  are d i s p l ayed in Tab l e  3 . 2 0 .  O f  the 

add i t ion a l  var i ab l e s , on ly  C l  had any reasonab l e  r e l a t ion ship  

w i th pr i c e , al though corr e l a t ions w i th 0 - 1  var i ab l e s  are  no t 

very valuab l e . 

The C . S . A . R .  tra i t s  were then f i t ted to  the regre s s i on mode l ,  

a l ready c on taining MFD , S ,  ML and Y .  Tab l e s  3 . 2 1 and 3 . 2 2 

con t a in the re spec t ive par t i a l  regre s s ion coe f f i c ien t s  and 

the percent age con t r o l  over p r i c e ( greasy and c l ean) . The 

inc lus ion o f  the s e  t r a i t s  r e s u l ted in only a fur ther 0 . 3% to  

0.4% c on t r o l ,  g iven the pre s en c e  o f  the  MFD , S ,  ML  and Y 

trai t s  in the mod e l .  

Becau s e  o f  a suspec ted in terdependence b e tween the C . S . A . R .  

trai t s  and MFD , S ,  ML and Y ,  the l a t ter  four t ra i t s  were 

d e l e ted in turn from the ana ly s e s . Th e e f fec t s  o f  th e s e  

d e l e t ions o n  the par t i a l  regr e s s 1on c o e f f ic i en t s  and the 

percentage c ontrol  over p r i c e , are sho�1 in the remainde r  o f  

Tab l e s  3 . 2 1 and 3 . 2 2 .  

The mo s t  s i gn i f ic an t  r e su l t  o c curred when S was d e l e te d  from 

the ana ly s i s . For examp l e , the con t r o l  over gre a s y  p r 1 c e  b y  

the ori g in a l  mode l  wa s reduc e d  from 6 6 . 7 % t o  60 . 3% ,  bu t 
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TABLE 3 . 1 9 :  GENERAL STATISTICS  OF CODED SALE S AS S I STANCE 

REPORT ANALYSES FOR THE 1 9 8 0 / 8 1 SEASON 

Mean S . D .  

Original No . of Records 3 6 9 4 9  

No . of Records after 
Absorption 3 6 8 8 3  

MFD (].1 m) 3 5 . 8 6 1 . 5 8 

s ( grade ) 2 . 6 4 0 . 8 5  

ML (mm)  9 8 . 7 7 2 5 . 0 2 

y ( % ) 7 7 . 7 3 3 . 1 8  

S I  1 . 3 8 0 . 6 3  

C I  2 . 4 1 0 . 8 5 

I F 
I 

0 . 1 1 0 . 3 2 

l p 0 . 1 2 0 . 3 5 

eo 0 . 0 5 0 . 2 2 

T 0 . 0 1 0 . 1 2 

LV 0 . 0 5 0 . 2 5 

QV 0 . 0 2 0 . 1 4 

Greasy Price ( c/kg ) 2 6 6 . 6 7 1 4 . 5 3 

C l ean Price ( c/kg) 3 4 3 . 1 0 1 5 . 0 9 



7 8 . 

TABLE 3 . 2 0 :  S IMPLE CORRELAT IONS BETWEEN PRICE AND THE 

CODED SALE S AS S I STANCE REPORT TRAITS FOR THE 
1 gRQ_/_8_1 SEASON 

Greasy P r i c e  Clean P r i c e  

MFD - 0 . 0 1 - 0 . 0 9 

s - 0 . 3 5 - 0 . 2 9 

ML 0 . 3 8 0 . 5 9 

y 0 . 6 1 - 0 . 1 7 

S I  - 0 . 1 6 - 0 . 0 5 

C l  - 0 . 2 6 - 0 . 2 5 

F - 0 . 0 9 - 0 . 0 5 

p - 0 . 1 0 - 0 . 1 1 

eo - 0 . 0 7 - 0 . 0 2 

T - 0 . 0 3 - 0 . 0 1 

LV - 0 . 0 2 0 . 0 0 

QV 0 . 0 0 0 . 0 4 



TABLE 3 . 2 1 :  PART IAL REGRE S S ION COEFF IC IENTS ( l )  ON GREASY PRICE OF THE CODED SALE S AS S I STANCE 

REPORT ANALYSES FOR THE 1 9 8 0 / 8 1 SEASON 

% y ML s MFD S I  C I  F p Co T LV QV Control 

2 . 9 4 3 . 3 5 - 4 . 3 6 - 1 . 2 7 

2 . 9 6 3 . 3 5  - 3 . 6 4 - 1 . 2 7 - 0 . 0 7 - 0 . 9 1 

+ + + 

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

+ + + 

3 . 0 0 3 . 4 1  - 1 . 2 8 - 1 . 0 2 - 3 . 6 0 

+ + + 

2 . 6 6 - 4 . 6 7 - 0 . 5 2 0 . 6 6 - 0 . 1 1 

+ + + I 

2 . 7 4 - 5 . 2 5 - 0 . 7 2 - 1 . 6 4 0 . 0 4 

( 1 ) Y ( c/kg/% ) ,  ML ( c/kg/O . S in . ) , 

S I  ( c/kg/grade ) , C I  ( c/kg/grade ) , 

- 0 . 0 3 - 1 . 0 3 

- 0 . 8 1 - 1 . 1 8 

- 0 . 4 0 - 1 . 2 8 

- 0 . 6 0 - 2 . 5 1 

- 2 . 6 1 - 1 . 6 6 

S ( c/kg/grade ) , 

Others ( c/kg ) 

0 . 9 7 

0 . 0 0 

- 0 . 9 2 

2 . 6 2 

- 1 . 7 4 

6 6 . 7  

1 . 4 2 1 . 5 6 1 . 1 5 6 7 . 0  

6 4 . 8  

1 .  9 3  1 . 1 7 2 . 1 1 6 5 . 2  

6 0 . 3  

1 .  2 4  1 .  5 6  1 .  0 7  6 5 . 6  

4 4 . 5  

- 0 . 4 8 0 . 0 9 2 . 11 4 5 . 2  

2 7 . 0  

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

MFD ( c/kg/J.l m)  

-...J 
\.0 



TABLE 3 . 2 2 :  PARTIAL REGRE S S ION COEFF I C IENTS ( 1 ) ON CLEAN PRICE OF THE CODED SALE S AS S I STANCE 

REPORT ANALYSES FOR THE 1 9 80 /8 1 SEASON 

y 

- 0 . 6 3 

- 0 . 6 1 

+ 

- 0 . 6 9 

+ 

- 0 . 5 6 

+ 

- 1 . 0 0 

( 1 )  

ML s 

4 . 3 2 - 5 . 5 5 

4 . 3 2 - 4 . 5 8 

+ + 

4 . 11 - 4 . 6 4 

+ 

4 . 3 9 

+ 

- 5 . 9 0 

+ + 

4 . 4 4  - 4 . 2 5 

Y ( c/kg/% ) , 

S I  ( c/kg/grade ) , 

MFD S I  CI 

- 1 . 6 7 

- 1 . 6 6 - 0 . 1 8 -1 . 1 7 

0 . 3 8 - 1 . 1 5 

+ 

- 1 . 6 8 - 1 . 3 7 -4 . 5 4 

+ 

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

+ 

- 1 . 7 8 0 . 1 4 -1 . 3 6 

ML ( c/kg/O . S in . ) , 

C I  ( c/kg/grade ) ,  

F p Co 

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

I 

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

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

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

0 . 2 6 1 - 1 . 3 2 1 . 4 9 
i 
I 

S ( c/kg/grade ) , 

Othe rs ( c/kg ) 

T LV QV % 
Control 

4 8 . 2  

1 . 7 3 1 . 8 7 1 . 5 8 4 8 . 6  

4 5 . 2  

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

3 8 . 6  
1 . 5 0 1 .  8 7  1 .  4 8  4 6 . 7  

1 4 . 1  

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

4 6 . 5  

2 . 0 7 2 . 0 8 2 . 0 2 4 7 . 1  

-

MFD ( c/kg/]J m) , 

00 
0 
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sub s e quen t inc lus i on o f  the C . S . A . R .  t r a i t s , increas ed the 

con t r o l  to 65 . 6% .  Examinat ion of  the par t ial regre s s i on 

coe f f i c ients revea l s  tha t  C l , and t o  a l e s s er extent  S I , 

as sumed mu ch grea t er impor t ance . A sub sequent ana ly s i s  s h owed 

tha t  C I  a l one , c on tro l l e d  up to 6 9 . 3% of the var iat ion i n  

s ty l e  gr�de (Tab l e  3 . 2 3 ) , 

TABLE 3 . 2 3 :  REGRE S S ION ON S FOR SHORT AND LONG LENGTH 

CATEGORIES FOR THE 1 9 80 / 8 1  SEASON 

% C on t r o l  

y ML MFD S I  C l  F p Co T LV QV Sho r t  Long 

+ + + + + + + + + + + 7 3 . 7  6 7 . 4  

+ + + + + 7 3 . 6  6 6 . 8  

+ + + + 7 3 . 5  6 6 . 7  

+ + + 7 3 . 4  6 6 . 5  

+ + 7 2 . 6  6 4 . 0  

+ 69 . 3  6 0 . 0  

' 

Wi th the de l e t i on o f  Y ,  ML and MFD , the add i t i on o f  the C . S . A . R .  

tr a i t s  produc ed no s i gn i f i c an t  re s u l t s . The par t i a l  r e gr e s s ion 

coe f f i c i en t s  of the C . S . A . R .  tra i t s  e xhibi ted marked var i ab i l i ty .  

Due to the recent up surge in the u s e  o f  s a l e-by- samp l e  s e l l ing 

me tho d s , a separate  ana ly s i s  was c onduc ted  for the 1 9 3 0 / 8 1  

season t o  d e t ermine the e f f e c t  o f  ob j e c t ive meas urement o f  

tra i t s  on pr�ce . The only l o t s  tha t were ana l y s e d  were tho s e  

tha t  were o f fered  through s a l e-by- s e p ar a t i on .  Con s e quen t ly , 

no t a l l  tes ted woo l s  were inc luded and i t  was unknown whe ther 

or no t MFD wa s t e s ted in add i t ion t o Y .  The l imi ted na ture o f  

th i s  p a r t icular ana lys i s  i s  obvi ou s . Fur ther d e t a i l s  and 

resu l t s  are con t a ined in Append ix I l l . 
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3 . 3 . 4  Shor t and l ong l ength analys e s  

F rom the p r e c e d ing ana l y s e s , the importan c e  o f  the ML 2 t e rm 

h a s  been e s t ab l i shed . The con s e quence o f  th i s  i s  tha t the 

r e l a t ionship b e tween ML and pr i c e  is marked ly non- l inear 

( F i gures 3 . 1 ,  3 . 2 ) .  The exi s t ence o f  such r e l a t ionsh ip s 

po s e s  prob l ems in the e s t ima t i on o f  e c onomic we i gh t s  for 

l inear s e l e c t ion ind i c e s . To ove rcome th i s , the New Z e a l and 

Woo l Board d a t a  (Al l s easons on ly ) wa s re-organ i s e d  into two 

s eparate group s accord ing to l eng th . Woo l s  up to 1 00 mm 

( c o d e s  J ,  0 and R) c omp r i sed the sho r t  c a t egory , wh i l e  woo l s  

l on ger than 1 00 mm ( c o d e s  B ,  C ,  D and E )  were p l ac e d  in the 

l on g  ca tego ry . The re- organ i s a t ion wa s c ondu c t e d  on th i s  

b a s i s  becau s e  o f  the c omparat ive ease  o f  doing s o  and a l s o  

b e c au s e  i t  approxima t e l y  corre spond s t o  the l ength o f  s e c ond­

shear and fu l l  l ength woo l s  re s p e c t ive l y . 

The gene ral s ta t i s t i c s  o f  the two l ength groups are shown �n 

Tab le  3 . 2 4 .  The shor t category was on ave rage , of be t te r  

s ty l e , h i ghe r  y i e l ding and was o f fered � n  l ower l o t  we igh t s . 

O th er d i f ferenc e s  be twe en the group s were minor . 

The s imp l e  corre l a t i on s  b e tween the tra i t s  and pr i c e  ( greasy 

and c l ean) are shown �n Tab l e s  3 . 2 5 and 3 . 2 6 .  As expe c t e d , 

th e corr e l a t ion wi th ML i s  gre a t e r  in the short  group 

c ompared to the l ong group . The corre l a t ions wi th MFD change 

drama t i c a l l y  b e tween the short  and long c a tegor i e s ,  w i th a 

negat ive r e l a t ionsh i p  ind i c a t e d  for long woo l s . 

The par t i a l  and s tandard i s ed p ar t ia l  regre s s ion coe f f ic i en t s  

f o r  greasy and c l ean p r ice are d i s p l ayed in Tab l e s  3 . 2 7 and 

3 . 2 8 respec t ive ly . Under the fu l l  mode l ( Y , ML , S and MFD) , 

i t  i s  ev ident tha t  b o th ML and S ar e o f  much gre a t e r  

importance in shor t e r  woo l s , wh i l e  MFD i s  o f  more s ign i f i c ance  

in the l onger group . D e l e t ion of  tra i t s in turn ver i f i e d  th i s  

r e s u l t .  The control  b y  the tra i t s  in the two l ength 

c a t egor i e s  over grea s y  p r i c e  wa s s imi l ar , but a s ub s tan t i a l  

d i f ference aro s e  for c l ean p r i c e . I n  th i s  l a t ter  c a s e , the 

tra i t s  in the l onger wool group c ontro l l ed only  ha l f  as  much 
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TABLE 3 . 24 :  GENERAL STAT I S T I C S  OF SHORT AND LONG LENGTH 

CATEGORIE S  ( ALL SEASONS ) 

Length Category 

Short Long 

Original No . o f  Records 6 5 , 6 3 4 1 0 9 , 1 1 4  

No . o f  Records a fter 
Absorption 6 5 , 3 3 6  1 0 8 , 8 1 6  

MFD ( ].liD )  mean 3 5 . 5 2  3 5 . 6 7 

s . d . 2 . 1 9 2 . 3 8 

s ( grade ) mean 2 . 5 3 2 . 8 0 

s .  d .  1 . 1 7 1 .  2 4  

ML ( mm )  mean 7 5 . 6 3 1 1 8 . 9 2 

s . d . 1 7 . 1 6 2 3 . 8 5 

y ( % )  mean 7 8 . 5 3 7 6 . 6 4 

s . d .  4 . 2 5 4 . 0 0 

Greasy pri ce ( c / kg) mean 2 4 1 . 3 3 2 4 7 . 4 5 

s . d .  1 7 . 1 0 1 5 . 3 9 

Clean price ( c/kg ) mean 3 0 7 . 4 0 3 2 2 . 8 2 

s . d .  1 5 . 6 4 1 2 . 4 9 

Lot weight ( T )  mean 1 . 6 2 2 . 1 3 

s . d .  2 . 0 5 2 . 7 3 



8 6 . 

TABLE 3 . 2 5 :  S IMPLE CORRELATIONS W ITH GREASY PRICE FOR 

SHORT AND LONG LENGTH CATEGORIES  (ALL 

SEASON S ) 

Length Category 

Short Long 

MFD 0 . 1 2 - 0 . 1 0 

s - 0 . 3 9 - 0 . 3 3 

ML 0 . 2 9 0 . 1 7 

y 0 . 7 0 0 . 7 9 

TABLE 3 .  2 6 : S U1PLE CORRELAT IONS WITH CLEAN PRICE FOR 

SHORT AND LONG LENGTH CATEGORIE S (ALL 

SEASON S )  

Length Category 

Short Long 

MFD 0 . 0 7 - 0 . 12 

s - 0 . 3 9 - 0 . 3 7 

ML 0 . 4 8 0 . 2 1 



TABLE 3 . 2 7 : WOOL TRAIT REGRE S S ION COEFF ICIENTS ( l )  FOR 

GREASY PRICE FOR SHORT AND LONG LENGTH 

CATEGORIES (ALL SEASON S )  

Length 

8 7 . 

% 
Category 

y ML s MFD Control 

Short 

Long 

Short 

Long 

Short 

Long 

Short 

Long 

Short 

Long 

Short 

Long 

p 

SP 

( 1 )  

= 

= 

p 2 . 7 4 4 . 3 4 - 4 . 5 5 - 0 . 2 6 

p 2 . 8 9 0 . 9 8 - 2 . 8 2 - 0 . 5 1 

SP 0 . 6 4 3 . 0 3 - 3 . 8 7 - 0 . 1 2 

SP 0 . 7 2 0 . 4 9  - 2 . 2 8 - 0 . 2 2 

p 2 . 7 3  4 . 2 6 - 4 . 5 1 

p 2 . 9 0  0 . 8 9 - 2 . 8 9 

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

p 2 . 9 8 1 . 5 5 - 0 . 6 1 

p 2 . 6 3 -4 . 2 6 0 . 2 7 

p 2 . 9 1 - 2 . 9 8 - 0 . 4 0  

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

p 1 . 2 4 - 3 . 7 9 - 0 . 7 1 

partial regre s s ion coe f ficient 

s tandardised partial regre s s ion coef ficient 

Y ( c/kg/ % ) , 

s ( c/kg/g rade ) , 

ML ( c/kg/ 0 . 5 in . ) , 

MFD ( c/kg/lJID) . 

7 0 . 1  

6 9 . 7  

7 0 . 0  

6 9 . 1  

6 0 . 6  

6 4 . 7  

5 7 . 5  

6 8 . 2  

2 5 . 2  

1 3 . 9  



TABLE 3 . 2 8 :  WOOL TRAIT REGRE S S ION COEFF I C IENTS ( l ) FOR 

CLEAN PRICE FOR SHORT AND LONG LENGTH 

CATEGORIE S (ALL SEASONS ) 

Length 

8 8 . 

% 
Category ML s MFD Control 

Short 

Long 

.Short 

Long 

Short 

Long 

Short 

Long 

Short 

Long 

p = 

SP = 

( 1 )  

p 5 . 5 8 - 5 . 5 6 - 0 . 4 0 

p 1 . 2 3 - 3 . 5 0 - 0 . 6 5 

SP  3 . 9 0 - 4 . 7 4 - 0 . 1 8 

S P  0 . 6 2 - 2 . 8 2 - 0 . 2 7 

p 5 . 3 9 - 5 . 7 0 

p 1 . 1 6 - 3 . 7 5 

p 5 . 2 3 - 0 . 0 8 

p 1 . 5 0 - 0 . 8 1 

p - 5 . 3 8 - 0 . 3 3 

p - 3 . 8 7 - 0 . 5 3 

partia l  regre s s i on coe f f i c ient 

standardised partial regre s s ion coe f f icient 

ML ( c/kg/0 . 5 in . )  1 

MFD ( c /kg/).Hh) 

S ( k/kg/grade ) 1 

4 0 . 2  

1 8 . 6  

4 1 . 1  

1 9 . 4  

2 3 . 2  

8 . 1  

1 7 . 1  

1 7 . 0  

I I 

I 



TABLE 3 . 2 9 :  PART IAL REGRE S S ION COEFF IC IENTS ( l )  WITH 

SC SUBSTITUTED FOR S (ALL SEASON S )  

8 9 . 

% C atego ry y ML se MFD Control 

Greasy Short 2 . 74 

2 . 7 3 

Greasy Long 2 . 8 9 

2 . 9 0 

C lean Short 

C lean Long 

( 1 ) Y ( c/kg/ % ) 1 

s e  ( C /kg/grade ) 1 

I 
i 
I 

4 .  3 4  

4 . 2 6 

0 . 9 8 

0 . 9 0 

5 . 5 8 

5 .  4 7 

1 .  2 3  

1 . 1 2 

ML 

MFD 

- 5 . 6 8 - 0 . 2 6 

- 5 . 6 3 

- 3 . 5 3 - 0 . 5 1  

- 3 . 6 1 

- 6 . 9 5 - 0 . 4 0 

- 6 . 8 6 

- 4 . 3 8 - 0 . 6 5 

- 4 . 4 9 

( c/kg/0 . S in . )  

( c/kg/� m) 

7 0 . 1  

7 0 . 0  

6 9 . 7  

6 9 . 1  

4 0 . 2  

3 9 . 9  

1 8 . 6  

1 7 . 1  
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o f  the var i a t ion �n c l ean p r � c e  tha t  was ac coun t ed for by 

tho s e  very same t r a i t s  in the shor t c a t e gory . 

3 .  3 .  5 S c oured c o l our for s tyle 

From the viewpo in t o f  d e f ining s e l e c t ion ob j e c t ive s and 

cri ter i a , the u s e  o f  S i s  l arge ly  uns a t i s fac tory . I t  � s  a 

sub j e c t ive and inexp l i c i t  t r a i t ,  capab l e  o f  as suming 

di f ferent  meanings to d i f f e r ent peop l e . Having shown , a l be i t  

for one s e ason on ly , tha t  C l  ( sub s e quen t l y  re ferred t o  a s  

scoured c o lour , S C )  a l one c an rep l a c e  S in the r e gre s s ion 

mod e l  w i th on ly minima l l o s s  in control  over pr i c e , the 

ana ly s e s were repeated sub s t i tu t ing se for s .  se wa s 

pre d i c t e d  from S by  the f o l l owing equat ion ob t a ined from a 

s imp l e  r e gre s s i on anal y s i s  o f  the 1 9 80 / 8 1  data , 

s e  = 1 . 8 9 + 0 . 8  ( S )  

Th e ra ther tenuou s as sump t i on wh ich had t o  b e  made wa s tha t 

the re l a t ionship be tween S and SC ( i . e .  C l )  for the 1 9 8 0 / 8 1  

s e a s on , wa s rep r e s entat ive o f  a l l  s ea s ons con s i dered . 

The gene r a l  s t a t i s t i c s  are a s  for the previou s analy s e s  on 

sho r t  and long woo l s  (Tab l e  3 . 2 4) , wi th SC rang ing from a 

me an o f  2 . 3 1 wi th a s . d .  o f  0 . 9 4 in shor t woo l s , to a mean 

of 2 . 5 3 wi th a s . d .  o f  0 . 9 9 in l ong wool s .  The s imp l e  

corre l a t ions wi th p r i c e  ( greasy and c l ean)  a r e  aga�n as for 

the prev iou s ana l y s i s  (Tab l e s  3 . 2 5 and 3 . 2 6 ) . The 

corre l a t ions be tween S . C .  and pr � c e  are as for S and p r � c e . 

The par t ia l  regre s s ion c o e f f i c ient s , wi th and w i thout MFD in 

the mod e l ,  are shown in T ab l e  3 . 2 9 .  The conc l u s ions reached 

from an examinat ion of the s e  e s t ima t e s  are a s  for the 

previous sho r t  and long ana lys i s . 

3 . 4  D I S C U S S I O N 

The intent ion o f  th i s  chap t er was t o  inve s t iga t e  the e f fe c t s  

o f  the var ious s e le c ted woo l  chara c t er i s t ic s  o n  auc t ion p r i c e  
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for the f ive s e a s on s  from 1 9 7 6 / 7 7  to 1 9 80 / 8 1 . The r e su l t s 

o b t a ined are d i f f i cu l t  to p l a c e  in an exac t con text  a s  there 

has been vir tua l l y  no c omparab l e  r e s earch conduc t e d  for 

Romney woo l s  in New Zealand . Wiggins and Beggs  ( 1 9 7 9 )  

pre s en t ed a cur s o ry s tudy f o r  the 1 9 7 8 / 7 9 s ea s on . Sub s equen t 

to tha t  repor t ,  W i ggins and Beggs  ( p e r s . c omm . ) have regu l a r l y  

produ c e d  mon th ly graph i c  repre s en t a t ion s  o f  the r e l a t ionsh i p s  

be twe en p r i c e  and the l eve l o f  c er t a in s e l e c ted woo l 

charac t e r i s t i c s  for a var i e t y  o f  c ommon New Z e a l and woo l  type s . 

The grea s y  analy s e s  rea f f i rmed the immen s e  impor tance o f  Y 

as a fac tor in f luenc ing woo l  buyer s ' greasy p r � c e . F i rs t ly ,  

Y wa s cons i s ten t l y  hi gh ly corre l a t e d  w i th gre asy  pr i c e . 

S e c ond l y , cons i d e rab le  reduc t ions in the abi l i ty to control  

var i a t i on �n gre a s y  pr � c e  were incurred when Y was omi t t ed 

from the regre s s ion mode l . 

ML s im i l arly d i s p l ayed impor tant  e f fe c t s  on pr � c e . Wh i l e  

only mod erate  c o rrelat ions w i th gre a s y  pric e were obs erved , 

ML wa s h i gh l y  correla ted wi th c l e an p r i c e . Th i s  e f fe c t  

probab l y  resul t e d  from the r emoval o f  Y from th e regre s s ion 

mod e l  for the c l ean ana ly s e s , and cons equen t l y  a gr eater  

emphas i s  wa s p l a c e d  on  ML a s  a price  determinan t . 

The s i gn i f i c anc e o f  the ML 2 term in the in i t i a l  ana lys e s  

con f irme d previous be l ie f s  and s tud i e s  (Wi ggins and B e ggs , 

1 9 7 9 ; pers . comrn) tha t  the re l a t ionship b e twe en ML and price  

wa s d i s t inc t ly non- l inear . The d iv i s ion o f  the data  in to 

shor t  (up to 100 mm) and l ong ( over 1 00 mm) l en g th c a te gor i e s  

produ c e d , w i thin each group , an apparen t l y  l inear p r i c e  -

ML re l a t ionship . As exp e c t e d , ML was o f  gre a t e r  impor tance 

in the shor t c ompared wi th the l ong c a t e gory , as shown by 

gre a t e r  corre l a t ions wi th p r i c e  and a l s o  higher par t ia l  

re gre s s i on c oe f f i c i en t s . For the c l ean analy s i s  o f  Al l 

S e a s on s , a p ar t ia l  re gre s s i on c o e f f i c ien t  o f  5 . 5 8 c /kg / 0 . 5  

inch wa s c a l cu l a t e d  for the sho r t  group , wh i l e  the 

c o r r e s p onding c o e f f i c ien t  o f  the long group was only 

1 . 2 3 c /k g / 0 . 5  inch . 
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The s e  e s t ima t e s  o f  the wor th o f  ML over a l l f ive s ea s ons 

c on s i d e re d , may be cau t iou s ly compared wi th tho s e  pub l i shed 

by W i gg in s  and B e ggs ( 1 9 7 9 )  for the 1 9 7 8 / 7 9  s e a s on .  They 

were ab l e  to show tha t for woo l s  be tween 5 0- 1 1 0  mm ,  c l ean 

pr i c e  incre a s e d  by 1 0  c / kg/ inch ( i . e .  5 c /k g / 0 . 5  inch ) , and 

for woo l s  be twe en 1 1 0 - 1 7 5  mm ,  c l ean p r i c e  inc r e a s e d  by 

1 . 8  c / k g / inch ( i . e .  0 . 9  c /k g / 0 . 5  inch ) . The two s e t s  o f  

resu l t s  are remarkab ly s imi l ar , d e sp i te a s l i gh t  d i f ference 

in the l ength c a t e gor i e s  s tudied , and con s ider ing tha t the 

current  ana lys i s  wa s condu c ted  over f ive s easons ( 1 9 7 6 / 7 7  to 

1 9 8 0 / 8 1 ) ,  whereas  tha t  of W i ggins and Beggs ( 1 9 7 9 )  was l imi t e d  

to o n l y  1 9 7 8 / 7 9 . 

Sub s t an t ial f inan c ial ga�ns  can thu s b e  made in the shor t 

len g th o r  s e c ond shear c a t e gory . Based  on the greasy par t ia l  

re gr e s s i on c o e f f i c ien t  o f  4 . 34 c / kg / 0 . 5  inch , r evenue can b e  

inc re a s e d  b y  approxima te l y  $ 6 . 5 0 p e r  greasy  b a l e  ( for 1 5 0  kg 

ba l e s )  for every 0 . 5  inch inc rement in ML . The corres pond ing 

inc rea s e  in revenue wi thin the l ong woo l  c a t e gory for 0 . 5  inch 

inc r eme n t s  in ML , is on l y  approxima t e ly $ 1 . 50 p e r  greasy b a l e  

( fo r  1 5 0  k g  b a l e s ) . 

The s i gn i f i canc e o f  ML may b e  in t en s i f ied in the fu ture . 

Tab l e  3 . 1  sugge s t s  tha t  over the f ive s e a s ons c ons idered , ML 

has d e c r ea s e d . An inc r ea s e d  propor t ion o f  s e c ond shearing 

may b e  r e s pons i b l e . Wha t ever the c au s e , further reduc t ions 

in ML may gene r a t e  gre a t e r  price  d i f f eren t ial s a s  buyers  

d i s c r imina te  aga ins t sho r t  woo l s .  

Ano ther tra i t  wh i ch wa s shown to con s i s ten t ly i n f luence p r i c e  

was S .  Moderate  corre l a t ions wi th b o th greasy and c lean pr i c e  

wer e  ob t a ined . The magn i tude o f  the par t i a l  and s tandard i s e d  

par t i a l  regr e s s i on c oe f f i c i en t s  were h i gher than tha t  o f  the 

two previou s l y  d i s cus s ed t r a i t s , a l though d e l e t i on o f  S from 

the r e g re s s ion mod e l s  d i dn ' t re sul t in such de l e ta r i ous  

c on s equenc e s  for control  over p r i c e . 
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The p a r t ia l  re gre s s ion c o e f f ic ient for c l ean p r 1 c e  for the 

1 9 7 8 / 7 9  s e a s on of 2 . 7 7 c /k g / grade i s  in good agreemen t  wi th 

the 2 . 5 0 c /kg/ grade premium c a l cu l a ted  by Wigg ins  and Beggs 

( 1 9 7 9 )  for 37 �m , 100- 1 50 mm woo l s  during the s ame s e a s on . 

Cons i de ra t ion o f  a l l  f ive s ea s on s , r e su l te d  in a par t i a l  

regr e s s 1on coe f f i c ient o f  4 . 1 3 c /kg/ grade for c l ean pr ic e .  

Us ing the grea s y  par t i a l  regre s s 1on coe f f i c ien t o f  3 . 20 c /kg/  

gra d e  for Al l S e a s on s , each grade inc remen t in S is  equ iva l en t  

to  approxima t e l y  an add i t i onal $4 . 80 p e r  grea s y  b a l e , for 

1 5 0  kg bal e s . 

I t  h a s  long been acknowl edged tha t  MFD i s  o f  l i t t l e  impor tance 

as a pr i c e  d e t e rminan t of New Z e a l and cros sbred woo l s  

( N . Z . S . A . P . , 1 9 7 4 ; Wickham and B i gham , 1 9 7 6 ; B i gham and 

Sumn e r , 1 9 7 9 ; Wiggins and Beggs , 1 9 7 9 ) . The ana l y s e s  

comp l e t ed in th i s  s tudy c on f irmed tha t  in such coar s e  woo l s , 

the r e  are  no pr emiums for MFD . MFD was shown to  b e  

unc o r r e l a te d  w i th e i ther grea sy or c l ean pri c e , and the 

c a l c u l a ted p ar t ia l  regre s s ion c oe f f i c i en t s  wer e  n e g l i gib l e  

i n  c ompar i s on wi th tho s e  ob tained for Y ,  ML and S .  B a s e d  on 

the gr easy par t i a l  regre s s ion c oe f f i c ient of 0 . 44 c /k g / �m 

for Al l S e a s on s , each micron incremen t  wou ld produce an 

inc r e a s e  in revenue equ iva l en t  to approxima te ly  on ly  $ 0 . 6 6 

per greasy  b a l e , for 1 5 0  kg b a l e s . 

However , the r e  are ind i c a t ions tha t th i s  ind i f feren t s i tu a t i on 

may b e  chan g in g . As i l lu s tra t ed by the par t i a l  regre s s ion 

c o e f f i c ien t s , MFD has inc r e a s e d  in value over the f ive s ea s on s  

c on s i d e red , no t ab ly dur i n g  th e 1 9 80 / 8 1  s ea son . In th i s  

s e a s on , the c ompara t iv e l y  rap id  r i s e  in value h a s  been 

a t t r ibu ted t o  maj or Ch ine s e  par t i c ipa t ion in the marke t p l a c e . 

The i r  requ iremen t wa s for woo l s  a t  the f iner end o f  the 

Romney range ( 34 �m and f iner ) . The resul tan t  e f fe c t on the 

marke t  was the e s tab l i shmen t  o f  sma l l  premiums for MFD 

wi th in the norma l ly a c c ep t e d  c r o s sb red range . Al though such 

prem1ums wi th in thi s  range may inc r e a s e  fur th er ,  they are 

unl ike l y  to  a s s ume maj or impor tance .  
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The c o n t r o l  over p r 1 c e  a f forded by  a l l  four s e l e c t e d  trai t s  

( Y , ML , S and MFD ) ranged u p  to 7 4 . 0% for the greasy ana lys e s  

and u p  t o  6 1 . 1 % for the c l ean ana ly s e s . Al though reas onab ly 

h igh , th i s  c on trol  is  l ow c ompared wi th tha t  ob t a ined for the 

Au s t ra l ian Mer ino s tud i e s  (Dun lop and Young , 1 9 60 ; Skinner , 

1 9 6 5 ; Mu l l aney and Sand e r s on , 1 9 7 0 ; McKinnon e t  al . , 1 9 7 3 ; 

Wh i te l ey and McKinnon , 1 9 7 3 ) . In mo s t  o f  the s e  ana ly s e s , a t  

l e a s t 9 0 %  o f  the var i a t i on i n  c l ean price  was exp l a ined by 

the woo l  tra i t s  cons idered .  I t  is l ike ly tha t th i s  

d i s c r epancy has  b e en cau s ed by the v i r tua l l y s o l e  d ependen c e  

o f  the p r i c e  o f  the f i n e r  Au s t ral ian Mer ino woo l o n  MFD 

( qua l i ty number , cr imp frequency) . Where a s , the p r i c e  o f  

the c o ar s er New Zealand Romney woo l  i s  c on t ro l l e d  mor e  

equa l l y b y  a c omb inat ion o f  tra i t s . 

A fur ther in f luen t i a l  fac tor  i s  tha t  the Au s t ra l i an s tud i e s  

exc luded s e a s on s  o f  extreme compe t i t ion , in wh ich l i t t l e 

a t ten t ion was paid to the phys i c a l  prope r t i e s  o f  the woo l . 

Th i s  wa s e f fec ted on the b a s i s  o f  l ow corre l a t ions wi th 

o th e r  s e a s on s . No s ea s on s  we re d i s carded from the pre s en t  

ana ly s e s . Few years d a t a  we re ava i l a b l e , and the appropria te­

ne s s  of  exc lud ing s ea s on s  wa s con s idered to  b e  dub iou s  from 

the v i ew o f  grower s '  re turns . 

As wi th the Au s tr a l ian analy s e s , the in trodu c t ion o f  

quadr a t i c  terms in the r e gres s ion mode l s  enhanced the c on t r o l  

ach i eved over p r 1 c e . U p  to a fur ther 1 0 . 4% f o r  the greasy 

ana l y s e s  and 1 5 . 9 % for the c l ean ana lys e s  we r e  ob t a ined . 

The ma j or c on t r ibutor b e ing the ML 2 term .  Un l ike s ome o f  

the Au s tr a l ian s tud i e s  where the S x QN produc t term was o f  

s ome impor tance , the MFD x S term i n  the cur ren t  ana l y s e s  

wa s n o t . However ,  the S x ML produc t term d i d  a s sume gre a t e r  

s i gn i f i c an c e  i n  the l a s t few s e a s on s  c ons idered . 

The i n troduc t ion o f  the C . S . A . R .  trai t s  into  the 1 9 8 0 / 8 1  

ana l y s i s , fa i l e d  t o  produce any va luab l e  add i t ional  c on tro l 

over pri ce , g iven the p r e s ence o f  Y ,  ML ,  S and MFD in the 

mod e l .  The mo s t  impor t ant  features o f  the C . S . A . R .  t ra i t  

ana l y s i s  wer e  the mod er a t e  corre l a t ions b e tween C l  and pr i c e , 
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and the v i r tu a l l y  c omp l e te in terchange tha t  was po s s ib l e  

b e tween S and C l . I t  had  long b een b e l i eved tha t  c o l our was 

the p r incipal  component o f  s ty l e  grade (Wi ckham and B i gham ,  

1 9 7 6 ) . Th i s  ana lys i s  h a s  con f irmed tha t p o in t . The s e  resul t s  

are i n  agreemen t with c ommen t s  made b y  Whiteley and Jack s on 

( 1 9 8 2 )  who s u gge s t ed tha t  tra i t s  such as  S ,  wh i ch comp r � s e  

s eve r a l  c omponen ts , a r e  d imin i sh ing in impor t ance as  the 

ind i v i dual c omponen t s  a r e  spec i f i e d  s epara t e ly . 

Us ing the gre a s y  sho r t  p a r t i a l  regr e s s ion coe f f i c ient  o f  

5 . 68 c /kg/ grade for S C  for Al l S e a s ons , each inc remen t �n SC 

is  e q u iva l en t  to approx ima t e ly an add i t ional  $ 8 . 5 0 per grea s y  

b a l e , for 1 5 0 kg bal e s . 

In genera l , the rema ining C . S . A . R .  tra i t s  exh ib i t e d  a marked 

ins t ab i l i ty ,  dependent upon wh ich tra i t s  were inc luded in the 

regre s s ion mod e l .  I t  i s  l ik e l y  tha t  th i s  is a res u l t  o f  

the i r  expre s s ion on a 0 - 1  s c a l e , wh ich hampers  ana lys i s  and 

in t e rpre t a t ion . A wider recording s c a l e  for the s e  tra i t s  

wou l d  be  pre ferab l e . 

The e f fe c t ivene s s  o f  the regre s s ion ana ly s e s  us ing the New 

Z e a l and Woo l Board da t a  r e s t s  on s everal fac tors . The 

ab i l i ty o f  the var ious wool va lue r s  to a c cura t e ly app r a i s e  

and r e cord t h e  charac t e r i s t i c s  o f  wool  l o t s  shou l d  b e  o f  

a h i gh s tandard t o  avo i d  introduc ing unwan ted errors . The 

as s ump t ion i s  made tha t the a s s e s sment o f  the New Zea l and Woo l  

B o ar d  va luer i s  equ iva l en t  t o  tha t  o f  the f in a l  buye r . I f  

th i s  i s  not a va l i d as sump t ion , and errors are n o t  random , 

s e r i ous ly  b i a s e d  r e su l t s wi l l  b e  ob taine d . The p e r s i s t ing 

imp o r tance o f  Y in the c l ean ana ly s e s , was a s c r ib e d  to  

such erro r s . 

The auc t ion s y s tem , whe r e  the d a t a  for the p r e s e n t  ana lys e s  

o r i g ina te d , c an sub j e c t  p r i c e s  t o  fac tors  o ther than the 

phy s i c a l  charac ter i s t i c s  of the woo l  (W . M . S . G . , 1 9 6 7 ) . 

Var i a t ion in buyer s ' v a l uat ions and pr i c e  l imi t s , l o t  s i z e , 

mod e  o f  o f fe r ing , numb e r  o f  b i dders  ( and c ompe t i t ion 

b e tween them) , the e c onomic c ond i t ions preva i l in g  on the day 
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o f  th e s a l e , and unexp l a ined chan c e  e l emen t s  are examp l e s . 

Con s e quen t l y , the true r e l a t ionship be twen woo l  charac t er i s t i c s  

and p r �c e  c an b e  ob s cure d . 

The variab l e s  inc luded �n the var � ous  mod e l s  c ou l d  only a c c oun t 

for u p  to  7 4 . 0 % o f  the variat ion in greasy pr � c e . The r ema in­

�ng 2 6 . 0% b e ing a t t r ibu t e d  to o ther unexp l a ined s ourc e s . O f  

the p o s s ib l e  s ourc e s  o f  unexp l a ined var i a t ion , l o t  we i gh t ,  

mod e  o f  o f fe r ing and New Zea l and Woo l Board marke t 

in t e rven t i on p o l i c i e s  provided only ne g l i g ib l e  �nc r e a s e s  �n 

pr i c e  con t ro l  given the pre s enc e in the mode l , of the 

p r e v i ou s ly d i s cu s s ed f l e e c e  var i ab l e s . 

An importan t  c ons iderat ion i s  tha t  the data  ana l y s e d  are by  

na t ur e , a l r e ady h i s tor i ca l . The re gre s s ion t e chni que s 

emp l oyed wi l l  produce  f in d ings c oncerning the s igni f i cance 

of  woo l  tra i t s  in such p a s t  year s , bu t it  does  not  n ec e s s a r i l y  

fo l l ow tha t  the s e  s ame t r a i t s  wi l l  be o f  s imi lar imp o r t ance 

in the fu ture . Changing economic cond i t i ons , chang ing 

app r a i s a l  and marke t ing s y s tems , and techno l o g i c a l  and end­

u s e  d eve l opmen t s  wi l l  a l l  p l ay a ro le  in a l t e r ing the 

preva i l ing marke t c ond i t ions and hence in f luenc ing the 

re l a t ive s i gn i f icance o f  woo l trai t s . 
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Unde r  c l as s ic a l  s e l e c t ion index theory (Haze l , 1 943 ) , the 

de f in i t ion o f  a s e l ec t ion obj ec t ive requires the e s t ima t ion 

o f  an e c onomic we i gh t  for each tra i t  in that ob j e c t ive . 

Several  techniques o f  d e r iving such e s t ima t e s  exi s t  ( Chap ter  

2 . 2 ) . In th i s  chap ter , u s e  i s  mad e o f  two o f  the a l t e rn a t i ve s , 

v i z . re gre s s ion o f  s e l l ing p r i c e  on the l eve l  o f  woo l  trai t s  

and margina l pro f i t . E c onomic we i gh t s  are c a l cu l a t ed and 

s e l e c t i on ob j e c t ives d e f ined for a produc t ion and marke t ing 

s y s t em invo l ving Romney she ep under Nor th I s l and h i l l  

c oun try c ond i t i on s , wh e r e  a l l  surp lus o f f s pr ing are s o l d  as  

l amb s . It  is  a s sumed that  the  goa l  of  l ivest ock produc t ion 

is to  max imi s e  pro f i t , under a g iven s e t  of re s ource 

con s t r a int s .  

4 . 2 MAT E R I A L S  AND M E T H ODS 

The c a l cu l a t ion of ec onom�c we i gh t s  for woo l  qua l i ty tra i t s  

d i r e c t ly u t i l i s ed the r e su l t s  from the regre s s i on ana l y s e s  o f  

the New Zea l and Wool Board d a t a  ( Chap ter  3 ) . 

The c a l cu l a t ion o f  ec onom�c we i gh t s  for o ther trai t s  o f  

imp o r tance t o  sheep pro f i t ab i l i ty wa s b a s ed on the marginal  

pr o f i t  techni que (Morr i s  et al . , 1 9 82 ) . The nec e s sary data  

re l a t ing to produc t ion , inc ome and expend i ture on Nor th 

I s l and h i l l  c oun t ry f arms were e x t rac ted  from N . Z . M . W . B . E . S .  

( 1 9 7 7 c , 1 9 7 8 a , 1 9 7 8 c , 1 9 7 9 a ,  1 9 7 9 b , 1 9 7 9 c , 1 9 80a , 1 9 8 0b , 1 9 80c , 

1 9 8 l b , 1 9 8 l c )  and M . A . F .  ( 1 9 7 9 / 8 0 , 1 9 8 0 / 8 1 ) , and are shown 

in Append ix IV . 
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4 . 3 . 1 C a l c u l a t ion o f  e c onom�c we igh t s  for woo l  qua l i ty tra i t s  

U s ing the par t ia l  regr e s s ion coe f f ic i en t s  presented i n  Tab l e  

3 . 2 9 ,  e c onom � c  we i gh t s  for the tra i t s  conc e rned wer e  

c a l c u l a ted . 

The par t i a l  r egre s s ion c o e f f i c ients  were expre s s ed on a 

c /k g  ba s i s . I t  wa s the r e fore nec e s s ary to  c onve rt them in to  

an e xpre s s ion per  f l e e c e  and then a per l i f e t ime b a s i s  

(Mo r r i s  �t al . ,  1 9 8 2 ) . The conve r s ion fac tors  requ ired t o  

d o  th i s  are c ompu ted in  Append ix V I I . F o r  examp l e , cons ider 

the c a l cu l a t ion o f  the economic we i gh t  for Y for a grea s y , 

sho r t  length obj e c t ive : 

e c onomic weight = 2 . 7 4 c / kg x 4 . 2 9 kg x 5 . 8 5 expre s s � ons  

= 68 . 8  c / l i fe t ime 

= $ 0 . 69 / l i fe t ime for each 1 %  inc r emen t  �n Y .  

The rema �n�ng econom�c we igh t s  were compu ted  in the s ame 

manner , wi th and wi thou t MFD in the mod e l ,  and are pre s en ted 

in T ab l e  4 . 1 .  The ML e s t ima t e s  have unde rgone fur ther 

c onve r s ion from per 0 . 5  in . to per cm . 

B e c ause  the convers ion fac tors  from the p ar t ia l  regre s s � on 

c o e f f i c ien t s  to l i fe t ime economic we i gh t s  are con s tant , the 

ca l cu l a t e d  e s t ima t e s  a l s o exh ib i t  the f e a ture s of the 

par t ia l  regre s s ion c o e f f i c i en t s  d i s cus s ed in Chap ter  3 .  

Br i e f l y ,  ML and SC have grea ter  impor t anc e in sho r t  woo l s ,  

wh i l e MFD i s  o f  more s i gni f i c ance  in l ong woo l s . 

The probab i l i ty tha t  a ram breeder only s e l l s  rams to c l i en t s  

who s e c ond- shear o r  a l terna t iv e ly only  t o  c l i en t s  who don ' t  

s e c ond- shear i s  probab l y  qu i t e  l ow .  Wiggin s  ( pe r s . c omm . ) 

s u g ge s te d  that 7 5 %  o f  Nor th I s l and h i l l  c oun try farme r s  

s e c ond- shear . To c ov e r  the eventua l i ty tha t  b re edei s  

s e rvice  bo th typ e s  o f  c l ie n t s , an a l l  l engths obj e c t ive wa s 

e s tab l i shed by propor t iona l ly c omb ining the economi c we i gh t s  

p e r ta in ing to  sho r t  and long l engths . For examp l e , the 



9 9 . 

TABLE 4 . 1 :  LIFET IME ECONOMIC WE IGHTS ( l ) OF WOOL QUALITY 

TRAITS  

Cate gory 

Greasy Sho r t  

Greasy Long 

C lean Short 

C lean Long 

( 1 )  y 

s e  

y 

0 . 6 9 

0 . 6 8 

0 . 7 3 

0 . 7 3 

( $/ l i fe time/% ) 1 

( $/ l i fe time/grade ) 1 

MASSEY UNIVt::RSi fi' 
LIBRA R Y  

ML se MFD 

0 . 8 6 - 1 . 4 3 - 0 . 0 6 

0 . 8 4 - 1 . 4 1  

0 . 1 9 - 0 . 8 8 - 0 . 1 3 

0 . 1 8 - 0 . 9 1 

1 . 10 - 1 . 7 4 - 0 . 10 

1 . 0 8 - 1 . 7 2  

0 . 24 - 1 . 1 0 - 0 . 1 6 

0 . 2 2 - 1 . 1 3  

ML ( $/ l i fe time/cm) 1 

MFD ( $/l i fe time/)l m) 
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e conom1 c we i gh t  for ML for the greasy a l l  lengths ob j e c t ive 

wa s c a l cu l a ted a s , 

( 7 5 %  X $ 0 . 84 )  + ( 2 5 %  X $ 0 . 1 9 )  = $ 0 . 68 

The e c onom i c  we i gh t s  o f  the o ther trai t s  in the a l l l engths 

ob j ec t ive s were a s  f o r  tho s e  in the sho r t  length ob j ec t ive s . 

Two fur ther tra i t s  o f  in tere s t  to  woo l  growers  are c o t t ing 

( C o )  and t enderne s s  ( T ) . The New Z ea l and Woo l  Board data 

p r eviou s ly ana l y s e d  ( Chap ter 3 ) , d i d  no t permi t a thorough 

ana lys i s  o f  the e f f e c t s  o f  the s e  tra i t s  on pri c e . Ins t ead , 

provis iona l e s t ima te s we re ob ta ined u s ing da ta from 

N . Z . W . B .  ( 1 9 7 6 / 7 7 , 1 9 7 7 / 7 8 , 1 9 7 8 / 7 9 , 1 9 7 9 / 80 ,  1 9 80 / 8 1 ) .  

F r om Appendix V i t  c a n  be  s een tha t  over the f ive s e a s on s  

c on s i dered , the ave rage greasy d i s c oun t f o r  s o f t  co t t s  

wa s 2 5 . 3 5 c / kg and f o r  hard c o t t s  wa s 3 3 . 6 6 c /kg . The s e  

c a t e go r i e s  were then r e l a te d  t o  the current Ma s s ey Un ive r s i ty 

s y s tem o f  grading ca t t ine s s  (Wi ckham , p e r s . comm . ) .  

Ma s s ey co t t  grade : 1 2 3 

Hard S o f t  
C o t t  C o t t  

4 5 6 7 

F r e e  

F i gure 4 . 1 sugge s t s  a l inear r e l a t i onsh i p  ex i s t s be tween 

th e above grades  and the d i s coun t r ec e ive d .  The add i t iona l 

two points  p l o t te d  on the graph for gra d e s  4 and 5 were 

ob tained from the ana lys i s  of the C . S . A . R .  var i ab l e s  in the 

1 9 80 / 8 1  s ea s on .  I t  wa s as sumed tha t the c o t ted  var iab l e  

( ind i c a t ing on l y  minor c o t t ing , a s  heav i ly c o t ted l ines are  

c a te gor i s e d  s epara t e l y  from f l e ece woo l ) ,  corresponded to  

g r ade 4 ,  whi l e  the  f e l t ed var i ab l e repre s ente d  grade 5 

(Wi ckham ,  per s . comm . ) .  

On the b a s i s  o f  the l inear r e l a t ion s h i p  d ep i c t e d  in F i gure  

4 . 1 ,  the  e c onomic we i gh t  for  Co is  8 . 4 1 c /kg/ grade ( 3 3 . 6 6 / 4 ) . 

E xpre s s ing th i s  on a per f l e e c e  and per  l i fe t ime ba s i s , the 

e c onomic we igh t  for Co  b e come s $ 2 . 1 1 / gr a de / l i fe t ime . In 

c ompar i s on wi th the e conomic we igh t s  pre s en t ed in Tab l e  4 . 1 

f o r  o ther woo l  qua l i ty trai t s , Co appears to  b e  o f  maj or 

importanc e .  
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A s imi l ar a s s e s smen t wa s made o f  th e e f f e c t s  o f  T on gre a s y  

p r � c e . Appendix V I  shows tha t  over the f ive s e a s on s  

c on s ide r e d , th e aver a ge grea s y  d i s c oun t for t ender woo l s  

wa s 1 4 . 4 7 c /kg . W i c kham ( p e r s . c omm) . sugge s t ed that the 

New Zea l and Woo l  Board appra i s a l  wa s e qu iva l en t  to  thre e  

g r a d e s  o n  the Ma s s e y  Un iver s i ty s c a l e  o f  1 to 9 .  The e c onomic 

we i gh t  for T i s  ther e fore 4 . 8 2 c /kg / grade  ( 1 4 . 4 7 / 3 )  an d on a 

per  f l ee c e  and per l i fe t ime expre s s ion i t  i s  $ 1 . 2 1 / grade / l i fe­

t ime . On  th is  b a s i s , T a l s o  as sume s s ome s i gn i f i cance . 

4 . 3 . 2  C a l cu l a t ion o f  econom�c weigh t s  for o ther than woo l 

qua l i ty tra i t s  

E c onomic we i gh t s  for tra i t s  o ther than thos e  a s s oc i a t e d  w i th 

woo l  qua l i t y ,  were c a lcu l a t e d  u s ing the l i fe t ime marginal 

pro f i t  me thod of Mor r i s  et at ( 1 9 8 2 ) . The unde r l y ing 

a s s ump t ions and c a l c u l a t ions are c on t a ined in Append ix V I I . 

The final  c a l cul a t i ons  o f  the economic we igh t s  for number o f  

l amb s weaned ( NLW) , weaning we ight  (WW), ewe body we igh t  

( E BW) , greasy f l ee c e  we i gh t  (GFW) and c l ean f l ee c e  we i gh t  

( CFW) a r e  shown i n  T ab l e  4 . 2  

The e s t ima te for E BW i s  o f  dub ious accuracy . As s ta t ed in 

App endix IV ( B ) , va r i ab l e c o s t s  such as  intere s t ,  l abour , 

fu e l  e tc .  c ou l d  no t b e  inc lud e d . They may have had an 

impor tan t  inf luence on the va lue o f  increas e s  in EBW i f  the y  

had been taken i n t o  c ons iderat ion . In an e f fo r t  to  re-as s e s s  

the e c onomic impor t ance o f  E BW ,  two a l te rna t ive e s t ima t e s  

o f  the e c onomic we i gh t  were c a l cul a t e d . The underlying 

as sump t ion s are c on t a ined in Appendix V I I I . The a l terna t ive  

e s t ima te s were c a l cu l a t e d  a s , 

1 .  $0 . 2 6 - $ 0 . 20 = $0 . 0 6 

2 .  $0 . 2 6 - ( $0 . 08 3  X 4 . 7 0 )  = - $0 . 1 3 

Due to the d ivergen t na ture o f  a l l  thre e  e s t ima t e s , E BW wa s 

a s s i gned an e c onom i c  we i gh t  o f  0 . 00 in accord w i th Sheep l an 

( C l arke and Rae , 1 9 7 6 , 1 9 7 7 )  and Mor r i s  et at . ( 1 9 8 2 ) . In  

e f fec t ,  the  e c onom� c we i gh t  o f  0 . 00 p r e c lude s  E BW from the  

s e l e c t i on obj e c t ive . 



TABLE 4 . 2 :  LIFET IME ECONOMIC WE IGHTS ( l ) OF OTHER THAN 

WOOL QUALITY TRAITS  
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Trait Calculation Economic 
Wei ght 

NLW 

ww 

EBW 

GFW 

C FW ( s ho rt) 

C FW ( long) 

( 1 ) NLW 

3 . 7 0 matings x $ 1 2 . 7 3 

4 7 %  $ 1 2 . 7 3 2 . 2 9 lambs X X 1 0 0  1 3 . 2 4kg 

$ 1 4 . 4 7 
1 3 . 2 4kg X 

$ 1 1 . 4 3  
$14 . 4 7 

5 . 8 5 expr . x $ 2 . 2 8 /kg 

$ 0 . 2 0 
4 5 %  
Ioo 

1 0 0  5 . 8 5 expr . x $ 2 . 2 8 /kg x 7 8 . 5 3 %  

5 . 8 5 expr . x $ 2 . 2 8/kg x 

( $/ l i fetime / l amb weaned )  

l O O  
7 6 . 6 4 %  

Others ( $ / l i fe time/kg )  

$ 4 7 . 1 0 

$ 1 . 0 3 

$ 0 . 4 2 

$ 1 3 . 3 4 

$ 1 6 . 9 8  

$ 1 7 . 4 0 



I 

1 04 . 

TABLE 4 . 3 :  LIFET I�lli ECONOMIC WE IGHTS ( 1 )  US ING GOVERNMENT 

SUPPLEMENTARY MINIMUM PRICE S 

Trait Calcul ation 

NLW 3 . 7 0 rnatings x l 3 . 2 4kg x $ 1 . 4 5/kg 

W\'J 2 . 2 9 l ambs x 4 7 %  $ 1 . 4 5 /kg l O O  X 

$ 1 1 . 4 3 $ 0 . 2 0 
EBW $ 1 . 4 5 /k g  X - 4 5 %  $1 4 . 4 7 l O O  

GFW 5 . 8 5 expr . X $ 3 . 2 0/kg 

( l )  NLW ( $/ l i fe time/lamb we aned )  

Others ( $/ li fe time/kg)  

( 2 ) No account h as been made o f  cos t incre ase s .  

E conomic 
We i gh t  

$ 7 1 . 0 3 

$ 1 . 5 6 

$ 0 . 7 0( 2 )  

$ 1 8 . 7 2 

TABLE 4 . 4 :  COMPAR I SON OF ECONOMIC WE I GHTS BEFORE AND AFTER 

GOVERNMENT SUPPLEMENTARY MINIMUM PRICES TAKEN 

INTO C ONS IDERAT ION 

( Re l a t ive to  GFW o f  1 . 00 ) . 

NLW ww EBW GFW 

Be fore 3 . 5 3  0 . 0 8 0 . 0 0 1 . 0 0 

Afte r  3 . 7 9  0 . 0 8  0 . 0 0 1 . 0 0 
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The in t roduc t ion o f  gre a t l y  incr e a s e d  Governmen t-guaran t e e d  

Sup p l emen tary Min imum P r i c e s  ( SMP ) t o  the farmer f o r  the 

1 9 8 1 / 8 2  s e a s on , wa s sus pec ted  to inf luence the fu ture 

app l i cab i l i ty o f  the economic we i gh t s  a l ready c a l c u l a t e d . 

Ex tend ing the SMP o f  $ 1 . 45 /kg for PM l amb and $ 3 . 20 /kg for 

woo l  to a l l  l amb and woo l  pro duc ed r e s p ec t ive l y , the e c onom i c  

we i gh t s  were re-e s t imated  i n  Tab l e  4 . 3 .  

As exp e c ted , the ab s o lute  va lues  o f  the econom�c we i gh t s  

are gre a t er us ing the SMP value s , bu t o f  mo s t  c oncern in 

the re l a t ive movemen ts ( Tab l e  4 . 4 ) . There wa s l i t t l e  e f fe c t  

on such r e l a t ivi t i e s , a l thou gh a s l i gh t l y grea t er empha s i s  

on fe r t i l i ty i s  sugge s ted . 

4 . 3 . 3  Summary o f  s e l e c t ion obje c t ives  

A summary o f  th e t r a i t s  inc luded in  th e var1ous  s e l e c t ion 

obj e c t ive s is c on t a ined in Tab le  4 . 5 .  A deta i l ed s e t  o f  

equat ion s  pertain ing t o  the s e  ob j e c t ive s i s  shown 1n 

App end ix IX . W i th respec t to the tra i t s  containe d , the 

s e l e c t i on ob j e c t iv e s  de fined are very s imi lar , a l though the 

value o f  the as s i gned economic we igh t s  var ie s . 

TABLE 4 . 5 :  SUMMARY OF SELECTION OBJECT IVES 

Greasy 

Re turn Sour c e  Shor t Long Al l Shor t 

Surp lus  o f f s pr ing NLW NLW NLW NLW 
ww ww ww ww 

Woo l  GFW GFW GFW eFW 
y y y 

ML ML ML ML 
se se se se 

MFD 

C l ean 

Long Al l 

NLW NLW 
ww ww 

eFW eFW 

ML ML 
se s e  

MFD 

The on l y  d i f feren c e s  in the c ompos i t i on o f  the ob j ec t ive s 

conc ern the woo l  t r a i t s . Y and GFW , p r e s ent in the greasy 

obj e c t ive s , were na tura l ly rep l ac e d  in the c l ean obj e c t ive s 

by CFW . On the b a s i s  o f  the economic w e i gh t s  c a l cu l a te d , 
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MFD wa s j udged t o  be  o f  negl igib l e  impor tance �n sho r t  woo l s , 

and consequen t ly was onl y  inc luded in the long woo l  ob j ec t ive s . 

4 . 4  D I S C U S S I O N 

The de f ini t ion o f  s e l ec t i on ob j ec t iv e s  for pro f i t  max imi s a t ion 

requ ire s  the e s t ima t i on o f  appropr i a t e  economic we i gh t s  for 

ind ividual tra i t s . E c onomic we i gh t s  are un for tuna te ly no t 

f i xe d  c ons tan t s , but  are subj e c t  to b o th sho r t - and l ong-

term change s ( Chap ter 2 . 4 ) . Un s tab l e  econom�c c ond i t i ons 

gene r a t e  d i l emma s for an ima l bre ede r s  wi shing to e s tab l i sh 

the e c onomic s i gn i fic anc e  o f  tra i t s  under cons idera t ion . 

I d e a l l y , fu ture e c onomic we i gh t s  shou l d  be u s e d , bu t the 

pred i c t ion of such i s  a formidab le  t a s k  ( Chap ter  2 . 4 ) . 

Cons equen t l y , the a l terna t ive common l y  resor t e d  to i s  the 

u s e  o f  pas t economic d a ta . The ec onomic we igh t s  c a l cu l a t e d  

from such data a r e  re a l l y on ly rel evant to  the t ime per iods  

ac tua l ly cons idered . Wi thin a var i ab l e  economy , there is  no 

gu aran tee tha t  the s e  e s t ima t e s  wi l l  pred i c t  future va l u e s  

ac cura t e l y . 

The current ana l y s e s  gene r a l ly u s e d  f ive year pr�ce  averages  

to  c a l cu l a t e  e c onomi c we i gh t s . In d o ing so , i t  was 

an t i c ipa ted tha t shor t - t e rm f luc tua t ion s , as  we l l  a s  ob s o l e t e  

d a t a  f r om o l d  s e l l ing me thods  e t c. wou l d  both b e  avo ide d . 

The e c onom�c we i gh t s  o f  mo s t  o f  the woo l qua l i ty tra i t s  we re 

d i rec t l y  c a l cu l a t ed from the resu l t s  o f  the regre s s ion 

ana l y s e s  o f  the New Z e a l and Wool Board data ( Chap t e r  3 ) . An 

ini t i a l  prob l em t o  be  enc oun tered wa s the cho i c e  be tween 

the  s imp le  regr e s s ion c o e f f ic ien t and the  par t i a l  regre s s i on 

c o e f f i c ien t  as  the b a s i s  o f  the c a l cu l a t ions . Rae ( c i te d  by 

Dun l o p  and Young , 1 9 60)  s ugge s te d  the use of  the s imp l e  

r e gr e s s ion c oe f f i c ient . However ,  on the adv i c e  o f  Rae and 

W i ckham (pers . c omm . ) ,  the current c a l cu l a t ions u t i l i s e d  the 

p ar t i a l  regre s s ion c oe f f i c ien t s . 
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The re l a t ive magn i tude s  o f  the e c onom�c we i gh t s  o f  the woo l  

qua l i ty tra i t s  i s  equ iva l en t  t o  tha t o f  the par t ia l  regre s s ion 

coe f f i c i en t s  from wh ich they were c a l cu l a ted ( Chap ter 3 ) . 

For the c a l cu l a t i on o f  e c onomic we i gh t s  in th i s  fa shion , 

i t  wa s a s sumed tha t  i t  i s  pos s ib l e t o  direc t l y  extrap o l a te 

the re su l t s from va lua t ions o f  woo l  l o t s ( compr i s ing many 

f l e e c e s )  to a s in g l e  an ima l ( s in g l e  f l ee c e )  s i tua t ion . Th i s  

l ink may be rath e r  tenuou s . 

The e s t ima t ion o f  econom�c we igh t s  f o r  Co and T wa s 

c onduc ted  �n a v e ry l imi ted  manner .  The data s e t  u s e d  wa s 

sma l l , as  wa s the in i t ia l  s c a l e  o f  expre s s ion o f  the s e  

tra i t s , espec i a l l y  T .  A greater gradat ion o f  measuremen t 

wou l d  b e  expe c t e d  to produ c e  more a c c urate e s t ima t e s . The 

le g i t imacy o f  the ext rapo l a t ion on t o  the Ma s s ey s c a l e  may 

a l s o  b e  deb a tab l e . F inal ly , the d a t a  used  for Co and T ,  

wa s l ikely to have be en c on founded wi th the e f fec t s  o f  

length and c o l our , thereby mak ing i n t erpre tat ion o f  r e su l t s  

d i f f i cu l t .  T o  r eme dy th i s  prob lem ,  i t  wou l d  b e  pre ferab l e  

t o  pu t C o  and T i n  a regr e s s ion mod e l  a l ong w i th o ther woo l  

tra i t s . 

The val i d i ty o f  the e c onom�c we igh t  e s t ima t e s  for Co and T 

i s  the r e fore que s t ionab l e . Super f i c i a l  compar i s on wi th the 

ec onomic we i gh t s  o f  the o ther wool t ra i t s  c a l cu l a ted from 

the r e gre s s ion analy s e s , ind i c a te d  that in r e l a t ive terms , 

Co and T are very impo r t an t . A mo re thorough ana ly s i s  i s  

c l ea r l y  warran t e d . 

The c a l cu l a t ion o f  econom� c we i gh t s  for trai t s  o ther than 

tho s e  c onnec te d  w i th woo l qua l i ty ,  r e l ied heav i ly on d a t a  

c o l l e c ted by t h e  New Z e a l and Mea t  and Woo l  Board E c onom i c  

S e rv i c e  on Nor th I s l and h i l l  c oun try farms . The breed  o f  

sheep on the farms surveyed i s  uns p e c i f i ed . Spe c i f i c  d a t a  

o n  Romneys unde r  such c ond i t ion s a r e  idea l l y  requ i re d . 

F o r  examp l e , in a very l imi ted ana l y s i s  ( one s e a s on and one 

area) , Tay l or and Dav i s on ( 1 9 7 6 )  f ound tha t the mea t  grad ing 

p a t t e rn o f  Romn e y-s ired  l amb s d i f f ered from tha t  of the 



1 0 8 . 

na t i onal pa t te rn . Le s s  Romney-c ro s s  l amb s graded pr ime , 

wh i l e  more grade d  in the l e aner c a t e gory . I f  th i s  t r end 1 s  

ind i c a t ive o f  the na t ional  indu s try s i tuat ion , then i t  

shou l d  b e  a c c oun ted for i n  calcu l a t ing l amb re turns for a 

s tra i ghtbred Romney farming opera t ion .  

The economic we i gh t s  e s t ima ted are in good agreemen t wi th 

tho s e  of Mor r i s  et al . ( 1 9 8 2 ) , b u t  d i ffer s l i gh t ly  from 

ear l ier  value s u s ed in formu l a t ing the curren t Shee p l an 

ob j e c t ives ( C l a rke and Rae ,  1 9 7 6 , 1 9 7 7 ) . Tab l e  4 . 6  

compares the s e  e s t ima te s r e l a t ive t o  an economic we i gh t  for 

GFW o f  1 . 0 .  I t  is evident tha t  in r e l a t ive terms , woo l 

has as sume d mor e  econom1c impor tan c e  o f  l a t e  than f er t i l i ty .  

TABLE 4 . 6 :  C OMPARI SON OF ECONOMIC WE IGHT E ST IMATE S  

( Re l a t ive to GFW o f  1 . 0 0 )  

Source o f  E s t ima te NLW ww EBW 

She e p l an 
6 . 0 2 ( l ) ( C l arke & Rae , 1 9 7 6 , 1 9 7 7 )  0 . 2 6 0 . 00 

Mor r i s  et al . ( 1 98 2 )  3 . 7 3 0 . 09 0 . 00 

Pre s en t  e s t ima t e s  3 . 5 3 0 . 08 0 . 00 

( 1 )  Numb e r  o f  l amb s born 

GFW 

1 . 00 

1 .  00 

1 . 00 

However ,  Rae ( 1 9 8 2 )  sugge s ted tha t fer t i l i ty i s  a lway s 

impor tan t  whenever the farming s y s t em invo lve s the s a l e  o f  

l amb s . In add i t ion , h i gher f e r t i l i ty l eve l s  enab le  a 

gre a t e r  s e l ec t i on d i f fe r en t i a l  in r ep l acemen t  s tock , there­

by increas ing the s c ope  for gene t i c  ga in . 

A c ompar i s on o f  a l l  three ca l cu l a t e d  E BW e s t ima t e s  ( $ 0 . 42 ,  

$ 0 . 06 and - $ 0 . 1 3 )  sugge s ted tha t  the zero va lue a s s i gn e d  

to  t h e  tra i t  b y  She ep l an ( C l arke and Rae , 1 9 7 6 ,  1 9 7 7 )  and 

Mor r i s  et al . ( 1 9 8 2 )  i s  l ike ly  to be the mo s t  appropr i a te 

a t  p r e s en t . E l l io t t  and Johns on ( 1 9 7 6 )  had s im i l a r  prob l ems 

for the Perend a l e . They conc luded tha t the e c onomic w e i gh t  

for E BW needed clarlf i c a t i on for h i l l  country p roduc t ion . 

The r e l a t i on s h i p  be tween body we i gh t  and fert i l i ty i s  a 

I 
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fur th e r  comp l i c a t ing fac t o r . 

In genera l , changes in the preva i l ing e c onom 1 c  c ond i t i on s  

do no t s e em t o  have drama t i c a l ly in f luenced t h e  r e l a t ivi ty 

be tween tra i t s  ( Tab l e s  2 . J_ and 4 . 6 ) . Cyc l i c a l  trends  are 

eviden t . It  is  a l s o  i n t e re s t ing t o  note tha t the SMP 

ana l y s i s  fa i l e d  to d i s tu rb the ec onomic r e l a t ionship 

be twe e n  the tra i t s concerned . The va l id i ty o f  th i s  

c omp a r i s on i s  c e r t a inly que s t i onab l e . The a s s ump t i on tha t  

a l l  l amb wi l l  r e c e ive $ 1 . 4 5 /kg and a l l  wool $ 3 . 2 0 /kg 1 s  

obvi ou s ly n o t  a true repr e s en t a t ion o f  what wi l l  o c cur , bu t 

i t  i s  further a s sumed tha t the degree o f  over-e s t ima t ion 1 s  

common t o  b o th produc t s , thereby keep ing re l a t ivi t ie s  

con s t an t . 

To a c e r ta in e x t ent , the reasonab l y  con s tan t  r e l a t ivi t i e s  

exh ib i ted , a l l eviate  c on c ern abou t the e f fec t iven e s s  o f  

econom i c  we i gh t s  c a l cu l a t e d  from pa s t  p r i c e s , under fu ture 

cond i t ions . 
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CHAPTER FIVE 

APPRAISAL OF SELECTION INDICES AND SENSITIVITY ANALYSES 

5 . 1  I N T R OD U C T I O N 

Onc e the s e l e c t ion ob j e c t ive h a s  b een d e f ined , a s e l e c t ion 

index c an be formu l ate d wh ich wi l l  pre d i c t  the overa l l  va lue 

of ind iv idual an ima l s  in r e l a t ion to the s e l e c t i on obj e c t ive . 

The s e l e c t ion index can con s i s t o f  many tra i t s , inc lud ing 

tho s e  in the obj e c t ive , as we l l  as o thers  not in the obj ec t ive . 

Tra i t s  c an be  j u s t i f i ab ly inc l uded in the s e l e c t ion index i f  

they are e a s i ly and cheap ly me asured , and i f  they con t r ibu te  

towards the overa l l  rate  of  gene t i c ga1n . 

Th i s  chap t e r  c ompar e s  the wor th o f  var ious tra i t s  a s  s e l e c t i on 

cri teria  and a s s e s s e s  the re l a t ive e f f e c t of changes  in the 

s e l e c t ion ob j e c t ive on the s e  c r i te r i a  for the Romney . 

Previous au thor s have a t temp t e d  s imi l ar anal y s e s  for o ther 

breeds  ( E l l io t t  and John s on , 1 9 7 6 ; Lewer , 1 9 7 8 ; Ponzon i , 

1 9 7 9 ; S ta f ford and Wa lkley , 1 9 7 9 ; Ponzoni  and Wa lk 1 ey , 1 9 8 1 ) . 

5 . 2  MAT E R I AL S  A N D  M E T H OD S  

For the s ix s e l ec t ion ob j e c t ives  d e f ined in Chap t e r  Four 

( shown in App end i x  IX) , a s e r i e s  of fu l l ,  redu c e d  and 

re s tr i c t e d  s e l ec t ion ind i ce s were c a l cu l a ted u s in g  John s on ' s  

( 1 9 7 5 )  mod i f i e d  ve r s ion o f  the s e l e c t ion index c ompu t e r  

program , SELIND ( Cunningham and Mahon , 1 9 7 7 ) . 

The e s t ima t e s  o f  h e r i t ab i l i ty , gene t ic and phen o t yp i c  

corre l a t ions , and pheno typ i c  s tandard deviat ion s needed for 

th i s  s tudy were o b t a ined from : 

1 .  She e p l an ( C l a rke and Rae , 1 9 7 6 , 1 9 7 7 ) 

2 .  Wickh am and Rae (per s . c omm . ) a f t er cons i de r a t ion o f  

Chopra ( 1 9 7 8 ) , B l a i r  ( 1 9 8 1 )  and o ther s our c e s  o f  

parame ter e s t ima te s . E s t ima t e s  were lower e d  i f  ther e  
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wa s sub s t an t i al doub t c onc ern �ng the i r  va l id i ty . 

3 .  New Zealan d  Woo l Board data ana lys i s  for S C  pheno typ i c  

s t andard deviat ion ( Chapter 3 ) . 

The e s t ima t e s  used  are shown in Appendix X .  

5 . 3  R E S U LT S 

5 . 3 . 1 Fu l l  and reduc ed s e l e c t i on ind i c e s  

F o r  t h e  s ix s e l e c t ion ob j e c t ive s previou s l y  d e f ined , fu l l  

s e l e c t ion ind i c e s  con t a in ing a l l  the trai t s  in  the ob j e c t ive , 

or the ir respec t ive c r i t e r ia ( i . e .  NLW ( d am) for NLW , ho gge t 

gre a s y  ( c l ean ) f l eece  we i gh t  ( HGFW , HCFW) for GFW ( CFW) and 

s t ap l e  l ength ( SL)  for ML ) we re c ompu ted . At th i s  in i t i a l  

s ta ge , hogget body we i gh t  (HBW) ( c r i ter ion for  EBW) , qua l i ty 

numbe r  (Q N) and f l e e c e  ch arac ter grade ( CHG ) a l s o  formed par t 

o f  the index , bu t no t the obj e c t ive . EBW wa s no t inc luded 

�n the obj e c t ive becau s e  of the ear l ier uncer tainty c onc erning 

i t s  e c onomic wor th ( Chap t er 4 . 3 . 2 ) , and a l s o th i s  a c t ion was 

in agr eemen t wi th previ o u s  au tho r s  ( C l arke and Rae , 1 9 7 6 , 1 9 7 7 ; 

Morr i s  �t a! . , 1 9 8 2 ) . CHG wa s exc luded on s imilar  groun d s  

(Lewe r ,  1 9 7 8 ) . QN wa s n o t  inc luded i n  the s e l ec t i on ob j e c t ive 

as  i t  wa s con s idered a c r i ter ion o f  MFD ( Lewe r ,  1 9 7 8 ) . The 

fu l l  ind i c e s  c ompu ted for the r e s p e c t ive obj e c t ive s are shown 

in T ab l es 5 . 1 ,  5 . 2 ,  5 . 3 ,  5 . 4 ,  5 . 5  and 5 . 6  as Index 1 .  

The impor tanc e  o f  NLW ( d am)  �n the fu l l  index i s  read i l y  

app a r en t . W i th respe c t t o  the Greasy Sho r t  o b j e c t ive ( Tab l e 

5 . 1 ) , the ra te  o f  over a l l gene t i c  gain wou ld  b e  r educ ed by 

1 1 . 89 %  if NLW ( dam) wa s omi t ted from the ind ex . For the 

s ame obj e c t ive , 5 2 . 1 8% o f  the overa l l  gain i s  a c c oun ted  for 

by g a in in NLW . In a s epara t e  ana lys i s , no t repo r t ed here , 

the importan c e  o f  NLW wa s shown to  inc rease  when three record s 

are ava i l a b l e  on NLW ( d am) . 

The two body we igh t  t ra i t s c on s idered wer e  WW and HBW . WW 
wa s shown to  b e  o f  very l i t t l e  value in the inde x  ( 0 . 2 9 %  



TABLE 5 . 1 :  FULL AND REDUCED SELECT ION INDICES FOR THE GREASY SHORT OBJECTIVE 

( One record on NLW ( dam) ) . 

Variates in Obj ective NLW ww 

Variate s  in Index 
NLW 

ww HBW 
( darn) 

INDEX 1 

B-Value 2 . 3 2 0 . 10 0 . 3 6 
Value of  Variate 1 1 . 89 0 . 29 8 . 68 

% Overall Gain 5 2 . 18 1 2 . 53 0 . 00 

Genetic Gain 0 . 0 3 0 . 39 1 . 17 

INDEX 2 

B-Value 2 . 3 3 0 . 09 0 . 3 6 

Value of  Variate 1 3 . 19 0 . 27 9 . 2 2 

% Overall Gain 5 2 . 16 1 3 . 4 3 0 . 00 

Genetic Gain 0 . 03 0 . 40 1 . 18 

INDEX 3 

B-Value 2 . 3 3 - 0 . 39 
Value o f  Variate 1 3 . 27 - 13 . 86 

% Overall Gain 5 2 . 34 12 . 58 0 . 00 

Genetic Gain 0 . 0 3 0 . 3 7 1 . 18 

----

GFW y ML 

HGFW y SL 

1.  9 3  0 . 2 5 0 . 5 0 
2 . 56 4 . 2 3 1 . 86 

24 . 09 4 . 7 5 4 . 7 9 
0 . 06 0 . 2 2 0 . 18 

2 . 02 - 0 . 48 
3 . 09 - 1 . 94 

28 . 4 3 -1 . 5 1 5 .  7 1  

0 . 06 - 0 . 07 0 . 2 1 

2 . 11 - 0 . 46 
3 . 48 - 1 .  78 

28 . 99 -1 . 49 5 . 8 0 
0 . 07 -0 . 07 0 . 2 1 

se 

se QN 

-0 . 61 0 . 6 5 
1 .  53  2 . 92 
1 . 65 0 . 00 

-0 . 04 -0 . 02 

-0 . 52 0 . 3 7 
1 .  2 4  1 . 19 
1 .  7 7  0 . 00 

-0 . 04 0 . 00 

-0 . 5 2 0 . 36 
1 . 2 2 1 . 1 2 
1 .  7 8  0 . 00 

-0 . 04 0 . 00 

CHG 

-0 . 45 
0 . 96 
0 . 00 
0 . 00 

-0 . 3 1 
0 . 50  
0 . 00 
0 . 00 

-0 . 3 1 
0 . 5 0 
0 . 00 

-0 . 01 

- - ---- -

Value o f  
Overall Gain 

3 . 19 

3 . 05 

3 . 04 

Continued . 

1--' 
1--' 
N 



TABLE 5 . 1 :  CONTINUED 

Variate s in Obj ective 

Variates in I ndex 

INDEX 4 

B-Value 
Value of Variate 
% Overall Gain 
Genetic Gain 

INDEX 5 

B-Value 
Value of Variate 
% Overall Gain 
Genetic Gain 

INDEX 6 

B-Value 
Value of Variate 
% Overall Gain 
Genetic Gain 

INDEX 7 

B-Value 
Value of Variate 
% OVerall Gain 
Genetic Gain 

NLW 

NLW 
( dam) 

2 . 3 3 
1 3 . 44 
5 1 . 72 

0 . 03 

2 . 34 
1 3 . 7 5 
49 . 07 

0 . 03 

2 . 34 
14 . 02 
4 9 . 95 

0 . 03 

2 . 34 
14 . 26 

5 1 . 62 
0 . 03 

---

ww GFW 

ww HBW HGFW 

- 0 . 39 1 .  99 
- 14 . 90 3 . 19 

1 2 . 87 0 . 00 2 8 . 6 3 
0 . 38 1 . 18 0 . 06 

- 0 . 4 1 1 .  94 
- 16 . 7 9 3 . 08 

1 3 . 4 2 0 . 00 28 . 7 9 
0 . 39 1 . 17 0 . 06 

- 0 . 41 1 .  94 
- 17 . 12 3 . 14 

1 3 . 66 0 . 00 29 . 3 0  
0 . 39 1 . 18 0 . 06 

- 0 . 4 2 2 . 3 2 
- 19 . 2 7  5 . 4 1 

14 . 58 0 . 00 2 9 . 59 
0 . 42 1 .  2 0  0 . 06 

y ML se 

y SL se 

- 0 . 41 -0 . 5 2 
- 1 . 5 0 1 . 2 3 

-0 . 82 5 . 91 1 . 69 
-0 . 04 0 . 2 1 -0 . 04 

- 0 . 26 -0 . 4 2 
- 0 . 84 0 . 88 

0 . 86 6 . 10 1 .  7 5  
0 . 04 0 . 2 2 -0 . 04 

- 0 . 26 -

- 0 . 86 -

0 . 8 7 6 . 2 1 0 . 00 
0 . 04 0 . 2 2  0 . 00 

- - -

- - -

0 . 00 4 . 20 0 . 00 
0 . 00 0 . 1 5 0 . 00 

Value of  

QN eHG 
Overall Gain 

0 . 26 -

0 .  7 1  -

0 . 00 0 . 00 
3 . 03 

0 . 00 0 . 01 

- -

- -

0 . 00 0 . 00 
3 . 01 

-0 . 05 -0 . 0 1 

- -

- -

0 . 00 0 . 00 
2 . 98 

-0 . 03 0 . 00 

- -
- -

0 . 00 0 . 00 
2 . 95 

0 . 01 0 . 00 

---- - - --- ----� ------

! 

' 

i ! 1-' 
1-' 
w 



TABLE 5 . 2 :  FULL AND REDUCED SELECT ION INDICE S  FOR THE GREASY LONG OBJECTIVE 

( One r e c ord on NLW ( dam) ) .  

Vari ate s i n  Obj ecti ve NLW ww GFW y .ML se 

Variates in Index 
NLW 

ww HBW HGFW y SL se QN CHG 
( dam) 

INDEX 1 

B-Value 2 . 3 1 0 . 10 0 . 3 7 1 . 5 7 0 . 2 6 0 . 2 2 -0 . 6 2 0 . 78 -0 . 48 
Value o f  Vari ate 1 2 . 5 7 0 . 3 5 9 . 41 1 . 64 4 . 6 3 0 . 38 1 . 66 4 . 1 7 1 . 16 

% Overall Gai n  57 . 54 1 3 . 26 0 . 00 2 3 . 4 5 5 . 41 0 . 74 0 . 76 0 . 00 0 . 00 
Genetic Gai n  0 . 04 0 . 4 0 1 . 18 0 . 05 0 . 2 3 0 . 12 -0 . 03 0 . 0 3 0 . 0 1 

INDEX 2 
B-Value 2 . 3 2 0 . 10 0 . 3 7 1 .  93 0 . 2 7 0 . 2 3 -0 . 48 0 . 68 -0 . 46 
Value o f  Variate 1 2 . 8 5 0 . 38 9 . 86 2 . 7 7 5 . 37 0 . 4 3 1 . 1 3 3 . 5 0 1 .  06 
% Overall Gai n  5 7 . 3 7 1 3 . 92 0 . 00 2 2 . 66 5 . 07 0 . 61 0 . 86 0 . 00 0 . 00 
Genetic Gai n  0 . 04 Q . 4l 1 .  2 0  0 . 05 0 . 2 1 0 . 1 0 -0 . 03 0 . 04 0 . 01 

INDEX 3 
B-Value 2 . 3 3 0 . 10 0 . 37 2 . 0 3 - 0 . 2 2 -0 . 39 0 . 38 -0 . 30 
Value of  Vari ate 14 . 64 0 . 36 1 0 . 7 3  3 . 4 5 - 0 . 4 3 0 . 8 5 1 . 40 0 . 5 3 
% Overall Gai n  58 . 41 1 5 . 2 7 0 . 00 2 7 . 8 9 -2 . 91 0 . 8 2 0 . 94 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 4 3 1 .  2 2  0 . 06 -0 . 12 0 . 12 -0 . 03 0 . 06 0 . 00 

INDEX 4 

B-Value 2 . 3 3 - 0 . 40 2 . 1 3 - 0 . 19 -0 . 39 0 . 37 -0 . 3 0 
Value o f  Vari ate 14 . 7 6 - 16 . 4 3 3 . 93 - 0 . 34 0 . 8 3 1 .  3 2  0 . 5 2 
% Overall Gai n  58 . 7 1 14 . 26 0 . 00 2 8 . 58 - 2 . 9 1 0 . 84 0 . 95 0 . 0 0 0 . 00 
Genetic  Gai n  0 . 04 0 . 40 1 .  2 2  0 . 06 -0 . 1 1 0 . 13 -0 . 03 0 . 07 0 . 00 

MFD 

MFD 

0 . 19 
0 . 8 8 

-1 . 1 7 
0 . 2 8 

--
-0 . 49 

0 . 12 

-
-

- 0 . 4 1 
0 . 09 

-
-

-0 . 4 3 

0 . 10 

---

Value o f  
Overall Gai n  

3 . 10 

3 . 07 

2 . 91 

2 . 89 

I 

� 
� 

Cont inued . � 



TABLE 5 . 2 :  CONTINUED 

Variates in Obj ective NLW 

Variates in Index 
NLW 

( dam) 

INDEX 5 
B-Value 2 . 3 3 

Value of Variate 14 . 90 

% Overall Gain 58 . 07 
Genetic Gain 0 . 03 

INDEX 6 

B-Value 2 . 3 3 
Value o f  Variate 1 5 . 05 
% Overall Gain 5 7 . 66 
Genetic Gain 0 . 03 

INDEX 7 

B-Value 2 . 3 3 

Value of Variate 1 5 . 3 3  
% Overall Gain 5 7 . 81 
Genetic Gain 0 . 03 

INDEX 8 
B-Value 2 . 34 

Value o f  Variate 1 5 . 5 5 
% Overall Gain 5 5 . 69 
Genetic Gain 0 . 0 3 

ww 

ww 

-

-

14 . 89 
0 . 42 

-
-

15 . 04 
0 . 4 2 

-
-

1 5 . 2 6 
0 . 42 

-
-

15 . 3 8  

0 . 42 

GFW y 

HBW HGFW y 

0 . 41 2 . 2 9 -
18 . 85 4 . 90 -

0 . 00 28 . 4 5 - 2 . 62 
1 .  2 2  0 . 06 -0 . 10 

0 . 4 1 2 . 15 -

19 . 59 4 . 5 6 -

0 . 00 2 8 . 1 2  -2 . 01 
1 .  2 2  0 . 06 -0 . 08 

0 . 4 2 2 . 10 -
2 0 . 03 4 . 44 -

0 . 00 28 . 5 3 -1 . 5 9 
1 .  2 3  0 . 06 -0 . 06 

0 . 4 2 1 . 94 -

2 0 . 7 0 4 . 04 -

0 . 00 28 . 69 0 . 00 

1 .  2 1  0 . 06 0 . 00 

ML se 

SL se QN 

- -0 . 35 0 . 2 6 - 0 . 7 2 0 . 98 
0 . 6 0 0 . 95 0 . 00 
0 . 09 -0 . 03 0 . 07 

- -0 . 36 0 . 20 - 0 . 75 0 . 6 7  
0 . 67 0 . 89 0 . 00 
0 . 10 -0 . 03 0 . 08 

- - 0 . 16 - - 0 . 4 3 
0 . 7 4 -0 . 19 0 . 00 
0 . 1 1 0 . 01 0 . 08 

- - -
- - -

0 . 94 0 . 00 0 . 00 
0 . 14 0 . 00 0 . 0 2 

MFD 

eHG MFD 

-0 . 2 5 -

0 . 39 -
0 . 00 -0 . 34 

-0 . 01 0 . 0 7 

- -
- -

0 . 00 -0 . 38 
0 . 01 0 . 08 

- -

- -

0 . 00 -0 . 55 
0 . 0 1 0 . 12 

- -
- -

0 . 00 -0 . 7 1  
0 . 00 0 . 15 

Value o f  
Overall Gain 

2 . 88 

2 . 8 7 

2 . 8 5 

2 . 84 

I 
...... 
...... 
Vl 



TABLE 5 . 3 :  FULL AND REDUCED SELECTION IND I CE S  FOR THE GREASY OBJECT IVE 

( One r e c ord on NLW ( dam) ) .  

Variate s in Obj ective NLW ww GFW y ML se 

Variate s in Index 
NLW 

ww HBW HGFW y SL se 
( dam) 

INDEX 1 
B-Value 2 . 3 2 0 . 10 0 . 3 6 1 .  95 0 . 26 0 . 44 - 0 . 6 1 

Value of Variate 1 2 . 1 1  0 . 3 1 8 . 89 2 . 67 4 . 4 0 1 . 48 1 .  56 

% Overal l Gain 5 3 . 29 1 2 . 8 2 0 . 00 2 3 . 98 4 . 69 3 . 5 5 1 . 68 

Genetic Gain 0 . 03 0 . 39 1 . 18 0 . 06 0 . 2 2  0 . 16 -0 . 03 

INDEX 2 
B-Value 2 . 3 3 0 . 09 0 . 36 2 . 04 - 0 . 4 3 -0 . 5 3  

Value o f  Variate 1 3 . 48 0 . 29 9 . 47 3 . 2 3 - 1 . 5 4 1 .  2 7  

% Overall Gain 5 3 . 4 2  1 3 . 78 0 . 00 2 8 . 4 6 - 1 . 77 4 . 2 9 1 . 8 1 

Genetic Gain 0 . 03 0 . 40 1 . 19 0 . 06 -0 . 08 0 . 19 -0 . 04 

INDEX 3 

B-Value 2 . 3 3 - 0 . 3 9 2 . 14 - 0 . 4 0 -0 . 5 2 

Value of Variate 1 3 . 57 - 14 . 29 3 . 6 5 - 1 .  39 1 .  2 6  

% Overall Gain 5 3 . 62 1 2 . 91 0 . 00 2 9 . 05 - 1 . 76 4 . 36 1 . 82 

Genetic Gain 0 . 03 0 . 38 1 . 19 0 . 06 -0 . 08 0 . 19 -0 . 04 

INDEX 4 
B-Value . 2 . 3 3 - 0 . 4 0 2 . 01 - 0 . 3 5 -0 . 5 2 

Value of Variate 1 3 . 7 6 - 15 . 3 7 3 . 3 5 - 1 . 1 2 1 .  2 6  

% Overall Gain 5 2 . 99 1 3 . 2 1 0 . 00 28 . 68 -1 . 06 4 . 4 5 1 .  7 3  

Genetic Gain 0 . 0 3 0 . 38 1 . 1 9 0 . 06 -0 . 05 0 . 20 -0 . 04 

QN CHG 

0 . 6 5 -0 . 46 
3 . 04 1 .  00 

0 . 00 0 . 00 

0 . 00 0 . 00 

0 . 37 -0 . 3 1 
1 .  2 5  0 . 5 2 

0 . 00 0 . 00 
0 . 01 0 . 00 

0 . 3 6 -0 . 3 1  
1 . 18 0 . 5 2  
0 . 00 0 . 00 
0 . 01 -0 . 01 

0 .  26  -

0 . 75 -

0 . 00 0 . 00 
0 . 0 2 0 . 01 

Value of 
Overall Gain 

3 . 16 

3 . 02 

3 . 01 

3 . 00 

Continued . 

1-' 
1-' 
0\ 



TABLE 5 . 3 :  CONTINUED 

Variates in Obj ective 

Variate s in Index 

INDEX 5 

B-Value 
Value of Variate 
% Overall Gain 
Genetic Gain 

INDEX 6 

B-Value 
Value of Variate 

% Overall Gain 
Genetic Gain 

INDEX 7 

B-Value 
Value of Variate 
% Overall Gain 

Genetic Gain 

NLW ww 

NLW 
( dam) 

ww 

2 . 34 -

14 . 09 -

5 0 . 28 1 3 . 7 9 

0 . 03 0 . 3 9 

2 . 34 -

14 . 2 3 -

5 1 . 4 2 14 . 46 
0 . 03 0 . 4 1 

2 . 34 -
14 . 51 -

5 2 . 36 14 . 72 

0 . 03 0 . 4 2 

- ----- - � 

GFW 

HBW HGFW 

0 . 4 1 1 . 96 
17 . 36 3 . 2 3 

0 . 00 2 8 . 8 5 

1 . 18 0 . 06 

0 . 4 2  2 . 26 
19 . 06 5 . 09 

0 . 00 2 8 . 98 
1 . 19 0 . 06 

0 . 4 2 2 . 2 6 
19 . 45 5 . 19 

o . oo 2 9 . 5 1 

l .  2 0  0 . 06 

y ML se 

y SL se 

- 0 . 20 -0 . 4 2 
- 0 . 5 1 0 . 9 0 

0 . 67 4 . 6 1 l .  79  
0 . 03 0 .  2 0  -0 . 04 

- - -0 . 4 2 
- - 0 . 91 

0 . 00 3 . 34 1 . 8 1 
0 . 00 0 . 14 -0 . 04 

- - -
- - -

0 . 00 3 . 40 0 . 00 
0 . 00 0 . 1 5 0 . 0 0 

QN eHG 

- -- -

0 . 00 0 . 00 
- 0 . 04 -0 . 01 

- -
- -

0 . 00 0 . 00 
0 . 00 -0 . 01 

- -
- -

0 . 00 0 . 00 
0 . 02 0 . 00 

Value of 
Overall Gain 

2 . 97 

2 . 96 

2 . 93 
I 

I 

...... 
...... 
-.....J 



TABLE 5 . 4 :  FULL AND REDUCED SELECTION INDICES FOR THE CLEAN SHORT OBJECT IVE 

( One record on NLW ( dam) ) .  

Variate s in Obj ective NLW ww CFW ML se 

Variate s in Index 
NLW 

HBW HCFW HGFW 
( dam) 

ww SL se QN 

INDEX l 
B-Value 2 . 3 2 0 . 08 0 . 3 3 4 . 91 - 1 . 64 0 . 7 5 -0 . 7 5 0 . 7 7 

Value of Variate 10 . 64 0 . 2 1 6 . 3 7 2 . 92 0 . 44 3 . 8 1 2 . 09 4 . 17 
% Overall Gain 4 7 . 10 10 . 8 1 0 . 00 3 2 . 30 0 . 00 7 . 61 2 . 18 0 . 00 

Genetic Gain 0 . 03 0 . 3 5 1 . 13 0 . 06 0 . 06 0 . 24 -0 . 04 0 . 01 

INDEX 2 
B-Value 2 . 3 2 0 . 10 0 . 3 5 - l .  96 0 . 8 0 -0 . 7 0 0 . 64 
Value of Variate 1 1 . 3 6  0 . 31 7 . 55 - 2 . 54 4 .  7 2  1 . 94 3 . 12 

% Overall Gains 4 9 . 10 11 . 69 0 . 00 2 8 . 99 0 . 00 7 . 9 0 2 . 3 2 0 . 00 

Genetic Gain 0 . 03 0 . 3 7  1 . 16 0 . 0 5 0 . 06 0 . 24 -0 . 04 0 . 01 

INDEX 3 
· B-Value 2 . 3 2 - 0 . 38 - 2 . 07 0 . 7 7 -0 . 69 0 . 6 2 
Value of Variate 11 . 44 - l l .  60 - 2 . 92 4 . 5 0 l .  92 3 . 0 2 
% Overall Gain 4 9 . 2 9  10 . 85 0 . 00 29 . 5 1 0 . 00 8 . 02 2 . 34 0 . 00 
Genetic Gain 0 . 03 0 . 34 1 . 1 6 0 . 06 0 . 06 0 . 2 4 -0 . 04 0 . 01 

INDEX 4 
B-Value 2 . 3 3 - 0 . 3 9 - 1 . 88 0 . 7 0 -0 . 69 0 . 47 

Value of Variate ll . 7 1  - 1 2 . 87 - 2 . 5 3 3 . 92 1 . 95 2 . 16 

% Overall Gain 48 . 7 5 1 1 . 26  0 . 00 2 9 . 5 1 0 . 00 8 . 2 7 2 . 2 1 0 . 00 

Genetic Gain 0 . 03 0 . 3 5 1 . 16 0 . 05 0 . 06 0 . 2 5 -0 . 04 0 . 02 

-- ----- - -------- ----

CHG 

-0 . 47 
0 . 95 
0 . 00 
0 . 01 

-0 . 4 6 
0 . 95 
0 . 00 
0 . 00 

-0 . 45 
0 . 95 
0 . 00 
0 . 00 

-

-

0 . 00 
0 . 03 

Value of 
Overall Gain 

3 . 36 

3 . 26 

3 . 2 5 

3 . 2 2 

Continued . 

! 

1-' 
1-' 
00 



TABLE 5 . 4 : CONTINUED 

Variates in Obj ect ive NLW ww eFW 

Variate s in Index 
NLW 

ww HBW HeFW HGFW 
(dam) 

INDEX 5 

B-Value 2 . 3 3 - 0 . 4 0 - 1 . 8 6 

Value of Variate 1 2 . 2 5 - 1 3 . 89 - 2 . 5 7 

% Overall Gain 49 . 3 9 1 1 . 85  0 . 00 3 0 . 77 0 . 00 

Genetic Gain 0 . 03 0 . 36 1 . 18 0 . 06 0 . 06 

INDEX 6 

B -Value 2 . 34 - 0 . 4 2 - 1 .  7 9  

Value of Variate 1 2 . 7 7 - 16 . 36 - 2 . 4 5 

% Overall Gain 46 . 3 2 12 . 68 0 . 00 31 . 91 0 . 0 0 

Genetic Gain 0 . 03 0 . 38 1 . 17 0 . 06 0 . 06 

INDEX 7 

B-Value 2 . 34 - 0 . 44 - 2 . 4 2 

Value of Variate 1 3 . 3 3 - 19 . 7 8  - 5 . 5 3 

% Overall Gain 4 9 . 5 7 14 . 2 9 0 . 00 3 0 . 84 0 . 0 0 

Genetic Gain 0 . 03 0 . 42 1 .  21  0 . 05 0 . 07 

-- - -- - -

ML se 

SL se QN 

0 . 64 - 0 . 37 
3 . 4 1 - 1 . 4 1 
8 . 65 -0 . 67 0 . 00 
0 . 2 5 0 . 01 0 . 02 

0 . 4 2 - -

2 . 1 1 - -

9 . 08 0 . 00 0 . 00 
0 . 26 0 . 00 -0 . 06 

- - -
- - -

5 . 30 0 . 00 0 . 00 
0 . 1 5 0 . 00 0 . 01 

--

eHG 

-
-

0 . 00 
0 . 0 3 

-

-

0 . 00 
0 . 00 

-
-

0 . 00 
0 . 00 

-- -

I 

I 

Value of 
Overall Gain 

3 . 16 

3 . 11 

3 . 05 

-- --- ----- ---

...... 
...... 
"' 



TABLE 5 . 5 :  FULL AND REDUCED SELECTION INDICES FOR THE CLEAN LONG OBJECT IVE 

( One record on NLW ( dam) ) .  

Variates in Obj ective NLW ww CFW ML se 

Variates in Index 
NLW 

ww HBW HCFW HGFW SL se QN CHG 
( dam) 

INDEX 1 
B-Value 2 . 3 1 0 . 09 0 . 34 4 . 3 0 - 1 . 5 1 0 . 41 -0 . 77 0 . 95 -0 . 5 3 
Value of Variate 11 . 5 7  0 . 28 7 . 19 2 . 38 0 . 41 l .  2 3  2 . 4 3 6 . 2 7 l .  3 1  
% Overall Gain 54 . 16 1 1 . 8 2  0 . 00 3 3 . 28 0 . 00 1 . 2 3 1 . 08 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 37 1 . 15 0 . 06 0 . 06 0 . 16 - 0 . 03 0 . 08 0 . 02 

INDEX 2 

B-Value 2 . 3 1 0 . 11 0 . 3 5 - l .  5 5  0 . 4 6 -0 . 7 6 0 . 8 5 -0 . 5 2 
Value of Variate 12 . 2 0 0 . 38 8 . 26 - 1 . 54 1 . 6 1 2 . 50 5 . 4 7 l .  35  
% Overall Gain 5 6 . 3 3  12 . 5 1 0 . 00 3 0 . 38 0 . 00 l .  29 1 . 12 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 38 1 . 18 0 . 05 0 . 06 0 . 17 -0 . 03 0 . 07 0 . 0 1 

INDEX 3 
B-Value 2 . 3 2 0 . 11 0 . 36 - 2 . 09 0 . 4 7 -0 . 5 5 0 . 69 -0 . 4 7 
Value of Variate 12 . 7 9 0 . 4 2 8 . 95 - 3 . 2 5 1 . 8 2 1 . 5 1 4 . 08 1 . 15 
% Overall Gain 5 6 . 4 1 13 . 62 0 . 00 2 7 . 97 0 . 00 1 . 09 l .  32 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 4 1 l .  2 2  0 . 05 0 . 06 0 . 14 -0 . 04 0 . 09 0 . 01 

INDEX 4 

B-Value 2 . 3 2 - 0 . 3 9 - 2 . 2 1 0 . 44 -0 . 5 5 0 . 67 -0 . 4 7 

Value of Variate 12 . 91 - 14 . 05 - 3 . 7 5 1 . 6 3 1 . 4 9 3 . 95 1 . 14 

% Overall Gain 56 . 7 5 1 2 . 60 0 . 00 2 8 . 63 0 . 00 1 . 12 1 . 3 3 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 3 7 l .  2 1  0 . 05 0 . 06 0 . 14 -0 . 04 0 . 09 0 . 00 

- -- --- ----

MFD 

MFD 

0 . 24 
l .  2 9  

-l . 5 7  
0 . 3 1 

0 . 29 

l .  95 
-l .  64 

0 . 32 

-
-

-0 . 4 2 
0 . 08 

-

-

-0 . 44 
0 . 08 

Value of I 
Overall Gain · 

3 . 2 2 

3 . 14 

3 . 08 

3 . 07 

Continue d .  

1-' 
N 
0 



TABLE 5 . 5 :  CONTINUED 

Variates in Obj ective NLW ww eFW 

Variate s in Index 
NLW 

ww HBW HeFW HGFW 
( dam) 

INDEX 5 
B-Value 2 . 3 2 - 0 . 4 0 - 2 . 02 

Value of Variate 1 3 . 28 - 15 . 69 - 3 . 28 

% Overall Gain 56 . 3 3 13 . 14 0 . 00 28 . 62 0 . 0 0 

Genetic Gain 0 . 04 0 . 3 9 1 .  2 2  0 . 05 0 . 06 

INDEX 6 
B-Value 2 . 33 - 0 . 4 3 - 2 . 3 7 

Value of Variate 13 . 68 - 19 . 2 0 - 5 . 13 

% Overall Gain 56 . 14 14 . 3 9 0 . 00 2 7 . 8 3  0 . 00 

Genetic Gain 0 . 03 0 . 4 2 1 .  2 3  0 . 05 0 . 06 

INDEX 7 
B-Value 2 . 3 3 - 0 . 4 3 - 2 . 3 1 

Value of Var iate 14 . 07 - 19 . 88 - 4 . 99 

% Overall Gain 56 . 65 14 . 7 5 0 . 00 2 8 . 8 0  0 . 00 

Genetic Gain 0 . 03 0 . 4 2 1 .  2 4  0 . 0 5 0 . 06 

INDEX 8 
B-Value 2 . 34 - 0 . 44 - 2 . 01 

Value of Variate 14 . 62 - 2 1 . 2 6  - 4 . 1 3 

% Overall Gain 5 3 . 69 1 5 . 1 2 0 . 00 3 0 . 87 0 . 00 

Genetic Gain 0 . 03 0 . 43 1 .  2 3  0 . 05 0 . 06 

ML se 

SL se QN 

0 . 3 7 -0 . 5 5 0 . 5 2  
1 .  2 0  1 . 5 1 2 . 91 
1 . 17 1 .  2 3  0 . 00 
0 . 15 -0 . 0 3 0 . 10 

- -0 . 48 0 . 34 
- 1 .  2 3  1 .  7 8  

0 . 62 1 .  2 8  0 . 00 
0 . 08 - 0 . 03 0 . 1 2 

- - 0 . 2 8 - - 1 .  3 1  
0 .  7 2  -0 . 4 0 0 . 00 
0 . 09 0 . 01 0 . 1 2 

- - -- - -

1 . 17 0 . 00 0 . 0 0 

0 . 14 0 . 00 0 . 02 

eHG 

-
-

0 . 00 
0 . 04 

-
-

0 . 00 

0 . 02 

-
-

0 . 00 
0 . 03 

-
-

0 . 0 0 

0 . 00 

MFD 

MFD 

-
-

- 0 . 49 
0 . 09 

--
-0 . 26 

0 . 05 

-
-

-0 . 52  
0 . 09 

-
-

-0 . 86 

0 . 16 

Value of 
Overal l  Gain 

3 . 03 

2 . 99 

2 . 96 

2 . 92 

-----
....... 
N 
....... 



TABLE 5 . 6 : FULL AND REDUCED SELECT I ON INDICES FOR THE CLEAN OBJECT IVE 

( One rec ord on NLW (dam) ) . 

Variates in Obj ective NLW ww CFW ML se 

Variates in Index 
NLW 

ww HBW HCFW HGFW 
( darn) 

SL se 

INDEX 1 

B-Value 2 . 3 2 0 . 09 0 . 3 3 4 . 88 -1 . 5 9 0 . 67 - 0 . 7 5 

Value of Variate 10 . 96 0 . 2 3 6 . 61 2 . 98 0 . 42 3 . 17 2 . 1 6 

% Overall Gain 48 . 62 11 . 2 1 0 . 00 3 2 . 2 2 0 . 00 5 . 7 0 2 . 2 4 

Genetic Gain 0 . 03 0 .  3 6  1 . 14 0 . 06 0 . 06 0 . 2 2 -0 . 04 

INDEX 2 

B-Value 2 . 3 2 0 . 1 0 0 . 3 5 - l .  99 0 . 7 3  -0 . 7 0 

Value of Variate 11 . 72 0 . 3 3 7 . 83 - 2 .  7 1  3 . 99 2 . 01 

% Overall Gain 5 0 . 7 5  1 2 . 1 3 0 . 00 28 . 8 2 0 . 00 5 . 9 1 2 . 3 9 

Gere tic Gain 0 . 03 0 . 38 1 . 18 0 . 05 0 . 06 0 . 2 2 -0 . 04 

INDEX 3 

B-Value 2 . 3 2 - 0 . 38 - 2 . 1 0 0 .  7 0  -0 . 7 0 

Value of Variate 1 1 . 80 - 12 . 09 - 3 . 11 3 . 7 7 1 .  99 

% Overall Gain 5 0 . 97 1 1 . 24  0 . 00 2 9 . 3 6  0 . 00 6 . 01 2 . 4 1 

Genetic Gain 0 . 03 0 . 3 5 1 . 17 0 . 05 0 . 06 0 . 2 2 - 0 . 04 

QN CHG 

0 . 78 -0 . 47 
4 . 3 5 l .  00 
0 . 00 0 . 00 
0 . 0 3 0 . 01 

0 . 64 -0 . 46 
3 . 2 8 L OO 

0 . 00 0 . 00 
0 . 02 0 . 00 

0 . 6 3 -0 . 46 
3 . 17 1 .  00 
0 . 00 0 . 00 
0 . 02 0 . 00 

Value of 
Overall Gain 

3 . 3 1 

3 . 2 1 

3 . 2 0 

Continued 
...... 

N 
N 



TABLE 5 . 6 :  CONTINUED 

Variates in Obj ective 

Variates in Index 

INDEX 4 
B-Value 
Value of Variate 
% Overall Gain 

Genetic Gain 

INDEX 5 
B-Value 

Value of Variate 
% Overall Gain 
Genetic Gain 

INDEX 6 
B-Value 
Value of Variate 
% Overall Gain 

Genetic Gain 

INDEX 7 
B-Value 
Value of Variate 

% Overall Gain 
Genetic Gain 

NLW 

NLW 
( dam) 

2 . 3 2 
12 . 10 
5 0 . 45  

0 . 03 

2 . 3 3 
12 . 68 
5 1 . 19 

0 . 03 

2 . 3 4 
13 . 24 
48 . 05 

0 . 03 

2 . 34 
13 . 63 

50 . 48 
0 . 03 

ww CFW 

ww HBW HCFW 

- 0 . 3 9 -- 13 . 45 -
1 1 . 68 0 . 00 29 . 3 7  

0 .  3 6  1 . 18 0 . 05 

- 0 . 40 -- 14 . 54 -
1 2 . 31  0 . 00 3 0 . 6 7 

0 . 3 7 1 . 19 0 . 06 

- 0 . 42 -- 17 . 18 -
13 . 2 1 0 . 00 3 1 . 88 

0 . 39 1 . 18 0 . 06 

- 0 . 44 -- 2 0 . 02 -
14 . 4 7 0 . 00 3 0 . 7 7  

0 . 42 1 .  2 1  0 . 05 

------ ---

ML se 

HGFW SL se 

1 .  92 0 . 62 -0 . 69 
2 . 7 0 3 . 2 0 2 . 02 
0 . 00 6 . 2 2 2 . 2 8  

0 . 06 0 . 2 3 -0 . 04 

1 .  90 0 . 56 -
2 . 7 5 2 .  72 -
0 . 00 6 . 5 2 - 0 . 7 0 
0 . 06 0 . 2 3 0 . 01 

1 . 82 0 . 34 -
2 . 63 1 .  44 -
0 . 00 6 . 86 0 . 00 
0 . 06 0 . 2 4 0 . 00 

2 . 3 4 - -
5 . 2 4 - -
0 . 00 4 . 2 7 0 . 00 
0 . 06 0 . 1 5 0 . 00 

QN CHG 

0 . 48 -

2 . 2 8 -
0 . 00 0 . 00 
0 . 03 0 . 03 

0 . 3 7 -
1 . 49 -
0 . 00 0 . 00 
0 . 0 3 0 . 03 

- -- -
0 . 00 0 . 00 

-0 . 05 0 . 00 

- -- -
0 . 00 0 . 00 
0 . 02 0 . 00 

I 

I I 
i 

t 
: I 
I ' 
' 

Value of 
Overall Gain 

3 . 17 

3 . 10 

3 . 06 

3 . 01 

I 

....... 
N 
w 



1 24 .  

reduc t ion in overa l l  ga 1n i f  omi t t e d  for the Greasy  Sho r t  

obj e c t ive ) , a l though i t s  inc lus ion in the obj e c t ive d i d  

con t r ibu te  to  t o t a l  gain ( 1 2 . 5 3% f o r  the Grea s y  Short 

obj e c t ive ) . Conver s e l y , HBW wa s of va lue in the index as  a 

pre d i c tor  o f  the tra i t s  in the ob j e c t ive . For the Greasy 

Sho r t  ob j e c t ive , omi s s ion o f  HBW from the index wou ld  r e su l t  

in a l o s s in ove r a l l  ga in o f  8 . 68% . 

The impor tance o f  GFW fol l owed a s imi lar p a t t ern t o  tha t  o f  

WW .  The value o f  HGFW i n  the index was l ow ( th e  l o s s  in t o t a l  

ga 1n i f  omi t t e d  wa s 2 . 5 6 %  f o r  the Greasy Sho r t  ob j ec t ive ) , bu t 

i t s  pre s ence in the obj e c t ive con t r ibu ted  sub s t an t ia l ly to  the 

overa l l  gains ( 24 . 09% for the Greasy Sho r t  ob j e c t ive ) . 

The woo l  qua l i ty trai t s  were genera l ly o f  low impor tance ,  

al thou gh Y wa s o f  more va lue in the index than HGFW for the 

gre a s y  obj e c t ive s . Two s u r p r i s ing resul t s  wer e  ob tained . 

F i r s t ly , a ne gat ive ind ex we igh t  ( B-va lue )  wa s a s s i gned to CHG , 

ind i c a t ing s e l e c t i on again s t  b e t ter CHG , a l though no a c tu a l  

gene t i c ga in or l o s s  wa s expec ted i n  the tra i t . S e c ond l y , in 

the l ong woo l  obj e c t ives wh ere QN and MFD are b o th inc lud ed , 

the a s s igned index we i gh t s  ind i c a t e  ( and are a l s o  exp e c t e d  to 

produc e )  woo l  w i th a h i gh e r  QN ( i . e .  finer ) , bu t wi th a gr eater 

MFD ( i . e . coar s er ) . 

A s imi l ar an tagon i s t i c  s i tu a tion o c curs for the c l ean ob j e c t ive s . 

The a s s i gned index we i gh t s  ind i ca t e  s e l e c t ion for CFW bu t 

aga in s t  GFW when b o th are present  in the index . Gene t ic 

gains are however made in b o th tra i t s . 

The va lue o f  ML in the l on g  woo l  ob j e c t ive s and ind i c e s  wa s 

shown t o  be  much lowe r than tha t o f  the corr e s pond ing shor t 

woo l  ob j ec t ive s and ind i c e s .  For the greasy ob j e c t ive s , the 

l o s s  in  overa l l  gain i f  SL wa s omi t t e d  wa s 1 . 8 6%  for the 

sho r t  c a tegory , but only 0 . 38% for the l ong c a t egory . The 

con t r ibut ion tha t  ML mad e  to  the overa l l  gain by  i t s inc lus i on 

in the obj ec t ive wa s 4 . 7 9% for the shor t ca t e gory , but  only 

0 . 74% for the l ong c a t e gory . 
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Reduced ind i c e s  were c a l cu l a te d  b y  gradua l ly de l e t in g  trai t s  -
from the o r i g ina l fu l l  index on the c r i t e r ia o f ,  

i )  c o s t o f  mea surement 

i i )  value w i th in the index 

The firs t t ra i t s to be omi t t e d  f r om the ind i c e s , on the b a s i s  

o f  co s t ,  we r e  Y and MFD for the greasy ob j ec t ive s and HCFW 

and MFD for the c l ean ob j ec t ive s . The va lue o f  the overa l l  

ga in was reduced to varying e x t en ts  in a l l  o f  the ob j e c t ive s 

cons idered . For examp l e , the Greasy Sho r t  ob j e c t ive , where 

the va lue of the gene t i c  gain ( a c h ieved by  one s t andard 

deviat ion of s e l e c t ion on the index) wa s lowe red from $ 3 . 1 9 

to  $ 3 . 0 5 when Y was d e l e te d . The re l a t ive impor tan c e  o f  the 

rema ining t ra i t s  wa s a l te red s l i gh t l y . The mo s t  obv ious  

change o c curred  in the c l ean o b j e c t ive s where the  d e l e t i on o f  

HCFW re su l t e d  in HGFW b e ing as s i gned a pos i t ive ind e x  we i gh t  

and as suming gre a ter s i gn i f i c anc e . 

The next tra i t  to be  d e l e ted f rom the ind i c e s  wa s WW due to 

i t s  low va lue . As expe c ted , the reduc t ion 1n the va lue o f  

overa l l  gain wa s ne gl i g ib l e  � 3 . 0 5 t o  $ 3 . 04 for the Greasy 

Sho r t  obj e c t ive) . Progre s s ive d e l e t ions o f  the rema ining 

woo l  qua l i ty tra i t s  from the index , aga in on the b a s i s  o f  

value t o  the index , only r e s u l t e d  in fur ther negl i g i b l e  

r e duc t i ons in  the value o f  ove ra l l  ga in . 

The ent ire s er i e s  o f  d e l e t ions f ina l ly conve r t e d  the ori g ina l 

fu l l  ind i c e s to reduced  ind i c e s  c on s i s t ing o f  only three 

t r a i t s - NLW ( darn) , HBW and HGFW ( i . e .  Index 7 ,  and Index 8 

for the long woo l  c a t e gory ) . The to ta l reduc t i on in the value 

of overa l l  g a in a c c ompany ing the s e  d e l e t ions wa s min ima l -

$ 0 . 24 ( i . e .  $ 3 . 1 9 - $ 2 . 9 5 )  for the Greasy Shor t ob j ec t ive . 

U s e  o f  the s e  reduced ind i c e s  wou l d  give s imi lar gene t i c  ga ins 

in each of the tra i t s  in the ob j ec t ive to  tho s e  exp e c te d  from 

u s e  o f  the fu l l  ind i c e s . 
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5 . 3 . 2  Fur ther reduced s e l e c t i on ind i c e s  

Us ing the reduced index o f  NLW ( d arn) , HBW and HGFW a s  a b a s e , 

fur ther d e l e t i on s  and add i t ions were made to inve s t i ga t e  

al terna t ive s e l e c t ion ind i c e s  (Tab l e s  5 . 7 ,  5 . 8 ,  5 . 9 ,  5 . 1 0 ,  

5 . 1 1 and 5 . 1 2 ) . 

The f ir s t  ac t ion wa s to d e l e t e HGFW . The r e su l t  wa s a sma l l  

decre a s e  i n  the va lue o f  ove r a l l  gain ( $ 2 . 9 5 to  $ 2 . 7 9  for 

the Gre a s y  Sho r t  obj ec t ive ) and a much greater empha s i s  

placed o n  HBW . T o  t h i s  two- t r a i t  index , SL wa s re-introduced . 

The l o s s  in va lue o f  ove ra l l  gain incurred when HGFW wa s 

de le ted , was mo s t l y regained ($ 2 . 8 9 c ompared wi th $ 2 . 9 5 for 

the Gre a s y  Sho r t  obj ec t ive ) . The gre a ter re l i an c e  on HBW wa s 

a l s o  reve r s ed . In order to  r ecoup more o f  the l o s s  

as soc i a t e d  wi th the d e l e t i on o f  HGFW , QN was re- in troduced  

to  the index . I t  wa s found that  th i s  pr oduc ed no or very 

l i t t l e  improvemen t in the va lue of the overa l l  gain ( $ 2 . 8 9 

to $ 2 . 8 9 for the Greasy Sho r t  ob j e c t ive ) . 

Re turn ing to the bas ic redu c e d  index o f  NLW ( darn) , HBW and 

HGFW , WW wa s inc luded onc e  more . Th i s  produ c e d  no or very 

sma l l  increa s e s  in the va lue o f  the overa l l  gain ( $ 2 . 9 5 to 

$2 . 9 6 for the Gre asy Sho r t  o b j e c t ive ) . 

The omi s s ion o f  NLW ( darn) wa s then inve s t i ga t e d . Beginning 

wi th th e redu c ed index of NLW (darn) , HBW and HGFW , NLW ( d arn) 

wa s d e l e ted . Th i s  ac t ion had  a c on s i d erab l e  e f fe c t  on the 

va lue o f  the ove ra l l  gain . For the Greasy Sho r t  ob j e c t ive i t  

was l owered from $ 2 . 9 5 t o  $ 2 . 5 3 .  An increa s e d  r e l i ance on 

HBW wa s again demons trated . HGFW wa s then omi t ted and 

rep l a c e d  by SL a s  be fore . A s imi l ar r e su l t  was a ga in ob t a ined . 

SL wa s very near ly  ab le  t o  f u l l y  c ompensate for the l o s s  in 

the value o f  ove ra l l  gain a s s o c i a t e d  w i th the d e l e t i on o f  

HGFW ( $ 2 . 46 c ompared wi th $ 2 . 5 3 for the Grea s y  Short 

obj e c t ive ) . The impo r t an c e  o f  HBW wa s a l so fur ther inc reased . 

SL was then d e l e t ed to l e ave an index cons i s t in g  o f  on l y  HBW 

i . e .  s in g l e  tra i t  s e lec t i on on HBW . Compar e d  t o  the ind i c e s  

con s i s t ing o f  HBW and HGFW , and HBW and SL , the value o f  the 



TABLE 5 . 7 :  FURTHER REDUCED SELECTION INDICES FOR THE GREASY SHORT OBJECT IVE 

( One re cord on NLW ( darn) ) .  

Variates in Obj ective NLW ww GFW y ML se 

Variates in Index 
NLW 

HGFW 
( dam) 

ww HBW y S L  s e  QN 

INDEX 7 

B-Value 2 . 34 - 0 . 42 2 . 3 2 - - - -

Value of Variate 14 . 26 - 19 . 2 7 5 . 4 1 - - - -

% Overall Gain 5 1 . 62 14 . 58 0 . 00 2 9 . 59 0 . 00 4 . 20 0 . 00 0 . 00 
Genetic Gain 0 . 03 0 . 42 1 . 2 0 0 . 06 0 . 0 0 0 . 15 0 . 00 0 . 01 

INDEX 8 

B-Value 2 . 3 3 - 0 . 5 2 - - - - -

Value of Var iate 1 5 . 92 - 4 4 . 3 0 - - - - -

% Overall Gain 63 . 69 17 . 5 1 0 . 00 15 . 8 3 0 . 00 2 . 97 0 . 00 0 . 00 

Genetic Gain 0 . 04 0 . 47 1 .  3 5  0 . 0 3 0 . 00 0 . 10 0 . 00 0 . 06 

INDEX 9 

B-Value 2 . 3 3 - 0 . 4 6 - - 0 . 44 - -

Value o f  Variate 14 . 9 2 - 2 7 . 8 0 - - 3 . 18 - -

% Overall Gain 5 6 . 65 14 . 85 0 . 00 19 . 84 1 . 60 7 . 0 5 0 . 00 0 . 00 

Genetic Gain 0 . 03 0 . 42 1 . 2 7 0 . 04 0 . 07 0 . 24 0 . 00 - 0 . 04 

INDEX 10 

B-Value 2 . 3 3 - 0 . 4 6 - - 0 . 5 3 - 0 . 15 

Value of Var iate 14 . 77 - 2 5 . 95 - - 3 . 1 3 - 0 . 28 

% Overall Gain 5 8 . 5 0  14 . 5 5 0 . 00 19 . 7 2 0 . 5 5 6 . 96 -0 . 27 0 . 00 
Genetic Gain 0 . 04 0 . 4 1  1 . 28 0 . 04 0 . 02 0 . 24 0 . 00 0 . 00 

- --

CHG 

-

-

0 . 00 
0 . 00 

-
-

0 . 00 

0 . 00 

-
-

0 . 00 

0 . 00 

-

-

0 . 00 
0 . 01 

Value of 

Overall Gain 

2 . 95 

2 . 79 

2 . 89 

2 . 89 

Continued . 
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TABLE 5 . 7 :  CONTINUED 

Variates in Obj ective NLW 

NLW 
Variates in Index 

( dam) 

INDEX 11 
B-Value 2 . 34 
Value o f  Variate 14 . 22 
% Overall Gain 5 1 . 50 

Genetic Gain 0 . 03 

INDEX 12  
B-Value -

Value of Variate -

% Overal l Gain 3 4 . 56 
Genetic Gain 0 . 02 

INDEX 13  
B-Value -

Value of Variate -

% Overall Gain 4 0 . 3 5  
Genetic Gain 0 . 02 

INDEX 14 
B-Value -
Value o f  Variate -

% Overall Gain 48 . 7 3 

Genetic Gain 0 . 02 

INDEX 15 
B-Value -

Value o f  Variate -
% Overall Gain 0 . 00 

Genetic Gain 0 . 00 . .  

ww 

ww HBW 

0 . 06 0 . 4 0 
0 . 12 13 . 9 3 

1 5 . 2 2  0 . 0 0 

0 . 44 1 . 2 0 

- 0 . 4 3 
- 2 8 . 65 

19 . 4 9 0 . 00 
0 . 48 1 .  3 7  

- 0 . 4 7 - 4 3 . 56 
2 0 . 16 0 . 0 0 

0 . 48 1 . 46 

- 0 . 5 2 - 99 . 96 
2 4 . 3 5  0 . 00 

0 . 55 1 . 57 

- -

- -
7 . 64 0 . 00 

0 . 1 3 0 . 4 0  

GFW y 

HGFW y 

2 . 28 -

5 . 10 -

2 9 . 2 2 0 . 00 

0 . 06 0 . 00 

2 . 2 9 -
7 . 24 -

40 . 2 2 0 . 00 
0 . 08 0 . 00 

- -
- -

2 7 . 58 2 . 19 
0 . 05 0 . 08 

- -- -

2 2 . 66 0 . 00 

0 . 04 0 . 00 

4 . 02 -
99 . 96 -
8 3 . 0 1 0 . 00 

0 . 1 1 0 . 00 

-- ---- -

ML 

SL 

--
4 . 06 

0 . 14 

-
-

5 . 7 3 
0 . 17 

0 . 44 
4 . 32 
9 . 7 2 
0 . 2 8 

-
-

4 . 2 5 

0 . 12 

-

-

9 . 34 

0 . 2 0 

se 

se QN 

- -
- -

0 . 00 0 . 00 
0 . 00 0 . 01 

- -
- -

0 . 00 0 . 00 
0 . 00 0 . 0 0 

- -
- -

0 . 00 0 . 00 
0 . 00 -0 . 06 

- -
- -

0 . 00 0 . 00 
0 . 00 0 . 06 

- -
- -

0 . 00 0 . 00 
0 . 00 - 0 . 10 

eHG 

-
-

0 . 00 

0 . 00 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 
0 . 00 

--
0 . 00 
0 . 00 

--
0 . 00 

0 . 00 

Value o f  
Overall Gain 

2 . 96 

2 . 5 3 

2 . 46 

2 . 35 

1 . 8 1 ...... 

N 
CXl 



TABLE 5 . 8 :  FURTHER REDUCED SELECT ION INDICE S  FOR THE GREASY LONG OBJECTIVE 

( One re cord on NLW ( dam) ) .  

Var iates in Obj ective NLW ww GFW y ML se 

NLW 
Variate s in Index 

(dam) 
ww HBW HGFW y SL se QN CHG 

INDEX 8 

B-Value 2 . 34 - 0 . 4 2 1 . 94 - - - - -

Value o f  Variate 1 5 . 5 5  - 2 0 . 7 0 4 . 04 - - - - -

% Overall Gain 5 5 . 69 15 . 38 0 . 00 28 . 69 0 . 00 0 . 94 0 . 00 0 . 00 0 . 00 
Genetic Gain 0 . 03 0 . 42 1 . 2 1 0 . 06 0 . 00 0 . 14 0 . 00 0 . 02 0 . 00 

INDEX 9 

B-Value 2 . 3 3 - 0 . 50 - - - - - -

Value of Variate 16 . 8 7 - 4 2 . 87 - - - - - -

% Overall Gain 65 . 7 2 17 . 77 0 . 00 16 . 04 0 . 00 0 . 68 0 . 00 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 47 1 .  34 0 . 03 0 . 00 0 . 10 0 . 00 0 . 06 0 . 00 

INDEX 10 

B-Value 2 . 3 3 - 0 . 48 - - 0 . 17 - - -

Value o f  Variate 1 6 . 7 1  - 3 3 . 64 - - 0 . 5 3 - - -

% Overall Gain 6 3 . 7 2  16 . 91 0 . 00 18 . 03 0 . 7 4 1 .  09 0 . 00 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 45 1 . 3 1 0 . 04 0 . 03 0 . 16 0 . 00 0 . 02 0 . 00 

INDEX 1 1  

B-Value 2 . 3 3 - 0 . 4 7 - - 0 . 28 - 0 . 18 -

Value o f  Variate 16 . 46 - 30 . 96 - - 0 . 94 - 0 . 44 -

% Overall Gain 66 . 03 16 . 46 0 . 00 17 . 86 -0 . 7 6 1 .  06 -0 . 2 3 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 44 1 . 3 3 0 . 04 -0 . 03 0 . 15 0 . 01 0 . 07 0 . 02 

----

MFD Value of 
Overall Gain 

MFD 

-
-

- 0 . 7 1  
2 . 84 

0 . 15 

-
-

-0 . 2 2 
2 .  7 2  

0 . 05 

-
-

-0 . 50 
2 . 74 

0 . 10 

-

-

-0 . 4 2 
2 . 7 5 

0 . 09 

------

Continued . 
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.TABLE 5 .  8 : . CONT INUED 

Variate s in Obj ective NLW 

NLW 
Variate s in Index 

( dam) 

INDEX 12 
B-Value 2 . 34 
Value of Variate 1 5 . 4 5 

% Overall Gain 5 5 . 36 
Genetic Gain 0 . 03 

INDEX 13  
B-Value -
Value of Variate -

% Overall Gain 38 . 28 
Genetic Gain 0 . 02 

INDEX 14 
B-Value -
Value of Var iate -
% Overall Gain 4 7 . 96 

Genetic Gain 0 . 02 

INDEX 15 
B-Value -
Value of Variate -

% Overall Gain 5 0 . 5 6 

Genetic Gain 0 . 02 

INDEX 16 

B-Value -
Value of Variate -
% Overall Gain 0 . 00 
�enetic Gain 0 . 00 

ww 

ww 

0 . 08 
0 . 2 9 

16 . 3 6 
0 . 4 5 

-
-

2 1 . 18 
0 . 49 

--
2 3 . 96 

0 . 53 

-
-

2 5 . 26 
0 . 55 

--
8 . 49 
0 . 13 

HBW 

0 . 3 9 
14 . 2 1 

0 . 00 
l .  2 2  

0 . 4 3 
3 2 . 14 

0 . 00 
1 . 4 0 

0 . 48 
58 . 84 

0 . 00 
l .  54  

0 . 50 
100 . 00 

0 . 00 
l .  57  

-
-

0 . 00 
0 . 40 

---- --

GFW 

HGFW 

1 . 87 
3 . 68 

2 8 . 0 5 
0 . 06 

1 . 9 1 
5 . 5 3 

40 . 2 0 
0 . 07 

-
-

2 6 . 19 
0 . 04 

-
-

2 3 . 5 1 
0 . 04 

3 . 62 
100 . 00 

92 . 2 1  
0 . 1 1 

------- --

y ML se 

y SL se 

- - -
- - -

0 . 00 0 . 89 0 . 00 
0 . 00 0 . 13 0 . 00 

- - -
- - -

0 . 00 l .  32 0 . 00 
0 . 00 0 . 17 0 . 00 

- 0 . 17 -
- 0 . 7 1 -

1 . 03 l .  56 0 . 00 
0 . 03 0 . 19 0 . 00 

- - -
- - -

0 . 00 1 . 00 0 . 00 
0 . 00 0 . 12 0 . 00 

- - -
- - -

0 . 00 2 . 3 5 0 . 00 
0 . 00 0 . 2 0 0 . 00 

·----- --- -

QN eHG 

- -- -

0 . 00 0 . 00 
0 . 02 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 0 1 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 0 1 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 06 0 . 00 

- -
- -

0 . 0 0 0 . 00 
-0 . 1 0 0 . 0 0 

MFD 

MFD 

-
-

-0 . 67 
0 . 15 

-
-

-0 . 99 
0 . 18 

-
-

-0 . 7 1 
0 . 12 

-
-

-0 . 3 2  
0 . 06 

--
- 3 . 05 

0 . 38 

Value of 
Overall Gain 

2 . 85 

2 . 4 0 

2 . 28 

2 . 26 

1 . 6 3 

I 
I 

! 

..... 

w 
0 



TABLE 5 . 9 :  FURTHER REDUCED SELECT I ON IND I CE S  FOR THE GREASY OBJECT IVE 

( One rec ord on NLW ( d arn) ) . 

Variates in Obj ective NLW ww GFW y ML se 

NLW 
Variates in Index 

( dam) 
ww HBW HGFW y S L  se 

INDEX 7 

B-value 2 . 34 - 0 . 4 2 2 . 2 6 - - -

Value of Variate 14 . 5 1 - 19 . 45 5 . 19 - - -

% Overal l Gain 5 2 . 36 14 . 7 2 0 . 00 29 . 5 1 0 . 00 3 . 4 0 0 . 00 

Genetic Gain 0 . 03 0 . 4 2 1 . 20 0 . 06 0 . 00 0 . 15 0 . 00 

INDEX 8 

B-Value 2 . 3 3 - 0 . 51 - - - -

Value of Variate 16 . 13 - 4 3 . 99 - - - -

% Overall Gain 64 . 14 17 . 57 0 . 00 15 . 88 0 . 00 2 . 4 1 0 . 00 

Genetic Gain 0 . 04 0 . 47 1 .  3 5  0 . 0 3 0 . 00 0 . 10 0 . 00 

INDEX 9 

B-Value 2 . 33 - 0 . 47 - - 0 . 3 9 -

Value of Variate 1 5 . 3 5  - 29 . 03 - - 2 . 4 7 -

% Overall Gain 58 . 2 9 15 . 3 2 0 . 00 19 . 5 7 1 . 4 3 5 . 38 0 . 00 
Genetic Gain 0 . 03 0 . 4 2 1 .  28 0 . 04 0 . 06 0 . 2 2 0 . 00 

INDEX 10 

B-Value 2 . 3 3 - 0 . 46 - - 0 . 4 8 -

Value of Variate 1 5 . 18 - 2 7 . 05 - - 2 . 5 7 -

% Overall Gain 60 . 2 1 14 . 99 0 . 00 19 . 44 0 . 3 3 5 . 3 0 - 0 . 28 
Genetic Gain 0 . 04 0 . 4 2 1 . 2 9 0 . 04 0 . 01 0 . 2 2 0 . 00 

QN 

-
-

0 . 00 
0 . 02 

-
-

0 . 00 

0 . 06 

-
-

0 . 00 
-0 . 0 3 

0 . 15 

0 . 2 9 
0 . 00 
0 . 0 1 

Value of 
Overall Gain 1 

CHG 
' 
I 
I 

-

-

0 . 00 
2 . 9 3 

0 . 00 I ' 

-
-

0 . 00 
2 . 78 

0 . 00 

-

-

0 . 00 
2 . 85 

0 . 00 

-

-

0 . 0 0 
2 . 8 6 

0 . 0 1 

Continued . 
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TABLE 5 . 9 :  CONTINUED 

Variates in Obj ective NLW 

NLW 
Variates in Index 

( dam) 

INDEX 1 1  
B-Value 2 . 34 
Value of Variate 14 . 46 

% Overall Gain 5 2 . 40 

Genetic Gain 0 . 03 

INDEX 1 2  
B-Value -

Value of Variate -

% Overall Gain 3 5 . 19 

Genetic Gain 0 . 02 

INDEX 1 3  
B-Value -

Value of Variate -

% Overal l Gain 4 2 . 05 

Ge.ne tic Gain 0 . 02 

INDEX 14 
B-Value -

Value of Variate -

% Overall Gain 49 . 13 

Genetic Gain 0 . 02 

INDEX 1 5  
B-Value -

Value of Variate -

% Overall Gain 0 . 00 
Genetic Gain 0 . 00 

--------- - ---

ww 

ww 

0 . 06 
0 . 15 

1 5 . 4 3 
0 . 44 

-
-

19 . 7 9 

0 . 48 

-
-

2 1 . 00 
0 . 49 

-
-

2 4 . 55 

0 . 5 5 

-
-

7 . 7 8 
0 . 13 

----- -

HBW 

0 . 4 0 
1 3 . 9 1 

0 . 00 
1 . 2 0 

0 . 4 3 
2 9 . 15 

0 . 00 
1 .  3 7  

0 . 47 
46 . 48 

0 . 00 
1 . 48 

0 . 52 
100 . 00 

0 . 00 
1 .  57 

-

-

0 . 00 
0 . 40 

- -----------

GFW y 

HGFW y 

2 . 2 1 -

4 . 86 -

29 . 09 0 . 00 

0 . 06 0 . 00 

2 . 2 3  -

6 . 98 -

40 . 3 5 0 . 00 

0 . 07 0 . 00 

- -
- -

2 7 . 49 1 . 97 
0 . 05 0 . 07 

- -
- -

2 2 . 85 0 . 0 0 

0 . 04 0 . 00 

3 . 9 5 -

99 . 96 -

84 . 5 1 0 . 00 
0 . 11 0 . 0 0 

- -- - ---------

ML 

SL 

-
-

3 . 28 

0 . 14 

-
-

4 . 67 

0 . 17 

0 . 38 
3 . 3 6 
7 . 4 9 
0 . 2 6 

-
-

3 . 47 
0 . 12 

-

-

7 . 7 0 
0 . 2 0 

se 

se QN 

- -
- -

0 . 00 0 . 00 

0 . 00 0 . 0 1 

- -

- -

0 . 00 0 . 00 
0 . 0 0 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 00 -0 . 04 

- -
- -

0 . 00 0 . 0 0 
0 . 00 0 . 06 

- -

- -

0 . 00 0 . 00 
0 . 00 -0 . 1 0 

eHG 

-
-

0 . 00 

0 . 00 

-

-

0 . 00 

0 . 00 

-

-

0 . 00 
0 . 00 

-
-

0 . 00 

0 . 00 

-
-

0 . 00 
0 . 00 

Value o f  
Overall Gain 

2 . 94 

2 . 5 1 

2 . 4 1 

2 . 3 3 

1 .  7 7  ........ 
w 
N 



TABLE 5 . 1 0 :  FURTHER REDUCED SELECTION INDICES FOR THE CLEAN SHORT OBJECTIVE 

( One rec ord on NLW ( dam) ) . 

Variates in Obj ective NLW ww CFW ML se 

NLW 
Variate s in Index ww HBW HCFW HGFW SL se QN 

( darn) 

INDEX 7 

B-Value 2 . 34 - 0 . 44 - 2 . 42 - - -

Value of Variate 13 . 3 3 - 19 . 78 - 5 . 5 3 - - -

% Overall Gain 49 . 57 14 . 29 0 . 00 30 . 84 0 . 00 5 . 3 0 0 . 00 0 . 00 
Genetic Gain 0 . 03 0 . 42 1 . 2 1 0 . 0 5 0 . 07 0 . 15 0 . 00 0 . 0 1 

INDEX 8 

B-Value 2 . 32 - 0 . 54 - - - - -

Value of Variate 14 . 90 - 45 . 90 - - - - -

% Overall Gain 61 . 42 17 . 2 0 0 . 00 17 . 62 0 . 00 3 . 76 0 . 00 0 . 00 
Genetic Gain 0 . 04 0 . 48 1 .  37 0 . 03 0 . 0 3 0 . 10 0 . 00 0 . 06 

INDEX 9 

B-Value 2 . 3 3 - 0 . 47 - - 0 . 59 - -

Value of Variate 1 3 . 38 - 2 5 . 3 3  - - 5 . 19 - -

% Overall Gain 5 1 . 53 13 . 58 0 . 00 24 . 88 0 . 00 10 . 0 1 0 . 00 0 . 00 
Genetic Gain 0 . 03 0 . 40 1 .  24 0 . 04 0 . 04 0 . 28 0 . 00 --0 . 07 

INDEX 1 0  

B-Value 2 . 32 - 0 . 4 5 - - 0 . 8 0 - 0 . 34 

Value of Variate 1 2 . 88 - 22 . 07 - - 6 . 3 1 - 1 .  29 
% Overal l Gain 54 . 60 12 . 7 7 0 . 00 2 3 . 69 0 . 00 9 . 6 0 -0 . 66 0 . 00 

Genetic Gain 0 . 03 0 . 38 1 . 2 6 0 . 04 0 . 04 0 . 2 7 0 . 0 1 0 . 01 

- --· -- ----- - --------- - ----

Value of 
Overal l Gain , 

I 
CHG I 

I 

-
-

0 . 00 
3 . 05 

0 . 00 

--
0 . 00 2 . 88 

0 . 00 

-
-

0 . 00 
3 . 0 3 

0 . 00 

--
0 . 00 

3 . 07 

0 . 03 

Continued . 
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TABLE 5 . 10 :  CONTINUED 

Variate s in Obj ective NLW ww CFW 

NLW 
Variates  in Index 

( dam) 
ww HEW HCFW 

INDEX 1 1  
B-Value 2 . 34 0 . 05 0 . 4 3 -
Value of Var iate 1 3 . 3 0  0 . 09 14 . 5 3 -

% Overall Gain 49 . 49 14 . 81 0 . 00 3 0 . 54 

Genetic Gain 0 . 03 0 . 44 1 . 2 1 0 . 05 

INDEX 1 2  
B-Value - - 0 . 4 5 -

Value of Variate - - 28 . 66 -
% Overall Ga in 3 3 . 17 18 . 7 0 0 . 00 4 1 . 05 

Genetic Gain 0 . 02 0 . 48 1 .  37  0 . 06 

INDEX 1 3  
B-Value - - 0 . 48 -
Value of Variate - - 37 . 3 5 -

% Overall Gain 3 5 . 60 17 . 7 8 0 . 00 3 3 . 3 0 

Genetic Gain 0 . 02 0 . 45 1 . 4 1 0 . 05 

INDEX 14 
B-Value - - 0 . 54 -
Value of Variate - - 99 . 96 -
% Overall Gain 46 . 7 7 2 3 . 3 7 0 . 00 24 . 61 

Genetic Gain 0 . 02 0 . 5 5 1 . 57 0 . 0 3 

INDEX 15  
B-Value - - - -
Value of Variate - - - -

% Overall Gain 0 . 00 7 . 34 0 . 00 8 1 . 1 3  

Genet ic Gain 0 . 00 0 . 13 0 . 4 0 0 . 09 

ML se 

HGFW SL se 

2 . 38 - -
5 . 2 5 - -
0 . 00 5 . 16 0 . 00 
0 . 06 0 . 14 0 . 00 

2 . 3 9 - -
7 . 24 - -
0 . 00 7 . 07 0 . 00 
0 . 08 0 . 17 0 . 00 

- 0 . 59 -- 6 . 8 5 -
0 . 00 1 3 . 3 1 0 . 00 
0 . 05 0 . 32 0 . 00 

- - -
- - -

0 . 00 5 . 2 5 0 . 00 
0 . 04 0 . 12 0 . 00 

4 . 18 - -
100 . 00 - -

0 . 00 1 1 . 5 3 0 . 00 
0 . 1 1 0 . 2 0 0 . 00 

QN 

-
-

0 . 00 

0 . 01 

--
0 . 0 0 
0 . 00 

-
-

0 . 00 
-0 . 09 

-
-

0 . 00 
0 . 06 

-
-

0 . 00 
- 0 . 10 

CHG 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 

0 . 00 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 

0 . 00 

Value o f  
Overall Gain 

3 . 05 

2 . 64 

2 . 63 

2 . 45 

1 . 88 ...... 

w 
� 



TABLE 5 . 1 1 :  FURTHER RE DUCED SELE CT ION IND ICES FOR THE CLEAN LONG OBJECTIVE 

( One rec ord on NLW (dam) ) .  

Variates in Obj ective NLW ww 

NLW 
Variates in Index 

( dam) 
ww HBW 

INDEX 8 

B-Value 2 . 34 - 0 . 44 

Value o f  Variates 14 . 62 - 2 1 . 26 

% Overal l  Gain 5 3 . 69 15 . 1 2 0 . 00 
Genetic Gain 0 . 03 0 . 4 3 1 . 2 3 

INDEX 9 

B-Value 2 . 3 3 - 0 . 52 

Value o f  Variates 15 . 87 - 44 . 38 

% Overall Gain 6 3 . 58 17 . 5 0 0 . 00 

Genetic Gain 0 . 04 0 . 4 7 1 .  3 5  

INDEX 10 

B-Value 2 . 3 3 - 0 . 49 
Value o f  Variates 15 . 57 - 3 2 . 96 

% Overall Gain 60 . 52 16 . 24 0 . 00 

Genet ic Gain 0 . 04 0 . 44 1 .  3 2  

INDEX 1 1  

B-Value 2 . 3 2 - 0 . 4 7 

Value o f  Variate s 14 . 7 1 - 27 . 66 

% Overall Gain 6 3 . 95 14 . 98 0 . 00 

Genet ic Gain 0 . 04 0 . 4 2  1 . 3 2 

---L_ _____ 

CFW ML 

HCFW HGFW SL 

- 2 . 01 -- 4 . 13 -

3 0 . 87 0 . 00 1 . 17 
0 . 05 0 . 06 0 . 14 

- - -
- - -

18 . 34 0 . 00 0 . 85 
0 . 03 0 . 03 0 . 10 

- - 0 . 2 5 
- - 1 .  02 

2 2 . 4 2 0 . 00 1 .  54 
0 . 04 0 . 04 0 . 18 

- - 0 . 49 
- - 2 . 63 

2 0 . 7 6 0 . 00 1 . 4 3 
0 . 03 0 . 04 0 . 17 

-

se 

se 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 
0 . 00 

-
-

0 . 00 
0 . 00 

-

-
-0 . 59 

0 . 0 1 

-- ----

QN CHG 

- -
- -

0 . 00 0 . 00 
0 . 02 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 06 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 01 0 . 00 

0 . 4 0 -
2 . 03 -

0 . 00 0 . 00 
0 . 10 0 . 04 

MFD 

MFD 

-
-

-0 . 86 
0 . 16 

--
-0 . 27 

0 . 05 

--
-0 . 7 2 

0 . 13 

--
-0 . 5 2 

0 . 09 

Value of  
Overall Gain 

2 . 9 2  

2 . 80 

2 . 8 3 

2 . 89 

Continued 
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TABLE 5 . 1 1 :  CONTINUED 

Variate s in Obj ective NLW 

NLW 
Var iate s in Index 

( dam) 

INDEX 12 

B-Value 2 . 34 

Value o f  Variate 14 . 5 3 
% Overall Gain 5 3 . 42 
Genet ic Gain 0 . 03 

INDEX 1 3  

B-Value -
Value of Variate -
% Overall Gain 3 6 . 83 
Genetic Gain 0 . 02 

INDEX 14 

B-Value -
Value o f  Variate -

% Overall Gain 44 . 8 3 
Genetic Gain 0 . 02 

INDEX 15  
B-Value -

Value o f  Variate -

% Overall Gain 4 8 . 64 

Genet ic Gain 0 . 02 

INDEX 16 

B-Value -

Value o f  Var iate -

% Overall Gain 0 . 00 

Genetic Gain 0 . 00 

ww eFW 

ww HBW HeFW 

0 . 08 0 . 4 1 -

0 . 26 14 . 7 2 -
16 . 03 0 . 00 3 0 . 26 

0 . 4 5 1 . 2 3 0 . 05 

- 0 . 44 -

- 3 2 . 15 -
2 0 . 38 0 . 00 4 2 . 3 4 

0 . 49 1 . 4 0 0 . 06 

- 0 . 49 -
- 54 . 69 -

2 2 . 40 0 . 00 3 1 . 6 2  

0 . 5 2 1 . 5 3 0 . 04 

- 0 . 5 2 -
- 100 . 00 -

24 . 3 0 0 . 00 2 6 . 2 3 

0 . 5 5 1 . 57 0 . 03 

- - -
- - -

8 . 17 0 . 00 9 2 . 59 

0 . 13 0 . 40 0 . 09 

- -- -- ----- -

ML se 

HGFW SL se 

l .  95 - -

3 . 7 7 - -
0 . 00 1 . 1 1 0 . 00 
0 . 06 0 . 13 0 . 00 

1 . 98 - -
5 . 5 3 - -

0 . 00 1 . 61 0 . 00 
0 . 07 0 . 17 0 . 00 

- 0 . 2 4 -
- l .  3 7  -

0 . 00 2 . 15 0 . 00 
0 . 05 0 . 2 1 0 . 00 

- - -
- - -

0 . 00 1 . 2 1 0 . 00 
0 . 04 0 . 12 0 . 00 

3 . 76 - -

100 . 00 - -

0 . 00 2 . 85  0 . 0 0 
0 . 1 1 0 . 20 0 . 00 

----------------

QN eHG 

- -

- -
0 . 00 0 . 00 
0 . 02 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 0 1 0 . 00 

- -
- -

0 . 00 0 . 00 
- 0 . 01 0 . 00 

- -
- -

0 . 00 0 . 00 
0 . 06 0 . 00 

- -

- -

0 . 00 0 . 00 
-0 . 10 0 . 00 

MFD 

MFD 

-
-

- 0 . 82 
0 . 15 

-
-

-1 . 17 
0 . 18 

-
-

-1 . 0 1 
0 . 15 

-
-

-0 . 38 
0 . 06 

-
-

- 3 . 6 1 

0 . 38 

Value of  
Overall Gain 

2 . 93 

2 . 49 

2 . 39 

2 . 35 

1 . 69 

I 

I-' 
w 
"" 



TABLE 5 . 1 2 :  FURTHER REDUCED SELECT ION INDICES FOR THE CLEAN OBJECT IVE 

( One rec ord on NLW ( dam) ) .  

Var iates in Obj ective NLW ww 

NLW 
Var i ates in Index 

( dam) 
ww 

INDEX 7 
B-Value 2 . 3 4 -

Value of Var i ate 1 3 . 6 3 -
% Overall Gain 5 0 . 4 8 14 . 4 7 
Gene tic Gain 0 . 0 3 0 . 4 2 

INDEX 8 
B-Value 2 . 3 3 -
Value of Var i ate 1 5 . 1 5  -
% Over all Gain 6 1 . 9 8 1 7 . 2 8 
Gene tic Gain 0 . 0 4 0 . 4 8 

INDEX 9 . 
B-Value 2 . 3 3 -
Value of Var i ate 1 3 . 9 4 -

% Ove rall Gain 5 3 . 6 9 1 4 . 19 
Gene tic Gain 0 . 0 3 0 . 4 1 

INDEX 1 0  
B-Value 2 . 3 2 -

Value of Var i ate 1 3 . 3 9 -

% Ove rall Gain 56 . 8 4 1 3 . 3 3 
Genetic Gain 0 . 0 4 0 . 3 9 

�- ------

CFW 

HE W HCFW 

0 . 4 4 -
20 . 0 2  -

0 . 0 0  3 0 . 7 7 
1 .  2 1  0 . 0 5 

0 . 53 -
4 5 . 5 0 -

0 . 0 0 17 . 6 9 
1 . 3 6 0 . 0 3  

0 . 4 7 -
26 . 8 9 -

0 . 0 0  2 4 . 4 7 
1 .  26 0 . 0 4 

0 . 4 6 -
23 . 3 4 -

0 . 0 0 2 3 . 2 2 
1 . 2 7 0 . 0 4 

----

ML 

HGFW SL 

2 . 3 4 -
5 . 2 4 -
0 . 0 0 4 . 2 7 
0 . 0 6 0 . 1 5 

- -
- -

0 . 0 0 3 . 0 4 
0 . 0 3 0 . 1 0 

- 0 . 5 2 
- 4 . 0 8 

0 . 0 0  7 . 6 4 
0 . 0 4 0 . 2 6 

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

se 

se 

-
-

0 . 0 0  
0 . 0 0  

-
-

0 . 0 0 
0 . 0 0 

--
0 . 0 0 
0 . 0 0 

-

-
-0 . 6 9 

0 . 0 1 

------ ---

QN CHG 

- -
- -

0 . 0 0 0 . 0 0 
0 . 0 2 0 . 0 0 

- -
- -

0 . 0 0 0 . 0 0 
0 . 0 6  0 . 0 0 

- -
- -

0 . 0 0  0 . 0 0 
-0 . 0 5  0 . 0 0 

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

Value of 
Ove rall Gain 

3 . 0 1  

2 . 8 6 

2 . 9 8 

3 . 0 2 

Con tinued . 

I 
I I 1--' 

w 
--....1 



TABLE 5 . 1 2 :  CONTINUED 

Var iates in Obj ective 

Var i ates in Index 

INDEX ll 
B-Value 
Value of Var iate 
% Overall Gain 
Gene tic Gain 

INDEX 1 2  
B-Value 
Value of  Var i ate 
% Ove rall Gain 
Gene tic Gain 

INDEX 13 
B-Value 
Valu e  of Var iate 
% Ove rall Gain 
Genetic Gain 

INDEX 14 
B-Value 
Value of  Var i a te 
% Overall Gain 
Gene tic Gain 

INDEX 15 
B-Value 
Value of Var i ate 
% Overall Gain 
Genetic Gain 

----- -- ----

NLW 

NLW 
(dam) 

2 . 3 4 
1 3 . 60 
50 . 3 7 

0 . 0 3 

-
-

3 3 . 9 4 
0 . 0 2 

-
-

3 7 . 69 
0 . 0 2  

-
-

4 7 . 26 
0 . 0 2 

-
-

0 . 0 0 
0 . 0 0 

L__ 

ww eFW 

ww HBW HeFW 

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

1 5 . 0 8  0 . 0 0  3 0 . 4 2 
0 . 4 4 l .  2 2  0 . 0 5 

- 0 . 4 5 -
- 2 9 . 2 8  -

19 . 0 7  0 . 0 0 4 1 . 2 5  
0 . 4 8 l .  3 7  0 . 0 6 

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

18 . 8 3 0 . 0 0  3 3 . 19 
0 . 4 7 1 . 4 3 0 . 0 5 

- 0 . 54 -
- 1 0 0 . 0 0 -

2 3 . 6 1 0 . 0 0 24 . 8 6 
0 . 5 5 l .  57  0 . 0 3 

- - -

- - -

7 . 50 0 . 0 0 8 2 . 9 9 
0 . 13 0 . 40 0 . 0 9  

ML se 

HGFW SL se 

2 . 29 - -
4 . 9 4  - -
0 . 0 0 4 . 1 4 0 . 0 0 
0 . 0 6 0 . 14 0 . 0 0 

2 . 3 1 - -
6 . 9 1  - -
0 . 0 0  5 . 7 4 0 . 0 0 
0 . 0 7 0 . 1 7 0 . 0 0 

- 0 . 5 1 -
- 5 . 4 3 -

0 . 0 0 10 . 2 9 0 . 0 0  
0 . 0 5 0 . 3 0 0 . 0 0  

- - -
- - -

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

4 . 0 9 - -

1 0 0 . 0 0 - -
0 . 0 0 9 . 50 0 . 0 0  
0 . 1 1 0 . 2 0 0 . 0 0  

-- -

QN 

-
-

0 . 0 0 
0 . 0 1 

-

-

0 . 0 0  
0 . 0 1 

-
-

0 . 0 0  
-0 . 0 7 

-
-

0 . 0 0  
0 . 0 6 

-
-

0 . 0 0 
- 0 . 10 

eHG 

-
-

0 . 0 0 
0 . 0 0 

-
-

0 . 0 0 
0 . 0 0  

-
-

0 . 0 0 
0 . 0 0 

-

-

o . o o 

0 . 0 0  

-
-

0 . 0 0  
0 . 0 0 

Value of  
Overall Gain 

3 . 0 2 

2 . 6 0 

2 . 56 

2 . 4 2  

1 . 8 4 
I-' 
w 
00 



1 3 9 . 

overal l gain wa s not  great ly a f f e c te d  ( $ 2 . 5 3 and $ 2 . 4 6 

r e s pec t ive l y , to $ 2 . 3 5 for the Greasy Sho r t  ob j ec t ive ) . 

Re l a t ive to the bas i c  r educ e d  index o f  NLW (dam) , HBW and 

HGFW , the l o s s  �n the value o f  overa l l  gain wa s n a tur a l l y  

gre a ter ( $ 2 . 9 5 to $ 2 . 3 5 for the Greasy Sho r t  ob j ec t ive ) . 

HGFW then rep l ac ed HBW in the ind ex i . e .  s ingle  t r a i t  

s e l ec t ion o n  HGFW . Th i s  sub s t i tu t ion produced a l arge 

reduc t i on �n the value of over a l l gain ( $ 2 . 3 5 t o  $ 1 . 8 1 for 

the Greasy Short obj e c t ive ) . 

5 . 3 . 3  EBW s ens i t ivi ty ana lys i s  

The doub t c onc erning the accuracy o f  the previous ly  c a l cu l a t e d  

ec onomic we i ght  e s t ima t e s  f o r  E BW ,  promp ted  an a s s e s smen t o f  

t h e  e f fec t s  tha t the varying e s t imat e s  wou ld have o n  the 

s e l e c t ion index formu l a t ion .  U s ing the o r ig ina l fu l l  index 

w i th an  e c onomi c we i gh t  e s t ima t e  for EBW o f  $ 0 . 00 a s  a ba s e , 

o ther ind i c e s  were c ompu ted where the e s t ima te  was incre a s e d  

to  $0 . 4 2 ,  then decre a s ed to - $ 0 . 1 3 and fina l ly kep t a t  

$0 . 00 b u t  w i th the provis ion tha t  n o  gene t i c progre s s  wa s t o  

be  made i n  the tra i t . 

Tab l e s  5 . 1 3 ,  5 . 1 4 ,  5 . 1 5 ,  5 . 1 6 ,  5 . 1 7 and 5 . 1 8 ind i c a t e  tha t  th e 

u s e  o f  ec onomic we i gh t s  for EBW ranging from -$ 0 . 1 3 to $0 . 4 2 

have l i t t l e  inf luence on s e l e c t ion index compu t a t ion . Ne i th e r  

the index we i gh t ings n o r  the c a l cu l a t ed gene t ic g a i n s  for 

e a ch ind ividual tr a i t  were s i gni f ican t ly a l tered . As expec t e d , 

th e value o f  the o th e r  tra i t s  in the index and the i r  

contribu t i on t o  overa l l  ga in were shown t o  vary inve r s e l y  w i th 

the e s t ima ted  e c onomi c we i gh t  for EBW . S imi l ar ly , the value 

of the overa l l  gain i s  propor t ional to the magn i tude o f  the 

e c onomic we i ght  u s e d . 

The u s e  o f  an e c onom � c  we i gh t  for EBW o f  $0 . 00 ,  a c c ompani e d  

by  a comp l e te r e s t r i c t ion o n  gene t i c  gain s i n  t h a t  tra i t , 

had  more s er iou s  e f f e c ts  on the c a l cu l a t e d  s e l e c t ion index . 

In contras t  to previous  ind i c e s , EBW wa s s e l e c t e d  again s t  in 

the index , as ind i c a t ed by the nega t ive index we i gh t ing for 



------------------------------------------------------------------------- ------- ---

TABLE 5 . 1 3 :  EBW SENSIT IVITY ANALYS I S  FOR THE GREASY SHORT OBJECTIVE FULL INDEX 

( One r e c ord on NLW ( d am) ) . 

Var i ates in Obj ect ive NLW ww GFW y ML se 

NLW 
Var i ates in Index 

( darn) 
ww HBW HGFW y SL se QN 

Economic We ight = 0 . 0 0 

B-Value 2 . 3 2 0 . 10 0 . 3 6 1 .  9 3  0 . 2 5 0 . 50 -0 . 6 1 0 . 6 5 
Value of  Var i ate 1 1 . 8 9 0 . 2 9 8 . 6 8 2 . 56 4 . 2 3 1 . 8 6 1 .  5 3  2 . 9 2 
% Over all Gain 5 2 . 18 1 2 . 5 3 0 . 0 0 2 4 . 0 9 4 . 7 5 4 . 7 9 1 . 6 5 0 . 0 0 
Genet i c  Gain 0 . 0 3 0 . 3 9 1 . 1 7 0 . 0 6 0 . 2 2 0 . 18 -0 . 0 4 -0 . 0 2 

Economic Weight = 0 . 4 2 

B-Value 2 . 3 5 0 . 1 1 0 . 5 1 1 .  7 0  0 . 2 7 0 . 5 1 -0 . 6 3 0 .  7 2  
Value of  Var i ate 8 . 8 8 0 . 29 13 . 1 3 1 . 4 6 3 . 50 1 .  4 6  1 .  2 2  2 . 6 9 
% Overall Gain 4 5 . 4 2 1 2 . 18 1 4 . 7 4 19 . 2 0 3 . 4 8 3 . 7 6 1 .  2 2  0 . 0 0 
Genetic Gain 0 . 0 3 0 . 4 4 1 . 3 0 0 . 0 5 0 . 19 0 . 1 7 -0 . 0 3  0 . 0 1 

Econom ic We ight = -0 . 1 3 

B-Value 2 . 3 1 0 . 0 9 0 . 3 2 2 . 0 0 0 . 2 5 0 . 4 9 -0 . 6 0 0 . 6 2 
Value of  Var i ate 1 3 . 0 6 0 . 2 9 7 . 20 3 . 0 4 4 . 4 9 2 . 0 0 1 .  6 4  2 . 9 8 
% Over all Gain 54 . 2 5 1 2 . 4 4 - 4 . 7 8 2 5 . 8 6 5 . 2 4 5 . 1 7 1 . 8 1 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 3 7 1 . 1 2 0 . 0 6 0 . 2 3 0 . 19 -0 . 0 4 -0 . 0 3 

Economic We ight = 0 . 0 0 
Gene tic Progress 

( l )  
Re str icted 

B-Value 2 . 2 1 0 . 0 4 -0 . 1 5 2 . 7 0 0 . 20 0 . 4 4 -0 . 5 3 0 . 3 9 
Value of Var i ate 2 4 . 4 6 0 . 1 3 8 . 3 2 1 1 . 27  5 . 7 1 3 . 0 9 2 . 4 0 2 . 2 3 
% Ove rall Gain 4 3 . 18 - 2 . 0 1 0 . 0 0 3 7 . 17  10 . 2 6 7 . 9 5 3 . 4 5 0 . 0 0 
Gene tic Gain 0 . 0 2  -0 . 0 4 0 . 0 0 0 . 0 6 0 . 3 3 0 . 2 1 -0 . 0 5 -0 . 17 

eHG 

-0 . 4 5 
0 . 9 6  
0 . 0 0 
0 . 0 0 

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

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

-0 . 3 5 
1 . 19 
o . o o 

-0 . 0 1 ---- ---- ----�----- � 

( 1 )  Dummy we ight ing factor 1 .  4 3  

Value o f  
Ove rall Gain 

3 . 19 

3 . 7 1 

3 . 0 4 

2 . 19 

...... 

� 
0 



TABLE 5 . 1 4 :  EBW SENS ITIVITY ANALYS I S  FOR THE GREASY LONG OBJECT IVE FULL INDEX 

( One record on NLW ( dam) ) . 

Var iate s in Obj ective NLW ww GFW y ML se 

NLW 
Var i ates in Index 

{ darn) 
ww HBW HGFW y SL se QN CHG 

Economi c  We ight = 0 . 0 0  

B-Value 2 . 3 1 0 . 10 0 . 3 7 1 . 5 7 0 . 2 6 0 . 2 2 -0 . 6 2 0 . 7 8 - 0 . 4 8 
Value of  Var i ate 1 2 . 5 7 0 . 3 5 9 . 4 1 l .  6 4  4 . 6 3 0 . 3 8 1 . 6 6 4 . 1 7 1 . 16 
% Ove rall Gain 5 7 . 54 13 . 2 6 0 . 0 0 23 . 4 5 5 . 4 1 0 . 7 4 0 . 7 6 0 . 0 0 0 . 0 0 
Genetic  Gain 0 . 0 4 0 . 4 0 1 . 18 0 . 0 5  0 . 2 3 0 . 1 2 -0 . 0 3 0 . 0 3 0 . 0 1 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 5 0 . 1 2 0 . 5 2 l .  38  0 . 28 0 . 2 4 - 0 . 6 3 0 . 8 4 -0 . 5 1 
Value of  Var i ate 9 . 28 0 . 3 4 1 4 . 0 5 0 . 9 1  3 . 8 2 0 . 3 2 l .  26 3 . 59 0 . 9 5  
% Overall Gain 4 9 . 2 1 12 . 7 9 15 . 19 18 . 5 4 3 . 9 0 0 . 59 0 . 56 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 4 0 . 4 5 l .  3 1  0 . 0 5 0 . 19 0 . 1 1 -0 . 0 2 0 . 0 5 0 . 0 1 

Economic We ight = -0 . 13 

B-Value 2 . 3 0 0 . 10 0 . 3 2 1 . 6 4 0 . 2 5 0 . 2 1 -0 . 6 1 0 . 7 5 - 0 . 4 7 
Value of  Var iate 1 3 . 8 6 0 . 3 6 7 . 8 5 1 . 9 5 4 . 9 2 0 . 4 0 1 . 8 2 4 . 3 6 l .  23  
% Ove rall Gain 6 0 . 20 13 . 20  -4 . 9 5  25 . 2 4 5 . 9 9 0 . 8 0 0 . 8 4 0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 4 0 . 3 8 1 . 1 2 0 . 0 5 0 . 2 4 0 . 1 2 -0 . 0 3 0 . 0 2 0 . 0 1 

Economi c  Weight = 0 . 0 0 
Genetic Progress 

{ l ) 
Restr icted 

B-Value 2 . 2 1 0 . 0 5 -0 � 1 3  /. . 2 2 0 . 20 0 . 1 6 -0 . 5 8 0 . 5 5 -0 . 3 9 
Value of  Var iate 26 . 3 4 0 . 19 7 . 10 7 . 2 2 6 . 2 1 0 . 4 3 3 . 1 5 4 . 5 5 1 . 6 0 
% Ove rall Gain 53 . 60 - 1 . 6 5 0 . 0 0 36 . 4 8 12 . 0 5  1 . 1 6 l .  56  0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 2 -0 . 0 3 0 . 0 0 0 . 0 6 0 . 3 5 0 . 1 3 -0 . 0 4 -0 . 10 0 . 0 0 

------- ---- �-
{ l )  Dummy we ighting fac tor = 1 . 3 9 

MFD 

MFD 

0 . 19 
0 . 8 8  

- 1 . 1 7 
0 . 28 

0 . 1 7 
0 . 5 3 

-0 . 7 8 
0 . 2 2 

0 . 20 
1 . 0 3 

- 1 . 3 2 
0 . 3 0 

0 . 2 5 
3 . 18 

- 3 . 2 1 
0 . 5 2 

Value of 
Ove rall Gain 

3 . 10 

3 . 6 2 

2 . 9 5 

--
I-' 
+=' 
I-' 



TABLE 5 . 1 5 :  EBW SENS ITIVITY ANALYS I S  FOR THE GREASY OBJECT IVE FULL INDEX 

( One record on NLW ( dam) ) .  

Var iates in Obj ect ive NLW 

NLW 
Var i ates in Index 

( darn ) 

Economic We ight = 0 . 0 0  

B-Value 2 . 3 2 
Value of Var i ate 1 2 . 1 1 
% Ove rall Gain 5 3 . 29 
Genetic Gain 0 . 0 3 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 5 
Value of  Var i ate 9 . 0 1 
% Overall Gain 4 6 . 18 
Genetic Gain 0 . 0 4  

Economic We ight = -0 . 13 

B-Value 2 . 3 1 
Value of  Var iate 1 3 . 3 2 
% Ove rall Gain 5 5 . 4 8 
Genetic Gain 0 . 0 3 

Economic We ight = 0 . 0 0 
Genet i c  Progress 

( 1 ) 
Res tr icted 

B-Value 2 . 2 1 
Value of Var i ate 2 5 . 29 
% Overall Gain 4 5 . 0 8 
Gene tic Gain 0 . 0 2 

-

ww GHW y 

ww HBW HGFW y 

0 . 10 0 . 3 6 1 .  9 5  0 . 2 6 
0 . 3 1 8 . 8 9 2 . 6 7 4 . 4 0 

1 2 . 8 2  0 . 0 0  2 3 . 9 8 4 . 6 9 
0 . 3 9 1 . 18 0 . 0 6 0 . 2 2 

0 . 1 1 0 . 5 1 1 . 7 2 0 . 2 7 
0 . 3 1 1 3 . 3 7 1 .  5 3  3 . 6 2 

12 . 4 0 1 4 . 9 0 19 . 0 6  3 . 4 2 
0 . 4 4 1 .  3 1  0 . 0 5 0 . 18 

0 . 0 9  0 . 3 2 2 . 0 2  0 . 2 5 
0 . 3 1 7 . 39 3 . 1 7 4 . 6 8 

12 . 7 5 - 4 . 8 5 2 5 . 7 6 5 . 18 
0 . 3 7 1 . 1 2 0 . 0 6 0 . 2 3 

0 . 0 5 -0 . 1 5 2 .  7 2  0 . 20 
0 . 1 5 8 . 2 4 1 1 . 8 2 6 . 0 5  

- 1 . 8 2  0 . 0 0  3 7 . 1 5 10 . 2 5 
-0 . 0 4 o . o o  0 . 0 6 0 . 3 3 

( 1 )  Dummy we ight ing factor = 1 . 4 2 

HL se 

SL se QN 

0 . 4 4 -0 . 6 1 0 . 6 5 
1 . 4 8 1 .  5 6  3 . 0 4 
3 . 5 5 1 .  68  0 . 0 0 
0 . 16 -0 . 0 3  0 . 0 0 

0 . 4 5 -0 . 6 4 0 . 7 3 
1 . 1 7 1 .  2 4  2 . 79 
2 . 7 9 1 .  2 3  0 . 0 0  
0 . 1 5 -0 . 0 3 0 . 0 2 

0 . 4 3 -0 . 6 0 0 . 6 3 
1 .  59  1 . 6 8 3 . 1 1 
3 . 8 3  1 . 8 5  0 . 0 0 
0 . 1 7 -0 . 0 4 -0 . 0 1  

0 . 3 8 -0 . 5 3 0 . 3 9 
2 . 4 0 2 . 50 2 . 40 
5 . 7 8 3 . 5 5 0 . 0 0 
0 . 18 -0 . 0 5 -0 . 1 5 

CHG 

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

-0 . 4 9 
0 . 8 3 
0 . 0 0 
0 . 0 1 

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

-0 . 3 5 
1 .  26  
0 . 0 0  

-0 . 0 1  

Value of  
Overall Gain 

3 . 16 

3 . 6 8 

3 . 0 1  

2 . 16 
I-' 
+' 
N 



TABLE 5 . 1 6 :  EBW SENS IT IVITY ANALY S I S  FOR THE CLEAN SHORT OBJECT IVE FULL INDEX 

( One rec ord on NLW ( dam) ) .  

Var i ates in Obj ective NLW ww CFW ML se 

Var iates in Index 
NLW 

ww HBW HCFW HGFW SL se QN 
( dam) 

Economic We ight = 0 . 0 0 

B-Value 2 . 3 2 0 . 0 8 0 . 3 3 4 . 9 1 - 1 . 6 4 0 . 7 5 -0 . 7 5 0 . 7 7 
Value of Var iate 10 . 6 4 0 . 2 1 6 . 3 7 2 . 9 2 0 . 4 4 3 . 8 1 2 . 0 9 4 . 1 7 
% Ove rall Gain 4 7 . 10 10 . 8 1 o . o o  3 2 . 3 0 0 . 0 0 7 . 6 1 2 . 18 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 3 5 1 . 1 3 0 . 0 6 0 . 0 6 0 . 2 4 -0 . 0 4 0 . 0 1  

Economic We ight = 0 . 4 2 

B-Value 2 . 3 5 0 . 10 0 . 4 8 4 . 8 8 - 1 . 8 4 0 . 7 6 -0 . 7 6 0 . 8 3 
Value of  Var iate 8 . 16 0 . 2 2 10 . 4 1 2 . 17 0 . 4 2 3 . 0 0 l .  6 5  3 . 6 4 
% Over all Gain 4 1 . 7 6 10 . 8 6 1 3 . 7 3 2 5 . 9 5  0 . 0 0 6 . 0 4  1 . 6 5 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 4 1 l .  26  0 . 0 6 0 . 0 6 0 . 2 1 -0 . 0 4 0 . 0 4 

Economic We ight = -0 . 13 

B-Value 2 . 3 1 0 . 0 8 0 . 2 8 4 . 9 2  - l .  58  0 . 7 4 -0 . 7 4 0 . 7 6 
Value o f  Var iate ll . 5 7  0 . 2 1 5 . 10 3 . 2 1 0 . 4 4 4 . 1 1 2 . 2 4 4 . 3 4 
% Ove r all Gain 4 8 . 6 4 10 . 6 0 - 4 . 3 4 3 4 . 5 5  0 . 0 0 8 . 17 2 . 3 7 0 . 0 0  
Genetic Gain 0 . 0 3 0 . 3 3 1 . 0 7  0 . 0 6 0 . 0 6 0 . 2 4 -0 . 0 4 0 . 0 1 

Economic We ight = 0 . 0 0 
Genetic Progr�s s  

( l )  
Restr 1cted 

B-Value 2 . 2 1 0 . 0 3 -0 . 19 5 . 0 2 -0 . 9 5  0 . 6 9 -0 . 68 0 . 5 7 
Value of  Var iate 19 . 9 4 0 . 0 6 1 1 . 7 4 6 . 1 1 0 . 29 6 . 4 8 3 . 4 2 4 . 50 
% Overall Gain 3 6 . 8 7 - 3 . 0 7 0 . 0 0 49 . 5 6 0 . 0 0 1 2 . 3 8 4 . 2 7 0 . 0 0 
Gene tic Gain 0 . 0 2 -0 . 0 7 0 . 0 0 0 . 0 7 0 . 0 7 0 . 2 7 -0 . 0 6 -0 . 1 2 

L____. _________ ------- ----- ------ --· L___ -------
( l )  Dummy we ight ing factor = 1 . 4 6 

CHG 

-0 . 4 7 
0 . 9 5 
0 . 0 0 
O . O J.. 

-0 . 4 9 
0 . 7 9 
0 . 0 0 
0 . 0 1 

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

-0 . 3 9 
1 . 3 1 
0 . 0 0 
0 . 0 0 

Value of  
Ove rall Ga in 

3 . 3 6 

3 . 8 6  

3 . 2 1 

2 . 3 9 

I 
! 

-
I-' 
� 
w 



TABLE 5 . 1 7 :  EBW SENS ITIVITY ANALYS I S  FOR THE CLEAN LONG OBJECTIVE FULL INDEX 

( One record on NLW ( dam) ) .  

Var iates in Obj ective NLW ww eFW ML se 

NLW 
Var iates in Index 

( dam ) 
ww HBW HeFW HGFW SL se QN eHG 

Economic Weight = 0 . 0 0  

B-Value 2 . 3 1 0 . 0 9 0 . 3 4 4 . 3 0 - 1 . 5 1 0 . 4 1 -0 . 7 7 0 . 9 5  -0 . 5 3 
Value o f  Var i ate 1 1 . 5 7  0 . 28 7 . 19 2 . 38 0 . 4 1 l .  2 3  2 . 4 3 6 . 2 7 1 . 3 1 
% Overall Gain 5 4 . 16  1 1 . 8 2  0 . 0 0 3 3 . 2 8 0 . 0 0 l .  23  1 . 0 8  0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 4 0 . 3 7 1 . 1 5 0 . 0 6 0 . 0 6  0 . 16 -0 . 0 3  0 . 0 8 0 . 0 2 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 4 0 . 11 0 . 4 9 4 . 2 9 - 1 . 7 0 0 . 4 3 -0 . 7 8 l .  0 0  -0 . 54 
Value o f  Var iate 8 . 7 1 0 . 2 8 l l .  4 7  l .  7 6  0 . 38 0 . 9 9 l .  8 4  5 . 16 1 . 0 5  
% Ove rall Gain 4 6 . 8 0  l l .  69 1 4 . 4 6  2 6 . 3 4  0 . 0 0 0 . 9 7  0 . 8 1  o . o o  0 . 0 0  
Gene tic Gain 0 . 0 4  0 . 4 2 l .  28 0 . 0 6 0 . 0 6 0 . 1 5 - 0 . 0 3 0 . 10 0 . 0 2  

Economic We ight = -0 . 13 

B-Value 2 . 3 0 0 . 0 9  0 . 29 4 . 3 0 - 1 . 4 5 0 . 4 0 -0 . 7 7 0 . 9 3 - 0 . 5 2 
Value of  Var iate 1 2 . 6 6 0 . 2 8 5 . 8 2 2 . 6 2 0 . 4 1 l .  3 2  2 . 6 5 6 . 6 7 l .  4 0  
% Overall Gain 56 . 4 5 l l .  6 4  -4 . 6 4  3 5 . 7 9 0 . 0 0  1 . 3 2 1 . 19 0 . 0 0  o . o o  
Gene tic Gain 0 . 0 4  0 . 3 5 l .  0 9  0 . 0 6  0 . 0 6  0 . 1 7 -0 . 0 3  0 . 0 8  0 . 0 2 

Economic We ight = 0 . 0 0  
Gene tic Progress 

( l )  
Restricted 

B-Value 2 . 20 0 . 0 4 -0 . 1 7 4 . 3 2 -0 . 8 7  0 . 3 5 -0 . 7 4 0 . 7 7 -0 . 4 6 
Value of  Var iate 2 2 . 8 0 0 . 12 10 . 9 2 4 . 9 9 0 . 2 7 1 . 8 7 4 . 6 4  8 . 6 9 2 . 0 4 
% Ove rall Gain 4 9 . 6 9 - 2 . 9 0 0 . 0 0 5 3 . 0 6 0 . 0 0  1 . 9 5 2 . 16 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 2 -0 . 0 6  0 . 0 0 0 . 0 7  0 . 0 7  0 . 18 -0 . 0 4  - 0 . 0 3 0 . 0 2 

( l ) Dummy we ighting factor = 1 . 4 3 

MFD 

MFD 

0 . 2 4 
l .  2 9  

- 1 . 5 7 
0 . 3 1 

0 . 2 3 
0 . 8 5 

- 1 . 0 8 
0 . 2 5 

0 . 2 5 
l .  4 7  

- 1 . 7 6 
0 . 3 4 

0 . 29 
3 . 7 7 

-3 . 9 6  
0 . 56 

--------- ----

Va lue of  
Ove rall Gain 

J 
! 

3 . 2 2 

3 . 7 3 

3 . 0 7 

2 . 2 5 

L_ ·�-- - ··-__ ____j 

1--' 

� 
� 
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TABLE 5 . 1 8 :  EBW SENS I TIVITY ANALYS I S  FOR THE CLEAN OBJECTIVE FULL I NDEX 

( One rec ord on NLW ( d am) ) .  

Var i ates in Obj ect ive NLW ww eFW ML se 

NLW 
Var i ates in Index 

( darn ) 
ww HBW HeFW HGFW SL se QN 

Economic We ight = 0 . 0 0  

B-Value 2 . 3 2 0 . 0 9  0 . 3 3 4 . 8 8 - 1 . 59 0 . 6 7  -0 . 7 5 0 . 78 
Value o f  Var i ate 10 . 9 6 0 . 2 3 6 . 6 1 2 . 9 8 0 . 4 2 3 . 1 7 2 . 1 6 4 . 3 5 
% Ove rall Gain 4 8 . 6 2 1 1 . 2 1 0 . 0 0 3 2 . 2 2 0 . 0 0  5 . 70 2 . 2 4 0 . 0 0  
Gene tic Gain 0 . 0 3  0 . 3 6 1 . 1 4 0 . 0 6  0 . 0 6 0 . 2 2 -0 . 0 4  0 . 0 3 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 5 0 . 10 0 . 4 8 4 . 8 5  - 1 . 7 9 0 . 6 9 -0 . 7 7 0 . 8 4 
Value of  Var iate 8 . 3 5 0 . 2 4 10 . 7 1 2 . 20 0 . 4 0 2 . 4 9 1 .  7 0  3 . 7 7  
% Overall Gain 4 2 . 8 4 1 1 . 17 1 3 . 9 9 2 5 . 7 9 0 . 0 0 4 . 5 2 1 . 6 8 0 . 0 0 
Genetic Gain 0 . 0 3  0 . 4 1 1 .  2 7  0 . 0 6 0 . 0 6  0 . 19 -0 . 0 4  0 . 0 5  

Economic We ight = -0 . 1 3 

B-Value 2 . 3 1 0 . 0 8 0 . 2 8 4 . 8 9 - 1 . 5 3 0 . 6 7 -0 . 7 4 0 . 7 6 
Value of  Var i ate 1 1 . 9 5 0 . 2 2 5 . 3 1 3 . 2 7 0 . 4 3 3 . 4 2 2 . 3 2 4 . 5 5 
% Ove r all Gain 50 . 3 3 1 1 . 0 2 - 4 . 4 5 3 4 . 5 2 0 . 0 0  6 . 13 2 . 4 5 0 . 0 0 
Gene tic Gain 0 . 0 3  0 . 3 4 1 . 0 8 0 . 0 6 0 . 0 6  0 . 2 2 -0 . 0 4  0 . 0 2 

Economic We ight = 0 . 0 0  
Genetic Progress 

( 1 ) 
Restri cted 

B-Va1ue 2 . 2 1 0 . 0 4  -0 . 19 4 . 9 9 - 0 . 9 0 0 . 6 1 -0 . 6 8  0 . 58 
Value of  Var iate 2 1 . 0 2  0 . 0 8  11 . 8 2  6 . 3 3 0 . 2 7 5 . 3 8 3 . 6 1 4 . 8 3 
% Ove r all Gain 3 9 . 24 - 2 . 9 3  0 . 0 0  4 9 . 9 7 0 . 0 0  9 . 2 4 4 . 4 7 0 . 0 0  
Gene tic Gain 0 . 0 2  -0 . 0 7 0 . 0 0 0 . 0 7  0 . 0 7 0 . 2 5 -0 . 0 6 -0 . 10 

( 1 )  Dummy weight ing factor = 1 . 4 5 

eHG 

-0 . 4 7  
1 .  0 0  
0 . 0 0 
0 . 0 1 

-0 . 50 
0 . 8 2  
0 . 0 0 
0 . 0 1 

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

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

Value o f  
Overall Gain 

3 . 3 1 

3 . 8 2 

3 . 1 7 

2 . 3 4 ....... 
+:-­
\Jl 



TABLE 5 . 1 9 :  EBW SENS I T IV ITY ANALYS I S  FOR THE GREASY SHORT OBJECT IVE REDUCED INDEX 

( One rec ord on NLW ( dam) ) .  

Var iates in Obj ective NLW 

NLW 
Var iates in Index 

( dam) 

Economic Weight = 0 . 0 0 
B-Value 2 . 3 4 
Value of  Var iate 1 4 . 2 6 
% Overall Gain 5 1 . 6 2 
Gene tic Gain 0 . 0 3  

Economic We ight = 0 . 4 2 

B-Value 2 . 3 7 
Value of Var iate 10 . 3 2 
% Overall Gain 4 4 . 0 2 
Genetic Gain 0 . 0 3 

Economic Weight = -0 . 13 

B-Value 2 . 3 3 
Value o f  Var i ate 1 5 . 8 5  
% Overall Gain 5 4 . 0 7 
Gene tic Gain 0 . 0 3 

Economic We ight = 0 . 0 0 
Genetic Progr�ss 

( l )  
Restr1cted 

B-Value 2 . 2 3 
Value of  Var iate 3 3 . 0 4  
% Ove rall Gain 4 5 . 0 4 
Gene tic Gain 0 . 0 2 

ww 

ww 

--
14 . 58 

0 . 4 2 

-
-

1 3 . 6 8 
0 . 4 6 

-
-

14 . 6 8 
0 . 4 0 

-
-

-0 . 4 2 
-0 . 0 1  

--- -

HBW 

0 . 4 2 
19 . 2 7 

0 . 0 0  
1 . 2 0 

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

1 . 3 2 

0 . 3 7 
16 . 5 3 
- 5 . 3 2 

1 . 1 5 

-0 . 10 
4 1 . 0 0 

0 . 0 0 
0 . 0 0  

-- -----�-----

GFW y 

HGFW y 

2 . 3 2 -

5 . 4 1 -

29 . 59 0 . 0 0 
0 . 0 6 0 . 0 0 

2 . 0 7 -

3 . 0 4  -

2 2 . 9 3 0 . 0 0  
0 . 0 6  0 . 0 0  

2 . 4 0 -

6 . 4 7 -

3 2 . 0 9 0 . 0 0 
0 . 0 7  0 . 0 0 

3 . 1 7 -

26 . 6 4 -

50 . 19 0 . 0 0  
0 . 0 7 0 . 0 0  

----
( 1 ) Dummy weighting factor = 1 . 3 9 

ML se 

SL se QN eHG 

- - - -
- - - -

4 . 2 0 o . o o 0 . 0 0 0 . 0 0 
0 . 1 5 0 . 0 0 0 . 0 1  0 . 0 0 

- - - -- - - -
3 . 4 4 0 . 0 0 0 . 0 0  0 . 0 0 
0 . 14 0 . 0 0 0 . 0 3 0 . 0 0  

- - - -
- - - -

4 . 4 7 0 . 0 0 0 . 0 0  0 . 0 0  
0 . 1 5 0 . 0 0 0 . 0 1  0 . 0 0 

- - - -
- - - -

5 . 19 0 . 0 0 0 . 0 0  0 . 0 0  
0 . 1 2 0 . 0 0 -0 . 0 7 0 . 0 0 

- -

Value of  
Ove rall Gain 

2 . 9 5 

3 . 4 9 

2 . 8 0 

1 . 9 5 
I 

"'"""' 

+' 
(j'\ 



TABLE 5 . 20 :  EBW SENS ITIVITY ANALYS I S  FOR THE GREASY LONG OBJECTIVE REDUCED INDEX 

( One record on NLW ( dam) ) .  

Var i ates in  Obj ective NLW ww GHW y ML se MFD 

NLW 
Var i ates in Index 

( dam) 
ww HBW HGFW y SL se QN eHG MFD 

Economic We ight = 0 . 0 0 

B-Value 2 . 3 4 - 0 . 4 2 l .  9 4  - - - - - -
Value of  Var iate 1 5 . 5 5  - 20 . 7 0 4 . 0 4 - - - - - -
% Ove rall Gain 5 5 . 69 1 5 . 3 8  0 . 0 0 28 . 69 0 . 0 0 0 . 9 4 0 . 0 0 0 . 0 0 0 . 0 0 -0 . 7 1 
Gene tic Gain 0 . 0 3 0 . 4 2 l .  21  0 . 0 6  0 . 0 0 0 . 1 4 0 . 0 0 0 . 0 2 0 . 0 0 0 . 1 5 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 7 - 0 . 5 8 1 . 6 8 - - - - - -
Value of  Var iate 1 1 . 0 4 - 28 . 9 7  2 . 1 3 - - - - - -
% Over all Gain 4 6 . 7 5  14 . 2 8 1 6 . 6 3 2 2 . 0 6 0 . 0 0 0 .  7 7  0 . 0 0 0 . 0 0 0 . 0 0 -0 . 50 
Genetic Gain 0 . 0 3 0 . 4 7 1 . 3 4 0 . 0 5  0 . 0 0 0 . 14 0 . 0 0 0 . 0 3 0 . 0 0 0 . 13 

Economic We ight = -0 . 13 

B-Value 2 . 3 3 - 0 . 3 7 2 . 0 2  - - - - - -

Value o f  Var iate 1 7 . 4 1 - 1 7 . 8 1 4 . 9 2 - - - - - -
% Overall G a i n  58 . 6 6 1 5 . 5 3  - 5 . 6 2 3 1 . 22 0 . 0 0 1 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 -0 . 7 9 
Genetic Gain 0 . 0 3 0 . 4 0 1 . 16 0 . 0 6 0 . 0 0 0 . 14 0 . 0 0 0 . 0 2 o . o o 0 . 16 

Economic We ight = 0 . 00 
Genetic Pro�r�ss ( l )  R�s r 1.cted 

B-Value 2 . 2 3 - -0 . 0 9 2 . 7 6 - - - - - -
Value of  Var iate 3 8 . 3 9 - 3 5 . 51  2 2 . 0 7  - - - - - -
% Over all Gain 5 2 . 18 -0 . 4 4 0 . 0 0 4 8 . 8 5  0 . 0 0 1 . 14 0 . 0 0 0 . 0 0 0 . 0 0 - 1 . 7 3 
Genetic Gain 0 . 0 2 -0 . 0 1  0 . 0 0 0 . 0 7 0 . 0 0 0 . 1 1 0 . 0 0 -0 . 0 6 0 . 0 0 0 . 2 4 

---- --- ------- -- ----�--- --- ---

( 1 )  Dummy we ighting factor = 1 . 3 5 

Value of  
Ove rall Gain 

2 . 8 4 

3 . 3 8 

2 . 6 8 

1 . 8 4 

I 

1-' 
+:­
......, 



TABLE 5 . 2 1 :  EBW SENS ITIVITY ANALYS I S  FOR THE GREASY OBJECT IVE REDUCED INDEX 

( One r e c ord on NLW (dam) ) .  

Var iates in Obj ective NLW ww GFW y ML se 

NLW 
Var iates in Index 

( darn ) 
ww HBW HGFW y SL se QN 

Economic Weight = 0 . 0 0 

B-Value 2 . 3 4 - 0 . 4 2 2 . 2 6 - - - -
Value o f  Var i a te 14 . 5 1 - 19 . 4 5 5 . 19 - - - -
% Overall Gain 5 2 . 3 6  1 4 . 7 2 0 . 0 0 29 . 5 1 0 . 0 0 3 . 4 0 0 . 0 0 0 . 0 0 
Gene tic  Gain 0 . 0 3 0 . 4 2 l .  20  0 . 0 6 o . o o 0 . 1 5 0 . 0 0 0 . 0 2  

Economic We ight = 0 . 4 2 

B-Value 2 . 3 7 - 0 . 5 8 2 . 0 0 - - - -
Value of  Var iate 1 0 . 4 7 - 2 7 . 4 8 2 . 8 9 - - - -

% Ove rall Gain 4 4 . 5 3 1 3 . 7 9 16 . 0 6 2 2 . 8 3 0 . 0 0 2 . 7 8 0 . 0 0 0 . 0 0 
Genetic  Gain 0 . 0 3 0 . 4 6 1 .  3 2  0 . 0 6 0 . 0 0 0 . 14 0 . 0 0  0 . 0 3 

Economic We ight = -0 . 13 

B-Value 2 . 3 3 - 0 . 3 7 2 . 3 4 - - - -
Value o f  Var iate 1 6 . 1 5  - 16 . 6 8 6 . 2 2 - - - -

% Ove rall Gain 54 . 8 9 14 . 8 2 - 5 . 3 7 3 2 . 0 3 0 . 0 0 3 . 6 2 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 4 0 1 . 1 5 0 . 0 7 0 . 0 0 0 . 1 5 0 . 0 0 0 . 0 1 

Economic Weight = 0 . 0 0 
Genetic Prog ress 

( l )  
Restr icted 

B-Value 2 . 2 3 - -0 . 0 9 3 . 10 - - - -
Value of  Var iate 3 3 . 9 1 - 4 0 . 0 7 2 5 . 8 6  - - - -
% Overall Gain 4 6 . 2 1 -0 . 4 3 0 . 0 0 50 . 0 3 0 . 0 0 4 . 1 8 0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 2 -0 . 0 1 O . O Q 0 . 0 7 0 . 0 0 0 . 1 2 0 . 0 0 -0 . 0 7 

� 
( 1 )  Dummy weighting factor = 1 . 38 

eHG 

--
o . o o  

0 . 0 0 

-
-

o . o o 

0 . 0 0 

-
-

0 . 0 0 
0 . 0 0 

-
-

0 . 0 0 
o . o o 

Value of  
Ove rall Gain 

2 . 9 3 

3 . 46 

2 . 7 8 

1 . 9 3 

I 

I-' 
� 
00 



TABLE 5 . 2 2 :  EBW SEN S I TIVITY ANALYS I S  FOR THE CLEAN SHORT OBJECT IVE REDUCED INDEX 

( One r e c ord on NLW ( dam) ) .  

Var iate s  in Obj ect ive NLW ww eFW ML se 

NLW 
Var i ates in Index 

( dam) 
ww HBW HeFW HGFW SL se QN eHG 

Economic We ight = 0 . 0 0 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 4 2 - - - -
Value of  Variate 1 3 . 3 3 - 1 9 . 7 8 - 5 . 5 3 - - - -
% Overall Gain 4 9 . 5 7 14 . 2 9 0 . 0 0 3 0 . 8 4 0 . 0 0 5 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 4 2 1 .  2 1  0 . 0 5 0 . 0 7 0 . 1 5 o . o o 0 . 0 1 o . o o 

Economic We ight = 0 . 4 2 

B-Value 2 . 3 7 - 0 . 60 - 2 . 16 - - - -
Value o f  Var iate 9 . 7 4 - 2 7 . 4 9 - 3 . 16 - - - -

% Ove rall Gain 4 2 . 4 4 1 3 . 3 7 1 5 . 5 8 24 . 26 0 . 0 0 4 . 3 5 0 . 0 0 0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 3 0 . 4 6 1 . 3 3 0 .  0 5  0 . 0 6 0 . 1 4 0 . 0 0 0 . 0 3 0 . 0 0 

Economi c  Weight = -0 . 1 3 

B-Value 2 . 3 3 - 0 . 3 9 - 2 . 50 - - - -
Value of  Var iate 1 4 . 7 7 - 17 . 1 2 - 6 . 5 7 - - - -
% Over all Gain 5 1 . 8 8 14 . 4 2 - 5 . 2 2 3 3 . 29  0 . 0 0 5 . 6 3 0 . 0 0 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 40 1 . 16 0 . 0 6 0 . 0 7 0 . 1 5 o . o o 0 . 0 1 0 . 0 0 

Economic We ight = 0 . 0 0 
Genetic  P rog ress 

( l ) 
Restr icted 

B-Value 2 . 2 2 - -0 . 1 0 - 3 . 3 0 - - - -
Value o f  Var iate 3 1 . 4 3 - 4 2 . 7 9 - 2 8 . 1 5 - - - -

% Over all Gain 4 2 . 9 2  -0 . 4 2 0 . 0 0 50 . 7 7 0 . 0 0 6 .  7 2  0 . 0 0 0 . 0 0 0 . 0 0 
Genetic Gain 0 . 0 2 -0 . 0 1  0 . 0 0 0 . 0 6 0 . 0 7 0 . 1 2 0 . 0 0 -0 . 0 7 0 . 0 0 

-- ---------- --�--- -
( 1 )  Dummy weight ing factor = 1 . 4 5 

Value o f  
Ove rall Gain 

3 . 0 5 

3 . 58 

2 . 8 9 

1 . 9 8 

i 

1-' 
+"' 
\.0 



TABLE 5 . 2 3 : EBW SENSITIVITY ANALYS I S  FOR THE CLEAN LONG OBJECT IVE REDUCED INDEX 

( One record on NLW ( dam) ) .  

Var i ates in Obj ective NLW ww eFW ML se 

NLW 
Var i ates in Index 

( dam) 
ww HBW HeFW HGFW SL se QN eHG 

Economi c  We ight = 0 . 0 0 

B-Value 2 . 3 4 - 0 . 4 4 - 2 .  0 1  - - - -
Value o f  Var iate 1 4 . 6 2 - 2 1 . 2 6 - 4 . 13 - - - -
% Ove rall Gain 53 . 69 1 5 . 1 2 0 . 0 0  3 0 . 8 7 0 . 0 0 1 . 17 0 .  00 0 . 0 0 0 . 0 0  
Genetic Gain 0 . 0 3  0 . 4 3 l .  2 3  0 . 0 5 0 . 0 6 0 . 14 0 . 0 0  0 . 0 2 0 . 0 0 

�Economic We ight = 0 . 4 2 

B-Value 2 . 3 7 - 0 . 5 9 - l .  7 6  - - - -
Value o f  Var i ate 10 . 4 7 - 2 9 . 29 - 2 . 2 1 - - - -
% Ove rall Gain 4 5 . 24 14 . 0 1 16 . 3 1 24 . 10 0 . 0 0  0 . 9 5  0 . 0 0  0 . 0 0  o . o o 
Gene tic Gain 0 . 0 3 0 . 4 7 l .  3 4  0 . 0 5  0 . 0 6 0 . 14 0 . 0 0 0 . 0 3 0 . 0 0 

Economi c  We ight = -0 . 13 

B-Value 2 . 3 3 - 0 . 3 9 - 2 . 0 9 - - - -
Value o f  Var i ate 1 6 . 3 2 - 18 . 4 5 - 5 . 0 0 - - - -
% Ove rall Gain 5 6 . 5 2  1 5 . 3 0 - 5 . 54 3 3 . 4 2 0 . 0 0 1 . 2 5 o . o o  o . o o  0 . 0 0  
Genetic Gain 0 . 0 3  0 . 4 1 1 . 1 8 0 . 0 5 0 . 0 6 0 . 14 0 . 0 0 0 . 0 2 0 . 0 0  

Economic Weight = 0 . 0 0 
Gene tic P rogress 

( l )  
Restricted 

B-Value 2 . 2 2 - -0 . 0 9  - 2 . 8 7 - - - -
Value o f  Var iate 3 6 . 8 2  - 3 7 . 0 6 - 23 . 3 5 - - - -
% Ove rall Gain 50 . 2 5 -0 . 4 4 0 . 0 0 50 . 8 9 0 . 0 0  l .  4 6  0 . 0 0 0 . 0 0  o . o o  

Genetic Gain 0 . 0 2  -0 . 0 1 0 . 0 0 0 . 0 5 0 . 0 7  0 . 1 1 o . o o -0 . 0 6 0 . 0 0  

MFD 

MFD 

-
-

-0 . 8 6 
0 . 16 

-
-

-0 . 6 0 
0 . 13 

--
-0 . 9 6 

0 . 16 

--
- 2 . 16 

0 . 2 5 

�- ------
( 1 ) Dummy weight ing fac tor = 1 . 4 1 

Value of 
Overall Gain 

2 . 9 2 

3 . 4 6 

2 . 7 6 

l .  8 7  

I 

�� 

I-' 
Vl 
0 



TABLE 5 . 24 :  EBW SENS IT IVITY ANALYS I S  FOR THE CLEAN OBJECT IVE REDUCED INDEX 

( One record on NLW ( dam) ) .  

I Var iates in Obj ective NLW ww eFW ML se 

NLW 
Var iates in Index 

( darn ) 
ww HBW HeFW HGFW SL se QN 

Economic Weight = 0 . 0 0 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 3 4 - - -

Value of  Var iate 1 3 . 6 3 - 20 . 0 2 - 5 . 2 4 - - -

% Over al l  Gain 50 . 4 8 1 4 . 4 7 0 . 0 0 3 0 . 7 7 0 . 0 0 4 . 2 7 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3  0 . 4 2 1 .  2 1  0 . 0 5 0 . 0 6 0 . 1 5 0 . 0 0 0 . 0 2 

Economic Weight = 0 . 4 2 

B-Value 2 . 3 7 - 0 . 60 - 2 . 0 8 - - -

Value o f  Var iate 9 . 9 1 - 2 7 . 8 1  - 2 . 9 6 - - -
% Overall Gain 4 3 . 0 8 1 3 . 5 2 1 5 . 7 4 2 4 . 16 0 . 0 0 3 . 50 0 . 0 0  0 . 0 0  
Gene tic Gain 0 . 0 3  0 . 4 7 1 .  3 3  0 . 0 5  0 . 0 6 0 . 14 0 . 0 0 0 . 0 3 

Economic We ight = -0 . 13 

B-Value 2 . 3 3 - 0 . 3 9 - 2 . 4 1 - - -

Value of  Va riate 1 5 . 1 3  - 1 7 . 3 3 - 6 . 2 6 - - -

% Overall Gain 5 2 . 9 0 1 4 . 60 - 5 . 2 9 3 3 . 2 4 0 . 0 0 4 . 5 5 0 . 0 0  0 . 0 0 
Genetic Gain 0 . 0 3 0 . 4 0 1 . 16 0 . 0 6  0 . 0 7  0 . 1 5 0 . 0 0  0 . 0 1  

Economic We ight = 0 . 0 0  
Gene tic Progress 

( 1 )  
Res t r icted 

B-Value 2 . 2 2 - -0 . 10 - 3 . 2 1 - - -

Value of  Var iate 3 2 . 50 - 4 1 . 6 0 - 2 7 . 14 - - -

% Overall Gain 4 4 . 4 0 -0 . 4 2 0 . 0 0 50 . 6 2 0 . 0 0 5 . 4 0 0 . 0 0  0 . 0 0  
Gene tic Gain 0 . 0 2  -0 . 0 1 0 . 0 0  0 . 0 6 0 . 0 7 0 . 1 2 0 . 0 0 -0 . 0 7  

--

( 1 )  Dummy weighting factor = 1 . 4 4 

eHG 

-
-

0 . 0 0 
0 . 0 0  

-

-
0 . 0 0 
0 . 0 0  

-

-
o . o o  
0 . 0 0  

-
-

0 . 0 0 
0 . 0 0  

Value o f  
Overall Gain 

3 . 0 1 

3 . 55 

2 . 8 6 

1 . 9 6 

-

1--' 
Vl 
1--' 



1 5 2 . 

HBW . The value o f  bo th NLW ( dam) and HGFW in th e index was 

s i gn i f i c an t ly inc reased ( 1 1 . 8 9 %  to  2 4 . 46% and 2 . 5 6% to 1 1 . 2 7 %  

reduc t i on s r e s p e c t ively , f o r  the Gre asy Shor t ob j ec t ive ) . 

However ,  the con t r ibut ion t o  overa l l  gain o f  NLW and a l s o  o f  

WW was d e creased  ( 5 2 . 1 8 %  t o  4 3 . 1 8 %  and 1 2 . 53%  t o  - 2 . 0 1 %  

re s p e c t i v e l y  for the Greasy Short ob j ec t ive ) . A s  a c on s e quenc e ,  

the prop o r t ion o f  the overa l l  gain a t tr ibu ted to  the woo l  

tra i t s  wa s inc r ea s ed . The va lue o f  the overa l l  g a in was 

cons iderab ly reduced  ( $ 3 . 1 9 to $ 2 . 1 9  for the Greasy  Sho r t  

ob j e c t ive ) . Ap ar t from EBW who s e  gene t i c gain w a s  d e l ibera t e l y  

re s t r i c t e d  t o  0 . 00 ,  the on ly  o ther ind ividua l t r a i t  to have 

i t s  gene t i c gain s i gni f i c an t l y  a f fe c ted  wa s WW ( 0 . 3 9 kg to  

-0 . 04 kg for the  Greasy Shor t obj e c t ive ) . The negat ive o f  

the dummy we igh t ing fac tor c a l cu l a t e d  for th i s  par t icular 

index i s  the appropriate  e c onomic we i gh t  to  a s s i gn to EBW 

for no gene t i c  gains to be made in tha t tr ait  ( eunn ingham 

and Gj edrem ,  1 9 7 0 ) . For the Greasy Short  obj e c t ive , the 

requ ir e d  e c onomic we igh t  shou ld  be  - $ 1 . 4 3 .  

The EBW s ens i t iv i ty ana ly s i s  wa s then repeated for the 

reduced ind i c e s  c on s i s t ing o f  NLW ( dam) , HBhT and HGFW . 

Tab l e s  5 . 1 9 ,  5 . 2 0 ,  5 . 2 1 ,  5 . 2 2 ,  5 . 2 3 and 5 . 24 i l l u s tra t e  a 

s imi l ar s e t  o f  r e s u l t s  to tho s e  ob t a ined with the fu l l  index . 

5 . 3 . 4  NLW , GFW ( eFW) and s e  sens i t ivi ty ana lys i s  

Fu r ther s ens i t ivi ty ana ly s e s  we re conduc ted for NLW , GFW 

(eFW) and se . The s e  trai t s  were cons idered l ike ly  to be mo s t  

a f fe c ted  by fu ture economi c cond i t ions . The new e c onomic 

we igh t s  a s s igned to  each t r a i t , w i th examp l e s  for the Greasy 

Short  ob j e c t ive , were , 

NLW = + 50% ( $4 7 . 1 0 to  $ 7 0 . 65 )  

GFW ( eFW) = + 50% ( $ 1 3 . 34 t o  $ 20 . 0 1 )  

se = + 200% ( - $ 1 . 4 1 t o  - $4 . 23)  

Tab l e s  5 . 2 5 ,  5 . 2 6 ,  5 . 2 7 ,  5 . 2 8 ,  5 . 29 and 5 . 30 c ompare the 

e f fe c t s  of  a l ter ing the e conomi c we i gh t s  o f  s in g l e  tra i t s  

wi th the ori g ina l . fu l l  inde x . 



TABLE 5 . 2 5 :  NLW , GFW AND S C  SENS ITIVITY ANALYS I S  FOR THE GREASY SHORT OBJECT IVE FULL INDEX 

( One record on NLW ( dam) ) .  

Var ia te s  in Obj ect ive NLW ww GFW y ML se Value of  

Var ia tes in Index 

Or ig inal Economi c  We ights 

B-Value 
Value of  Var i a te 
% Ove rall Gain 
Genetic Gain 

NLW Economic We i gh t  = 7 0 . 6 5 

B-Value 
Value of Var i ate 
% Overall Gain 
Genetic Gain 

GFW Economic We ight = 20 . 0 1 

B-Value 
Value of Var i a te 
% Overall Gain 
Gene tic Gain 

Se Economi c  Weight = - 4 . 23 

B-Value 
Value of  Var i ate 
% Ove r all Gain 
Genetic Gain 

NLW 
( dam ) -

2 . 3 2 
1 1 . 8 9 
5 2 . 18 

0 . 0 3 

3 . 4 6 
16 . 54 
69 . 8 1 

0 . 0 4 

2 . 3 2 
9 . 0 2  

3 9 . 8 1 
0 . 0 3 

2 . 3 2 
10 . 4 5 
4 6 . 3 4 

0 . 0 3  

� - -- - --

ww HBW HGFW 

0 . 10 0 . 3 6 l .  9 3  
0 . 2 9 8 . 6 8 2 . 5 6 

1 2 . 5 3  0 . 0 0 24 . 0 9 
0 . 3 9 1 . 1 7 0 . 0 6 

0 . 1 1 0 . 4 9 l .  5 2  
0 . 2 2 9 .  7 2  0 .  9 6  
9 . 6 8 0 . 0 0  14 . 3 9 
0 . 3 8 1 . 19 0 . 0 4 

0 . 0 6  0 . 3 6 3 . 6 9 
0 . 1 0 6 . 4 5 7 . 4 4 
9 . 9 3 0 . 0 0  4 1 . 3 2 
0 . 3 5 1 . 0 9 0 . 0 7  

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

1 1 . 0 9  0 . 0 0  2 1 . 4 5 
0 . 3 6 1 . 10 0 . 0 5  

Ove rall Gain 
y SL se QN eHG 

0 . 2 5 0 . 50 -0 . 6 1 0 . 6 5 -0 . 4 5 
4 . 2 3 1 . 8 6 l .  5 3  2 . 9 2 0 . 9 6 
4 . 7 5 4 . 7 9 1 . 6 5 0 . 0 0 0 . 0 0 

3 . 19 

0 . 2 2 0 . 18 -0 . 0 4  -0 . 0 2 0 . 0 0 

0 . 3 2 0 . 6 5  -0 . 7 5 1 . 0 8 -0 . 6 6  
4 . 10 l .  9 3  l .  39  5 . 0 2 1 . 2 6 

4 . 0 8 2 . 4 6 2 . 6 3 1 . 0 2 0 . 0 0  0 . 0 0 
0 . 15 0 . 13 - 0 . 0 3 0 . 0 6 0 . 0 1  

0 . 2 2 0 . 5 3 -0 . 6 1 0 . 6 6 -0 . 53 
2 . 50 l .  64 1 . 16 2 . 3 6 1 . 0 3 
2 . 8 8 4 . 7 6 l .  2 9  0 . 0 0 0 . 0 0  

3 . 6 3 

0 . 1 5 0 . 2 1 -0 . 0 3  -0 . 0 3 0 . 0 0  

0 . 2 6 0 . 50 - 1 . 4 5 0 . 6 6  -0 . 5 2 
3 . 7 8 l .  6 7  7 . 9 1  2 . 6 8 1 . 1 2 
4 . 1 7 4 . 2 4 1 2 . 7 1 0 . 0 0  0 . 0 0 

3 . 3 9 

0 . 2 1 0 . 1 7 -0 . 10 -0 . 0 4 -0 . 0 1 

---
� 
V1 
w 



TABLE 5 . 2 6 :  NLW , GFW AND SC SENS ITIVITY ANALYS I S  FOR THE GREASY LONG OBJECTIVE FULL INDEX 

( One record on NLW ( darn) ) .  

Va r iates in Obj ective NLW ww GFW y ML se MFD Value o f  

NLW 
Ove rall Gain 

Var i ates in Index 
( dam ) 

ww HBW HGFW y SL se QN CHG MFD 

Orig inal Economic We ights 

B-Value 2 . 3 1 0 . 10 0 . 3 7 1 .  5 7  0 . 2 6 0 . 2 2 -0 . 6 2 0 . 7 8 -0 . 4 8 0 . 19 
Value of  Var i ate 12 . 5 7 0 . 3 5 9 . 4 1 1 . 6 4 4 . 6 3 0 . 3 8 1 .  66 4 . 1 7 1 . 16 0 . 8 8  

3 . 10 
% Over all Gain 5 7 . 54 1 3 . 26 0 . 0 0 2 3 . 4 5 5 . 4 1 0 . 7 4 0 . 7 6 0 . 0 0 0 . 0 0 - 1 . 1 7 
Gene tic Gain 0 . 0 4  0 . 4 0 1 . 1 8 0 . 0 5 0 . 2 3 0 . 1 2 -0 . 0 3 0 . 0 3 0 . 0 1 0 . 2 8 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 4 6 0 . 1 1 0 . 4 9 1 . 0 5 0 . 3 2 0 . 3 6 -0 . 7 9 1 .  2 4  -0 . 7 1 0 . 2 6 
Value o f  Var iate 16 . 8 3 0 . 2 5 10 . 0 1 0 . 4 2 4 . 14 0 . 6 2 1 . 6 1 6 . 3 4 1 . 4 5 0 . 9 2 

4 . 0 5 
% Overall Gain 7 3 . 56 9 . 7 9 o . o o 1 3 . 7 0 2 . 7 8 0 . 4 0 0 . 4 4 0 . 0 0 0 . 0 0 -0 . 6 8 
Gene tic Gain 0 . 0 4 0 . 3 8 1 . 18 0 . 0 4 0 . 1 5 0 . 0 8 - 0 . 0 2 0 . 0 9 0 . 0 2 0 . 2 1 

GFW Economic We ight = 20 . 0 1 

B-Value 2 . 3 1 0 . 0 7 0 . 3 6 3 . 2 2 0 . 2 2 0 . 2 5 -0 . 6 6 0 . 8 3 -0 . 5 8 0 . 2 6 
Value o f  Var iate 9 . 5 3 0 . 1 2 6 . 9 4 5 . 3 8 2 . 6 3 0 . 3 8 1 .  4 7  3 . 6 3 1 .  26  1 .  22  

3 . 5 3 % Overall Gain 4 4 . 2 6 1 0 . 4 1 0 . 0 0 4 1 . 8 7  3. 3 9  0 . 8 7 0 . 5 8 0 . 0 0 0 . 0 0 -1 . 3 8 
Genetic Gain 0 . 0 3 0 . 3 6 1 . 0 9 0 . 0 7 0 . 16 0 . 16 -0 . 0 2 0 . 0 0 0 . 0 1  0 . 3 7 

SC Economi c  Weight = - 2 . 6 4 

B-Value 2 . 3 1 0 . 10 0 . 3 7 1 . 6 2 0 . 26 0 . 2 2 - 1 . 1 3 0 . 7 7 -0 . 5 3 0 . 17 
Value of  Var iate 1 1 . 8 2 0 . 3 4 8 . 8 4 1 . 6 4 4 . 4 4 0 . 3 7 5 . 3 7 3 . 9 2  1 . 29 0 . 6 8 

3 . 19 
% Ove rall Gain 5 4 . 28 1 2 . 54  0 . 0 0  2 2 . 10 5 . 0 4 0 . 6 9 6 . 2 4 0 . 0 0  0 . 0 0 -0 . 9 0 
Genetic Gain 0 . 0 4 0 . 3 9 1 . 14 0 . 0 5 0 . 2 2 0 . 1 1 -0 . 0 7  0 . 0 1 0 . 0 0 0 . 2 2 

---·--- --
1-' 
V1 
+--



TABLE 5 . 2 7 :  NLW , GFW AND S C  SENS ITIVITY ANALYS I S  FOR THE G�Y OBJECT IVE FULL INDEX 

( One record on NLW (dam) ) .  

Var iates in Obj ect ive NLW ww 

NLW 
Var i ates in Index ww HBW 

( darn ) 

Orig inal Economic We ights 

B-Value 2 . 3 2 0 . 10 0 . 3 6 
Value o f  Var i ate 1 2 . 1 1  0 . 3 1 8 . 8 9 
% Over all Gain 5 3 . 29 1 2 . 8 2 0 . 0 0 
Genetic Gain 0 . 0 3 0 . 3 9 1 . 18 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 4 6 0 . 1 1 0 . 4 9 
Value of  Var iate 1 6 . 7 1 0 . 2 3 9 . 8 5 
% Over all Gain 7 0 . 6 5 9 . 8 2 o . o o 

Genetic Gain 0 . 0 4 0 . 3 9 1 . 19 

GFW Economi c  We ight = 20 . 0 1 

B-Value 2 . 3 2 0 . 0 6 0 . 3 6 
Value o f  Var iate 9 . 19 0 . 10 6 . 6 1 
% Overall Gain 4 0 . 6 6 10 . 16 0 . 0 0 
Gene t i c  Gain 0 . 0 3 0 . 3 5 1 . 10 

SC Economi c  We ight = -4 .  2 3  

B-Value 2 . 3 2 0 . 1 0 0 . 3 6 
Value of  Var iate 10 . 6 2 0 . 2 7 7 . 7 6 
% Ove r all Gain 4 7 . 2 2 1 1 . 3 2  0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 3 7 1 . 1 1 

GFW y ML 

HGFW y SL 

1 .  9 5  0 . 2 6 0 . 4 4 
2 . 6 7 4 . 40 1 . 4 8 

23 . 9 8 4 . 69 3 . 5 5 
0 . 0 6 0 . 2 2 0 . 16 

1 .  5 4  0 . 3 2 0 . 59 
1 .  0 0  4 . 2 1 1 . 6 2 

14 . 20 2 . 4 0 1 . 9 1 
0 . 0 4 0 . 14 0 . 1 1 

3 . 7 2 0 . 2 3 0 . 4 7 
7 . 6 8 2 . 6 1 1 .  3 3  

4 1 . 4 3  2 . 8 2 3 . 6 2 
0 . 0 7 0 . 1 5 0 . 19 

l .  9 7  0 . 26 0 . 4 4 
2 . 4 2 3 . 9 2 1 . 3 3 

2 1 . 3 0 4 . 1 1 3 . 1 3 
0 . 0 5 0 . 20 0 . 1 5 

se 

se 

-0 . 6 1 
1 .  5 6  
1 . 6 8 

-0 . 0 3 

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

-0 . 0 3 

-0 . 6 1 
1 . 19 
1 . 3 1 

-0 . 0 3 

- 1 . 4 5 
8 . 0 7 

12 . 9 1 
-0 . 10 

QN 

0 . 6 5 
3 . 0 4 
0 . 0 0 
0 . 0 0 

1 . 0 9 
5 . 1 5 
0 . 0 0 
0 . 0 7 

0 . 6 7 
2 . 4 6 
0 . 0 0 

-0 . 0 2 

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

-0 . 0 3 

--- - --

eHG 

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

-0 . 6 7 
1 . 3 0 
0 . 0 0 
0 . 0 1 

-0 . 54 
1 . 0 7 
0 . 0 0 
o . o o 

-0 . 5 2 
1 . 16 
0 . 0 0 

-0 . 0 1 

�-� 

Value of 
Ove rall Gain 

3 . 16 

4 . 0 7 

3 . 60 

3 . 3 6 

--� -�-

I 

1--' 
Vl 
Vl 



TABLE 5 . 28 :  NLW , CFW AND SC SENS IT IVITY ANALY S I S  FOR THE CLEAN SHORT OBJECTIVE FULL INDEX 

( One r e c ord on NLW ( dam) ) .  

Var iates in Obj ective NLW ww eFW ML se Value of  

NLW 
Ove rall Gain i 

Var iates in Index 
( darn) 

ww HBW HeFW HGFW SL se QN eHG 

Orig inal Economic We ights 

B-Value 2 . 3 2 0 . 0 8 0 . 3 3 4 . 9 1  - 1 . 6 4 0 . 7 5 -0 . 7 5 0 . 7 7 -0 . 4 7 
Value of  Var i ate 10 . 6 4 0 . 2 1 6 . 3 7 2 . 9 2 0 . 4 4 3 . 8 1  2 . 0 9 4 . 1 7 0 . 9 5 
% Over all Gain 4 7 . 10 10 . 8 1 0 . 0 0  3 2 . 3 0 0 . 0 0  7 . 6 1 2 . 1 8 0 . 0 0 0 . 0 0 

3 . 3 6 

Gene t i c  Gain 0 . 0 3 0 . 3 5 1 . 13 0 . 0 6 0 . 0 6  0 . 24 -0 . 0 4 0 . 0 1 0 . 0 1 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 4 7 0 . 0 9 0 . 4 6 5 . 2 3 - 2 . 2 8 0 . 8 9 - 0 . 8 7 1 . 1 5 -0 . 6 5  
Value o f  Var i ate 1 5 . 4 8  0 . 16 7 . 7 5 2 . 1 3 0 . 5 4 3 . 4 4 1 .  7 7  5 . 8 5 1 . 1 5 

4 . 2 1 
% Ove rall Gain 6 4 . 7 6 8 . 7 6 0 . 0 0  20 . 5 1 0 . 0 0  4 . 5 7 1 . 4 0 0 . 0 0 0 . 0 0  
Genetic Gain 0 . 0 4 0 . 3 6 1 . 16 0 . 0 5  0 . 0 5 0 . 18 -0 . 0 3 0 . 0 8 0 . 0 2  

eFW Economic We ight = 2 5 . 4 7 

B-Value 2 . 3 2 0 . 0 5 0 . 3 2 7 . 0 3  - 1 . 6 2 0 . 8 4  -0 . 7 6 0 . 8 3  -0 . 5 4 
Value o f  Var ia te 7 . 5 3 0 . 0 6 4 . 3 4 4 . 3 4 0 . 3 1 3 . 4 3 1 .  5 5  3 . 4 7 0 . 9 1  
% Ove rall Gain 3 3 . 9 1 8 . 0 3 0 . 0 0 4 9 . 1 8 0 . 0 0 7 . 3 0 1 .  58 0 . 0 0 0 . 0 0 

3 . 9 6  

Gene t i c  Gain 0 . 0 3  0 . 3 1 1 . 0 3 0 . 0 8  0 . 0 8 0 . 2 7 -0 . 0 4 - 0 . 0 2 0 . 0 1 

Se Economic We ight = - 5 . 16 

B-Value 2 . 3 2 0 . 0 8  0 . 3 3 4 . 8 9 - 1 . 6 0 0 . 7 5 - l .  7 8  0 . 79 -0 . 5 5 
Value of  Var iate 9 . 0 1 0 . 18 5 . 3 7 2 . 4 7 0 . 3 5 3 . 2 9 10 . 4 5 3 . 66 1 . 12 

3 . 6 3  
% Overall Gain 4 0 . 3 0 9 . 2 2 o . o o  2 7 . 6 5 0 . 0 0 6 . 4 9 16 . 3 4 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3  0 . 3 2 1 .  0 4  0 . 0 6 0 . 0 6 0 . 2 2 -0 . 1 1 -0 . 0 2  -0 . 0 1  ........ 

V1 
0"1 



TABLE 5 . 2 9 :  NLW , CFW AND SC SENS IT IVITY ANALYS I S  FOR THE CLEAN LONG OBJECTIVE FULL INDEX 

( One record on NLW ( darn) ) .  

Var i ates in Obj ective NLW ww eFW ML se MFD Value of 

NLW 
Ove rall Gain 

Var i ates in Index 
( dam) 

ww HBW HeFW HGFW SL se QN eHG MFD 

Or ig inal Economi c  We ights 

B-Value 2 . 3 1 0 . 0 9 0 . 3 4 4 . 3 0 -1 . 5 1  0 . 4 1 -0 . 7 7 0 . 9 5  -0 . 5 3 0 . 24 
Value of  Var i ate 1 1 . 5 7  0 . 2 8 7 . 19 2 . 3 8 0 . 4 1 1 .  2 3  2 . 4 3 6 . 2 7 1 .  3 1  1 .  29 
% Overall Gain 5 4 . 16 1 1 . 8 2 0 . 0 0 3 3 . 2 8 0 . 0 0 1 .  23  1 . 0 8 0 . 0 0 0 . 0 0 - 1 . 5 7 

3 . 2 2 

Gene tic Gain 0 . 0 4  0 . 3 7 1 . 1 5 0 . 0 6 0 . 0 6 0 . 16 -0 . 0 3 0 . 0 8 0 . 0 2 0 . 3 1 

NLW Economi c  We ight = 7 0 . 6 5 

B-Value 3 . 4 6 0 . 10 0 . 4 6 4 . 5 1 - 2 . 20 0 . 5 5 -0 . 9 4 1 .  3 6  -0 . 7 2 0 . 3 2 
Value of Var i ate 1 5 . 9 8 0 . 19 8 . 18 1 .  58  0 . 5 2 1 .  3 5  2 . 1 6 7 . 8 6 1 . 4 6 1 . 3 4 
% Ove rall Gain 7 0 . 0 7 9 . 0 0 0 . 0 0 20 . 5 1 0 . 0 0 0 .  7 2  0 . 6 4 0 . 0 0 0 . 0 0  -0 . 9 5  

4 . 14 

Genetic Gain 0 . 0 4 0 . 3 6 1 . 1 5 0 . 0 5  0 . 0 5 0 . 1 2 -0 . 0 2 0 . 1 3 0 . 0 3 0 . 2 5 

eFW Economic We ight = 26 . 10 

B-Value 2 . 3 1 0 . 0 6 0 . 3 3 6 . 2 7 - 1 . 5 5 0 . 50 - 0 . 8 6 1 .  0 7  -0 . 6 2 0 . 3 5 
Value of  Va r iate 8 . 0 2  0 . 0 8 4 . 7 6 3 . 6 1 0 . 30 1 .  28 2 . 1 5 5 . 6 0 1 .  28 1 . 9 2 
% Ove rall Gain 38 . 8 3  8 . 4 9 0 . 0 0  5 2 . 4 8 0 . 0 0 1 .  3 7  0 . 7 4 0 . 0 0  0 . 0 0 - 1 . 9 1  

3 . 8 2  

Gene tic Gain 0 . 0 3  0 . 3 1 1 . 0 4 0 . 0 8 0 . 0 8  0 . 2 2 -0 . 0 2 0 . 0 2 0 . 0 2 0 . 4 6 

se Economic We ight = - 3 . 3 0 

B-Value 2 . 3 1 0 . 0 9 0 . 3 3 4 . 3 2 - 1 . 4 7 0 . 4 1 - 1 . 4 1 0 . 9 4  -0 . 58 0 . 2 2 
Value of  Var iate 10 . 6 1 0 . 26 6 . 59 2 . 2 2 0 . 3 5 1 . 16 7 . 7 0 5 .  7 2  1 . 4 5 0 . 9 8 
% Ove rall Gain 4 9 . 8 4 10 . 9 2 0 . 0 0 3 0 . 5 3 0 . 0 0 l . l l 8 .  7 7  0 . 0 0 0 . 0 0 - 1 . 1 7  

3 . 3 5 

Gene t i c  Gain 0 . 0 3 0 . 3 5 1 . 10 0 . 0 6 0 . 0 6 0 . 1 5 -0 . 0 9  0 . 0 5 0 . 0 0 0 . 24 

-- -------- ----------- �- ----

"""'"' 

V1 
-.....1 



TABLE 5 . 30 :  NLW , CFW AND SC SENSITIVITY ANALYS I S  FOR THE CLEAN OBJECTIVE FULL INDEX 

( One record on NLW ( dam) ) .  

Var i ates in Obj ect ive NLW ww 

NLW 
Var i ates in Index 

( dam) 
ww HBW 

Orig inal Economic We ights 

B-Value 2 . 3 2 0 . 0 9 0 . 3 3 
Value o f  Var iate 1 0 . 9 6 0 . 2 3 6 . 6 1 
% Ove rall Gain 4 8 . 6 2 1 1 . 21  0 . 0 0 
Genetic Gain 0 . 0 3  0 . 3 6 1 . 1 4 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 4 7 0 . 0 9 0 . 4 6 
Value o f  Var i ate 1 5 . 7 6 0 . 17 7 . 9 3 
% Overall Gain 6 6 . 0 2 8 . 9 6 0 . 0 0 
Gene tic Gain 0 . 0 4 0 . 3 6 1 . 16 

eFW Economic We ight = 2 5 . 4 7 

B-Value 2 . 3 2 0 . 0 5 0 . 3 2 
Value of  Var i ate 7 . 7 5 0 . 0 6 4 . 5 0 
% Overall Gain 3 4 . 9 8 8 . 3 2 0 . 0 0 
Gene t i c  Gain 0 . 0 3 0 . 3 1 1 . 0 3 

Se Economic We ight = - 5 . 16 

B-V'alue 2 . 3 2 0 . 0 9 0 . 3 3 
Value of  Var ia te 9 . 2 3 0 . 19 5 . 5 4 
% Overall Gain 4 1 . 4 3  9 . 5 1 0 . 0 0 
Gene t i c  Gain 0 . 0 3 0 . 3 3 l .  o s  

-�� -�-

eFW 

HeFW HGFW 

4 . 8 8 - l .  59 
2 . 9 8 0 . 4 2 

3 2 . 2 2  o . o o 

0 . 0 6 0 . 0 6 

5 . 24 - 2 . 2 3 
2 . 1 4 0 . 5 2 

2 0 . 2 2 0 . 0 0 
0 . 0 5 0 . 0 5 

7 . 0 0 - l .  5 7  
4 . 4 3 0 . 3 0 

4 9 . 4 7 0 . 0 0 
0 . 0 8 0 . 0 8 

4 . 8 6 - l .  5 4  
2 . 50 0 . 3 4 

2 7 . 4 7 0 . 0 0 
0 . 0 6 0 . 0 6 

--�------ ---- ··- --

ML 

SL 

0 . 6 7 
3 . 1 7 
5 . 7 0 
0 . 2 2 

0 . 8 2 
2 . 9 3 
3 . 3 7 
0 . 16 

0 . 7 6 
2 . 9 2 
5 . 6 1 
0 . 2 5 

0 . 6 8 
2 . 7 3 
4 . 8 4 
0 . 20 

se 

se QN eHG 

-0 . 7 5 0 . 7 8 -0 . 4 7 
2 . 1 6 4 . 3 5 l .  0 0  
2 . 2 4 0 . 0 0 0 . 0 0 

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

-0 . 8 7 1 . 1 5 -0 . 6 5 
1 . 8 1 6 . 0 1 1 . 19 
1 . 4 2 o . o o 0 . 0 0 

-0 . 0 3 0 . 10 0 . 0 2 

-0 . 7 6 0 . 8 4 -0 . 5 5 
1 . 60 3 . 6 2  0 . 9 5  
1 . 6 3 0 . 0 0 0 . 0 0 

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

- l .  7 8  0 . 79 -0 . 5 6 
10 . 7 4 3 . 8 1 1 . 17 
16 . 7 5 0 . 0 0  0 . 0 0 
-0 . 12 -0 . 0 1  -0 . 0 1  

Value of  
Ove rall Gain 

3 . 3 1 

4 . 18 

3 . 9 0 

3 . 59 
1--' 
V1 
00 



1 5 9 . 

The f ir s t tra i t  to b e  ana l y s e d  was NLW . The add i t i on o f  50% 

to the o r iginal economic w e i gh t  r e su l ted in a greater  

emph a s i s  be in g  p l aced on NLW ( dam) in  the index . For  the 

Gre a s y  Shor t obj ec t ive , the index we igh t  was inc reased  from 

2 . 3 2 to  3 . 4 6 ,  and the value o f  NLW ( dam) in the index ro s e  

from 1 1 . 8 9 %  to  1 6 . 54% . T h e  impor tance o f  oth e r  tra i t s  was 

a l s o  shown to change , e s p e c i a l ly HGFW who s e  value in the 

index wa s reduced , and HBW and QN who s e  va lue s we re inc reas ed . 

The ab s o lu t e  va lue o f  the overa l l  gain wa s natura l l y 

inc r e a s e d  due to the gre a t er e c onomic we i ght  a s s i gned to NLW . 

The p ropor t ion o f  the overa l l  ga in accoun ted for by  NLW 

inc r e a s e d  ( 5 2 . 1 8% to 69 . 8 1 %  for the Gre asy Sho r t  obj e c tive ) . 

Th i s  was a t  the expen s e  o f  o ther trai t s , notab ly GFW . 

The s e cond t r a i t  to b e  inve s t i ga t ed wa s f l ee c e  we i gh t ; GFW 

for the gre a s y  obj e c t ive s and eFW for the c l e an ob j ec t ive s . 

The S O %  add i t ion to the o r i ginal e c onomi c we i gh t s  inc reased 

the index we i gh t ing and the va lue to  the inde x  o f  HGFW and 

HeFW in the ir  respe c t ive obj e c t ive s ( 1 . 9 3 to 3 . 69 and 2 . 5 6% 

to 7 . 44% res p e c t ive ly  for the Greasy Shor t ob j ec t ive ) . The r e  

wa s n o  maj or e f fect  o n  the impor t ance wi th in the 

the o ther trai t s . The p e r c entage of the over a l l  

a t tr ibuted t o  GFW ( or eFW) wa s increas e d  ( 24 . 09%  

index o f  

ga �n 

to  4 1 . 3 2% 

for the Gre asy Short  obj e c t ive) , wh i l e  the c on t r ibut ion o f  

the o ther tra i t s , e s pec i a l ly NLW , was reduc e d . 

The f inal tra i t  to b e  ana ly s ed wa s se . The 2 00%  increa s e  in 

the e c onomic we i gh t  for s e  p l ac ed more empha s i s  on tha t  trai t ,  

bu t had l i t t l e  e f fec t on the rema in ing trai t s . For the 

Grea s y  Shor t obj e c t ive , the index we igh t ing o f  se was changed 

from -0 . 6 1 to  - 1 . 45 ,  the value of se w i th in the index inc r e a s e d  

from 1 . 5 3%  t o  7 . 9 1 %  and t h e  percen t age o f  ove ra l l  gain 

a c c ounted  for by se inc r e a s ed from 1 . 65 %  to  1 2 . 7 1 % .  

The NLW , GFW ( eFW) and s e  s en s i t iv i ty ana lys e s  wer e  then 

repea ted  for the redu c e d  ind i c e s  c ons i s t ing o f  NLW ( d am) , 

HBW and HGFW . Tab l e s  5 . 3 1 ,  5 . 32 ,  5 . 3 3 ,  5 . 34 ,  5 . 35 and 5 . 3 6 

di s p l ay a s imi l ar s e t  o f  resul t s  to  tho s e  ob t a ined for the 

fu l l  index . The only except ion was for s e , whe r e  the add i t ion 



TABLE 5 . 3 1 : NLW AND GFW SENS IT IVITY ANALYS I S  FOR THE GREASY SHORT OBJECTIVE REDUCED INDEX 

( One record on NLW (dam) ) .  

Var iates in Obj ective NLW ww 

NLW 
Var i ates in Index 

( dam ) 
ww HBW 

Or ig inal Economic We ights 

B-Value 2 . 3 4 - 0 . 4 2 
Value of  Var iate 1 4 . 26 - 19 . 2 7 
% Ove r all Gain 5 1 . 6 2  1 4 . 58  0 . 0 0  
Genetic Gain 0 . 0 3 0 . 4 2 l .  20 

NLW Econom ic We ight = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 5 7 
Value of Var i ate 20 . 2 5 - 21 . 9 0 
% Ove rall Gain 6 7 . 8 5 1 1 . 5 3  0 . 0 0 
Gene tic Gain 0 . 0 4 0 . 4 2 l .  2 1  

GFW Economic We ight = 20 . 0 1 

B-Value 2 . 3 4 - 0 . 4 1 
Value of  Var i ate 10 . 2 7 - 1 3 . 1 2 
% Ove rall Gain 3 7 . 5 7  l l .  4 2  o . o o 
Genetic Gain 0 . 0 3 0 . 3 8 1 . 10 

L........__ ------- ---- -- --- -- ----- -· --

GFW y ML 

HGFW y SL 

2 . 3 2 - -

5 . 4 1 - -

29 . 5 9 0 . 0 0 4 . 20 
0 . 0 6  0 . 0 0 0 . 1 5 

l .  7 3  - -

1 . 8 2  - -

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

4 . 0 3  - -

1 2 . 3 8 - -

4 6 . 8 7  0 . 0 0 4 . 1 4 
0 . 0 8  0 . 0 0 0 . 1 7 

se 

se QN 

- -

- -

0 . 0 0 0 . 0 0 
0 . 0 0  0 . 0 1 

- -

- -

0 . 0 0 0 . 0 0 
0 . 0 0  0 . 0 3 

- -

- -

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

---- --

eHG 

-

-

0 . 0 0 
0 . 0 0 

-
-

0 . 0 0 
o . o o 

-

-

0 . 0 0 
0 . 0 0 

--

Value of 
Ove rall Gain 

2 . 9 5 

3 . 7 7 

3 . 4 5 

-- -

1-' 
(]\ 
0 



TABLE 5 . 3 2 :  NLW AND GFW SENSITIVITY ANALY S I S  FOR THE GREASY LONG OBJECTIVE REDUCED INDEX 

( One record on NLW ( dam) ) . 

Var i ates in Obj ec t ive NLW ww GFW y ML se MFD Value of  

NLW 
Ove rall Gain 

Va r iates in I ndex 
( dam) 

ww HBW HGFW y SL se QN CHG MFD 

Orig inal Economic We ights 

B-Value 2 . 3 4 - 0 . 4 2 l .  9 4  - - - - - -

Value of  Var iate 1 5 . 5 5 - 20 . 7 0 4 . 0 4  - - - - - -

% Ove rall Gain 5 5 . 6 9 1 5 . 3 8 0 . 0 0  28 . 6 9 0 . 0 0 0 . 9 4  o . o o 0 . 0 0 0 . 0 0  -0 . 7 1 
2 . 8 4 

Gene tic Gain 0 . 0 3 0 . 4 2 1 . 2 1 0 . 0 6  0 . 0 0 0 . 14 0 . 0 0  0 . 0 2  0 . 0 0  0 . 1 5 

NLW Economic We igh t = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 5 7 l .  3 5  - - - - - -

Value of  Var i ate 2 1 . 4 2  - 2 2 . 8 7  1 . 1 5 - - - - - -

% Overall Gain 7 1 . 10 1 1 . 8 7 0 . 0 0 16 . 7 9 0 . 0 0 0 . 6 0 0 . 0 0 o . o o  0 . 0 0  -0 . 3 6 
3 . 6 8 

Gene t i c  Gain 0 . 0 4  0 . 4 2 l .  2 1  0 . 0 5  0 . 0 0 0 . ll 0 . 0 0 0 . 0 4  0 . 0 0 0 . 10 

GFW Economic We ight = 20 . 0 1  

B-Value 2 . 3 4 - 0 . 4 1 3 . 6 4 - - - - - -

Value of Var i ate 1 1 . 2 1  - 14 . 0 9  10 . 8 9 - - - - - -
% Ove rall Gain 4 0 . 6 3 1 2 . 0 9 0 . 0 0  4 7 . 19 0 . 0 0  0 . 9 5 0 . 0 0 0 . 0 0 0 . 0 0  -0 . 8 7 

3 . 3 1 

Gene tic Gain 0 . 0 3  0 . 39 1 . 1 2 0 . 0 8 0 . 0 0  0 . 1 7 o . o o 0 . 0 0 0 . 0 0  0 . 2 2 

'--- -------- ------- ----- - -

"'"""' 
0"1 
"'"""' 



TABLE 5 . 3 3 :  NLW AND GFW SENSIT IVITY ANALYS I S  FOR THE GREASY OBJECT IVE REDUCED INDEX 

( One rec ord on NLW ( d am) ) .  

Var i ates in Obj ect ive NLW ww GFW y ML se 

NLW 
Var i ates in Index 

{dam ) 
ww HBW HGFW y SL se QN CHG 

Or ig inal Economic We ights 

B-Value 2 . 3 4 - 0 . 4 2 2 . 2 6 - - - - -
Value of  Var iate 14 . 5 1 - 19 . 4 5 5 . 19 - - - - -
% Ove rall Gain 52 . 3 6 14 . 7 2 0 . 0 0  29 . 5 1 0 . 0 0  3 . 4 0 0 . 0 0 0 . 0 0  0 . 0 0  
Genetic Gain 0 . 0 3 0 . 4 2 1 .  20 0 . 0 6  0 . 0 0 0 . 1 5 0 . 0 0 0 . 0 2  0 . 0 0 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 5 7 1 .  6 7  - - - - -
Value o f  Var iate 20 . 50 - 2 2 . 0 2  1 .  7 0  - - - - -
% Overall Gain 68 . 4 7 l l .  59  0 . 0 0 1 7 . 7 3 0 . 0 0 2 . 2 0 0 . 0 0 0 . 0 0  0 . 0 0 
Genetic . Gain 0 . 0 4 0 . 4 2 1 .  2 1  0 . 0 5  0 . 0 0  0 . 1 2 0 . 0 0  0 . 0 4  0 . 0 0 

GFW Economic We ight = 20 . 0 1  

B-Value 2 . 3 4 - 0 . 4 1 3 . 9 6 - - - - -
Value of Var iate 10 . 4 5 - 13 . 2 4  12 . 16 - - - - -
% Ove rall Gain 38 . 0 9 1 1 . 5 3  0 . 0 0 4 7 . 0 1 0 . 0 0  3 . 3 7 0 . 0 0  0 . 0 0 0 . 0 0  
Gene tic Gain 0 . 0 3 0 . 3 8 1 . 10 0 . 0 8  0 . 0 0 0 . 17 0 . 0 0  -0 . 0 1 0 . 0 0  

Value of 
Ove rall Gain 

2 . 9 3 

3 . 7 5  

3 . 4 2 

....... 
0\ 
N 



TABLE 5 . 34 :  NLW AND CFW SENS ITIV ITY ANALYS I S  FOR THE CLEAN SHORT OBJECTIVE REDUCED INDEX 

( One rec ord on NLW ( dam) ) .  

Var iates in Obj ect ive NLW ww eFW ML se 

NLW 
Var iates in Index 

( dam) 
ww HBW HeFW HGFW SL se QN eHG 

Or ig inal Economic We ights 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 4 2 - - - -
Value of Var iate 13 . 3 3 - 19 . 7 8 - 5 . 53 - - - -
% Over all Gain 49 . 5 7 14 . 29 0 . 0 0 3 0 . 8 4 0 . 0 0  5 . 3 0 0 . 0 0 0 . 0 0 0 . 0 0  
Genetic Gain 0 . 0 3 0 . 4 2 1 .  2 1  0 . 0 5 0 . 0 7 0 . 1 5 0 . 0 0 0 . 0 1 0 . 0 0 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 59 - 1 . 8 3 - - - -
Value of  Var iate 19 . 2 5 - 2 2 . 3 7 - 1 .  9 4  - - - -
% Ove rall Gain 6 5 . 8 6 1 1 . 3 9  0 . 0 0 19 . 2 5 0 . 0 0 3 . 5 0 0 . 0 0 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 4 2 1 .  2 2  0 . 0 4  0 . 0 5 0 . 1 2 0 . 0 0 0 . 0 3 0 . 0 0 

eFW Economic We ight = 2 5 . 4 7 

B-Value 2 . 3 4 - 0 . 4 4 - 4 . 1 2 - - - -
Value of  Var iate 9 . 5 3 - 13 . 8 9  - 1 2 . 10 - - - -
% Ove rall Gain 3 6 . 10 1 l .  2 3  0 . 0 0 4 7 . 5 0 0 . 0 0  5 . 1 7 0 . 0 0 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 3 9 1 . 1 2 0 . 0 7  0 . 0 8  0 . 17 0 . 0 0 -0 . 0 1 0 . 0 0 

Value of 
Ove rall Gain 

3 . 0 5 

3 . 8 5 

3 . 5 7 

------ �--

........ 
(J\ 
w 



TABLE 5 . 3 5 :  NLW AND CFW SENS ITIVITY ANALYS I S  FOR THE CLEAN LONG OBJECT IVE REDUCED INDEX 

( One record on NLW ( dam) ) .  

Var iates in Obj ective NLW ww eFW ML se MFD Value of  

NLW 
Ove rall Gain 

Var iates in Index 
{dam ) 

ww HBW HeFW HGFW SL se QN eHG MFD 

Or ig inal Economic We ights 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 0 1  - - - - -
Value of  Var iate 14 . 6 2 - 2 1 . 26 - 4 . 13 - - - - -
% Ove rall Gain 53 . 6 9 15 . 1 2 0 . 0 0 30 . 8 7 0 . 0 0 1 . 17 0 . 0 0  0 . 0 0 0 . 0 0 -0 . 8 6  

2 . 9 2  

Genetic Gain 0 . 0 3  0 . 4 3 l .  2 3  0 . 0 5 0 . 0 6 0 . 1 4 0 . 0 0  0 . 0 2 0 . 0 0 0 . 16 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 58 - l .  4 2  - - - - -
Value o f  Var iate 2 0 . 4 6 - 2 3 . 3 8 - l .  23  - - - - -
% Overall Gain 69 . 26  11 . 7 5 0 . 0 0 18 . 6 8 o . o o 0 . 7 5 o . o o  0 . 0 0 0 . 0 0 -0 . 4 5 

3 . 7 5 

Gene tic Gain 0 . 0 4 0 . 4 3 l .  2 2  0 . 0 4 0 . 0 5 0 . 1 2 0 . 0 0 0 . 0 4 0 . 0 0 0 . 10 

eFW Economic We ight = 26 . 10 

B-Value 2 . 3 4 - 0 . 4 3 - 3 . 7 6 - - - - -
Value of  Var i ate 10 . 3 5 - 14 . 7 8 - 10 . 7 8 - - - - -
% Over all Gain 38 . 8 4 1 1 . 8 5  0 . 0 0 4 9 . 1 7 0 . 0 0 1 . 1 7 0 . 0 0 0 . 0 0 0 . 0 0 - 1 . 0 3 

3 . 4 3 

Genetic Gain 0 . 0 3 0 . 3 9 1 . 13 0 . 0 6  0 . 0 8 0 . 1 7 0 . 0 0 0 . 0 0 o . o o  0 . 2 2 

I 

i 

to-' 
0\ 
� 



TABLE 5 . 3 6 :  NLW AND CFW SENS IT IVITY ANALYS I S  FOR THE CLEAN OBJECT IVE REDUCED INDEX 

( One record on NLW ( dam) ) .  

Var iates in Obj ect ive NLW ww eFW ML se 

NLW 
Var iates in Index 

( dam ) 
ww HBW HeFW HGFW S L  se QN 

Or ig inal Econom� We ights 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 3 4 - - -
Value of  Var iate 1 3 . 6 3 - 20 . 0 2  - 5 . 2 4 - - -
% Overall Gain 50 . 4 8 14 . 4 7 0 . 0 0 30 . 7 7 0 . 0 0 4 . 2 7 0 . 0 0 0 . 0 0 
Gene tic Gain 0 . 0 3 0 . 4 2 1 . 2 1 0 . 0 5 0 . 0 6 0 . 1 5 0 . 0 0 0 . 0 2 

NLW Economic We ight = 7 0 . 6 5 

B-Value 3 . 50 - 0 . 5 9 - 1 .  7 4  - - -
Value of  Var iate 19 . 5 5 - 2 2 . 5 3 - 1 .  7 8  - - ·-
% Ove rall Gain 66 . 6 5 1 1 . 4 7  0 . 0 0 19 . 0 7 0 . 0 0 2 . 8 1 0 . 0 0 o . o o  

Gene tic Gain 0 . 0 4 0 . 4 3 1 .  2 2  0 . 0 4 0 . 0 5 0 . 1 2 0 . 0 0 0 . 0 3 

eFw Economic Weight = 2 5 . 4 7 

B-Value 2 . 3 4 - 0 . 4 4 - 4 . 0 4 - - -
Value of  Var iate 9 . 7 3 - 1 4 . 0 5 - 1 1 . 8 2  - - -
% Overall Gain 3 6 . 7 5 1 1 . 3 7  0 . 0 0 4 7 . 6 9 0 . 0 0 4 . 18 0 . 0 0 o . o o 

Gene tic Gain 0 . 0 3 0 . 3 9 L l 2 0 . 0 7 0 . 0 8 0 . 17 0 . 0 0 -0 . 0 1 

---- ---- -------- --- ---·----- -

eHG 

-
-

o . o o  

0 . 0 0 

-
-

0 . 0 0 
0 . 0 0 

-
-

0 . 0 0 
0 . 0 0 

Value of 
Overall Gain 

3 . 0 1 

3 . 8 2  

3 . 5 3 

,...... 
0'\ 
Vl 
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o f  a fur the r  200% to  th e econom1c we i gh t  d i d  not  a f fe c t the 

c omputat ion o f  the reduced index 1n any way . The index 

de t a i l s  were equiva l e n t  to tho s e  for the o r i g inal reduced  

index , and were con s equen t l y  no t reprodu c e d  wi thin the  t ab l e s . 

5 . 3 . 5  C o t t ing and tendern e s s  

E c onomic we i gh t s  f o r  c o t t ing ( Co )  and ten derne s s  ( T )  wer e  

c a l cula ted i n  Chap ter  4 . 3 . 1 ,  but  due to the l ack o f  

c on f idence in  the s e  e s t ima t e s  they we re o r ig ina l l y exc luded 

from the s e l e c t ion ob j ec t ive and index . A fur ther ana ly s i s  

inve s t i ga te d  the e f fe c t  on the previou s ly  compu ted  fu l l  and 

reduced ind i c e s  when the s e  two tra i t s  we r e  taken into 

cons iderat ion . Th e ana ly s i s  was l imi ted to  on ly the long 

woo l  c a tegorie s ,  where co t t ing and t endern e s s  are mo s t  

preva l en t . 

Tab l e s  5 . 3 7 and 5 . 3 8 i l lus tra te  the c on s equenc e s  for the fu l l  

index o f  inc luding C o  and T in the s e lec t i on obj e c t ive and 

index . The negat ive index we i gh t  a s s i gn e d  to Co ind i c a t e s  

s e l e c t ion f o r  c o t t e d , rather than free , woo l s  (-0 . 20 f o r  the 

Greasy Long obj e c t ive ) . However , s e l ec t ion on the c a l cu l a t e d  

index wou l d  re su l t  i n  sma l l ,  ove ral l gene t ic gains toward 

l e s s cot ted woo l  ( 0 . 0 6 un i t s  for the Gre a s y  Long ob j e c t ive ) . 

T was as s i gned a pos i t ive index we igh t , su gge s t ing s e l e c t ion 

for l e s s  tender woo l  ( 0 . 2 2 for the Greasy Long obj e c t ive ) . 

As for Co , only sma l l  gene t i c  gains in T were expe c te d  ( 0 . 1 0  

un i t s  for the Greasy L ong obj e c t ive ) . The value o f  b o th Co 

and T in the index wa s shown to  b e  very l ow ( 0 . 04% and 0 . 2 6 %  

r e s pe c t ive ly  for the Greasy Long ob j e c t ive ) . C onver s e l y , 

they contributed mor e  to overa l l  ga in than s ome o f  the o ther 

woo l  qua l i ty tra i t s  ( 3 . 6 1 %  and 3 . 5 6% r e s p e c t ive ly  for the 

Greasy Long obj e c t ive ) . 

The inc lu s i on o f  Co and T a l s o  produced  a sma l l  reduc t ion in 

the impor t an c e  in the index o f  the non-woo l  tra i t s  ( NLW ( dam) , 

WW and HBW) . As s oc i a t ed wi th th i s  change wa s a s l i gh t  

increase  in the va lue i n  the index o f  s ome o f  the woo l qua l i ty 

t r a i t s , no t ab ly S C , QN and MFD . Gene t i c  gains in ind ivi dua l 



TABLE 5 . 3 7 :  THE EFFECTS ON THE FULL INDEX OF THE INCLUS ION OF Co AND T IN THE GREASY LONG OBJECT IVE 

( One record on NLW ( dam) ) . 

Var iates in Obj ective NLW ww GFW y ML se MFD eo T Value of  

NLW 
Ove rall Ga in 

Var i ates in Index 
( dam ) 

ww HBW HGFW y SL se QN eHG MFD Co T 

Wi thout Co and T 

B-Value 2 . 3 1 0 . 10 0 . 3 7 l .  57 0 . 2 6 0 . 2 2 -0 . 6 2 0 . 7 8 -0 . 4 8 0 . 19 

Value of Var iate 12 . 5 7 0 . 3 5 9 . 4 1 l .  64 4 . 6 3  0 . 3 8 1 . 6 6 4 . 17 1 . 16 0 . 8 8 

% Over all Gain 57 . 5 4 1 3 . 26 0 . 0 0 2 3 . 4 5 5 . 4 1 0 . 7 4 0 . 7 6 0 . 0 0 0 . 0 0  - 1 . 17 
3 . 10 

Gene tic Gain 0 . 0 4 0 . 4 0 1 . 18 0 . 0 5 0 . 2 3 0 . 1 2 -0 . 0 3  0 . 0 3  0 . 0 1 0 . 28 

With eo and T 

B-Value 2 . 3 1 0 . 0 8  0 . 3 6 l .  7 4  0 . 2 8 0 . 2 3 -0 . 7 5 0 . 9 8 - 0 . 4 8 0 . 3 3 - 0 . 20 0 . 2 2 

Value of Var iate 10 . 7 6 0 . 20 7 . 7 9 1 . 6 6 4 . 6 5 0 . 3 7 2 . 14 5 . 6 1 0 . 9 8 2 . 2 3 0 . 0 4 0 . 2 6 
3 . 3 2 

% Over all Gain 5 2 . 3 0 1 1 . 2 2 0 . 0 0 2 4 . 1 0 5 . 2 3 0 . 7 9 0 . 6 9 0 . 0 0 0 . 0 0 - 1 . 50 3 . 6 1 3 . 5 6 

Gene tic Gain 0 . 0 4 0 . 3 6 1 . 1 2 0 . 0 6 0 . 2 4 0 . 1 4 -0 . 0 3 0 . 0 3 0 . 0 2 0 . 3 8 0 . 0 6  0 . 10 

'----�------------� ---- ----

t-' 
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TABLE 5 . 3 8 :  THE EFFECTS ON THE FULL INDEX OF THE INCLUS ION OF C o  AND T IN THE CLEAN LONG OBJECT IVE 

( One record on NLW ( dam) ) . 

Var iates in Obj ective NLW ww eFW ML se MFD eo T Value of 

NLW 
Over all Gain 

Var iates in Index 
( dam) 

ww HBW HCFW HGFW SL se QN eHG MFD eo T 

Wi thout eo and T 

B-Va1ue 2 . 3 1 0 . 0 9 0 . 3 4 4 . 30 - 1 . 5 1 0 . 4 1 -0 . 7 7 0 . 9 5  -0 . 53 0 . 2 4 

Value of  Var iate 1 1 . 5 7 0 . 28 7 . 19 2 . 3 8 0 . 4 1 1 .  2 3  2 . 4 3 6 . 2 7 1 . 3 1 1 .  29 
3 . 2 2 

% Ove rall Gain 5 4 . 16 1 1 . 8 2  o . o o  3 3 . 2 8 0 . 0 0 1 .  23  1 .  0 8  0 . 0 0 0 . 0 0 -1 . 5 7 

Gene tic Gain 0 . 0 4  0 . 3 7 1 . 1 5 0 . 0 6 0 . 0 6 0 . 16 -0 . 0 3 0 . 0 8 0 . 0 2 0 . 3 1 

W i th eo and T 

B-Value 2 . 30 0 . 0 6 0 . 3 4 4 . 70 - 1 . 50 0 . 4 4 -0 . 8 8 1 . 1 7 -0 . 5 1 0 . 4 0 -0 . 4 5 0 . 0 7 

Value o f  Var iate 9 . 8 9 0 . 0 9 6 . 2 1 2 . 4 5 0 . 3 5 1 .  20  2 . 7 1 7 . 9 7 1 . 0 7 2 . 9 3 0 . 3 5 0 . 1 7 

% Overall Gain 49 . 4 2 9 . 9 8 0 . 0 0 3 3 . 30 0 . 0 0 1 .  2 6  0 . 8 6 0 . 0 0  0 . 0 0 - 1 . 8 9 3 . 6 6 3 . 4 0 
3 . 4 5 

Gene tic Gain 0 . 0 4 0 . 3 3 1 . 10 0 . 0 7 0 . 0 7 0 . 18 -0 . 0 3 0 . 0 8 0 . 0 3 0 . 4 1 0 . 0 6  0 . 10 

--------�--------------

...... 
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TABLE 5 . 39 :  THE EFFECTS ON THE REDUCED INDEX OF THE INCLUS ION OF Co AND T IN THE GREASY LONG 

OBJECT IVE (One record on NLW ( dam) ) .  

Var iates in Obj ective NLW ww GFW y ML se MFD eo T Value of  

NLW 
Ove rall Gain 

Var iates in Index 
( dam) 

ww HBW HGFW y SL se QN eHG MFD eo T 

Wi thout eo and T 

B-Value 2 . 3 4 - 0 . 4 2 1 .  9 4  - - - - - -

Value of  Var iate 1 5 . 5 5 - 20 . 7 0 4 . 0 4 - - - - - -
2 . 8 4 

% Overall Gain 5 5 . 6 9 1 5 . 3 8  0 . 0 0 28 . 6 9 0 . 0 0 0 . 9 4 o . o o 0 . 0 0 0 . 0 0 -0 . 7 1 

Genetic Gain 0 . 0 3 0 . 4 2 1 .  2 1  0 . 0 6 0 . 0 0 0 . 14 0 . 0 0 0 . 0 2 0 . 0 0 0 . 1 5 

Wi th eo and T 

B-Value 2 . 3 4 - 0 . 4 2 2 . 4 2 - - - - - - - -

Value o f  Var i ate 1 4 . 0 8  - 18 . 7 5 5 . 8 2 - - - - - - - -

% Ove rall Gain 50 . 8 6 14 . 40 0 . 0 0 2 9 . 9 1  0 . 0 0 0 . 9 5 0 . 0 0 0 . 0 0 0 . 0 0 -0 . 7 7 1 .  7 8  2 . 8 6 
2 . 9 7 

Gene tic Gain 0 . 0 3 0 . 4 1 1 . 19 0 . 0 7 0 . 0 0 0 . 1 5 0 . 0 0 0 . 0 1 0 . 0 0 0 . 17 0 . 0 2 0 . 0 7 

------ --------- -------

I-' 
"' 
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TABLE 5 . 40 :  THE EFFECTS ON THE REDUCED INDEX OF THE INCLUS ION OF Co AND T IN THE CLEAN LONG 

OBJECTIVE ( One record on NLW ( dam) ) .  

Var i ates in Obj ective NLW ww eFW ML se MFD eo T Value of  

NLW 
Ove rall Gain 

Var iates in Index 
( dam ) 

ww HBW HeFW HGFW SL se QN eHG MFD eo T 

Wi thout eo and T 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 0 1 - - - - -
Value of  Var iate 1 4 . 6 2 - 2 1 . 2 6  - 4 . 1 3 - - - - -
% Ove rall Gain 5 3 . 69 15 . 12  0 . 0 0 3 0 . 8 7 0 . 0 0 1 . 1 7 0 . 0 0  0 . 0 0 0 . 0 0 -0 . 8 6 

2 . 9 2 

Gene tic Gain 0 . 0 3 0 . 4 3 1 .  2 3  0 . 0 5 0 . 0 6 0 . 1 4 0 . 0 0 0 . 0 2 0 . 0 0 0 . 16 

With Co and T 

B-Value 2 . 3 4 - 0 . 4 4 - 2 . 50 - - - - - - -

Value o f  Var iate 13 . 26  - 19 . 2 9 - 5 . 8 6 - - - - - - -
% Overall Gain 4 9 . 1 2 1 4 . 17 o . o o 3 1 . 9 0 0 . 0 0 1 . 18 0 . 0 0 0 . 0 0 0 . 0 0 -0 . 9 3  1 .  7 5  2 .  8 1  

3 . 0 5 

Gene tic Gain 0 . 0 3 0 . 4 2 1 .  20  0 . 0 6  0 . 0 7 0 . 15 0 . 0 0 0 . 0 1 0 . 0 0 0 . 17 0 . 0 2  0 . 0 7 

,........ 
-...J 

0 
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tra i t s  were large ly  una l t ered , wh i l e  the value o f  overa l l  

gain increased s l i gh t l y  due to  the add i t ional gains o f  C o  and 

T be ing taken into accoun t . 

The ana lys is  was repea t ed for the r e du ced index o f  NLW ( d am) , 

HBW and HGFW . In th i s  s i tuat ion , Co and T we re inc luded in 

the ob j e c t ive , but no t the index . S im i l ar resu l t s  to the 

fu l l  index were ob tained ( Tab l e s  5 . 3 9 and 5 . 40 ) . 

5 . 3 . 6  Sheepl an c ompar � s on 

A fina l sens i t iv i ty ana l ys i s  was condu c t e d  by c omparing the 

curren t Sheep lan index ( C l arke and Rae , 1 9 7 6 ,  1 9 7 7 )  w i th an 

equiva l ent  index c a l cu l a te d  us ing the ec onomic we igh t  

e s t ima t e s  from Chapter 4 .  The two s e t s  o f  economic we i gh t s  

used  for the four tra i t s  invo lved ( NL B /NLW , WW, EBW and GFW) 

were p reviou s ly d i s p l ayed in Tab l e  4 . 6 .  I den t i c a l  gene t i c 

and pheno typ ic  d a t a  we re u s ed in th e c ons truc t i on o f  bo th 

ind i c e s ,  wi th the exce p t i on tha t the pheno typ ic  s t andard 

dev i a t ion for NLB in the Sheep l an index wa s 0 . 5 7 ,  and for 

the a l t erna t ive index , the pheno typ i c  s tandard d evia t i on 

for NLW wa s 0 . 6 5 .  

Tab l e  5 . 4 1 i l lu s t r a t e s  the d i f ferenc e s  b e tween the She e p l an 

and a l terna t ive Sheep l an ind ice s .  I t  i s  shown tha t  wh i l e  

the index we igh t  a s s i gned t o  HGFW h a s  rema ined nearby the 

same ( 2 . 0 6 compared wi th 1 . 9 1 ) � the w e i gh t s  of  the rema ining 

tra i t s  have been c ons iderab ly reduc e d . The va lue in the 

index o f  NLW ( d am)  and HGFW have b o th b een inc rea s e d , wh i l e  

the va lue o f  WW and HBW have been l owered . S imi l ar l y , the 

propor t ion of ove ral l ga in a t tr ibu t ab le  t o  NLW and GFW h a s  

been increa s e d  a t  the expen s e  o f  WW .  The grea t e r  empha s i s  

p l a c e d  on GFW wa s man i fe s ted  �n the increased gene t i c  ga in 

expec te d  in tha t tra i t  ( 0 . 04 kg  to  0 . 0 6 kg) . C onver s e l y , 

the e xpec ted gene t i c  gains in WW and EBW were redu c e d . 
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TABLE 5 . 4 1 :  SHEEPLAN COMPARI SON ( ! ) 

( On e  record on NLW ( dam) ) .  

Vari ate s in Ob j e c tive NLW ww GFW 

Variates in I n dex NLW ww HBW H GFW ( darn) 

B -Value 2 7 . 5 4 3 . 1 6  5 . 2 8 2 . 0 6 

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

Value o f  Vari ate 1 1 . 1 8  2 . 89 1 8 . 1 2 0 . 0 3 

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

% Overall Gain 4 9 . 4 4 3 9 . 9 7 0 . 0 0 1 0 . 5 9 

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

Gene tic Gain 0 . 0 3 0 . 5 7 l .  3 8  0 . 0 4 

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

( 1 ) Upper value = Sheeplan 

Lower value = Alte rnative Sheeplan 



5 . 4  D I S C U S S I O N 

1 7 3 .  

The func t ion o f  th i s  chap t e r  wa s to inve s t iga t e  the e f fe c t ive­

ne s s  o f  var ious tra i t s  a s  s e l e c t ion cri teria  ( or pre d i c tor s )  

for a given s e l e c t ion o b j e c t ive . T o  do th i s , i t  was nec e s sary 

to s e l e c t  a gene t i c  and pheno typ i c  framework to  work wi thin . 

I t  i s  impor t an t  there fore to appr e c i a t e  that the r e su l t s 

ob t a ined are app l i c ab l e only to  that par t i cu l ar framework . 

I d ea l ly ,  the parame ters  u s ed need to  b e  e s t ima ted  from the 

popu l a t ion under s e l e c t ion . E c onomic c ons idera t ions gene ra l l y 

preven t th i s  and demand tha t e s t ima t e s  from r e s earch f l ocks 

be  u s e d  ins tead . 

As ou t l ined p rev ious ly ,  the maj or requ iremen t o f  a s e l e c t ion 

c r i t e r ion is that it i s  r eadi ly  and cheap ly  me asured wh i l e  

con t r ibu t ing towards the pred ic t i on o f  the se l e c t ion 

obj e c t ive . Co s t  o f  me a suremen t  i s  o f ten a l im i t ing fac tor 

in d e c i d ing how many anima l s  can be  tes ted for every an ima l 

even tua l ly s e l e c t ed . W i th ram s e l e c t ion ,  the c o s t s  incurred 

can o f ten be  re couped due to the p o t ent ial ly great numb er 

o f  pro geny th a t  a ram c an produc e . However , in the c a s e  o f  

ewe s e lec t ion , such co s t s can s e l dom b e  re covered , and hence 

ac curacy mu s t  be  compromi s e d  by c on s iderat ion of e c onomy and 

e f f i c ien t t ime u t i l i s a t i on . 

Cur re n t l y , woo l  tes t ing 1n New Z e a l and te s t  hous e s  i s  large ly  

con f ined to auc t ion l o t s  and has  s e l dom b e en extended to g1ve 

me asu remen t s  on ind ividu a l  an ima l s  su i tab l e  f or anima l  

b r e e d ing purpo s e s . The c o s t s  invo lved a t  th i s  s tage o f  

t e s t ing ind ividua l s  i n  such l abora tor i e s  wou l d  probab ly b e  

proh i b i t ive , un l e s s  i t  could  provide o f f-p eak work when there 

are f ew woo l  sales  ( New Z e a l and Woo l Te s t ing Au tho r i ty , 

per s . c omm) . Alterna t ive ly , L inc o l n  C o l l e ge curren t l y  

provi d e s  a woo l  te s t ing s ervi c e  for sheep bre e de r s . 

The incorpor a t ion o f  mea suremen t c o s t s  in to  the  e c onom1c 

we i gh t  e s t ima t ion of each tra i t  has b een sugge s te d , but  i s  

gene r a l l y  n o t  recommend e d  (Mi l l e r  and P earson , 1 9 7 9 ) . I t  i s  

argu e d  tha t  such co s t s a r e  a func t ion o f  the en t ire farming 
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enterpr i s e , r a ther than an a t tr i bu t e  o f  ind ividua l  anima l s , 

and hen c e  s h ou l d  b e  accoun t e d  for by a s y s tems ana l y s i s  

approach . 

In the curren t ana lys i s , NLW ( darn) wa s shown to b e  o f  impor t ance 

as  a s e l e c t i on c r i t e r i a . The r e duc t ion in overa l l  gene t i c  gain 

i f  NLW ( darn) wa s omi t ted from the fu l l  index wa s 1 1 . 8 9%  for 

the Gre a s y  Shor t obj ec t ive . Sheep l an ( C l arke and Rae , 1 9 7 6 , 

1 9 7 7 )  o r i g i na l l y  u s e d  NLW ( darn) , but swi tched to  NLB ( dam) 

(number o f  l amb s born ( darn) ) a s  inpu t in forma t ion wa s ab l e  

t o  b e  proc e s s ed ear l ie r . A t  th a t  t ime , there wa s a l s o s ome 

sugge s t ion tha t the heritab i l i ty o f  NLB was grea t e r  than tha t 

o f  NLW , a l though exi s t ing her i tab i l i ty e s t ima t e s  o f  the two 

tra i t s  are s imi lar (Wi ckham , p e r s . c omm) . 

Al though E BW was no t in i t i a l ly inc luded in the s e l ec t i on 

ob j ec t ive , HBW prove d to b e  a mo s t  u s e fu l  se lec t ion cri t e r i on . 

A redu c t ion o f  8 . 68% in overa l l  ga in wa s calcu l a t e d  for the 

Greasy Sho r t  obj e c t ive , fol l owing omi s s ion of HBW from the 

fu l l  index . As tra i t s  were p r o gre s s ive ly omi t t e d , HBW 

as sumed fur ther impor tanc e , gradua l l y  surpass ing the value to  

the ind ex o f  NLW ( d am) . In c on tra s t , WW was o f  v i r tual l y  no 

value at a l l  as a s e lec t ion c r i ter ion . Overa l l  gene t i c  ga1n 

wa s no t in f luenc ed by  the ab s en c e  o f  WW from the index . 

However ,  c ommerc i a l  farme r s  o f t en prefer  to u s e  WW as  a 

s e l e c t ion c r i ter ion on the grounds tha t  i t  is ava i l ab l e  

earl ier and i s  the only we i gh t  avai l ab l e t o  them that i s  no t 

b i ased by p r ior s e l e c t ion ( Ra e , per s . c ornm . ) .  

HGFW was eventua l ly ano ther u s e fu l  c r i ter ion ,  par t i cu l a r ly 

as  a cos t-e f f i c i en t  sub s t i tu t e  for HCFW for the c l e an 

obj e c t ive s . Th i s  i s  in agreement w i th Poggenpo el and van 

der Merwe ( 1 9 7 5 ) , W ickharn ( 1 9 8 1 )  and Rae (1 98 2 )  who 

sugge s te d  that HCFW mi ght  b e  u s ed for ram se l e c t ion , where a 

h i gh d e gr e e  o f  accuracy was required , but  HGFW wa s more 

gener a l l y  a pp l ic ab l e . The va lue of HGFW inc r ea s ed a s  o ther 

tra i t s  were de l e te d  from the index ( par t icular ly  S L ) , bu t 

i t  s t i l l  r anked b eh ind HBW and NLW ( darn) in impor t an c e  a s  a 

pred i c tor . 
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The wool qua l i ty tra i t s  general ly appear o f  l im i t e d  va l u e  a s  

s e l e c t ion c r i t e r i a . Y however d i s p l ayed s ome impo r t anc e , bu t 

the measuremen t cos ts  wou l d  gene r a l l y  ou twe igh t  the extra 

b ene f i t s  tha t  could  be  d e r ived by re taining Y in the s e l e c t ion 

index . The n e g a t ive index we i gh t ing for CHG ( i . e .  s e l e c t ion 

aga in s t  b e t t e r  CHG)  is in agreement  wi th the f ind ing o f  

Lewe r ( 1 9 7 8 )  for the P e renda l e . A s imi lar re su l t  wa s ob tained 

for C o  when it  was inc luded in the l ong woo l  s e l e c t ion 

obj e c t ives and ind ic e s . The s e  unexp e c ted  nega t ive index 

we i gh t ings wer e  at tr ibu ted  to corre l a te d  e f fec t s , i . e .  a 

func t i on o f  the cho s en gene t i c  and pheno typ ic framewo rk . 

Al though a s s i gn e d  a nega t ive we i gh t ing , l i t t l e  gene t i c  change 

wa s pred ic ted in  the s e  tra i t s . 

On the bas i s  o f  c o s t  and va lue wi thin the index , tra i t s  were 

de l e te d  from the ori ginal fu l l  ind i c e s  un t i l  a redu c e d  index 

cons i s t ing of NLW ( dam) , HBW and HGFW wa s obtaine d . The l o s s  

in overa l l  ga in as soc i a t e d  wi th the s e  d e l e t ion s wa s j udged 

to be negl i g ib l e , espe c i a l ly in c ompar i s on wi th the c o s t s  

incurred t o  mea s ure and rec ord the d e l e ted tra i t s . In t erms 

of accuracy and ec onomy , the three- tra i t  reduced index wa s 

con s idered to  b e  su i t ab l e  for comme r c i a l  c ond i t ion s . The 

redu c e d  index 1 s  s imilar to tha t  cu rren t ly used by Shee p l an 

( C l arke and Rae , 1 9 7 6 , 1 9 7 7 ) , exc ep t WW i s  no t inc lud e d  and 

a grea ter emph a s i s  on woo l  produc t ion is evident . 

Al though the three- tra i t  r e duc ed index i s  recommend e d  for 

mo s t  prac t i c a l  purpo s e s , i t  is  l ike l y  that some b r e e d e r s  

wi l l  pre fer a n  even s imp l e r  index . To c a t er for th i s  po s s ib i l ­

i ty ,  s everal a l t erna t ive ind i c e s  were c ompu ted . As e xpec ted , 

the s e  ind i c e s  gene rated l e s s  ove r a l l gene t ic gain , bu t 

ind ividual b r e e ders  may f e e l  tha t they are mor e  app l ic ab l e  

to the i r  par t ic u h r requ i r emen t s  and /or pre ferenc e s . 

The d e l e t ion o f  HGFW grea t ly inc r e a s ed the va lue o f  HBW wi th­

in the index . Th i s  r e spon s e  wa s a t tr ibu t e d  to  the mod e r a t e ly 

h i gh gene t i c  c o r r e l a t ion o f  0 . 30 b e tween the two t r a i t s . 

Shee p l an ( C l arke and Rae , 1 9 7 6 , 1 9 7 7 )  curren t l y  u s e s  the s ame 

e s t ima te . Whe ther or n o t  th i s  i s  the b e s t es t ima t e  ava i l ab l e  
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The sub s t i tu t ion o f  HGFW by SL produ c e d  an index wh ich 

furn i sh e d  nearly as  much overa l l  gene t ic ga in . Such an 

index wou ld  obviou s l y  sui t b r e eders who do no t w i sh to  we i gh 

f l e e c e s  dur ing the p o t en t i a l l y  he c t i c  shearing opera t ion . 

A l t erna t ive ly , b o th HGFW and SL  can be  exc lude d , l e aving a 

s e l e c t ion index o f  only NLW ( darn) and HBW . Th i s  r e su l t s in 

a fur ther reduc t ion in ove ra l l  gene t i c g a 1n . 

NLW ( d am) i s  s ome t ime s regarded as  a c r i terion wh ich i s  t ime 

c onsuming and d i f f i cu l t  to mea sure . Omi t t ing NLW (dam) from 

the s e l e c t ion index produced reasonab l y  large l o s s e s  in 

overa l l  gene t i c  gain . Howeve r ,  ind ividual bre eders  may s t i l l  

b e  wi l l ing to forgo such gain for the r e duc tion in measuremen t 

o f fered by  the exc l u s ion o f  NLW ( dam) . 

The e f f i c iency o f  s ingle-tra i t  s e l e c t ion for HBW and HGFW wa s 

c ompu ted . HBW a l one was a reasonab ly good pre d i c tor o f  the 

s e l e c t ion ob j e c t ive , whe rea s HGFW was l e s s  e f f e c t ive . 

Compared to the three- tra i t  index o f  NLW ( dam) , HBW and 

HGFW for the Gre a s y  Shor t ob j e c t ive ; the va lue o f  the over­

a l l  gene t i c ga in wa s reduc ed from $ 2 . 9 5 per s tandard dev i a t i on 

o f  s e l ec t ion on the index , to  $ 2 . 3 5 and $ 1 . 8 1 r e s p e c t ive l y  for 

HBW and HGFW . Th i s  re su l t  has  d i r e c t  imp l icat ions for the 

New Z e a l and Woo l B o ard ' s  hogge t f l ee c e  weighing s ch eme , whe r e  

s e l e c t ion de c i s ion s  are b a s e d  pur e l y  on HGFW . A s s uming tha t  

the s e l e c t ion ob j e c t ives are s imi l ar , and the gene t i c  and 

pheno typ ic  parame t e r s  a s s umed are r e a s onab ly correc t ,  the 

curren t f indings sugge s t  tha t  the New Z e a l and Woo l  Board u s e  

HBW ins t e ad o f  HGFW , o r  pre f erab ly incorpora t e  bo th HBW and 

HGFW in t o  a s e l e c t i on index . 

The s en s i t iv i ty ana l ys e s , where the e c onom1c we i gh t s  o f  

s e l e c t e d  tra i t s  (HBW , NLW , GFW ( CFW) a n d  SC)  wer e  de l ib era t e ly 

a l tered , produ c ed f ew chan g e s  o f  any c on s equence .  Th i s  r e su l t  

wa s in a greemen t wi th previous s en s i t i v i ty ana l y s e s  and 

l i teratu r e  on the e f fe c t  o f  e rror s in e c onomi c we i gh t s  on the 
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e f f i c i ency o f  s e l e c t ion ind ic e s  ( Chap t e r  2 . 5 ) .  On the b a s i s  -
o f  the s e  f ind ings , i t  can b e  reas onab l y  c onc luded tha t  

changes i n  the econom i c  c l ima te wi l l  n o t  s eriou s ly in ter fere 

wi th the ranking of an ima l s  generated b y  a par t i c u l ar 

s e l e c t ion ind ex . 

The s e l e c t ion o f  ewe s for NLW , GFW ( CFW) and WW genera l ly 

produ c e s  a corr e l a t e d  inc rea se  in EBW . Th i s  may b e  a s s o c i a t e d  

w i th a greater ewe main tenance  co s t .  The opt imum E BW ha s 

o f ten b e en deb a ted , bu t i s  d i f f icu l t  to  ac cura t e l y  de f ine . 

Re s t r i c t ion o f  a l l  g ene t i c  change in E BW seriou s ly  inf luen c e d  

the c a l cu l ated s e l e c t ion ind i c e s . The va lue o f  the overa l l  

gene t i c  ga in wa s sub s tant ia l ly reduc e d  from $ 3 . 1 9 per s tandard 

dev i a t ion of s e l e c t i on on the index to  $ 2 . 1 9  for the Gre a s y  

Short  ob j e c t ive . Th i s  f ind ing wa s con t rary t o  tha t  o f  

Cunn ingham and Gj edrem ( 1 9 7 0 )  who found tha t EBW may b e  h e l d  

cons tant ( gene t i c a l l y ) , wi th only a n e g l i gib l e  e f fe c t  o n  the 

response o f  the aggrega te geno type ( ove r a l l  ga in) . Th i s  

d i s crepancy can b e  a t tr ib u t ed t o  d i f ferences i n  the s e t  o f  

gene t i c and pheno typ i c  parame ters  u s e d . The c orre l a t ion s  

b e tween HBW and o ther tra i t s (notab ly  WW) used i n  the current 

s tudy were cons iderably h i gher than tho s e  a s s ume d by 

Cunn ingham and Gj edrem .  Th i s  i s  ind i c a t ive of the wide 

var i a t i on wh ich exi s t s b e tween es t ima t e s  from d i f ferent 

sour ces . 

The resu l t s o f  the p r e sent s tudy can on l y  be in terpre ted w i th in 

the gene t ic and phenotyp i c  framework cho sen . Extrapo l a t ion 

to a l ternat ive s i tu a t ions may be erroneous . The re su l t s  

ob tained a l s o  sugge s t  tha t  fur ther r e f in emen t may b e  required 

o f  mu l t i- tra i t  s e l e c t ion ind i c e s  whe r e  c omponen t trai t s  are 

h i gh l y  c orre la t ed . 
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The pre s en t  s tudy has d e fined s e l e c t i on ob j e c t ive s and 

appra i sed s e l e c t ion c r i t er i a  for the Romney , wi th par t i cular 

re f e renc e to  wool  tra i t s . A s imp l e  produc t ion and mark e t ing 

s y s t em invo lving a Romney breeding f l o ck under Nor th I s land 

h i l l  coun try c ond i t ion s , where a l l  surp lus  o f f s p r ing are s o l d  

a s  l amb s , wa s cho s en . The re l evance o f  the re su l t s  ob ta ined 

to a l terna t ive sys tems i s  que s t ionab l e . D i cke r s on ( 1 9 8 2 )  

ind i c a ted tha t s e l e c t ion obj e c t ive s changed wi th d i f fering 

produc t ion and marke t in g  sys t ems for pork produc t i on .  

Th e d e f in i t i on o f  an appropr i a t e  s e l e c t ion obj e c t ive i s  o f  

paramoun t impor tan c e  t o  th e su c c e s s  o f  any anima l breedin g  

programme . Long- term gene t i c  progre s s  wi l l  b e  greate s t  

for breeders  who are c apab le  o f  de fining ob j ec t ives  wh ich 

max imi s e  fu ture pr o f i t  and who c on s i s ten t l y  bas e the ir 

s e l e c t ion de c i s ion s on the s e  ob j e c t ive s (Taylor � t  �i . ,  1 9 8 0 ) . 

C l ear ly d e f in e d  ob j ec t ives  for woo l produc t ion have b e en l ack­

ing ( Rae , 1 9 7 4 ; Wi ckham , 1 9 8 1 , 1 9 8 2 ; Mor r i s  �t �i . ,  1 9 8 2 ; 

Wh i t e l ey and Jackson , 1 9 8 2 ) . Th i s  has l ar g e ly b e en a r e su l t  

o f  c on fus ion concerning wh ich woo l  trai t s  are importan t  dur ing 

proc e s s ing and in the end-produc t .  

Al though d a t a  from proc e s s ing  t r i a l s  and manufac tur ing 

exp e r 1 ence h ave been bu i l t-up ( Chap ter  �-3 3 ) , the data  are 

l imi ted in the i r app l i c ab i l i ty .  Techn i c a l  knowl edge  i s  

inc omp l e te  i n  cer tain areas . Even i f  a c omprehen s ive s e t  o f  

t r i a l s  cou l d  b e  conduc t e d  for the var ious l eve l s  o f  the 

t r a i t s  over a l l  c omb in a t ions o f  pos s ib l e  proce s s ing me thod s  

and end-produc ts  the raw woo l  may be  sub j e c ted to , the 

p r a c t i c a l  s i gn i f i c an c e  to  the breede r  wou l d  be r e s t r i c ted for 

the fol l owing rea s on s : -

( i ) The b r eeder who o f fers h i s  woo l  for s a l e  on the open 

marke t ( i . e .  through the auc t ion s y s t em) has  no control  over 
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who purch a s e s  h i s  pro duc t .  Cons equen t l y  when b r e e d ing 

h i s  sheep , he has  l im i t ed knowl edge of h ow h i s  woo l  is 

to  be  proc e s s ed (whe ther or no t it is b l ended)  and the 

nature of the f ina l produc t .  Under such c ond i t i on s  o f  

unc e r tainty , the bre eder i s  adv i s e d  t o  f o l l ow general 

gu id e l ine s and no t try to  me e t  the ind ividual r equ�re­

men t s  of po tent i a l  purchas e r s . 

( i i ) Al thou gh such t r i a l s give s ome ind i c a t ion o f  the 

impor tanc e  o f  various tra i t s , d i f feren t t ra i t s  

inf luence proc e s s ing in d i f fe ren t ways . Henc� i t  � s  

o f ten d i f f i cu l t  to  c ompare one woo l  tra i t  w i th 

ano the r  and i t  i s  even more d i f f icu l t  to c ompare woo l  

and non-woo l  tra i t s . 

( i i i )  There i s  no guaran t e e  th a t  the trade wi l l  pay for the 

tra i t s  in re l a t i on t o  the i r  proc e s s ing impor tanc e .  

G iven tha t  the breeder ' s  obj e c t ive i s  t o  maximi s e  

pro f i t ,  then h e  wou l d  b e  unj us t i f ied  in changing h i s  

s e l e c t ion pol i c i e s  i f  h e  wa s n o t  financ i a l ly  rewarded 

for doing s o . 

Un l e s s  the impor tance o f  the var �ou s  woo l  trai t s  dur ing 

pro c e s s �ng and in the end-p rodu c t  is  c l early e luc ida ted , and 

the t r ad e  pay s  for them a c c o rd ingly , comme r c i a l  breeders  wi l l  

l arge ly  con t inue to r e s pond to the s i gna l s  they r e c e ive from 

the marke t p l a c e . 

The r e l i ance on p a s t  p r � c e s  a lone to  e s tab l i sh s e l e c t ion 

obj e c t iv e s  i s  e s s ent ia l ly uns a t i s fa c t ory . The breeder has  

the formidab l e  t a sk of  formu l a t ing s e l e c t ion p l an s  wh ich wi l l  

not have the ir e f fe c t  ( and hence the i r  f inanc i a l  re turn ) 

un t i l  s ome t ime in the fu tur e . The s e l e c t ion ob j e c t ive 

a t temp t s  to  s tab i l i se an inheren t ly dynamic s i tua t i on . P a s t 

p r i c e s  a lone c an not  furn i sh the b r e e der w i th a r e l iab l e  

pred i c t ive equa t ion for the fu ture . Changing e c onom�c 

cond i t i on s , improved appra i sa l  and marke t ing s y s t ems , a s  we l l  

a s  t e chno l o g i c a l  and end-us e deve l opmen t s  wil l a l l  c on t r ibu te  

toward the need to  have s e l ec t ion ob j ec t ives p e r i od i ca l ly 

reviewe d . E c on omic we i gh t s  wi l l  n e e d  to b e  r e- c a l c u l a te d  and 
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and c on s i d era t i on o f  a l terna t ive trai t s  may be n ec e s s ary . 

S evera l  wool trai t s  were n o t  c on s idered �n the p r e s en t  s tudy 

due t o  the l ack of r e l i ab l e  p r i c e  data . Of  the s e , bulk i s  

l ike ly  t o  be  o f  mo s t  impor t an c e  in the fu ture . S ome importance 

�s  now p l aced upon it  by carp e t  manu fac turers . However , 

whe ther o r  no t i t  wi l l  be  o f  r e l evan c e  to the Romney i s  

unde c i de d . I t  has  been pred i c ted tha t low var i a t ion in bulk 

in the Romney ( Carnaby and E l l io t t , 1 9 8 0 )  may l imi t gene t ic 

progre s s . 

Char a c t e r  has gene r a l l y  b e en shown to b e  o f  rn�nor s i gn i f i c an c e  

during proce s s ing and i n  the end-produc t  ( Chap t e r  /. . 2 . 3 ) .  

P r i c e  da ta are s t i l l  requi r e d  to provide  conclu s ive proo f 

c oncern�ng i t s  importance . When such in format ion i s  for th­

c oming , a s suming i t  con f i rms the pro c e s s ing tr i a l s  al ready 

c onduc t e d , the fu t i l i ty o f  such s e l e c t i on shou l d  be  obv ious 

to tho s e  breeders  who have in the pas t p l ac ed emphas i s  on 

charac ter  in the i r  s e l e c t ion po l i c i e s . The appra i s a l  o f  

su i t ab l e  s e l e c t ion ind i c e s  f o r  the s e l e c t ion ob j e c t ive s 

previou s l y de f ined for the Romney ( Chap ter 5 ) , a l s o  i l lus t r a ted 

charac ter to b e  of  min ima l va lue as  a s e l e c t ion c r i ter ion . 

Cr imp was no t inc luded in any s e l e c t i on obj ec t ive , par t l y  

b e c au s e  o f  the l ack o f  economic da ta and a l s o i t  wa s con s i dered 

to be  a c r i t e r i on for MFD , and not an ob j e c tive in i t s  own 

r i gh t . 

In the ab s ence o f  rel iab l e  p r � c e  da ta , the impor t an c e  o f  

medu l l a t ion in the Romney i s  a l s o  que s t ionab l e . However , Rae 

( 1 9 8 2 )  and Ro s s  et al . ( 1 9 8 2 )  have sugge s ted tha t  there i s  

l i t t l e  p o in t  i n  inc lud ing medu l l a t ion i n  a s e l e c t ion obj e c t ive 

for the Romney . 

Un i formi ty wi th in the f l ee c e  has  trad i t iona l l y  b e en s e l ec ted  

for  by many breeder s . Howeve r ,  f ib r e  d i ame ter un i formi ty and 

fibre l en g th un i formity have been shown to have r e l a t ive l y  

l i t t l e  va lue i n  proces s ing ( Chap ter  2 . 2 . 3 ) .  Fur ther , s ome 

fibre l en g th var iab i l i ty i s  requ ired for e f f i c i en t  proc e s s ing . 
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The ra ther l imi t e d  C . S . A . R .  ana l y s e s  ( Chap ter 3 . 3 . 3 ) fa i l ed 

to  i d en t i fy any s i gni f ic an t  in f luenc e on price by  e i ther fibre 

d iame t e r  var i ab i l i ty or l en g th var iab i l i ty .  S e l ec t i on for 

un i formi ty i s  thus no t wor thwh i l e  and rep r e s en t s  a wa s te o f  

s e lec t i on p o t en t i a l  a s  previou s ly sugge s t e d  by B o t toml ey and 

Howe ( 1 9 7 9 ) , Rae ( 1 9 8 2 )  and Wh i te ley and Jacks on ( 1 9 8 2 ) . 

As wi th many o f  the woo l  qua l i ty trai t s , there are in su f f i c i ent 

e c onomi c data t o  cons ider mea t  qua l i ty tra i t s  �n a s e l e c t ion 

obj e c t ive . Even i f  rel i ab l e  e c onomi c we i gh t s  were c a l cu l a ted , 

they wou ld  probab ly be  chang ing rap i d ly a t  pre s en t  (Wi ckham , 

pers . c omm . ) .  As  a cons equence o f  increas ing c onsume r 

r e s i s t an c e , the gene t i c s  o f  l eve l o f  fa tne s s  has  rece ived 

c ons i d erab l e  a t t ent ion rec en t l y  (Purchas , 1 9 8 1 ) . 

D i s e a s e  res is tan c e  and s t ruc tura l  s oundne s s  are not  eas i l y 

incorpo r a t ed into s e l e c t ion obj e c t ive s . For th i s  r e a s on , they 

have u sual ly been ignored when ob j ec t ives have been de fined 

(Morr i s  et al . ,  1 9 8 2 ) . I t  is  genera l l y a s sume d tha t  the sheep 

unde r s e lec t ion are thr i f t y· and s tru c tura l l y s ound , a l lowing 

s e l e c t i on to be based  pur e l y  on produc t ive performanc e .  Thu s , 

s eriou s l y d i s ea s ed or uns ound sheep shou l d  be c are fu l ly 

e l imina ted pr ior to index s e lec t ion . The re exi s t s  a pos s ib l e  

dange r o f  s e t t ing too h i gh a cul l ing l eve l . A c omb ina t i on o f  

approp r i a te independen t c u l l ing l eve l s  and inde x  s e l e c t ion 

shou l d  ensure tha t  a check on the l eve l of expre s s ion o f  such 

trai t s  is ma in t a ined , wh i l e  gene t i c  progr e s s  in produc t ive 

charac t er i s t i c s  can b e  ach i eved . 

Easy- c are and hardine s s  charac ter i s t ic s  are e s s en t i a l  i f  h i l l­

c oun try breeders  are  to min imi s e  co s t ly shepher d ing and l ab our 

inpu t s . Aga in , there is a d i f f i cu l ty in inc l u d ing such 

a t t r ibu t e s  in a s e le c t ion ob j ec t ive , thus natu r a l  s e l e c t ion 

and independen t cu l l ing l e ve l s  for the s e  trai t s  pr ior to 

index s e l e c t ion w i l l  be  advantageou s . As b e fo r e , independen t 

cu l l ing l eve l s  tha t are s e t  too h i gh may b e  de t r imen t a l . 

A wide var i e ty o f  a l terna t ive s e l e c t ion c r i te r i a  have b e en or 

are curren t l y  under inve s t i g a t i on and may a s s ume impor tance 
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1n the future . Cockrem ( 1 9 6 2 ) and Land ( 1 9 8 l b )  sugge s t e d  -
tha t  s e l e c t ion o f  anima l s  on phys i o l og i c a l  cr i te r i a  may 

improve the e f f i c iency o f  s e l e c t ion by recogni s ing gene t i c a l ly 

sup e r ior an ima l s  a t  an early age and avo i d ing the re s tr i c t i on 

p l a c e d  on s e l e c t ion by s ex- l imi t e d  tra i t s . Wikcham ( 1 9 8 2 )  

revi ewed r e s e a r ch on s e l e c t ion c r i t e r i a  for the early  b r e e d ing 

of  sheep  inc lud ing ovu l a t ion r a t e  and  the  ab i l i ty to  l amb as  

a ho gge t ( for f e r t i l i ty ) , woo l f o l l i c l e  me asuremen t s  ( fo r  

f l e e c e  we i gh t )  and b i r thcoat  charac t eri s t i c s  ( for f l e e c e  

qua l i ty and , a s  d i s cu s s ed b y  McCu t cheon et a£ . ( 1 9 8 1 ) , 

po s s i b ly for l amb survival ) .  The Wool Re search Organ i s a t ion 

o f  New Zea l an d  i s  currently inve s t i ga t ing d i f feren c e s  1n the 

s truc ture and p r o t e in c ompo s i t ion o f  tender woo l s  in an 

ende avour to s e l ec t  for s oundne s s  (W . R . O . N . Z . , 1 9 8 1 ) . The 

deve l opment o f  the ul trason i c  prob e  ha s provided a re ady 

c r i t er ion for a s s e s s ing leve l s  of f a tnes s .  Campb e l l  et a£ . 

( 1 9 8 1 )  d i s cus s ed s e l e c t ion for fa c ia l  e c z ema re s i s tan c e  and 

the s e arch for a po s s ib l e b i o chem i c a l  c r i ter ion . The 

ado p t ion o f  n ew s e l e c t i on c r i t e r i a  wi l l  re s t  on the ir  

ac curacy , s imp l i c i ty and e c onomy o f  pred i c t ion . 

In c on c lu s i on ,  the me thodo logy u s e d  in th e curren t s tudy to 

s e l e c t  super i o r  sheep wa s b a s ed on produc t ivi ty per head 

( gro s s  inc ome ) . I t  i s  app arent  tha t  the mo s t  produ c t ive sheep 

are no t ne c e s s a r i ly the mo s t  pro f i t ab l e . Un for tuna t e ly , a 

sui t ab le me th o d o l ogy for s e l e c t in g  sheep for e f f i c i ency o f  

produc t ion ( n e t  inc ome ) under New Z e a l and graz ing c ond i t ion s  

i s  l acking . As suming tha t  the ma j o r c o s t i s  tha t a s s o c i a ted  

wi th pas ture produc t i on and u t i l i s a t ion ( Car ter , 1 9 8 2 ; 

Mo r r i s  et a£ . , 1 9 8 2 ) , s everal d i f f i cu l t i e s  are evi d en t . For 

examp l e , how c an individual food in take s be  ac cura t e l y  and 

e conomi cal ly  me a sured under graz ing cond i t ions ? I s  b ody 

we i gh t  a r e l i ab l e ind i c a tor of food int ake as sugge s te d  by 

Fergu s on ( 1 9 5 6 ) ? Can the ove ra l l  pro f i tab i l i ty o f  an 

en t erpr i s e  ( in c luding the e f f e c t s  o f  in f l a t ion and c a p i t a l  

ga in s )  b e  d i s t in c t ly appo r t ioned i n to pro f i tab i l i ty p e r  

ind ividua l , s o  tha t  a c curate  s e l e c t ion d e c i s ions c an b e  mad e  

o n  a p e r  anima l bas i s ?  
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Un t i l  the appropr i a t e  me thod o l o gy i s  d eve l oped , i t  wi l l  b e  

impo s s i b l e  t o  b a s e  s e l ec t ion de c i s iorn d i r e c t ly upon e f f i c i enc y .  

I t  seems l ikely then , tha t s e l e c t i on for inc r e a s e d  

p roduc t iv i ty p e r  head  wi l l  rema in a s  a n  ind ire c t  me thod o f  

increas ing e f f i c iency o f  New Zealand sheep produc t ion wi th in 

the imme d i a te fu tur e . 
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A P P E N D I C E S 
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APPENDIX I 

THE EFFECT OF LOT WE IGHT , MODE OF OFFERING AND NEW ZEALAND 

WOOL BOARD INTERVENT ION ON PRICE . 

A .  LW S ta t i s t i c s  ( T )  

7 6 / 7 7  7 7 / 7 8 

Me an 1 .  9 2  1 .  9 1  

S . D .  1 .  7 5  1 .  6 6  

S e a s on 

7 8 / 7 9  

1 .  9 2  

1 .  6 7  

7 9 / 8 0 8 0 / 8 1  A l l  

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

1 .  7 1  1 .  7 5  1 .  7 1  

Examinat ion o f  the me an LW sugge s t s  tha t over the l a s t f ive 

woo l - s e l l ing s easons , LW ha s been increas ing . Howeve r ,  

the s i z e  o f  the s t and ard dev i a t ions prec lude s any d e f in i t ive 

conc lus ion . 



B .  E f fe c t  on Gre asy P r i c e  

PART IAL REGRE S S ION COEFFIC IENTS 

o t  Mode o f  O f f e r ing In terven t ion We igh t  
-

S e a s on R B I GB Pur . Reo f f . 

7 6 / 7 7  -0 . 04 -0 . 42 -0 . 3 2 0 . 65 0 . 09 -3 . 7 2 -

7 7 / 78 0 . 1 0 -0 . 1 6 -0 . 69 0 . 5 8 0 . 2 7 -0 . 7 1 - 1 . 54 

7 8 / 7 9  0 . 0 2 -0 . 2 6 -0 . 6 6 0 . 3 9 0 . 5 3 -8 . 4 6 -2 . 6 2 

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

8 0 / 8 1  -0 . 2 4 0 . 3 6 0 . 1 5 -0 . 43 -0 . 08 - 6 . 74  - 3 . 0 3 

Al l -0 . 04 -0 . 2 2 -0 . 30 0 . 2 9 0 . 24 - 3 . 40 -2 . 04 

( 1 )  For mode l  inc luding Y ,  ML , S and MFD 

Lo t we igh t  ( c /kg / T ) , O thers  ( c /kg c ompared wi th average o f  a l l  woo l s o l d )  

( 2 )  R = Rec l a s s ed B = B inned I = In ter l o t t ed 

( 3 )  Pur = Purchased  b y  New Z e a l and Woo l  Board 

Reo f f  = Re o f fered by New Z e a l and Woo l  Board 

GB = Grower ' s  Brand 

% C ont rol  

Wi thout W i th 

5 7 . 3  5 7 . 8  

7 4 . 0  74 . 3  

6 7 . 4  68 . 0  

69 . 3  7 0 . 6  

6 6 . 7  68 . 6  

66 . 00 6 6 . 6  

--- -� ----·---

,_. 
00 
"' . 



C .  E f fe c t  on C l ean P r i c e  

PART IAL REGRE S S ION COEFF IC IENT S ( l ) 

L o t  Mod e  o f  O f fering Int erven t ion We iBh t  

S ea s on R B I GB Pur . Reo f f . 

7 6 / 7 7  -0 . 0 3 -0 . 5 5 -0 . 48 0 . 8 6 0 . 1 8 -4 . 5 0 -
7 7 / 7 8 0 . 1 1  -0 . 2 2 -0 . 8 7 0 . 7 8 0 . 3 2 - 1 . 0 1 -2 . 09 

7 8 / 7 9  0 . 0 2 -0 . 32 -0 . 8 6 0 . 5 0 0 . 6 8 - 1 0 . 7 5 -3 . 2 2 

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

8 0 / 8 1  -0 . 3 2 0 . 5 6 0 . 1 6 -0 . 5 9 -0 . 1 4 -8 . 6 3 -3 . 60 

Al l -0 . 05 -0 . 2 7 -0 . 4 2 0 . 3 9 0 . 3 1 -4 . 24 -2 . 54 

( 1 ) As for B 

---

�� Contro l 

W i thou t W i th 

3 9 . 6  40 . 4  

6 1 . 1  6 1 . 5  

4 1 . 3  42 . 4  

40 . 1  42 . 2  

48 . 2  5 1 . 2  

45 . 1  45 . 9  

1--' 
00 
-....! 
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From B and C ,  i t  is  d emons trated that the inc l u s ion o f  terms 

for LW , MO and Int are o f  l i t t l e  u s e  1n pred i c t ing pr 1 c e , 

g iven tha t  Y ,  ML , S and MFD are al re ady pre s e n t  in the mode l .  

Examin a t ion o f  the par t i a l  regr e s s 1on coe f f i c i en t s  h i gh l i gh t s  

the fo l l owing p o in t s : -

1 .  LW had a var i ab l e  e f fe c t , in terms o f  s 1 gn ,  from s e a s on 

to  s eason , a l thou gh the magn i tudes  o f  such e f fe c t s  wa s 

un impor t an t . 

2 .  Re c l as s ing a t trac ted  d i s coun t s  o f  up to 0 . 4 2 c / kg 

greasy and 0 . 8 6 c /kg c l ean c ompared w i th the ave rage 

o f  a l l  woo l s o l d , in a l l  bu t one s ea s on .  The 

imp l ic a t ions to the woo l  growe r are obv i ou s , in th a t  

on top o f  e s c a l a t ing r e c l a s s ing co s t s , t h e  woo l 1 s  

b e ing s o l d  a t  a lowe r pri c e . 

3 .  B i nning fo l l owed a s imi lar pat tern to rec l a s s ing , 

a t trac t ing d i s coun t s  o f  up to 0 . 69 c / kg greasy and 

0 . 8 7 c / kg c l ean , c ompared w i th the average o f  a l l  

woo l  s o l d , in a l l  b u t  one s e a s on . 

4 .  Inter l o t t ing showed the oppo s i te trend by a t trac t ing 

pr em1ums of up to 0 . 6 5 c / kg greasy and 0 . 8 6 c / kg c l ean ,  

c ompared wi th the average o f  a l l  woo l  s o l d , in a l l  but 

one s e a s on . 

5 .  Growe r s  own brand s im i lar l y  a t tra c t e d  prem1ums o f  up to 

0 . 5 3 c /kg greasy and 0 . 6 8 c / k g  c l ean ,  compared wi th the 

average o f  a l l  woo l  s o l d , in a l l  bu t one s e a s on . 

6 .  The New Z e a l and Woo l  Board marke t interven t ion po l i c ie s  

h ave r e s u l ted  in the Board ; 

( i )  puch a s ing woo l  a t  up to  8 . 46c /kg greasy and 

1 0 . 7 5 c /kg c l ean ,  l e s s  than the average o f  a l l  

woo l  s o ld . 
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( i i ) s e l l ing reo f fe red woo l  a t  up to  3 . 0 2 c /kg greasy 

and 3 . 7 8 c /kg c l ean , l e s s  than th e average o f  a l l  

woo l s o l d . 

A c ompar � s on o f  the s e  e s t ima t e s  � s  c omp l i c a ted in tha t woo l  

wou l d  have b een bough t by  the New Z e a l and Woo l Board on the 

b a s i s  of the i r  appra i s e r ' s  va luat ion , whereas  reo f fered 

woo l  purcha s ed by o the r s , wou l d  b e  on the bas i s  of  the 

buyer ' s  own va lua t ion . To d e t e rmine whe ther or not  the 

New Z e a l and Woo l  Board real i s e s  a f inanc i a l  pro f i t  from 

th e i r  marke t in terven t i on po l i c ie s , the e f fec t s  o f  buy ing 

and s e l l ing on di f fe r en t  marke t s  ( in f l a t ion , s torage and 

hand l ing c o s t s , oppor tun i ty c o s t s  e t c.) mu s t  be taken into 

a c c oun t . 
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APPENDIX II 

THE EFFECT OF LOT WE IGHT , ( LOT w� IGHT ) 2 , MODE OF OFFERING 

AND MARKET INTERVENTI ON ON EXPLAINING PRICE VARIATI ON 

A .  E f fec t on Gr easy P r i c e  Pre d i c t ion 

-------------------------------------------------------------. 

S e ason 

7 6 /7 7 

7 7/ 7 8  

7 8 / 7 9  

7 9 / 8 0  

8 0 / 8 1  

All 

% Contro l o f  Quadratic 
Model wi thout LW , 
Lw2 , MO and I nt . 

6 3 . 5  

7 7 . 5  

7 0 . 7  

7 3 . 5  

7 7 . 1  

7 1 . 2  

% Control of Quadratic 
Mode l with LW , 

Lw2 , MO and I n t . 

6 4 . 1  

7 7 . 7  

7 1 . 2  

7 4 . 6  

7 8 . 2  

7 1 . 6  



B .  E f fec t on C l ean P r i ce Pre d i c t ion 

% Control of Quadrati c 
Mode l wi thout LW , 

LW2 I HO and Int . 
-

S e a s on 

7 6 / 7 7  4 7 . 8  

7 7 / 7 8  6 5 . 7  

7 8 / 7 9  4 7 . 5  

7 9 / 8 0  4 7 . 7  

8 0 / 8 1  6 4 . 1  

All 5 3 . 2  

1 9 1 . 

% Contro l of Quadratic 
M�de l with LW , 

LW , MO and I n t . 

4 8 . 5  

6 6 . 0  

4 8 . 4  

4 9 . 6  

6 5 . 8  

5 3 . 8  
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APPENDIX I l l 

S ALE-BY-SEPARATION ANALYS I S  FOR THE 1 9 80 / 8 1  SEASON 

A .  Gene ral S t a t i s t i c s  

Al l Wool ( l ) Separation 
Wool 

Original No . 
of records 36 , 9 4 9  2 , 7 5 2  

No . o f  Records 
after Ab sorpti on 36 , 8 8 3  2 , 7 3 6  

MF D  ( �m) me an 3 5 . 8 6 3 5 . 6 7 

s . d .  1 .  5 8  1 . 6 9 

s ( grade ) me an 2 . 6 4 2 . 7 5 

s . d .  0 .  85 0 . 8 8 

ML ( mm) me an 9 8 . 7 7 8 8 . 5 5 

s . d .  2 5 . 0 2 2 1 . 3 1 

y ( % )  me an 7 7 . 7 3 7 7 . 6 1 

s . d .  3 . 1 8 3 . 3 2  

S I  me an 1. 38 1 . /. 8 

s . d .  0 . 6 3 0 . 6 3 

CI me an 2 . 4 1 2 . 5 7 

s . d .  0 . 8 5 0 .  9 1  

F mean 0 . 11 0 . 0 9 

s . d .  0 . 3 2  0 . 3 1 

p me an 0 . 1 2  0 . 1 7 

s . d .  0 . 3 5 0 . 4 4 

Co mean 0 . 0 5  0 . 0 2 

s . d .  0 . 2 2  0 . 1 9 

Continued 



A .  Cont inued 

T 

LV 

QV 

Gre asy price ( c/k g )  

. 
C le an price ( c/kg)  

Lot Weight ( T )  

Al l Woo l ( l )  

me an 0 . 0 1 

s . d .  0 . 1 2 

mean 0 . 0 5 

s . d .  0 . 2 5 

me an 0 . 0 2 

s . d .  0 . 1 4 

me an 2 6 6 . 6 7 

s . d .  1 4 . 5 3 

me an 3 4 3 . 1 0 

s . d .  1 5 . 0 9 

me an 2 . 2 0  

s . d .  1 . 7 5 

( 1 ) Includes s a le-by-separation wool 
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Separation 
Wool 

0 . 0 0 

0 . 0 8 

0 . 0 3 

0 . 2 2 

0 . 0 1 

0 . 1 1  

2 5 9 . 3 0 

1 5 . 7 3 

3 3 4 . 2 4 

1 5 . 9 8 

2 . 8 0 

1 .  8 4  
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From the above t ab l e  i t  may be  argued tha t the woo l  o f fered 

by s a l e-by- s eparat ion wa s s l i gh t l y  poorer in s ty l e  and 

co lour , and sho r ter in l ength than a l l  woo l  s o l d  in the 

same s eason . The s e  and o ther d i f fe renc e s  in woo l  tra i t s  

wer e  not gre a t  and wer e  as soc i a t e d  wi th l arge s tandard 

devi a t ions . S a l e-by- s eparat ion woo l wa s however , o f fered 

in  l arger lot  w e i gh t s  ( a  resu l t  o f  the  min imum lot  s i z e  

requ ired)  and r e c e ived lower p r i c e s . 



B .  Par t i� l Regr e s s ion Coe f f i c ien t s ( ! ) on Grea sy P r i c e  

y ML s MFD S I  C l  

3 . 0 9 4 . 29 - 6 . 9 7 -0 . 7 3 

3 . 1 3 4 . 30 - 5 . 1 6 -0 . 7 6 0 . 0 6 - 2 . 2 1 

+ + + 

3 . 1 0 4 . 20 - 5 . 1 3 0 . 30 -2 . 20 

+ + + 

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

+ + + 

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

+ + + 

3 . 43 - 6 . 6 2 -0 . 2 3 - 1 . 3 2 -0 . 8 9 ------- ------ --
( 1 )  Y ( c /kg/ % ) , ML ( c /k g / 0 . 5  in) , 

C l  ( c /kg / grade) , O th e r s  ( c /kg)  

F p Co 

1 . 1 6 -0 . 7 9 3 . 0 3 

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

0 . 5 9 - 1 . 1 1 1 . 1 0 

2 . 1 7 - 1 . 68 4 . 5 0 

- 1 . 2 0 - 1 . 2 9 -0 . 54 

T 

2 . 49 

2 . 6 5 

1 .  5 6  

3 . /. 2  

7 . 04 ----- ---

LV 

1 .  7 4  

1 . 4 7 

1 . 8 6 

J . •  0 7  

- 1 . 0 6 

S ( c /kg/ grade ) , MFD ( c /kg / �m) , 

% Con t r o l  

QV Sepn . Al l 

7 3 . 0  6 6 . 7  

-0 . 4 1 7 3 . 8  6 7 . 0  

7 2 . 4  64 . 8  

-0 . 3 6 7 3 . 2  6 5 . 2  

5 7 . 8  60 . 3  

-0 . 2 3 7 1 . 5  65 . 6  

50 . 5  44 . 5  

- 1 . 1 4 5 1 . 5  45 . 2  

3 1 . 9  2 7 . 0  

-3 . 3 5 3 2 . 6  2 7 . 9  

S I  ( c /kg/ grade ) , 

� 
\0 
V1 . 



C .  P�r t i a l  Regre s s ion C o e f f i c ien t s ( ! ) on C l ean P r i c e  

y 

-0 . 3 1 

-0 . 2 5 

+ 

-0 . 30 

+ 

-0 . 1 9 

+ 

-0 . 7 0 

-� -----

ML s MFD 

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

5 . 5 2 - 6 . 43 - 0 . 9 7 

+ + 

5 . 39 - 6 . 40 

+ + 

5 . 5 7 - 0 . 9 5 

+ + 

- 7 . 0 2 -0 . 1 9 

+ + + 

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

--------- ----- -- ---------� 

( 1 )  As for B 

S I  C l  F p 

0 . 00 -2 . 8 3 1 .  3 8  1 .  0 9  

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

- 1 . 20 - 7 . 7 8 0 . 6 7 - 1 . 49 

0 . 58 - 1 . 68 2 . 68 - 2 . 24 

0 . 1 1  -2 . 94 1 .  5 7  - 1 . 0 5 

C o  T LV QV 

3 . 6 2 3 . 0 3 1 .  9 8  - 0 . 68 

3 . 3 1 3 . 2 3 1 .  63  -0 . 6 2 

1 .  2 1  1 . 8 7  2 . 1 3 -0 . 4 6 

5 . 5 0 3 . 9 7 1 . 1 2 -0 . 34 

3 . 9 1 2 . 6 6 2 . 2 1 -0 . 45 

% Con t r o l  

S e pn . Al l 

5 7 . 9  48 . 2  

5 9 . 1  48 . 6  

5 6 . 9  45 . 2  

58 . 1  45 . 8  

34 . 5  3 8 . 6  

5 5 . 7  4 6 . 7  

2 2 . 0  1 4 . 1  

2 3 . 5  1 5 . 2  

5 7 . 5  4 6 . 5  

5 8 . 9  4 7 . 1  

� 
\.0 
0'\ 
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C ompari s on s  o f  B and C wi th Tab l e s  2 1  and 2 2  r e s pe c t ive l y , 

ind i c a t e s  a s imi l ar p a t tern o c cu r r �ng in both c a t e go r i e s .  

Trends were h owever , amp l i f i e d  in  the s a l e-by-s epara t i on 

ana l y s i s . F o r  examp l e , mor e  con t r o l  over price  wa s ach ieved 

in a l l  c a s e s  and the p ar t i a l  re gre s s ion co-e f f i c i en t s  we r e  

gre a t e r  in magni tude . A no t ab l e  exc ep t i on to the l a t ter  wa s 

MFD , wh i ch had a sma l l e r c oe f f i c ient for the s a l e-by­

s eparat ion ana lys i s . 



APPENDIX IV 

NORTH I SLAND HILL COUNTRY DATA 

A .  Produ c t i on and Income D a t a  

76/7 7 

1 .  

Lambing % 

(No .  lambs tailed ) 
96 . 1  

( Ewe s mated ) 

Lamb losses 
(% lambs ma r ked) 4 . 8  

Sheep losses 
(%  sheep ) 5 . 4  

2 .  

Expor t lambs sold 8 0 3  

Store lambs sold 169 

Ratio (Expor t : Store ) 4 . 7 : 1  

Ave rage retu r n  for 
Expo r t  lambs ( $ )  13 . 0 1 

Average return  for 
S tore lambs ( $ )  11 . 3 3 

Ave r age r e tu rn for 
Mixed age ewes ( $ )  11 . 8 1 

3 .  
Ave rage Expo r t  lamb 

Carcass Weight ( k g )  13 . 3 5 

4 .  
Lamb dress ing % 

Ewe dress ing % 

5 .  
Average g r ea sy wool 

7 7/78 

9 0 . 5  

4 . 7  

5 . 0  

7 5 5 

2 0 1  

3 . 7 : 1  

1 1 . 7 3 

8 . 9 0 

8 . 69 

1 2 . 8 5 

P r ice ( c/kg ) 2 19 . 58 1 9 0 . 4 3 

Season 

78/79 79/80 

9 3 . 2  

4 . 7  

4 . 9  

7 9 5  

169 

4 . 7 : 1  

1 5 . 3 9 16 . 4 5
a 

14 . 4 0 13 . 9 4
b 

1 0 . 57 1 3 . 2 5
c 

1 3 . 28 13 . 6 1 

2 1 8 . 80 2 6 5 . 0 9 

1 98 . 

8 0/ 8 1  Mean 

9 3 . 3  

4 . 7  

5 . 1  

7 8 4  

18 0 

4 . 3 : 1  

1 7 . 8 2
a 

1 4 . 8 8 

1 5 . 1G
b 

12 . 7 3 

1 2 . 8 4
c 

1 1 . 4 3 

1 3 . 12 1 3 . 24  

4 7 . 0 0 

4 5 . 0 0 

2 4 7 . 48 2 28 . 28 
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S ourc e s  o f  data : 

1 .  N . Z . M . W . B . E . S .  ( 1 9 7 8a , 1 9 7 9 a , 1 9 8 0 a )  

2 .  N . Z . M . W . R . E . S .  ( 1 9 7 9b , 1 9 80b , 1 9 8 l b )  

3 .  N . Z . M . W . B . E . S .  ( 1 9 7 7 c , 1 9 7 8 c , 1 9 7 9 c , 1 9 80c , 1 9 8 l c )  

4 .  Morr i s  e.t a.l . ( 1 9 8 2 )  

5 .  N . Z . W . B .  ( 1 9 7 6 1 7 7 ' 1 9 7 7 1 7 8 , 1 9 7 8 1 7 9 , 1 9 7 9 1 80 , 1 9 8 0 1 8 1 )  

a .  M . A . F .  ( 1 9 7 9 1 80 , 1 9 80 1 8 1 )  ( farm ga te  pr�ce  for PM 

l amb ) 

b .  S tore re turn = 0 . 847 x exp o r t  r e t urn 

( b a s e d  on average s t ore-expor t r e l a t ionsh ip from 

1 9 7 6 1 7 7  to 1 9 7 8 1 7 9 ) . 

c . M . A . F . ( 1  9 7 9 I 8 0 , 1 9 8 0 I 8 l ) ( farm g a t e p r � c e for 

ML l mu t ton ) . 
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B .  Food Re l a ted Var i ab le  C o s t s  

7 6/7 7 

�er t i l iser , l ime and seeds 

( $/ s . u . )  0 . 9 5  

Feed and Graz ing 

( $ /s . u . ) 0 . 11 

�nimal heal th , weed 

and pest control ( $/s . u . )  0 . 4 5 

Rates ( $/s . u . ) 0 . 2 6 

otal ( $/s . u . )  1 . 7 7 
I 

7 7/78 

1 . 3 7 

0 . 1 7 

0 . 4 6  

0 . 2 9 

2 . 2 9 

Sou r ce : N . Z . M . W . B . E . S .  ( l9 7 8a , l 9 7 9 a , l980a )  

Season 

7 8 /79 

l.  52 

0 . 16 

0 . 5 8 

0 . 3 4 

2 . 6 0 

l .  Co s t s c a l cul a ted from prev�ous s e a s on with 

p r � c e  movemen t s  ( Brook ; 1 9 8 1 ) . 

7 9 / 80 

Fer t i l i s er ,  l ime and s e e d s  7 2 . 8% 

Feed and graz �ng 1 8 . 1 % 

An imal h ea l th , we e d  and 
pe s t  c ontrol  9 . 9% 

Ra tes  1 6 . 0% 

79/80 .L 80/8l.L 

2 . 6 3 3 . 9 9 

0 . 19 0 . 19 

0 . 6 4 0 . 7 4 

0 . 3 9 0 . 4 8 

3 . 8 5  5 . 4 0 

ad j u s tment 

8 0 / 8 1  

5 1 . 7 % 

0 . 2 % 

1 6 . 2% 

2 3 . 7 % 

( N . B .  The s e  i t emi s ed movemen t s  are for the Al l -C l as s e s  

cat ego ry and n o t  N .  I .  Hi l l  C oun t ry . The overa l l  p r i c e  

movemen t o f  the two c l as s e s i s  s imi l ar ) . 

Mean 

2 . 0 9 

0 . 16 

0 . 5 7 

0 . 3 5 

3 . 1 7 

for 

Due to  the l a ck of  re l iab l e  e s t ima tes , no acc oun t �s  mad e  o f  

l ab our , veh i c l e s / powe r , fenc ing and ma in tenance .  I t  � s  

a s sumed tha t  int er e s t on f ixed l iab i l i t i e s  i s  c omp e n s a t e d  for 

by cap i t a l  gains . 
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APPENDIX V 

THE EFFECT OF COTT ING ON GREASY PRICE 

U s ing the New Zealand Wool Board S t a t i s t i c a l  Handb ook s  for the 

f ive woo l - s e l l ing s e a s ons from 1 9 7 6 / 7 7  to 1 9 80 / 8 1 , the e f f e c t 

o f  C o  on gre a s y  p r i c e  in the 3 3 - 40 \lm MFD range wa s inve s t i ga t ed . 

S e a son C a tegory Ave rage Gre a s y  Average D i s c oun t 
P r i c e  

C /kg c /kg 
7 6 / 7 7  FF 2 4 7 . 8 5 

s e  2 2 0 . 9 3 2 6 . 9 2 

HC 2 0 9 . 60 3 8 . 2 5 

7 7 / 7 8 FF 2 1 3 . 3 0 

se 1 8 5 . 0 3 2 8 . 2 7 

HC 1 8 5 . 43 2 7 . 8 7 

7 8 / 7 9 FF 2 2 8 . 1 2 

s e  2 1 8 . 6 7 9 . 45 

HC 208 . 7 0 1 9 . 42 

7 9 / 80 FF 2 9 1 . 40 

se 2 62 . 3 2 2 9 . 0 8 

HC 254 . 5 0 3 6 . 9 0 

80 / 8 1  FF 2 69 . 9 7 

s e  2 3 6 . 9 5 3 3 . 0 2 

HC 2 24 . 1 3  45 . 84 

FF = Fu l l  F l eec e , SC = S o f t  C o t t , HC = Hard C o t t  

Henc e , the mean d i s c ount over the f ive s ea sons cons idered was 

25 . 35 c /kg for s o f t  c o t t s  and 3 3 . 6 6 c /k g  for hard c o t t s . 
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APPENDIX VI 

THE EFFECT OF TENDERNE S S  ON GREASY PRICE 

U s ing the New Zealand Wool  Board S ta t i s t i c a l  Handb ooks for the 

f ive woo l - s e l l ing s e a sons from 1 9 7 6 / 7 7  to 1 980 / 8 1 , the e f f e c t 

o f  T on gre a s y  p r i c e  in the 3 3  - 40 �m MFD range wa s inve s t i ­

ga ted . 

S e a s on C a tegory Ave rage Gr easy  Aver age D i s c oun t P r i c e 

c / kg c /kg 

7 6 / 7 7  FF 2 4 7 . 85 

T 2 2 3 . 9 6 2 3 . 8 9 

7 7 / 7 8  FF 2 1 3 . 30 

T 1 8 6 . 5 6 2 6 . 7 4 

7 8 / 7 9 FF 2 2 8 . 1 2 

T 2 2 7 . 5 3 0 . 5 9 

7 9 / 80 FF 2 9 1 . 40 

T 2 7 7 . 8 2 1 3 . 5 8 

8 0 / 8 1  FF 2 6 9 . 9 7 

T 2 62 . 42 7 . 5 5 

FF = Fu l l  f l e e c e , T = Tender 

Hence , the me an d i s c ount over the f ive s easons c on s i d e r e d  

was  1 4 . 4 7 c / kg .  
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APPENDIX VII 

UNDERLYING PRODUCTIVITY AS SUMPT IONS AND CALCULATI ONS 

Un l e s s  s ta t e d  o therwi s e , bas i c  d a t a  is from Appendix IV . 

1 .  Numb er o f  Ma t ings per L i f e t ime 

As suming there are four age gr oup s 1n the f l o ck and a 

mor ta l i ty r a t e  o f  5 . 1 % ,  the p ropor t ion o f  two- too th s  

i n  the f l o ck 

= 1 
1 + 0 . 949 + 0 . 9 0 1  + 0 . 8 5 5  

= 0 . 2 7 ( 2 7 % )  

Hence , the number o f  ma t ings p e r  l i f e t ime 

= 1 

0 . 2 7 

= 3 . 7 0 

2 .  Average Va lue o f  Lamb s S o l d  

Given a n  expo r t : s t ore l amb r a t i o  o f  4 . 3 : 1 ,  and an 

average r e turn o f  $ 1 4 . 8 8 for export  l amb s and $ 1 2 . 7 3 

for s tore l amb s , the average va lue o f  l amb s s o l d . 

= 

= 

( 1 4 . 8 8 X 4 . 3 ) + ( 1 2 . 7 3 X 1 . 0 )  

5 . 3  

$ 1 4 . 4 7 



3 .  Va lue o f  an Extra Lamb 

204 . 

The va lue o f  an extra l amb was c a l cu l a ted in a s imi l ar 

way to Cunn ingham and Gj edrem ( 1 9 7 0 )  by  ac c oun t ing for the 

d e trimen t a l  e f fe c t s  o f  twin b ir th s  on l amb va lue . 

S ingle  

Twin 

80% expor t 

+ 20%  s tore 

40% expor t 

+ 60% s tore 

0 . 80 

+ 0 . 2 0 

0 . 40 

+ 0 . 60 

The va lue o f  an extra l amb � s  

$ 2 7 . 1 8 - $ 1 4 . 45 = $ 1 2 . 7 3 

X $ 1 4 . 8 8 

X � 1 2 . 7 3 

$ 1 4 . 45 

X $ 1 4 . 88 

X � 1 2 . 7 3 

$ 1 3 . 5 9 X 2 = $ 2 7 . 1 8 

O ther c o s t s  invo lved w i th rear ing twins , c ompared wi th 

s ingl e s , have been i gnored . The s e  incluse the e x t r a  

f e e d  c o s t s  o f  the ewe wh i ch wi l l  d epend o n  s e a s on a l  

c ond i t ions , the gre a t er per iod  o f  t ime twins may b e  kept 

on the farm and the greater d r enching c o s t s  a s s o c i a ted  

w i th more l amb s . 

4 .  Average Annua l  F l ee c e  We igh t  p e r  Li fe t ime 

The average annual f l e e c e  we i gh t  per l i fe t ime wa s 

c a l cu l a t e d  from produc t ion da t a  pre s ented by  D a l tan and 

Rae ( 1 9 7 8 ) . 

Times Total wool T ime in 
Category Annual Wool Product ion 

Shorn Production Category 

Range Mean 

kg kg kg mon ths 

Lamb 0 .  8 5-1 . 7 0  1 .  2 7  1 1 . 2 7 5 

Hogget 2 . 7 0-4 . 20 3 . 4 5 1 3 . 4 5 10 

Matu re 3 . 50 - 5 . 4 0 4 . 4 5 4 1 7 . 8 0 48  

Total 22 . 5 2 6 3  
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Henc e , the average annual f l e e ce we i gh t  per l i f e t ime 1 s , 

2 2 . 5 2 
63 X 1 2  = 4 . 2 9 kg 

I t  i s  as sumed tha t  the produc t ion data  from Dal ton and 

Rae ( 1 9 7 8 )  for res e ar ch f l ocks  i s  app l icab l e  to c omme rc i a l  

c ond i t i on s . E xamina t i on o f  N . Z . M . W . B . E . S .  ( 1 9 7 9b , 1 9 80b , 

1 9 8 l b ) sugge s t tha t  they do c o rrespond . I t  i s  fur ther  

a s sumed tha t  the  value  per kg of  the  woo l from the 

d i f ferent  age c a t e g o r i e s  1s equ iva l en t . 

5 .  To t al  Annua l  Expre s s ions of  F l e e c e  Produc t i on 

Years o f  f l eece  pro duc t ion up to f ina l l amb ing 

= 3 . 7 0 ma t ings + 1 

= 4 . 7 0 

P lus , p r od u c t ion from f inal  l amb ing to  cu l l ing 

= 0 . 5  

P lus , ac c re d i t a t ion o f  produc t ion from cu l l ed ewe 

hogge t s . 

= ( 0 . 5  X 0 . 8 9 - 0 . 2 7 )  
0 . 27 

= 0 . 65 

( S e e  6 for 0 . 89 )  

Total  annual exp re s s ions o f  f l e e c e  produc t ion 

= 4 . 7 0 + 0 . 5 0 + 0 . 6 5 

= 5 . 8 5 

6 .  Lamb P roduc t ion pe r L i f e t ime 

Given a l amb ing % o f  9 3 . 3% and a mor tal i ty r a t e  o f  4 . 7 % ,  

the p e r c en tage o f  l amb s weaned 

= 9 3 . 3  X 0 . 9 5 3  

= 88 . 9 %  or  0 . 8 9 l amb s per year 



On a l i fe t ime b as i s , the numb e r  o f  l amb s weaned 

= 3 . 7 0 X 0 . 8 9 

= 3 . 2 9 

Le s s  on r ep l ac emen t  

= 2 . 2 9 

7 .  Ewe Margina l Food Cos t 

2 0 6 . 

Given a ewe body we igh t  o f  5 5  kg , and assuming ma int enance  

requ iremen t s  are propo r t iona l to (body we i gh t ) 0 . 7 5 , then 

a l .kg increase  in ewe body we igh t  produc e s  an inc re a s e  

ln ma in t enanc e c o s t s  o f  

( 5 6 ) 0 .  7 5  - ( 5 5 ) 0 .  7 5  

( 5 5 ) 0 .  7 5  
= 1 . 34% 

Food r e l a ted var i ab l e  c o s t s = $ 3 . 1 7 / s . u . /year 

Ther e fo r e , the inc reas e d  c o s t s  per kg = $ 3 . 1 7 x 1 . 34% 

= $ 0 . 0425  

Expres s ing th i s  on  a l i fe t ime b a s i s  g lve s a ewe mar g inal  

l i fe t ime food c o s t per kg body we i gh t  of 

$0 . 04 2 5  X 4 . 7 0 = $ 0 . 2 0 
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APPENDIX VIII 

ALTERNAT IVE AS SUMPTIONS AND CALCULAT IONS FOR EWE 

BODY WE IGHT 

1 .  Given a me an expo r t  mu t t on c arca s s  we i ght  o f  1 9 . 3 5 kg 

( N . Z . M . W . B . E . S . , 1 9 7 7 c , 1 9 7 8c , 1 9 7 9 c , 1 9 80c , 1 9 8 1 c )  and 

an average re turn for mixed-aged ewe s of $ 1 1 . 43 ,  the 

re turn s per kg carc as s w e i gh t  

= $1 1 . 43 

1 9 . 35kg 

= $0 . 5 9 /kg 

As suming a dre s s ing % of 45% , a 1 kg inc r e a s e  in l ive 

we igh t  produc e s  a 0 . 4 5 kg inc re a s e  in carc a s s  we i gh t . 

Ther e for e , r e turns from a 1 kg �ncrease  in l ive we igh t  

are inc r e a s e d  by 

0 . 45 X 0 . 5 9 = $0 . 2 6 /kg 

2 .  Increas ing l ive we igh t  by 1 kg pr oduc e s  a 1 . 34% inc r e a s e  

� n  food r e l a t e d  c o s t s . I t  may be  a s sumed tha t  th i s  l e ads  

to a d e c r ea s e  in s tocking r a t e  of  1 . 34% of  a s tock un i t , 

i f  the r e  is  no e x t ra feed ava i l ab l e  in the s y s t em .  

Average ne t farm income for the Nor th I s l and H i l l  

coun try farm c l a s s  was $ 6 . 1 7 / s . u .  for the s ea s on s  

1 9 7 6 / 7 7  to 1 9 7 8 / 7 9  ( N . Z . M . W . B . E . S . , 1 9 7 8a , 1 9 7 9 a , 1 9 80 a ) . 

Henc e , the redu c t ion in ne t farm �ncome 

= $ 6 . 1 7 X 1 . 34% 

= $0 . 0 8 3  
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APPENDIX IX 

SELE CTION OBJECTIVE EQUATIONS 

The equa t i on s de fining the s ix s e l ec t i on ob j ec t ive s c an b e  

wr i t ten as : -

Greasy Sho r t  = 4 7 . 1 0 NLW + 1 . 0 3 WW +  1 3 . 34 GFW 

+0 . 6 8 y + 0 . 84 ML - 1 .  4 1  s e  

Greasy Long = 4 7 . 1 0  NLW + 1 .  0 3  WW +  1 3 . 34 GFW 

+0 . 7 3 y + 0 . 1 9 ML - 0 . 8 8 s e  - 0 . 1 3 MFD 

Greasy Al l = 4 7 . 1 0 NLW + 1 .  0 3  WW +  1 3 . 34 GFW 

+0 . 68 y + 0 . 68 ML - 1 .  41  s e  

C l ean Shor t = 4 7 . 1 0 NLW + 1 .  0 3  WW +  1 6 . 9 8 CFW 

+ 1 . 0 8  ML - 1 .  7 2  s e  

C l ean Long = 4 7 . 1 0 NLW + 1 .  0 3  WW +  1 7 . 40 CFW 

+0 . 2 4 ML - 1 . 1 0 s e  - 0 . 1 6 MFD 

C l ean Al l = 4 7 . 1 0 NLW + 1 . 0 3 WW +  1 6 . 9 8 CFW 

+0 . 8 7 ML - 1 .  7 2  s e  



!Tr a i ts Phenotypi c  
S . D .  

NLW 

NLW
2 

0 . 6 5 ( lamb ) 0 . 10 

ww 3 . 0 0 ( kg )  0 . 1 2 

HBW 4 .  50  ( kg )  0 . 1 5 

HCFW 0 . 40 ( kg )  0 . 0 0 

HGFW 0 . 4 5 ( kg )  o . o o 

y 4 . 0 0 ( % )  0 . 0 0 

SL l. 7 0  ( cm)  0 . 0 5 

se 0 . 9 4 (grade)  
3 

0 . 0 0 

MFD 2 . 7 0 ( ]..1 ) 0 . 10 

QN 1 . 7 5 ( QN grade ) 0 . 0 0 

CHG 1 . 10 ( grade)  
4 

Co 0 . 50 ( g rade)  
4 

T l .  2 0  (g rade)  
4 

1 .  Gene tic above 
Phenotypic below 
h2 on di agonal 

0 . 0 0 

0 . 0 0 

0 . 0 0 

APPEND I X  X 

GENETIC AND PHENOTYP IC PARAMETERS 

Her i tabi l i ties and Cor r elat ions 
1 

ww HBW HCFW HGFW y SL se MFD QN CHG 

0 . 1 2 0 . 20 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 15 o . o o 

0 . 20 0 . 7 0 0 . 2 0 0 . 20 0 . 0 0 o . o o o . o o  0 . 0 0 0 . 0 0 0 . 0 0 

0 .  50 0 . 3 5 0 . 3 0 0 . 3 0 0 . 0 0 0 . 20 0 . 0 0 0 . 0 5 0 . 10 0 . 0 0 

0 . 3 0 0 . 4 0 0 . 2 5 0 . 9 0 0 . 0 0 0 . 5 0 0 . 0 0 0 . 50 -0 . 3 0 o . o o 

0 . 3 0 0 . 4 0 0 . 9 0 0 . 2 5 0 . 0 0 0 . 4 0 o . o o 0 . 4 0 -0 . 2 0 0 . 0 0 

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

0 . 10 0 . 3 0 0 . 50 0 . 4 5 0 . 2 5 0 . 3 5 0 . 0 0  0 . 50 -0 . 6 0  0 . 0 0 

0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 3 0 0 . 2 0 0 . 20 0 . 20 

0 . 1 5 0 . 2 0 0 . 5 0 0 . 4 5 0 . 3 0 0 . 4 0 0 . 2 0 0 . 50 -0 . 4 0 0 . 0 0 

- 0 . 0 5 -0 . 0 5 -0 . 3 5 -0 . 2 5 - 0 . 4 0 -0 . 5 5 0 . 2 0 -0 . 4 0 0 . 3 5 0 . 50 

0 . 0 0 0 . 0 0  0 . 0 5 0 . 1 0 0 . 0 0 0 . 0 0 0 . 10 0 . 0 0 0 . 3 5 0 . 2 5 

0 . 0 0 0 . 1 5 0 . 2 0 0 . 2 0 0 . 0 0 o . o o 0 . 20 0 . 20 0 . 20 0 . 20 

o . o o  0 .  20 0 . 3 0 0 . 3 0 0 . 0 0 0 . 3 0 0 . 10 0 . 20 - 0 . 10  0 . 0 0 

2 .  Repeatab i l i ty = 0 . 1 5 3 .  New Zealand Wool Board 1 to 4 grade 

4 .  Massey Un ive r s i ty 1 to 9 grade 

Co 

0 . 0 0 

0 . 0 0 

0 . 15 

0 . 4 0 

0 . 4 0 

0 . 10 

0 . 0 0 

0 . 3 0 

0 . 6 0 

0 . 5 0 

0 . 50 

0 . 1 5 

0 . 1 5 

T 

0 . 0 0 

0 . 0 0 

0 . 20 

0 . 6 0 

0 . 60 

0 . 2 0 

0 . 4 0 

-0 . 2 0 

0 . 4 0 

-0 . 20 

0 . 0 0 

0 . 20 

0 . 10 

N 
0 
\.0 
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