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INTRODUCTION 



1 

INTRODUCTION 

Fleeceweight Selection and the Role of Genetic Markers 

I n  New Zealand, sheep r e lated product s provide a substant ia l  

contr ibut ion to the nationa l  e conomy . Tradit iona l ly ,  t he nat iona l  

economy has been inf luenced by t he f luctuat ing pr ice s o f  both meat and 

woo l  in wor ld markets . New Zea land is the s econd large s t  wool 

producer in the world and it i s  the dominant coar se woo l  producer, 

acc ounting for approximately 45 per cent o f  world pr oduct ion and 70 

per cent of al l internationa l ly traded coar se wools (Anon, 1989) . 

O f  t he var ious wool character i s t i c s  which det ermine returns to 

the farmer, product ion per head is probably the mos t  important 

( W i ck�am and McPherson, 1985) . By wor ld standards , t he average 

pr oduction of wo o l  by New Zea land sheep is high . The nat iona l  c l ip 

a verage is 5 . 5  kg per head and the lambing percentage i s  just under 

100 per cent ( Anon,  1989) de spite relat ively low labour input s int o 

New Z ea land flocks . It is imp ortant for each individua l farmer , as  

we l l  a s  New Zealand as a who le , to ma inta in a high p o s it ion in the 

wor ld mar ket and, in order to do this , way s have to be found to 

increa s e  the ga ins made from t he product ion of woo l . 

One method by which per head product ion may be increa sed is 

t hrough genet ic select ion . Current ly in New Zealand, rams are 

s e le c t e d  as two t ooths ( i . e .  approximately 15 month s  o f  age ) , us ing 

meas urement s such as their own greasy f leece weight , and poss ibly that 

of t h e ir relat i ves , as indicat ors of super ior woo l product ion . Total 

f leecewe ight i s  ca lculated for each ram and is somet imes adjusted for 
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non-genet i c  fact ors  such a s  date of  birt h ,  birt h  rank ( i . e .  s ingle or  

twin) , body weight and mate rnal a ge . Once these fact o r s  have been 

taken a c count o f ,  t hose rams with the best adjusted f leecewe igh t s  are 

selected and used a s  si res . Those rams not chosen, due t o  t he i r  lowe r  

production f igure s ,  a re culled . 

One o f  the ma j o r  limitat ions inherent in this met hod of 

selection i s  the increase in t he gene rat ion interval . The generat ion 

int e rval is de fined as the average age o f  the parent s when the 

o f f sp r ing a re born . Thus the gene rat ion interval on the ma le s ide for 

mo s t  current sheep s election procedures i s  at least two years ( i . e .  

the rams will be a minimum of  two years old when the i r  p rogeny a re 

born)  . Gene rat ion interva l i s  a l so at least two ye a r s  on the fema le 

s ide but tends to be somewhat longe r on ave rage bec ause ewe s typically 

rema in in the breeding flock unt il they a re 5-6 yea r s  o ld .  

The rate o f  genetic gain per year i s  equal t o  t h e  product of 

heritabi lity and se lect ion different ial  divided by t he gene rat ion 

interva l . Thus , one way of maximis ing genetic gain per year is to 

minimi s e  the gene rat ion inte rva l .  Mo reover ,  s ince hogget s e lect ion 

doe s  not occur unt i l  the anima l s  are two-t ooths , a l l  the ram and ewe 

hogget s must be c a rried through their first  winter f o r  selection and 

f i r s t  mat ing as t wo-tooths ( autumn ) . Consequently, t h i s  prevent s 

other s t ock ( e . g .  breeding ewe s )  from being wintered and a l s o  means 

that the breede r has to ca rry potent ially less product ive stock ( e . g .  

hogget s ) . To be able to minimi se the gene rat ion on t he ram s ide , the 

b reede r  must be able to predict the gene t ic me rit o f  r ams at  an 

e a rlie r age ( e . g  based on lamb fleecewe ight ) and c a r ry only rams 



selected on this  b a s i s  over the winter .  However,  the mate rnal 

influence ( such as e f fects of  b i rt h  rank and dam age ) and other 
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envi ronmental inf luences on lamb wool growth a re much greater than on 

the h ogget fleecewe ight re sult ing in a lowe r heritabi lity for lamb 

fleecewe ight compa red with hogget f leeceweight . 

The he ritab i l ity of fleeceweight is 0 . 3-0 . 4  ( B l a i r  et al . 1 9 8 5 )  

indicat ing that the re i s  also a l a rge envi ronment al comp onent (e . g .  

nut rition , disease ) to  which the individua l s  are sub j ected . Thus the 

accuracy with which the anima l s  can be ranked on gene t i c  me rit us ing 

one phenotypic fleece production record only ( inc luding t hat at the 

hogget s t age )  is relatively low . This const itutes another limit at ion 

to improving rates of  genetic gain . 

Due to  the above limit at ions of current selection procedure s ,  

there h a s  been cons iderable interest throughout the world in 

alternat ive methods of se lect ion . The pos s ibi lity of  u s ing genetic 

ma rke rs to increa s e  the rate o f  genetic improvement in s heep and other 

dome s t ic animals  has received much attent ion in recent yea rs . 

McCut cheon and MacKenzie ( 1 9 8 9 )  de fined genetic ma rke rs a s  

"characterist ics o f  a n  anima l ,  other than i t s  own production,  which 

may be u sed to  predict genet i c  me rit for production t ra it s . "  A genetic 

ma rke r  must ful f i l l  a number of  criteria before being able to  be used 

succe s s fully . Firstly, it must be e a s i ly measured, its a s s ay be ing 

both inexpens ive and manageable with respect to ease and t ime 

invo lve d . Secondly, a ma rke r must be repeatable unde r a variety of  

conditions and ideally be able t o  be mea s ured in both f emales and 

males  at a young age . Final ly ,  and most important ly,  a marker must be 

genet i c a l ly corre lated with the production t rait in que s t ion and not 
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be adve r s e ly corre l ated with othe r impo rt ant product ion trait s . 

Markers which permitted ident i fic at i on of s uper i or rams and 

ewes at , or before puberty, could allow select ion to be c arr ied out at 

an e a r l i e r  age ( le s s  t han 6 - 8  months ) thereby resulting in the progeny 

being born when the parent s we re one yea r  o ld .  By doing this , t he 

gener a t ion interva l would be e f fective ly halved and t he rate of  

gene t i c  gain doubled, at  least on the ram s ide ( a s suming that the 

marker s were a s  accurate as s e lection on hogget f leecewe ight ) . 

Another ma j or advant age o f  us ing genetic marke r s  over the 

current s e lect ion procedure could be the abi l ity to c u l l  unde s i rable 

rams and ewes at an earlier age . This could result in  fewer dry stock 

being c arried over the winter , and so increa sed pro f i t s  due to an 

increa s e d  proport ion of the s t o c k  carr ied be ing breeding anima l s . The 

use of genet ic ma rkers to incre ase the rate of genet ic gain in t he 

sheep industry could also re s u l t  in inc rea s ed accuracy of  prediction 

of  gene t ic mer it . 

There are three ma in ways by which genet ic marker s can be 

found, t hrough the use of  selection line s ,  progeny t e s t ing and breed 

comp a r i sons ( B l a i r  et al . 1 9 9 0 ) . Select ion lines can be used t o  

iden t i fy po s s ible markers b y  s tudying differences in t he phys iol ogy o f  

s heep f rom l ines of  low vs h igh genet ic me rit . Lines have been 

e s t ab l i shed by s e lecting ewes of low or h igh merit (ba sed on the i r  own 

w o o l  p roduct ion ) which a re in turn mated t o  rams o f  l o w  or high merit . 

Repea t ed mat ings o f  this type over a number of yea rs ma int ain the 

l in e s  a nd incre a s e  the average genetic d i f ferences between t he groups . 
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The phenotypic di fferences between t he se lines can be a s s umed 

to be due prima r i ly to genetic diffe rences i f  the lines a re se lected 

in a c ommon environment . Howeve r ,  selection lines only a llow a 

compa r i s o n  of  groups differing in ave rage genet ic me r i t  s ince t he 

gene t i c  me rit of  individua l an imals within each l ine i s  norma l ly not 

known . 

Due to the length of  t ime associated with select ion 

expe r ime nt s , one of the mo st important cons iderat ions is the cost of 

estab l i s h ing and ma intaining the line s . F o r  these rea s ons , select ion 

l ines a re typ ica l ly small in s i ze ( 6 0  to 2 0 0  breeding females ) ( B la i r, 

1985) . As a consequence of  t he small population s i ze , it is  poss ible 

that genet ic dri ft  can occur . Thus , phy s io logical di f ferences 

obs e rved between l ines may be due to the e f fects of genet ic drift 

rat h e r  t han being co rrelated re sponses t o  t he select ion ( e . g .  for 

f leecewe ight ) . I f  s o ,  they would not be u seful genet i c  marke rs . 

Al so , t he sma l l  s i ze of t he se lect ion l ines may mean t hat they a re not 

representat ive o f  the populat i on as a who l e ,  so tha t  ma rkers that are 

appa rent ly e ffect ive in the l ines may not be useful p redictors of  

gene t i c  me rit in commercia l  f l ocks . 

An alternat ive approa c h  to the use of select ion l ine s is  t o  

employ progeny t e s t s  i n  ident i fying genet ic ma rke r s . The principle 

invo l ved in p rogeny test ing i s  the use of  the ave rage production of 

the unselected o f f spring of a n  individual to predict its breeding 

va lue . S i re s  a re bred t o  a random group of  dams , f rom which the 

p rogeny a re obta ined . 
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P rogeny test ing can be u s ed to ident ify genet i c  markers a s  we l l  

as t o  s e lect s i res . For examp le ,  rams c a n  be chos en f o r  diffe rent 

level s o f  a poten t i a l  genetic ma rker { e . g .  plasma urea concent rat ion ) , 

bred t o  a random group of  ewes and the p rogeny obtained . P roduct ion 

chara c t e ristics of the progeny { e . g .  hogget greasy f leeceweight ) c an 

then be measured and the corre lation between thes e  characte ristics and 

the l eve l of gene t i c  ma rke r in the s i re can be found . The magnitude 

o f  t he s e  co rrelat ions can t hen be used t o  determine whether t he ma rke r 

i s  u s e f u l  as a p redict or of  genet ic me rit for f leecewe ight . 

An advant age of progeny test ing i s  t hat it can be used to 

det e rmine the genetic merit o f  individual s i res . T h i s  differs from 

selection experiments whe re only the ave rage genet i c  me rit of the line 

as a whole can be determined . As a result , the great advant age of 

progeny test ing is that marke r s  can be eva luated in rams whose genetic 

me rit i s  known accurately . 

P rogeny t e sting can be used to select for mo re than one 

produ c t ion t rait at any one t ime { e . g .  fleecewe ight and ovulation 

rat e )  . This di f fers from the use of selection lines whe re select ion 

is generally on the bas i s  of one t ra it . Likewise , p rogeny test ing can 

be u s e d  to s imu lt aneous ly eva luate a number of  potential  ma rke rs 

(me a s u red in the sire )  to c r eate an index-based p redictor of  gene t ic 

me r i t . 

The long generation interval is one of  the disadvantage s of  

u s i n g  progeny testing to eva luate ma rke r s . The use of  p rogeny test ing 

h a s  been ques t ioned on the g rounds that if one mus t  wa it to test 
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s ire s ,  the interva l  between ident ificat ion o f  a potent ia l marker and 

eva lua t ion of its u s e fulness is lengthened . Therefore , progres s i s  

s l ower t han it might be if  selection line s  were used . As  a 

consequence o f  t hi s ,  most  research int o detect ing gene t i c  markers has 

involved the use o f  selection experiment s . An added di sadvantage of 

progeny test ing is its  expens e ,  although results can be accumulated 

over s everal year s . Greater accuracy i s  obtained when markers are 

eva luated in large numbers of s ires which are progeny t ested . 

However , in pract ice , it is not pos sible t o  test large groups o f  s ires 

due to the c o s t s  and time invo lved . Consequent ly , progeny test ing 

schem e s  to eva luate marker s  wi l l  typica l ly be sma l l  in s i ze and 

res u l t s  there fore may not apply to the wider popu lat ion of s ire s . 

Comparis ons can be made between breeds to help detect genetic 

mar ker s .  In t h i s  s ituat ion , dif ferent breeds o f  anima l s  are chosen 

which exhibit diver se product ion characteristics  with the pos s ibility 

of d i f ferences be ing due to variat ion in genet ic mer i t . However , the 

breeds may be s e lected on dif ferent tra i t s  and p o s s ibly on more than 

one trait . Therefore,  phy s i o logical dif ferences could be a 

consequence o f  se lection for traits other than the one o f  interest . 

Als o ,  a s  the t wo groups o f  animals have not come from the same ba se 

population , it is difficult to conc lude that their dif ference s are 

s o l e ly genet i ca l ly based and not the result o f  envir onmenta l 

var iat ion . T here fore , t h i s  method o f  detect ing genet ic marker s is 

u s e d  only a s  a guideline for the other t wo met hods o f  s e lect ion stated 

above . 
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I n  general , progeny t e s t ing and s e lect ion expe r iment s a re t he 

mo s t  c ommon methods used t o  detect genet ic ma rke r s . P rogeny test ing 

tends t o  be ca rried out init i a l ly,  after which anima l s  showing 

supe r i o r  genetic me rit are used in a sele ct ion f lock f o r  a part icular 

t ra i t  o f  interest . 

Selection Flocks Based on Fleeceweight and Related Characteristics 

F locks se lected for inc reased fleeceweight have been 

e s t a b l i shed in a number of breeds . The flocks have been clas s i f ied as 

e i t h e r  s ingle cha racter select ion flocks ,  in which s e lect ion i s  s o lely 

for inc reased greasy or clean fleece we ight , o r  flocks  in which 

se lect ion is prima rily for inc reased f leece we ight but whe re othe r 

cha racters are taken into account (McGu i r k ,  1 9 8 3 )  . T able 1 out l ines 

t he s everal select ion expe r iment s for increased fleeceweight which 

have been repo rted in the l it e rature . Most of  the s e lect ion 

exp e r iment s have been based i n  Austra l i a  us ing Me rino sheep . Wo rk has 

a l s o  been carried out in New Zealand us ing Romney s heep . 
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Table �- Summary of selection experiments for increased fleece weight 

Breec Flocks Size of flock 

Ra..r:1s 

Duration of References 

experiment 

a) Single trait selection flocks: 

Australian 

Me:::-i.no 

5 

Conc:ro_ 10 -25 

Ausc::::-alian High C?� 
Merino 

Cont:::-ol 

N Z 1 __, >< .  . G- .. b ew ea_c.n�.... ; . .:..gn -� .v 

Rornney 

Cont:::-ol 

New Zealanc Eigh G?� 
Romney 

Cont=:)2. 

New Zealanc Eigh G?N 
Rornney 

Conc::::-:::ll 

New Zeala�d High GF� 
Rornney 

Control 

b) Multi-trait selection flocks: 

1 

5-lO 

4 

4 

5 

2'J 

10 

10 

10-15 

Australian High C?W 6 

Merino with limits on crimp 

frequency, skin 

wrinkle and face 

c over 

Control 1 0 -25 

100 195 1-

100 1951-

32-50 195 4-1915 

200-250 1948-1976 

80 1958-

80 1958-

200 2.961-

200 2.961-

200 1985-

lOO 1986-

20 0 198 4 -

20 0 1984-

20 0 1947-1972 

1 0 0  1951-

Australian High CFW 5-15  20 0 - 6 0 0  195 0 - 197 8 
Merino with limits 

on skin wrinkle and 

fibre diameter 

Control 5-10 20 0 -25 0 194 8 - 197 6 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  



Australian High CFW 

Me!:ino 

South 

African 

Merino 

with limits 

on skin wrinkle 

and either fibre 

diameter or crimp 

frequency 

Control 

Clean fleece 

mass with limits 

on fibre diameter 

and crimp 

frequency 

Control 

a=clean fleece Neight 

b=greasy fleece Neight 

References 

1=Pat�ie and Ba::::ow, 197 4 

2=McGui:::k, 1980b 
3=Turne::: and Dol:ing, 1970 

4 =Blai:::, 1981 

S=Johnson and Dobbie, 1987 

6=Eawke::: et al. 1988 

7=Eawke!: and McSwan, 1986 

8=Dun and Eastce, 1970 

5-8 100-250 1950-1979 

5-10 200-250 1948-1976 

5 160 1969-

16 160 1969-

9=McGuirk, 1980b 

10=Turner et al. 1963 

1l=Turner and Jackson, 1978 

12=Turner et al. 1968 

13=Turner and Jackson, 1978 

14=Turner and Jackson, 1978 

15=Heydenrych ec a'. 1977 

12 
1 3  

10 

14 

15 
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1) Trangie, Australia 

Me r ino select i on flocks we re first  e s t ablished in Aus t r a l i a  

around 1950. The ma in aim of the expe r iment s was to check the 

predict ion that mas s  selection for cha racte r s  such a s  fleeceweight was 

ef fect ive , and to improve the understanding of  wool and skin bio logy . 

Mult i - t rait flocks we re also established w i t h  the aim of  not only 

increas ing fleecewe ight but also maint a in ing wool quality and reducing 

such faults a s  exce s s ive skin fo lds ( wrinkle s )  and face cover . 

Pattie and Ba r low (1974) de sc ribed the establ i s hment of  

select ion flocks e s t ablished at Trangie Agr icultural Re search Stat i on 

in New South W a le s , Aus t ralia . Two c losed s e lection flocks were 

establi shed in 1951, each con s i s t ing of  100 ewes mated to five rams . 

One f lock was selected for high clean fleece weight (Fleece-plus ) and 

the othe r for low c lean fleece weight (Fleece-minus ) A randomly 

selected cont rol f lock (100 ewe s mated to 10-25 rams ) was used t o  

measure the response to select ion i n  t h e  F leece-plus and Fleece -minus 

flocks over app roximately five gene rations ( approximately 15 yea rs ) . 

All t hree flocks  we re selected from a base populat ion cons ist ing o f  

1700 ewes and 150 rams , and we re ma inta ined i n  the s ame env ironment . 

Respons e  t o  fleeceweight select ion in the Fleece-plus flock 

' plateaued' after the first two gene rat ions of select ion . Aft e r  the 

second gene rat ion , response pract ically ceased despite cont inued 

s elect ion pre s s u re . This wa s reflected i n  a realised heritab i l i t y  of  

0.07 which wa s not s ignificant ly dif fe rent f rom z e ro . An eventu a l  



12 

plateau may have been expected a fter severa l generations based on 

earl ier experiment s with laboratory anima l s  and poultry , but c e s sat ion 

of response after the second generation wa s quite unusua l . McGuirk et 

a l . ( 1 9 8 6 )  acknowledged the fact that ga ins in these f l ocks  were be low 

expectat ions . 

Pattie and Bar low ( 1 9 7 4 )  suggested t hat sampl ing var iat ion and 

the po s s ibility o f  direct iona l  dr ift in t he control flock could be 

partly respon s ible for the unusual result s . Genotype x environment 

interact ion can a l s o  reduce selection re sponses . These int eract ions 

have been recorded in the Trangie flocks where large di f ferences in 

clean f leecewe ight between the Fleece-p lus , Control and F leece-minus 

flocks at high levels of nutr it ion were much reduced after low levels 

of feeding . Al s o ,  clean f leeceweight i s  a complex character with a 

number of readi ly mea sureable component s .  There fore , many fac t or s 

make up fleecewe i ght product ion which could also result in increa sed 

errors and unus ua l  results in terms of response to se lect ion f or clean 

f leece we ight . 

2 )  CSIRO , Australia 

At approximately the same t ime a s  the f irst exper iment s a t  

Trangie bega n ,  s e lect ion f locks were e s tablished a t  Cunnamu l la ,  

Queens land, Aus tral ia by the Commonweal t h  Sc ient i f ic and Indu stria l  

Res earch Orga n i zat ion ( C S I RO ) . However , a fter a succes s ion o f  poor 

sea sons , the f locks were moved to more favourable condit ions at 

Armidale,  New S outh Wa les ,  Austra l ia . 
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Turner ,  D o l l ing and Kennedy ( 1 9 6 8 )  and Turner ,  Brooker and 

Dolling ( 1 9 7 0 )  have repo rted on expe riment s u s ing the se lection flocks  

of  C S I RO . In 1 9 4 7 ,  b reeding experiment s with medium-woo l  Peppin 

Me rinos began with the aim of e s t imat ing t he heritability or gene t i c  

correlat ions of  p roduct ion characteristics  a nd compa ring two methods 

of  s ire select ion ( Tu rne r et al . 1968). Two of  the groups whi ch began 

in 1 9 4 7  were the S ,  in wh ich s i res were s e l e cted on the i r  own 

performance plus that of their half-sibs , a nd the MS , with select ion 

on t he s ires' own pe rformance a l one ( Turner et a l . 1 9 6 8 ) . Aga in,  a 

random cont rol group ( C )  wa s fo rmed so  that the results of s e lect ion 

could be measured . 

Turne r et a l . (1970) studied direct and correlated respons e s  

unde r selection f o r  high and l o w  va lue s o f  s ingle cha racte r i s t i c s  

clean wool we ight per head, c lean wool weight pe r unit s kin a rea , 

bodyweight , wrinkle score , fib re number p e r  unit skin area,  fibre 

diame t e r ,  staple length and percent age c le a n  yield . I t  was found that 

all select ion groups showed overall dive rgence in t he character under 

select ion, t hough response was not a lways symmet rical . In t wo c a s e s  

( staple length a n d  fibre numb e r )  there w a s  n o  cont inuing respon s e  

a f t e r  the init i a l  response t o  ext reme s e lect ion of t h e  b a s e  pa rent s .  

Woo l  weight per unit area was shown to h a ve a greater inf luence on 

clean woo l weight t han that o f  surface a re a ,  with staple length on 

t h i s  occasion being the mos t  important component o f  wool  we ight per 

unit a rea ( Turner et a l . 1 9 7 0 ) . 
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Turne r ,  Doll ing and Kennedy ( 1 9 6 8 )  worked with the t wo C S I RO 

s e lect ion flocks ove r two periods - 1 9 5 0 -5 9  and 1 9 6 1 - 6 4 . In the f irst 

period, both g roups had select ion aga inst h igh average f ib re diameter 

and high degree of  skin wrinkle , but in one group ( S )  the pe r f o rmance 

of t he ram' s ha lf-sibs was cons ide red a s  wel l  as his own , whi l e  in the 

other group ( MS ) mas s  se lect ion was pract iced for rams . Ma s s  

s elect ion f o r  ewes was pract iced in both groups . In the second 

period, ma s s  s e lect ion wa s used for both sexe s  in both groups , with 

se lect ion aga inst h igh f ibre diamete r  and degree of wrinkle in one 

group (S), and against low crimp frequency and high degree of wrinkle 

in the othe r  ( MS ) ( Turner et al . 1 9 6 8 )  . 

Respo n s e s  in c lean wool weight were s imilar in both t he S and 

the MS groups in the fi rst period for both rams and ewe s . The annual 

rates of  inc rease in clean woo l weight for S and MS we re 2 . 1  and 1 . 8 % 

for rams and 2 . 4  and 2 . 7 % for ewes . Because the rates of  inc rease we re 

s imi lar between the two groups , it wa s concluded that t he met hod of  

selection invo lving the examinat ion o f  hal f - s ibs ( i . e .  t he S group ) 

wa s not wo rthwhile . 

Count e r-select ion aga inst f ibre diameter and wrinkle score was 

s ucce s s fu l  as there we re negligible t rends in these t wo characters . 

The inc re a s e s  in c lean wool we ight were l a rgely due t o  t he increase in 

f ibre numb e r  per unit skin a rea . Greasy wool weight , pe rcentage c lean 

yield, body weight and staple length also showed inc reas e s  with 

increas ing wool weight in  both selected groups ( Tu rner et  a l . 1 9 6 8 )  
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S e l e ct ion against crimp f requency in the MS group was e f fective 

with c rimp number per unit staple length dec re a s ing in both groups . 

This showed the st rong negat ive genet ic co rrelat ion between c lean wool 

weight and crimp numbe r .  No further response was obse rved in the 

second t ime period . 

Turne r and Jackson ( 197 8 )  repo rted on furthe r work select ing 

for clean wool weight in the CS IRO Merino select ion f lo c k s  ove r  the 

pe riod 196 6 -7 4 .  One group ( S ) , had a ceil ing on fib re diameter and 

degree of skin wrinkle , while the other (MS ) had a lowe r  limit on 

staple c rimp f requency and a c e i l ing on skin wrinkle . 

Re sult s showed that the S group made more gene t i c  progre s s  in 

c lean wool we ight than the MS group . This was to be expected a s  c lean 

wool we ight and f ibre diameter have a low but pos i t iv e  genetic 

correlat ion whe re a s  clean woo l  weight and c rimp frequency have a high 

nega t iv e  correlat ion . The se results show that select ion on stap le 

crimp f requency i s  an ine f f i c ient way o f  controlling woo l  quality 

because its use s everely re s t ricts the likely progres s  in wool 

quant i t y . 

The s ugges t ion of  a 'plateau ' was a lso found by Turne r and 

Jac k s o n  ( 1 9 7 8 )  in their study with thes e  groups of M e r inos . For 

anima l s  born during 1 9 6 1 - 6 4  there was a fall in s uper i ority o f  the 

selected group ove r  the cont rol group . Response t o  s election was 
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recovered in the 1 9 6 6-74  period which sugge s t s  that the loss of  

response was due t o  a plateau . I t  wa s thought that these incon s i st ent 

results in the e a r l i e r  1 9 6 6-7 4 period we re due to a genotype x 

env ironment intera c t ion,  the nature of  which is  s t i l l  obs cure . 

3) Massey University, New Zealand 

The work conducted by Blair et a l . ( 1 9 8 4 )  and Blair et a l . 

( 1 9 8 5 )  provided i n f o rmation on the use o f  s e lect ion flocks for gre a s y  

fleecewe ight i n  N e w  Zealand . Two select ion flocks ( a  face-cov e r  g roup 

and a f leecewe ight group ) , and a cont rol f lock,  der ived from the s ame 

base Romney flock , were establi shed at Ma s sey Unive rs ity, Palme rston 

No rt h ,  New Zea land in 1 9 5 6 . 

Ewes were a l loted randomly within age to each o f  the three 

flocks and rams f rom the local studs we re used . In 1 9 5 7 ,  replacement 

1 . 5  year old ewes were a l located to the t h ree flocks at random, f rom 

the 1 9 5 5  drop o f  l ambs in the base flock ( Blair et a l . 1 9 8 4 ) . 

Replacement ewes and rams for  the face- c ov e r  and f leece we ight group 

were s e lected on t he most open faces and the heaviest hogget g re a s y  

f leeceweight s ,  respect ive ly . Selection o f  replacement s  for the 

cont rol flock wa s done at random . Every e f fort was made to ma int a in 

s imi l a r  conditions across the groups and the f locks were managed as 

nea rly as pos s ib l e  to comme rcial condi t ions . 

Blair et a l . ( 1 9 8 4 )  and Blair e t  a l . ( 1 9 8 5 )  examined both the 

response to  selection for open face and the respon s e  to selection for 
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hogget greasy f leece weight . The response t o  selection for open face 

increa s e d  in a l inear fashion in both s exe s . Blair ( 1 9 8 1 )  concluded 

that s elect ion f o r  high face cover grades s hould result in a flock of  

open - face sheep i n  relat ively few gene rations of select ion,  depending 

on t he inten s ity of select ion . 

A s imi l a r  l inear inc rease in response to select ion for greasy 

f leece we ight wa s s een in both ewes and rams with the rate of 

accumul ation be ing approxima t e ly 0 . 2 kg wool pe r yea r  ( Blair et a l . 

1985) . There wa s no s ign o f  any decl ine in the rate o f  respons e  in 

later years . 

Bla i r  (1981) also found that the response in ram hogget greasy 

f leece weight was only about one-half of  t hat which would have been 

predicted by equ ivalent ewe hogget herit ability est imates . This 

diffe rence between the two sexes could be of pract i c a l  s igni f icance to 

comme rcial breede rs especi a l l y  as s igni f icant gene t i c  ga ins could be 

made t hrough mo re intense s e lection for greasy fleece we ight in the 

ewe . 

4) Ruakura ,  New Zealand 

Johnson ( 1 9 8 7 )  reported an experiment on f le eceweight s e lect ion 

flocks  at Ruakura Animal Re s ea rch Station,  Hamilton,  New Zea land . 

Three f locks we re estab l i shed in 1 9 67 - a randomly b red Romney flock,  a 

Romney f lock s e lected for hogget body weight and a Romney f lock 

s elected for hogget fleeceweight . It  was shown t h a t  the ave rage 

h ogget f leeceweight ove r  t h e  season 1 9 7 8 / 7 9  was 2 . 6 5 ,  2 . 7 1  and 3 . 1 7 kg 
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for  t h e  random, hogget body weight and t h e  hogget fleeceweight f locks 

respectively . Thus , the cumu lative res ponse to direct se lect ion for 

f leeceweight wa s approximately 0 . 5  kg ove r  the period from 

commencement o f  t he study to 1 97 8 / 7 9 . 

5 )  Inverrnay, New Zealand 

In the s t udy by Hawke r and Litt le j ohn ( 1 9 8 6) fleeces f rom 

2 8 , 0 0 0  Rornney ewe hogget s in 14 mobs on 7 farms were we ighed . Within 

each mob ,  the t op 1% on hogget fleece weight ( High ) and a random 1% 

( Random) were ident i f ied . Of these,  the top 0 . 6 % on hogget fleece 

we ight from each mob and a random 0 . 3 % we re transfe rred to Woodlands 

Re search Station whe re they were managed as one flock . Select ion of 

ewe hoggets on h igh greasy fleece we ight has resulted in a flock with 

a la rge advantage in  greasy fleece weight relat ive to the random 

f lock . Thi s  adv ant age was mostly independent of liveweight . Other 

responses a s s o c iated with h igh fleece weight were h ighe r fibre 

diameter,  s t aple length and staple s t rength . 

6)  Woodlands, New Zealand 

In 1 9 8 4 - 8 5 ,  a high f leeceweight Rornney f lock was e s t ab l i shed at 

Woodlands Res ea rch Stat ion by screening ewe and ram hogge t s  with the 

h ighest di f fe rent ials for hogget gre a s y  f leeceweight ( Hawker and 

McEwan , 1 9 8 6 ) . A cont rol flock was a l s o  e s t ablis hed cons i s t ing of 2 0 0  

ewes and 1 0 - 1 5  rams , while the select ion f lock was made up o f  2 0 0  ewes 

and 1 0  rams . Hawker and McEwan ( 1 9 8 6 )  noted that f leeceweight­

se lected hogge t s  had h igher mean f ib re diameters and s t aple lengths 



t h a n  cont rol hogget s .  St aple st rength was a l s o  g reater in t he FW 

animals and t h e re was a s ignficant pos it ive relat ionship between 

s t aple st rengt h and clean f leeceweight . 

7 )  Tygerhoek, South Africa 
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I n  1 9 6 9 ,  the Tygerhoek Merino f lock was div ided into five 

g roups , two o f  which we re s elected on c lean fleece m a s s  at 1 8  mont hs 

of age with l imits on fibre diameter and crimp f requency ( Heydenrych 

et a l . 1 9 7 7 ) . Both of these groups contained 160 ewe s and 5 ram s . A 

c o n t rol flock was also e s t ablished consist ing of  1 6 0  ewes and 16 rams . 

Afte r  f ive years o f  se lect ion , the c lean wool production of  the 

two fleece m a s s  groups wa s 0.445 kg and 0. 4 00 kg greater t han the 

control groups ( Heyden rych et al . 1977) . This increase was att ributed 

to the spe c i f i c  select ion procedures ca rried out . It wa s concluded 

t h a t  the product ion of c l e an wool in Merino sheep could be increased 

s ubst ant i a l l y  by direct s e lect ion for c lean fleece mass at 18 months 

o f  age , in as short a per iod as five years , without adversely 

a f fect ing woo l  quality ( Heydenrych et al . 1 9 7 7 ) . 

Correlated Responses 

Selec t i on experiments for clean fleecewe ight are we l l  

e s t ab l ished . Characters which are correlated with fleecewe ight ( e . g .  

fibre diame t e r ,  staple lengt h ,  follicle dens ity and skin wrinkle ) a re 

a l s o  of  int e re s t  a s  t hey may ident i fy pos s ible mechanisms by which 
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selection can bring about an incre a se i n  wool production . Turner 

( 1 9 5 8 ) s tudied the components of  f leeceweight and found that ga ins in 

fleecewe ight could be init ially att ributed t o  increases in  woo l  

product i on / unit a rea of skin or  to  an incre a s e  i n  t h e  woo l  growing 

surface a re a . Both of  these component s can be further s ubdivided int o 

many fact o r s  and it i s  likely that these factors act toge t her to cause 

the ove ra l l  response to selection for c lean fleece we ight . 

1) Wool production/unit area of skin 

a )  F ib re D i ameter 

In New Zealand,  fibre diameter is one of  the characters which 

brings ab out the increases in f leece production . In the s t udy by Blair 

( 1 9 8 1 )  it was conc luded that fib re diameter increased by about 1 . 5  

microns du ring 2 1  years eva luat ion . Howeve r ,  Blair ( 1 9 8 1 )  also notes 

that an increase in mean fibre diameter of  this magnitude is  un l ikely 

to a f fect t he value of  Romney wool in New Zea land . Yea r l ing data f rom 

the Ma s sey Unive rs ity flocks were exam ined and several s igni ficant 

correlated response s  were found . Mean fibre diameter s howed posit ive 

correlated responses in both yearl ing sexe s . The corre lated response 

of  +0 . 2 % per year a grees with that obt a ined by Johnson ( 1 9 8 1 ) . The 

actual change in  yea r ling mean fibre diameter was about 1 . 5  microns 

for both s exes which agrees with Blair's previous work in 1 9 8 1 . 



2 1  

For the Australian Me rinos the c ont ribut ion o f  f ibre diameter 

to  i n c reas ing wool weight is difficult to  determ ine s ince , in o rde r to  

ret a in the Merino's fine wool ,  a ceil ing was  placed o n  f ibre diameter 

to prevent it from increa s ing . Both expe riment s by Turne r ,  D o l ling 

and Kennedy ( 1 9 6 8 )  and Turne r and Jackson ( 1 9 7 8 )  had rest rict ions on 

f ibre diameter . Turner et a l . ( 1 9 6 8 )  found that there were negl igible 

t rends in fibre diameter indicating that counter-select ion had been 

e f fe c t ive in prevent ing an increase in this charact e r ist ic . S im ilarly,  

Tu rne r and Jackson ( 1 9 7 8 )  found a low,  po s itive corre lat ion between 

f ibre diameter and clean woo l  we ight . 

b )  S t aple Length 

In the study by Blair ( 1 9 8 1 ) , staple length was shown to have a 

correlated response of 0 . 3 8 cm/kg GFW and 0 . 35cm / kg GFW for ewe and ram 

hogget s  respectively . Even t hough this response was sma l l ,  there is  

no rm a l ly a mode rately st rong correlat ion between gre a sy fleece we ight 

and s t aple length . This co r related response of  0 . 2 %  per yea r  and an 

actual increase of  15mm in s t aple length was in agreement with Johnson 

( 1 9 8 1 ) . In the study by Hawker and Litt l e j ohn ( 1 9 8 6 )  it was shown 

that the High hoggets had h i ghe r staple lengths ( ra nge +2 to +24rnm ) 

than the Random hogget s .  The relat ive advantage o f  t he H igh hoggets 

in  s t aple length and fib re c ross -sect iona l area ( 1 0  and 1 7 %  

respect ively)  accounted f o r  most of  the 3 8 %  advant age i n  clean f leece 

we ight . 

F rom these results it  can be concluded that s e lect ion for 

incre ased fleece weight will  increase wool  product i o n  per unit a rea of  
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s k i n ,  part l y  through the inc reas e s  i n  s taple length . Thes e  results a re 

more apparent in the New Zealand Romneys compa red with t he Aust ra l ian 

Merinos but there i s  evidence that staple length could play a role in 

inc reased f leece we ight in the Me rino . 

c )  F o l l i c l e  Dens ity 

F o l l icle/ fibre density can be cons ide red as a product of  the 

dens ity of primary fol l icles and t he rat io of  seconda ry to primary 

fo l licles . Follicle density has  been we l l  researched in Austra l i a  a s  

being part of the overall inc rease i n  f leecewe ight , but it h a s  not yet 

been exam ined in New Zea land resea rch expe riment s .  The increa se in 

fibre dens ity often seen in Aus t r a l ian select i on expe riments could 

pos s ibly be enhanced by the counte r-select i on against increased f ibre 

diame t e r ,  s ince there is a st rong negat ive genet ic corre lation bet ween 

fibre diameter and f ibre den s ity . There fore , the inc rea s e s  in 

follicle density may not neces s a r i ly occur if the re is no rest riction 

on fibre diameter . Howeve r ,  as most Au s t ra l ian expe riment s do have a 

ce i l ing on fibre diameter,  t he inc rease in f leece we ight i s  often due , 

in part , t o  an increase in f o l l i c l e  densit y . 

S av i l le and Robards ( 1 9 7 2 )  conducted expe riments on the flocks 

at T rangie invo lving compari sons between dif f e rent type s of Me rinos . 

A nucleus f lock was ma intained which had a s e lection programme based 

on both f leeceweight and c r imp f re quency . I t  was found in this f lock 

that den s i t y  was of  great importance because s imultaneous selection 

for c r imp f requency prevented inc reased f leeceweight f rom being 

expres se d  in t he diameter of the f ibre s . Therefore , even though the 
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fleecewe ight o f  the Nucleus s heep wa s s imilar t o  that o f  the F leece­

plus group , the increase in f leeceweight of the Nucleus group resulted 

from a higher f ibre density and surface a rea rather than inc reased 

fibre diameter (Saville and Robards , 1 9 7 2 )  . 

Turner et al . ( 1 9 6 8 )  found that in the CSIRO se lect ion f locks 

the f ibre numbe r per unit skin area inc reased at 1 . 9 % pe r annum with 

it s s o le sou rce o f  increase be ing the ratio of seconda ry to p rimary 

f o l l i c les . 

In the s e l ect ion flocks at Trang i e ,  it was found that f ibre 

den s ity wa s one o f  the most important c omponents which cont ributed to 

the differenc e s  between the Fleece-plus and Fleece-m inus flocks , 

account ing for 47 % of the dif ference . Wiiliam s ( 1 9 7 3 )  a l s o  found that 

the dens ity of  fo llicles wa s 3 1 %  great e r  in the Fleece -plus ewe s  

compa red with the Fleece-m inus ewes . 

Turne r ,  B rooker and Doll ing ( 1 9 70 )  found s l ight ly unusual 

results with the CS IRO se lection flocks when des c ribing the s e lection 

for increased wool product ion per unit a rea. They state that s e lection 

f o r  increased f ibre dens ity was le s s  e f fective or  even ine ffect ive in 

increas ing f leeceweight . This was a l s o  the view of Rendel and Nay 

( 1 9 7 8 )  who c l a imed that se lection for increased dens ity o r  

s e condary/primary fol licle ratio did not increase f leece we ight . 

Heydenrych et al . ( 1 9 7 7 )  studied the seconda ry to primary (S/ P )  

wool follicle rat io in lamb s  from the Tyge rhoek Mer ino f lock produced 

f rom ewes selected for a wider S/P rat i o . The S/P  ratio has a high 
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posit ive genet ic re lat ionship ( r=0 . 7 3 )  with fo llicle den s ity ( Jackson 

et al . 1 9 7 5 )  which i s  one of  the most important component s of  c lean 

fleece ma s s . I t  was found that lambs selected for a wider S / P  rat io 

had 3 . 3 6 9  and 3 . 432 more secondary wool follicles per primary 

follicles t han t he c ontrol lambs . Heydenrych et al . ( 1 9 7 7 )  a l s o  

noted that the co rre lated response obta ined in clean f l e e c e  m a s s  with 

select ion for a wide r S/P ratio showed a po s it ive genet i c  co rrelat ion 

between the two t ra i t s . They concluded that select ion f o r  a wide r S / P 

rat io at  t hree month s  of age could substantia lly inc re a s e  the 

product ion of clean wool in Mer ino sheep . 

2) Wool grow ing a rea 

a )  Skin Wrinkle 

The degree of skin wrinkle is assoc iated with the wool growing 

a rea of the sheep a s  the more skin folds in t he sheep the greater the 

surface a rea for wool product ion . This component i s  more appa rent in 

the Me r ino breeds a s  wrinkling in Romneys i s  probably unimportant in 

cont ribut ing t o  gre a s y  fleece we ight . 

Mos t  experiment s conducted in Aust ralia based on select ion for 

inc reased greasy fleeceweight have had a ceil ing on s ki n  wrinkle . 

However ,  in the study by Roba rds et al . ( 1 9 7 6 ) , 6 0  hogget ewe s  f rom 

flocks s e l ected for 1 5  years for  skin wrinkle (Folds -Plu s ) , against 

skin wrinkle ( Folds -Minu s )  and randomly s e lected cont rol ( Random) 

flocks were compared .  I t  wa s found that s e lection for increased s k in 

fold had l it t le e ffect on wool product ion . Als o ,  the inc reases in the 

wool bea r ing a rea result ing f rom increased s kin fold in t he s elect ion 
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flock was offset b y  a s ign i f icant dec l ine i n  wool pro duct ion per unit 

a re a . There wa s a lso a negat ive correlat i on between f ibre length and 

skin f o lds as a result of which the Folds -Plus ewes had lower mean 

fibre lengt h . I n c reased skin folds wa s a l so a s sociated with lowe red 

reproduct ive pe rformance and increased morta l ity . 

Because o f  these e f fects of inc reas ing skin f o lds , most 

experiment s have involved s e lection against wrinkl ing . In the study 

by T u rner et a l . ( 1 9 6 8 ) , selection for high clean f l eecewe ight wa s 

accompanied by upper l im i t s  for  fibre diameter and s kin wrinkle . 

There were negl igib le changes in eithe r o f  these component s showing 

that s e lection against these was succes s ful . Turne r and Jackson 

( 1 9 7 8 )  stated that there were posit ive genetic correlat ions between 

wrinkle score and crimp frequency or wrinkle score and f ibre diameter . 

Re s t r a int aga i n s t  inc reased diameter would re inforce se lect ion against 

inc rea s ing wrinkle score whereas select ion to keep a h igh crimp va lue 

would tend to r a i s e  the wrinkle score . Therefore , i f  both fib re 

diameter and high crimp frequency are selected agains t ,  the degree of 

skin wrinkle w i l l  also be kept at a minimum . 

Seasonal Differences In Wool Growth Between Selection Lines 

Several researchers have studied t he seasona l pat t e rn of  wool 

growth in sheep { Coop , 1 9 5 3 ; S tory and Ros s ,  1 9 6 0 ;  Ebling and Ha l e ,  

1 9 7 0 ;  Bigham et a l . 1 9 7 8 ;  Rougeot e t  al . 1 9 84 ) . All of these studies 

have shown a rhythmical pat t e rn of product ion characteri zed by maximum 

product ion in summe r  or early autumn and reduced product ion in 

m idwi nter . 
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S t o ry and Ros s  ( 1 9 6 0 )  measured woo l p roduction,  f ibre diamet e r  

and f ib re length on a monthly b a s i s  i n  sheep and found that t he growth 

of woo l was three t imes faster in summer than in late winter . The 

seas ona l rhythm of wool growth showed a maximum occurring around 

Februa ry and a m i n im um a round August . 

Coop ( 1 9 5 3 )  c a rried out extensive research into t he seas ona l 

rhythm of  woo l  growt h . Trials with ma iden Co rrieda le ewes we re 

conducted ove r a pe r i od of 2 . 25 years with different groups rece iving 

va rious levels  of  fee d . A pronounced seasonal rhythm of  wool growth 

wa s found with a maximum occurring in Februa ry-Ma rch and a minimum in 

July-August . Maximum product ion was three t imes greater than t he 

minimum product ion and this occu rred in spite of relat ive ly m inor 

l ivewe ight change s . 

Doney ( 1 9 6 6 )  s tudied t he seasonal rhythm of wool growth in t wo 

cont rast ing breeds ( Merino and Cheviot ) on va rious leve l s  of 

nut rit i on . I t  was f ound that Merino sheep seemed t o  be influenced 

mainly by nut r i t i o n a l  va riat ion rather than seasonal variat ion . S lee 

and Carter ( 1 9 6 1 )  s t udied Me rino and Wilt s h i re Horn s heep kept in a 

s im i l a r  environment and under adequate planes of  nut rition,  and found 

much greater seasonal  di ffe rences in the l a tter breed than in t he 

former .  S im i l a r l y ,  W i l l iams and Schinkel ( 1 9 62) suggested t hat , in 

gra z ing Merino sheep , the woo l  growth cycle was almost entirely 

determ ined by nut r i t iona l variat ion . 



D i f f e rences i n  the seasonal pattern o f  wool growth ,  and in 

tot a l  wool growt h ,  have been obse rved in the Ma ssey Unive r s ity 

f leecewe ight -selected and cont rol l ines . McCle lland et a l . ( 1 9 8 7 )  

studied the seasonal pattern o f  woo l growth in 9 9  fleecewe ight ­

selected and 6 0  cont rol lambs from the Romney se lect ion f l ocks . The 

propo rt i on a l  advant age of FW lambs over C rams was greatest in the 

winter . FW lambs showed a less ma rked wint e r  depre s s ion in  wool 

growth compa red with the C lambs . FW lambs reached minimum wool 

growth in Apr i l  while C lambs produced the least woo l  in June 

(McClelland et al . 1 9 8 7 ) . 

Physiological Differences Between Selection Lines 

1 }  D ietary intake 

2 7  

I ndividual animals vary both in the i r  volunt ary feed intake and 

in the e f f ic iency with wh ich feed is conve rted into body t i s sue o r  

woo l  ( Hami lton and Langlands , 1 9 6 9 )  . There have been s ome 

incon s i stencies in s tudies invest igat ing t he correlation between 

intake and wool product ion . However,  in gene ra l ,  res u l t s  have shown 

woo l product ion to  be posit ively co rre lated with intake a nd effic iency 

unde r both ad libitum and rest ricted feeding levels . D o l l ing and 

P iper ( 1 9 6 8 )  have s uggested that the differences in wool production 

between the C S I RO h igh and low f leeceweight f locks a re due to 

dif ferences in  e f f i c iency of  conve rs ion of food to wool ,  rather t han 

to dif fe rences in intake of  food per unit body weight . T hey found 
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t h at 9 2 %  o f  the wool weight difference wa s accounted for by the 

d i f ference in gros s  e f f i c iency and that ove ra l l  there was a negligible 

difference in vo lunta ry food intake between the selected and cont rol 

s heep . This  viewpo int was  also he ld by McGuirk ( 1 9 8 3 )  who concluded 

that sheep f rom the Aus t ralian Me rino high fleece weight flocks do not 

consume m o re feed, but a re more efficient in convert ing feed to woo l . 

S im i larly,  S aville and Roba rds ( 1 9 7 2 ) found that in the sheep flocks 

at Trangie , s elect ion inc reased both fleece we ight and body weight but 

did not i n fluence intake per unit body we ight . 

McC lelland et a l . ( 1 9 8 7 )  exam ined the response in efficiency of  

wool product ion in the c losed Romney flocks at Massey University . It  

0 . 7 5 
was found that dige s t ible dry matter int ake per kg did not differ 

between fleeceweight and cont rol rams . Howeve r ,  differences in wool 

g rowth and wool growth e f ficiency we re s igni f icant th roughout most of  

t he t rial  period . McCle l land et  al . ( 1 9 8 7 )  conc luded that se lect ion 

f o r  higher f leecewe ight had produced animals  capable of  better 

utili zation of  nut rient s for wool growth throughout the year . 

Thom s on et al . ( 1 9 8 9 )  carried out an e xperiment us ing Romney 

s heep f rom the Mas sey Unive r s ity fleeceweight-selected and cont rol 

l ine s . Two diet s - medium qua l ity ( chaffed meadow hay) and high 

quality ( lucerne chaf f )  - we re fed under cont ro l led steady state 

c onditions to determine whether there we re differences in the dry 

matter diges t ibility and nit rogen retent ion in sheep fed both diet s . 

They found no s igni ficant di f ference in volunt a ry feed intake between 

t he f leecewe ight and control animals on the medium qua lity diet 

a lthough control sheep had s l ight ly highe r int a kes than fleecewe ight 
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s heep . Howeve r ,  on the high qua lity diet , volunta ry feed int a ke was 

h ighe r in f leeceweight animals than in cont rol s heep . Although these 

results are contrary to some other rep o rt s  (Dol l ing and P ip e r ,  1 9 6 8 ; 

S aville and Roba rds , 1 9 7 2 ; McGuirk, 1 9 8 3 ) , Thom s on et a l . ( 1 9 8 9 ) 

s uggested that the high intakes achieved on the luce rne cha f f  diet 

could be due t o  carryove r effect s f rom feeding t he lowe r qua l ity 

me adow hay diet . 

2) Digestive ability 

It i s  p o s s ible that the great e r  eff iciency of high f le ecewe ight 

sheep in conve rt ing food to wool is due to an improved abi l i t y  to 

digest diet a ry component s .  Howeve r ,  in the study by P iper and Dolling 

( 1 9 6 9 ) , whe re Me rino ewes selected f o r  high clean wool weight per head 

and ewes from a random cont ro l flock were fed a high protein ( H ) , 

medium prot e i n  (M) or low protein ( L )  diet , it was found that the 

gross ene rgy intakes of  groups H and M we re a lmost ident ic a l . Als o ,  

t he s imilarity of  body weight changes indicates that t he i r  net ene rgy 

intakes we re s imila r . P iper and Doll ing ( 1 9 6 9 )  conc luded that the 

difference s between se lect ion flocks in digest ive ability we re sma l l ,  

variable and in n o  inst ance s ignific ant . 

McClel land et a l . ( 1 9 8 6 )  conducted two pen- feeding experiment s 

with Romney rams from f leece weight -se lected ( FW) and cont r o l  ( C )  

f locks . In t h e  first experiment , rams we re fed cut ryegr a s s / c lover 

pasture ad libitum for s ix weeks whi l e ,  in the s econd expe r iment , rams 

we re fed luce rne-based diet s in three periods. In the f i r s t  

experiment , c ontrol ram s  showed a s igni f icant ly greater dry matter 



dige s t ibi l ity t han FW rams . However ,  in the second expe r iment , no 

di f fe rences in l iveweight , and no con s istent t rends in dry matt e r  

dige s t ibility,  we re found . Thus it appe a r s  that select ion for 

inc reased fleeceweight has not consistent ly changed the abil ity of 

anim a l s  to digest dietary nut r ients . 
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Thomson et a l . ( 1 9 8 9 )  found in the i r  study us ing the Ma s sey 

Unive r s ity selec t i o n  l ine s ,  t hat the re wa s no difference in 

dige s t ibility between the lines when fed a meadow hay diet alt hough 

f leecewe ight anim a l s  had a lower dige s t ibi l ity than cont rol anim a l s  

when fed luce rne chaff . Thi s differs from results found by McC l e l l and 

et a l . ( 1 9 8 6 ) . 

3) Metabolic rate 

Animals which differ in wool p roduct ion may also differ in 

metab o l i c  rate . In the study by Graham ( 1 9 6 8 ) , two groups of  ram s 

chosen f rom a high wool product ion f lock and a low wool production 

flock,  respect ive l y ,  were studied . Graham ( 1 9 6 8 )  conc luded that h igh 

wool p roducing sheep had highe r metabol i c  rates than low produce r s  

although some of  t h i s  di fference was poss ibly due to t he l a rge r 

skeletal s i z e  of  t h e  h igh p roduc ing sheep . 

Other res e a r chers have found varying results . For  example , 

W i l l i am s  and Win s t o n  ( 1 9 6 5 )  concluded f rom t he i r  result s that t h e re 

was no diffe rence between the h igh f leecewe ight and the low 

f leecewe ight flocks in metabo lic rate . The refore, it i s  l ikely t hat 



metabol i c  rate makes l ittle s ignificant contr ibut ion to genetic 

variation in woo l p roduct ion . 

4) Utilization of amino acids 

Woo l  growth is a f fected markedly by the availability of  amino 

acids t o  the woo l  f o l l icles ( Re i s ,  1 9 7 9 )  . I t  is apparent that the 
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quant ity o f  amino acids absorbed by the sheep has a great influence on 

woo l  growth rate . Studies carried out by Re i s  ( 1 9 6 9 ) , whe re both 

protein and ene rgy int ake of sheep were varied, suggested that the 

ene rget ic requi rement s for wool growth were l argely s a t i s f ied on low 

int akes of energy and that the m a j o r  requirement wa s then specifically 

for amino acids . 

Woo l  prote ins a re charact eri zed by a h igh overall content o f  

sulfur,  ranging f rom 2 . 7 -4 . 2 % ( Re i s , 1 9 6 5 ) . Most of this i s  present 

as cyst ine , with sma l l  amounts of  cysteine and methionine . Glutamic 

acid, serine and glycine are also present i n  relatively l a rge amount s .  

The components of wool proteins have been studied extens ive ly 

( Broad et  al . 1 9 7 0 ;  B radbury, 1 9 7 3 ;  Crewthe r ,  1 9 7 6 )  and can be c l a s s ed 

into t h ree main group s : 

( 1 )  Low-sulfur prote ins , account ing for approximately 6 7 %  of  

the proteins in wool and containing all of  the methionine and 

most of the lys i ne . These p roteins a re the main s t ructural 

component s of  the microfibril s . 



( 2 )  High-sulfur proteins , account ing for large quantities o f  

cystine , p ro l ine and s erine . Thes e  proteins make up the ma jor 

proteins o f  the mat rix surrounding the mic rofibrils . 
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( 3 )  High-tyros ine prote in s  which a re r ich in tyros ine and glycine 

and unusual in that they lack many amino acids . These proteins 

occur mai n l y  in the mat rix of  the f ibre cortex . 

a )  Cyst ine 

Approxima t e ly 9 0 %  of the sulfur in wool occurs as disulphide 

bonds of cyst ine and 2 %  as the thiol groups of cysteine . Cys t ine and 

cyste ine are readily interconverted in the mitochondria by oxidat ion 

and reduct ion or t hrough thiol-disulph ide exchange . An adequate 

supply of cyst ine for protein synthes i s  in the wool follicles is 

e s s ential to ma intain a high rate of  woo l  growth . Ma rston ( 1 9 3 5 )  was 

the fi rst to sugge st that the supply o f  cystine was likely to be the 

primary nutrit i o n a l  factor l imiting woo l  growth . Although the 

addit ion of  cys t i ne to the diet had l i t t l e  effect on the wool growth 

rat e ,  Marston ( 1 9 3 5 )  did obs e rve a 3 4 %  increase in wool growth rate in 

sheep given da i l y  subcutaneous in jections of 1g of L-cysteine . By 

supplement ing the sheep in this  way , both the cystine content and the 

sulfur content , o f  the wool increased . This was later confi rmed by 

Rei s  and Schinkel ( 1 9 6 3 )  who found that a bomasal infus ion of L ­

cyst eine at a r a t e  of  1 . 5 -3 . 0  g/day sub s t antially increased wool 

growth rate of  sheep consuming mode rate amounts of roughage . 

Downes et a l . ( 1 97 0 )  found that l a rge doses of  L-cyst ine 

inj ected int raper it oneally act as depot s f rom which the cyst ine i s  
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releas ed at a rate s u f ficient t o  increase wool growt h . By avoiding 

administrat ion of cyst ine via the diet , the cyst ine is not degraded in 

the rumen and can the refore be ut ilized for wool growth . Marston 

( 1 9 3 5 )  found that the dietary admini st ration o f  cyst ine to  sheep on a 

low prote in diet was f o llowed by a s igni f icant increase in growth o f  

woo l . Howeve r ,  this increase was t rebled when cysteine was inj ected 

s ubcutaneous ly so as to avoid the dest ruct ion of the f ree amino acid 

by bacteria in the a limentary canal . In gener a l ,  it can be concluded 

t hat dietary supplement s of sulfur-amino acids a re e ither ine f fect ive , 

o r  ine f f icient , for s t imulat ing woo l  growth unless the amino acids are 

p rotected f rom ruminal degradat ion . 

b )  Methionine 

Methionine is an es sential amino acid for sheep . Wool protein 

contains little methionine but dietary methion ine can be conve rted to 

cysteine in the mitochondria , to  be used for the synthe s i s  of woo l 

p roteins . Only about 3 %  of the sul fur in wool is present a s  

methionine . I f  meth ionine is given as a dieta ry supplement , it i s  

e xtens ive ly degraded i n  the rumen which consequently results in poor 

wool growth respons e s . However ,  methionine is degraded mo re s lowly 

t han cyst ine and it is therefore pos s ible that relatively large 

dietary s upplement s o f  methionine may s t imulate wool growth (Bird and 

Mo ir,  1 9 7 2 ) . 

Attempts have been made to  s t imulate woo l  growth by giving 

l a rge , infrequent dos e s  of methionine . Langlands ( 1 9 7 0 )  found that 

whereas daily aboma s a l  supplements of methionine ( 1 . 0 - 1 . 5  g/day) 



s t imul ated wool growt h ,  the s ame total dos e  given only once or  twice 

per week wa s either muc h  les s  e f fective or was ineffect ive . Thes e  

result s s uggest that methionine i s  rapidly metabolised and excreted . 

I t  i s  thought that high leve l s  of  methionine can cause 

inhibitory effects on wool growt h . Rei s  ( 1 9 67 )  concluded that 9 . 8 4 

g / day o f  DL-methionine usua l ly inhibits wool growth . Howeve r ,  when 

B road et al . ( 1 9 7 0 )  i nfused large amounts ( 8 - 10  g/day) of DL-
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methionine into the abomasum of  sheep , i t  was found that there was no 

s uppre s s i on of the f o rmat ion o f  proteins for  wool growt h . Also , the 

p roteins produced unde r these condit ions appeared to be norma l ,  with 

an amino acid compos it ion es sent ially ident ical to that of the 

p roteins produced dur ing infus ion with lowe r  levels of methionine 

( B road et al . 1 9 7 0 )  . 

The supply of amino acids available to the wool fol l icle can 

exert a c ons iderable e f fect on the rate of wool growth ( Reis , 1 9 7 9 )  . 

Als o ,  dif ferences have been observed between animals in the proportion 

o f  specific  amino ac ids in the wool and this may be as soc iated with 

d i f fe rences in the capa c ity of  the animal for wool product ion . Both a 

phenotyp i c  and a gene t i c  as soc iation between wool product ion and 

sulfur-amino acid content have been demonst rated in a number of 

s tudie s  ( Reis and Wil l iams 1 9 6 5 ;  Re i s  and Tunks 1 9 6 8 ; Rei s  1 9 7 9 ; ) .  

It  has been shown that h igh woo l  producers grow wool of a lowe r sulfur 

c ontent . Williams ( 1 9 7 3 )  found that wool c lipped from Fleece P lus 

ewes had a lower sulfur content than that of  Fleece Minus ewes and 

t hat this difference was independent of diet ary intake . Reis et a l . 

( 1 9 6 7 )  a l s o  found an i nverse relationship between sulfur content o f  

wool and wool produc t i on i n  two groups o f  Trangie Peppin Merino ewe s  
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f rom flocks genetically dif ferent i n  woo l  production . The mean sulfur 

c ontent of wool f rom the high producers was 3 . 1 3%  ( at gra zing) and 

3 . 0 6 %  ( c ont rolled feeding) , whereas mean sulf u r  content for the low 

p roducers was 3 . 5 5 %  ( at gra z ing) and 3 . 5 9 %  ( controlled feeding) . 

I t  is pos s ible t hat the greater wool product ion o f  

f leecewe i ght -selected s heep compa red with t h a t  of cont rol sheep i s  due 

t o  a di lut ion of the s ame amount of sulfur i n  a greater quantity of  

low sulfur protein . However,  ·di f ferences in t otal sulfur output 

between s e lect ion lines have a l so been found . Williams et a l . ( 1 9 7 2 a )  

f ound that the total s u l fur output was greater f rom high f leecewe ight 

a nima l s  e specially whe re the ava i lability of s u l fur-amino acids was 

increased . Therefore , a n  increase in total s ul fur output could be 

respons ible for the greater wool production o f  the fleeceweight ­

s e lected s heep , even i f  the sulfur content of  the wool was lower than 

t hat in the cont rol sheep . 

Wi l liams ( 1 97 3 )  showed that the genetic difference in wool 

p roduction was a s sociated with a difference in utilization of  cyst ine 

f o r  wool growth . In that study , mature Merino ewes we re chosen f rom 

t he T rangie f locks selected for high and low c lean fleece we ight 

( F leece P lus and Fleece Minus respectively) and were infused 

i nt ravenou s ly with radioact ively labelled L-cyst ine for 1 2 - 1 4  hour s . 

Wool was c l ipped subsequent to the infusions . I t  was found that the 

specific radioact ivity of wool f ibres was l e s s  i n  high f leeceweight 

ewes than in low fleecewe ight ewes . Howeve r ,  during infusion of  L ­

cyst ine the two flocks showed s imi l a r  mean spe c ific radioactivit ies i n  

the plasma . These res u l t s  were later confirme d  by Williams ( 1 97 6 ) . 
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It i s  t hought that the differences between the high producing 

and low producing sheep in the leve l s  of labe l led cyst ine in the woo l  

i s  due to a n  intermediate pool of  cystine caus ing the dilution of  

labe l led cyst ine during its  pas s age f rom plasma into the wool fibre . 

H i gh f leeceweight sheep c ould pos s ib l y  have a l a rger cyst ine poo l ,  

compa red with low f leeceweight sheep , which di lutes the label led 

cyst ine . This results i n  a lower cyst ine content in the wool fibre s . 

The different i a l  di lut ion may reflect differen c e s  in the s i ze or 

turnover of an intermediate poo l ,  o r  pools , o f  cyst ine { Will iams , 

1 9 7  9 )  . 

The net ent ry rate of cyst ine gives a mea sure of  t he cyst ine 

avai lability to the anima l .  Unde r steady- state conditions , the ent ry 

of cyst ine into plasma is ba lanced by its removal from this pool 

{ W i l l iams et a l .  1 9 7 2 ) . Wi lliams { 1 9 7 6 ) inves t i gated the entry rate 

of cystine in sheep admin istered an int ravenous in jection of L­

cyst ine . I t  was found that the ent ry rate was greate r  in the low 

fleeceweight ewes than in the high f leecewe ight ewe s . Als o ,  Wi l1iams 

et a l . { 1 9 7 2 )  found that genotype f o r  wool product ion had no ef fect on 

the entry rate of cys t ine when mea su red by a c ontinuous infus ion . 

There fore , dif fe rences s e en between h igh and low wool producing l ines 

o f  sheep i n  the concentr a t ion of  f ree cyst ine i n  plasma , when there is 

no difference in net ent ry rat e ,  mus t  represent an a ltered 

dis t ribut ion space of  cyst ine . I t  s hould a l s o  be noted that free 

cystine is not the only pool of cyst ine ava il able in the blood, there 



b eing cons iderable quant ities of  this amino a c id incorporated into 

reduced glutathione in the red blood cells (Clark,  1 9 8 7 ) . 

5 )  Hormonal differences 
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Res e a rch h a s  s hown that the endocrine system is act ively 

i nvolved in the regulation of wool and hai r  growth ( Ebling and Hale , 

1 9 7 0 )  . However,  few attempt s  have been made to  relate ho rmonal 

difference s  to wool growth in selection l ines o r  other genetically 

divergent groups of  sheep . The influence of  ho rmones on growth o f  

wool is complicated b y  t he seasonal patterns of  wool growth exhibited 

by sheep . The constant ly changing hormonal s tatus of  the individual 

anima l ,  f rom season to  s eason and from week to week,  results in a wide 

range of responses occurring between animal s  and, consequent ly, 

interpret at ion of results is made more diff icult . 

The endocrine invo lvement in the growth of woo l  inc ludes the 

pituitary and thyroid glands , the adrena l c o rtex and the gonads . The 

anterior lobe of the pituitary gland secretes s eve ral impo rtant 

hormones which regulate the proper funct ioning of the thyroids , 

gonads , a drenal cortex and other endocrine o rgans . 

a )  P ituita ry Hormones 

( i )  Growth hormone 

Growth hormone ( GH )  cont rols protein met abolism and alters 

nutrient partitioning to promote processes such a s  growth and 
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l a ct at ion . GH has a l s o  been shown t o  have an effect on wool growth in 

s heep a lthough results are incons i s t ent . A number of experiment s have 

u s ed bovine GH or  ovine GH to dete rmine thei r  effect on wool 

p roduct ion . In the s tudy by John s s on et a l . ( 1 9 8 5 ) , daily 

s ubcutaneous inj ections o f  bovine GH were given from 8 to  2 0  weeks o f  

a g e  to  crossbred female l ambs . A h ighly s ignificant increase in 

g reasy f leeceweight was observed over the 12  weeks trial period in 

a n ima ls rece iving bovine GH . Reklews ka ( 1 9 7 4 )  showed that purified 

bovine " somat ot rophic h o rmone " ( i . e .  growth hormone ) s ignificantly 

increased woo l product ion in 3 6  c r o ssbred lambs . Treated lambs showed 

a 9 %  increase in greasy f leeceweight ove r cont rol lambs when shorn at 

1 1  months of age . Howeve r ,  immediately after cessation of GH 

t reatment , the average wool production per unit of skin a rea was 

s imi lar for both treated and cont rol sheep . 

The above re sults we re not in agreement with those of Wheat ley 

et a l . ( 1 9 6 6 )  who found t hat the wool growth of sheep treated with 

ovine GH dec reased dur ing treatment , but increased immediately after 

c e s sat ion o f  t reatment and remained above control level s  for at least 

2 0  weeks . They stated that the maximum increase in wool growth above 

t h e  cont rol group was about 1 5 %  and was only reached in the tenth week 

after the last injection of ovine GH . In the study by Hough et a l . 

( 1 9 8 7 ) , concent rations o f  s everal metabolites and hormones we re 

mea sured in the blood/pla sma of Mer ino sheep selectively bred for high 

a n d  low woo l  p roduction . There was no significant difference between 

the fleecewe ight-se lected and cont r o l  rams in plasma growth hormone . 
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Respon s e s  to GH admi n i stration have been varied . I t  has  been 

s ugge s ted that the delayed wool growth response to GH administrat ion 

could reflect an immune response to the hormone ( Fergu s o n ,  1 9 5 4 )  

a l t h o ugh this i s  an unlikely explanat ion in more recent s tudies which 

have u s ed pur i f ied hormone . Therefore , the effect s of growth hormone 

on wool are s t i l l  uncertain and further research is neede d  in this  

area . 

( i i )  P ro lact i n  

P lasma prolactin i s  known t o  b e  posit ively as sociated w i t h  t he 

annu a l  rhythm o f  wool growth and appears to be related to  the moult ing 

proce s s  of  wool in primitive breeds . In the study by Linco ln and 

Ebl i ng ( 1 9 8 5 ) , S oay rams we re given implants of me latonin to det e rmine 

e f f e c t s  on the s easonal cyc le in reproduct ion, on prolact in secretion 

and on moult ing . It was found that a s  the level of plasma prolactin 

increased,  there was an earlier and gradual onset of the moult ing of 

the body woo l . Als o ,  when prolactin levels decreased due to  the 

admi ni s t ration o f  melatonin , the growth of the winte r  coat took place . 

Linco ln and Ebling ( 1 9 8 5 )  a l s o  noted that adminis tration of  prolactin 

t o  mink could lead to  moult ing and development o f  the s ummer coat . 

Therefore , p ro lactin seems to  have an effect on the annual rhythm o f  

woo l  growth a lthough t h i s  s t ill remains poorly understood . To dat e ,  

the r e  h a s  been no evidence f o r  differences between selection lines i n  

p l asma prolactin or  growth hormone concentration . 



b )  Gonadotrophic Hormone s and Gonadal Steroids 

Gonadot rophic hormones a re hormones which have a st imulatory 

e f fect on t he gonads . T wo such hormones secreted by the anterior 

p ituit a ry a re follicle s t imulat ing hormone ( F S H )  and lut e in i z ing 

h o rmone ( LH )  . Some work has been carried out on the e f fects of  

g onadot rophic hormones o n  pe lage growth . Rus t  et a l . ( 1 9 6 5 )  

a dministered various gonadot rophic prepa rations t o  hypophysectomi zed 

mink . It was found that the coat was not a f fected in any way except 
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f o r  the l o s s  of  some hai r  at the in jection s it e s . There fore , it was 

c oncluded that gonadot rophic hormone s had little inf luence on seasonal 

p e lage growth . Howeve r ,  FSH and LH inf luence t he gonada l  stero ids 

( e . g .  oe st rogen and testo sterone ) and these may in turn af fect wool 

g rowth . 

( i ) Oe st rogens 

Oes t rogens have an effect on wool fol l i c le activity a s  we l l  a s  

o n  the growth o f  wool . Spec i f ically, it is  thought t hat oest rogen 

causes the de lay of follicular act ivity and reduces t he rate of wool 

g rowth . S len and Conne l l  ( 1 9 5 8 )  conducted an experiment in which 

o e s t radiol and diethyl st i lbest rol (a synthet i c  oest rogen ) we re 

administere d  to sheep and the effects on wool g rowth were monitored . 

S heep t reated with oest radiol showed a s igni f icant dec rease in ave rage 

f ibre lengt h and in the a verage weight of cle an wool . There was no 

e f fect of  diethylst ilbe s t rol on wool growth during t he 1 1 8  day pe riod 

a fter the f irst  implant o f  12  mg was given . Howeve r ,  after a second 

implant of diethyl s t i lbes t rol ( administered t hree months after the 

f i rst ) , woo l  growth was depres sed below the leve l of  the cont rol sheep 

f o r  a period o f  1 12 days . Diethyl s t i lbest rol a l s o  caused a 



s igni f icant reduct ion in the average f ibre length of  the t reated 

s heep . 

( i i )  Testosterone 
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Slen and Connell ( 1 9 5 8 ) admi n i stered testoste rone t o  Corriedale 

yearlings ( ewes and wethe rs ) and found that it had a st imulatory 

e ffect on wool production . The testosterone -t reated sheep showed an 

increase in thyroid gland weight which would suggest an increase in 

a c t ivity and invo lvement of  the thyroid gland in wool growth . 

Howeve r ,  Johnston et al . ( 1 9 5 6 )  repo rted results cont rary to these in 

their experiments on adult ewes . T hey obtained a s ignificant 

reduct ion in thyroid we ight s in ewe s  injected with 50 mg of 

t e stos terone twice weekly . 

Southcott and Royal ( 1 9 7 1 )  obt ained s imi lar results to  those o f  

S len and Conne ll ( 1 9 5 8 )  in the ir study with Mer ino wethers ove r  a 5 -

ye ar period . They found a t rend towa rds greate r  wool production a s  

t h e  dose o f  testosterone propionate increased . The average percent age 

increase in greasy woo l  production obt ained was 4 % . They a l s o  

c oncluded t hat testosterone acts to  increase w o o l  growth by 

s t imulat ing thyroid funct ion via the anterior p ituitary . 

c )  Corticosteroids 

It has  been shown that corticosteroids can have s ome e f fect on 

f ollicular act ivity . ACT H  (Ebling and Hale , 1 9 7 0 )  and c o rt i s one 
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( Fe rguson et al . 1 9 65 )  have been s hown t o  reduce the diameter o f  

f ibres in sheep . Chapman e t  al . ( 1 9 8 2 )  noted that admini st ration o f  

g lucocort icoids t o  sheep caused s hedding of some fibres and dec reased 

t he diamete r  and length growth rate of those fibres that continued to  

g row . S imi larly, hai r  g rowth i s  s t imulated by adrena lect omy in the 

r abbit and the mouse , and in sheep if  given minimal replacement 

t herapy (Ferguson et a l . 1 9 6 5 ) . 

Chapman et al . ( 1 9 82 ) examined the effects of dexamethasone 

t rimethylacet ate (a s ynthetic glucocortico id) on the fleece of Me rino 

s heep . They found that in the mos t  affected anima l s ,  the mitotic 

a ctivity and s i ze of the follicle bulbs dec reased during the first 

f i ve days o f  t reatment . Subsequent ly,  fibre and inne r root sheath 

c e l l s  withdrew from a round the dermal papillae and were replaced by 

c e l l s ,  from the outer root sheath, which deve loped autophagic 

vacuoles . Regre s s ion of follicles proceeded unt il brush-ends fo rmed . 

Therefore , it is likely that dexamethasone t rimethylacetate has an 

i nhibitory effect on woo l  follicles and fleece growth in sheep . 

H owever,  further studi e s  are requ ired to ascertain whether this 

s ynthet ic glucocorticoid has a direct effect o r  whether it acts 

i ndirect ly . 

d )  Thyroid hormones 

Thyroid funct ion is cont rol led by thyroid-stimulat ing hormone 

( TS H )  secreted by the anterior pituitary . TSH acts on the thyroid 

g land caus ing the rel e a s e  of the bio logically act ive triiodothyronine 

( T 3 ) and t hyroxine ( T 4 ) . T4 is later converted to  act ive T3 in the 
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body t i s sues ( e . g .  live r ,  mus cles ) .  The secret ion o f  T S H  i s  in turn 

regulated in p a rt by a dire ct inhibitory feedback o f  h igh c irculat ing 

t h yroid hormone leve ls on t he pituitary . 

Chapman et al . ( 1 9 7 4 )  studied the e f fects o f  thyroxine 

administration and thyro ide ctomy on the deve lopment of  s kin and woo l  

f o l l icles of  sheep foetuse s .  They stated that mo s t  prima ry fo llicles 

c o n t inued to  develop after thyroidectomy although the rate o f  follicle 

maturation wa s ret arded . Administrat ion of thyroxine hastened the 

mat urat ion o f  prima ry foll i cles . The init ial s t ages of  secondary 

f o l licle deve lopment were not a f fected by sub-no rma l concent rations of 

t h yroxine and administra t ion of thyroxine did not a ccelerate the 

development of the original seconda ry follicle s . 

In sheep , T 4 admini st ration causes an increase in wool 

production . Lambourne ( 1 9 6 4b )  conducted expe riments with Me rino 

wethers to s tudy the effects of T 4 implants on woo l growth . It was 

c o n c luded that T 4 increased the growth of wool by increas ing the 

length of the wool f ibres but had lit t le e ffect on the fibre diameter . 

Lambourne ( 1 9 6 4b)  also found that there was a decrease in the 

e f f iciency of annual woo l  p roduct ion by about 2 0 %  a fter repeated T 4 

implant s .  T 4 t reatment c aused an ove rall increase in food intake ( 2 0 -

2 5 % )  which w a s  greater than the increase i n  wool p roduction ( 7 %  greasy 

we i ght , 3 - 7 %  clean weight ) . Therefore , the e f f iciency o f  wool 

p roduct ion wa s lower in T 4 -treated sheep . 

Hough et al . ( 1 9 8 7 ) studied the difference in plasma T 4 

c oncent ration between Me rino ewes selected for high and low 
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f l e ecewe ight . Sheep s e le cted for low fleeceweight mainta ined a 

s igni ficantl y  greater plasma concent rat ion of  T 4 than those s elected 

for h igh fleeceweight . C l a rk et a l . ( 1 9 8 9 )  found s imi l a r  results in 

t he i r  study, with f leeceweight -selected rams mai ntaining lowe r  

c oncentrations of  T 4 than cont rol rams . The differences between the 

l in e s  sugges t  the pos s ible use of T 4 as an indicator of  genet ic me rit 

for f leece production although they bear little relat ionship to  the 

known e f fect s of  exogenous T4 on f leeceweight . 

e )  Me latonin 

Me latonin is synthe s i zed and released by the pine a l  gland and 

plays a key role in the growth of pelage fibre . It is thought that 

melatonin alters the secretion of  melanocyte s t imulat ing hormone ( MS H )  

f rom the ant e rior pituita ry gland which i n  turn a ffect s t h e  f ibre 

g rowth cycle . 

In the expe riment by Rose et a l . ( 1 9 8 4 ) , three groups o f  mink 

were exposed to natural change s in daylength ( controls ) ,  reduced 

photoperiod or natural changes in daylength plus a melatonin implant . 

Mink receiving melatonin a nd those on reduced photoperiod moulted 

the i r  summe r  pelage and grew winter pelages earlier than cont rols . 

Ros e  et a l . ( 1 9 8 4 )  concluded that s ho rt photope r iods s t imulated 

moult ing and growth of  the winter pelage . Als o ,  a s  the winte r  pelage 

occurred earlie r  in melat onin-treated mink , they suggested that the 

photoperiodic e ffects on fur growth of mink are mediated through the 

pine a l  gland via the secre tion of melatonin . Therefore , melatonin i s  
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one o f  the hormones that funct ions phys iologically t o  relay effec t s  o f  

c hanging photoperiod, a n d  exogenous melatonin induces the response b y  

s imulatin g  t h e  short photoperiods characterist i c  of winter . 

The e ffects of melatonin are also apparent in sheep . Some 

s tudies h ave shown that a melatonin implant o r  exposure to  short -days 

i s  a s s oc iated with the g rowth of the winter f leece ( Lincoln and 

Ebling, 1 9 8 5 ) . Again , melatonin plays a key role in mediat ing the 

e ffect s of changing pht otpe riod on wool growt h . Therefore ,  a long 

duration of melatonin s ecretion s ignals short days and hence the 

i nduct ion of the winter coat ( Lincoln and Ebl ing, 1 9 8 5 ) . 

Harris et al . ( 1 9 8 9 )  administered a pharmacological do se o f  

susta ined re lease melatonin over a month i n  early summer to both 

f leeceweight -selected and control rams from the Mas sey University 

P rogeny Test lines . Although there was no evidence of a causal 

relat ionship between mel atonin and seasonality o f  wool production , 

t here was evidence that me latonin played a direct role in affect ing 

reproduct ive fucntion of the male sheep ( Harris et al . 1 9 8 9 ) . 

Melat onin treatment was sufficient to produce a change in reproduct ive 

c haracterist ics ( in t h i s  case testis  diamete r ) , but there were no 

s ignifi cant e ffects on e ither greasy or clean fleeceweight . 

f )  Epide rmal Growth Factor 

Epide rmal growth factor ( EGF ) has much potent ial as a 

defleecing agent in s heep . Thorburn et al . ( 1 9 8 1 ) stated that there 
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was marked hypert rophy o f  cells in the sebaceous glands and follicle 

s heath o f  Me rino foetu s e s  after infusion o f  5 0 0 -8 0 0  � g/ day ove r  3-5 

days . The re we re also degenerat ive changes i n  prima ry wool follicles 

w ith many co llapsed f ib res , and a reduced prima ry to  secondary rat i o . 

Moo re et al . ( 1 9 8 1 )  noted that part ial o r  complete defleec ing 

o f  sheep was poss ible depending on the dos e  and site of inject ion . 

T hey infused at least 1 2  mg of  EGF into sheep which resulted in the 

l o s s  of the whole fleece within 7 days . However ,  infus ion o f  3 mg o f  

EGF interrupted the growth of some o f  the f ibres and led to the 

f o rmat ion of a part ial b reak in the fleece . Int rade rma l inj ect ions 

were found to  inhibit f ib re growth but the e f fects were conf ined to 

t he s ite of inject ion . Subcutaneous administ rat ion of  EGF resulted in 

r apid shedding of the ent ire fleece ( Moore et a l . 1 9 8 1 ) . 

6 )  Blood metabolites 

a )  Glucose 

Hough et al . ( 1 9 8 7 ) mea sured concent rat ions of  s everal . 

metabolites and hormones in blood/plasma o f  Mer i no ewes select ive ly 

b red for h igh or low wool production with a view to f inding 

d i f fe rence s  between the genotypes which might p rove useful for  

i dent i fying superior anima ls . No s igni f icant d i f ference was found in 

p l a sma gluco s e  concent rat ion between t he h igh and low f leeceweight 

l i nes . S imilarly,  Clark ( 1 9 8 7 )  found that although fleeceweight ­

s e lected rams generally mainta ined highe r  plasma glucose 
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concent rat ions than cont rol rams , the difference between the selection 

lines was not con s i st ent . 

b )  Reduced Glutathione ( GSH)  

I t  is  thought that the ma j o r  function of reduced glutathione 

( G S H )  in e rythrocytes i s  the t ransport of cyst ine to body tis sues . 

I nt erest in  the study o f  GSH i s  mainly due to its implications in many 

phys iologic a l  and biochemical processes and its poss ible relat ionship 

with product ive traits s uch as growth rate,  body s i ze and wool growth 

( R i z z i  et a l . 1 9 8 8 )  . 

Hopkins et al . ( 1 9 7 5 )  studied the e ffect s of  GSH on Me rino ewes 

drawn from t he closed s ingle select ion flocks mainta ined at the 

Agr iculture Research Stat ion at Trangie , N . S . W .  I t  was found that 

sheep selected for low c lean fleeceweight showed a s igni ficant 

increase in e rythrocyte GSH concent ration . S imilarly, sheep with a 

low mean GSH concent ration ma inta ined a s ignificantly higher mean wool 

growth rate than sheep with a high mean GSH concent rat ion . 

Wil l i ams et al . ( 1 9 7 2 )  noted that high f leeceweights in Merino 

s he ep we re a s s ociated with low plasma concentrations o f  f ree cyst ine . 

Therefore , t he genet ic e f fects on GSH concent rat ion a re s imilar to  

those on the plasma concent rat ion o f  free cystine . Howeve r,  l ittle i s  
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known about the rela t i on ship between the plasma concent rat ion o f  f ree 

cyst ine and GSH concent ration . 

These results a re cont rary to  those of  Clark ( 1 9 8 7 )  who noted 

that f leecewe ight-selected and cont rol rams s howed no dif fe rence in 

e rythrocyt e  GSH concent rat ions . 

( c )  Urea and Creat inine 

D i fferences between f leeceweight -selected and cont rol l ine s of 

Romney s heep in plasma u rea concent rat ions have been invest igated in 

t hree recent studies . McCutcheon et al . ( 1 9 8 7 )  and Clark et a l . 

( 1 9 8 9 )  found that the control rams ma intained s ignificant ly highe r 

p lasma concent rat ions of  urea and c reat inine than fleecewe ight ­

s e lected rams . Howeve r ,  this diffe rence was dependent on the leve l of  

feeding and wa s appa rent only unde r cont ro lled f eeding condit ions . 

Thomson et a l . ( 1 9 8 9 )  conducted a third e xperiment us ing the 

Mas sey Univers ity fleeceweight -selected and cont rol Romney f locks . 

Animal s  we re fed diets o f  meadow hay or luce rne chaff . It was found 

t hat f leeceweight -selected animal s  had approximately a 1mM lowe r  

plasma urea concent ration than cont rol anima l s  on both diet s . 

In t he study by Hough et a l . ( 1 9 8 7 )  plasma urea concent ration 

was mea sured in Me rino ewes selected for high o r  low woo l  production . 

No s igni f i cant difference was seen between the h igh fleecewe ight sheep 

and the low f leeceweight sheep . Urea and c rea t i n ine level s  do not 
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appear t o  have been mea s u red i n  other fleeceweight selection lines of 

s heep . 

Genet ica lly based difference s  in circulat ing urea and 

c reat inine have also been observed in lines selected for lean t is sue 

growth and mil k  production . Carter et al . ( 1 9 8 9 )  examined c iculating 

met abolite concent rat ions in 1 0  rams from each of the Mas sey 

University High and Low Backfat S outhdown select ion l ines . Low l ine 

rams exhibited reduced baseline concent rat ions of plasma urea during 

both fast ing and refeeding . 

Bremme rs et al . ( 1 9 8 8 )  conducted a t rial us ing ram hoggets from 

the same back fat select ion lines which were offered lucerne chaff at 

0 . 7 and 1 . 2 t imes maintenance . They concluded that s igni f icant 

d i f f e rences in plasma urea concent ration we re apparent only after 1 . 2 

t ime s maintenance feeding with concent rat ions be ing greater in the 

High Backfat l ine rams than in those f rom the Low Backfat l ine . Als o ,  

Low Backfat l ine rams exhibited greater concent rations of c reat inine 

i n  plasma than High Backfat line rams , part icularly at 0 . 7 t ime s 

ma i ntenance . I t  was concluded that Low Backfat line rams broke down 

mus c l e  protein more readi ly during underfeeding, perhaps because they 

had larger mus c le protein reserve s ,  and this resulted in the higher 

c reatinine concentrat ion . These results a re in cont rast o f  those of 

McCutcheon et a l . ( 1 9 8 7 )  who found that when Rornney rams were fasted, 

the c reat inine concent rat ion in fleeceweight -selected and cont rol 

l ines rema ined stable with the cont rol line maintaining h ighe r 

c reat inine c oncent rations throughout . 



Van Maanen et a l . ( 1 9 8 9 )  also found that High Backfat line 

r ams mainta ined con s i s t ently greater plasma urea concentrations than 

Low Backfat rams throughout a 24 hour sampling period in which rams 

were fed every two hour s  and during fast ing and refeeding . Howeve r ,  

p lasma creatinine concent rat ions were only slightly greater in High 

B ackfat l ine rams comp a red with those from the Low Backfat line and 

t h i s  difference was not s ignificant . 
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D i f ferences i n  plasma urea concent ration have also been 

obse rved in pig select ion lines with low plasma urea concent rations 

being a s sociated with select ion for reduced fatnes s . In the study by 

Mersmann et al . ( 1 9 8 4 ) 12 pigs were used, s ix f rom a line selected for 

maximal backfat thickne s s  and s ix from a line selected for minima l 

backfat thickness P ig s  we re fed either a low o r  high fat diet . 

Maximal backfat thickne s s  ( obese ) pigs had higher plasma urea nit rogen 

leve ls than the minima l backfat thicknes s  ( lean)  pigs regardle s s  of  

diet . This is in agreement with results obt ained from studies with 

s heep in that the gene t ically superior animals  for lean growth showed 

a lowe r plasma urea c oncent rat ion than those animals  of lesser genetic 

merit . 

In  studies conducted by Tilaka ratne et al . ( 1 9 8 0 )  and S e j rsen 

et al . ( 1 9 8 4 )  it was found that plasma urea concentrat ion was 

negat ively correlated with breeding value for milk production in 

cattle . Both of thes e  trials involved fast ing and refeeding periods . 

It was found that the diffe rences in plasma urea between selection 

lines were greatest dur ing fast ing . For examp le, Sej rsen et al . 

( 1 9 8 4 )  blood sampled 1 5  bull calves o f  differing breeding va lues at 
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3 . 5  and 7 months of age . During this t ime , the calves we re placed on 

a feeding regimen of two days o f  ad libitum feeding, five days of 

fast ing a nd two days o f  re feeding . It wa s found that plasma urea 

concent rat ions during ad libitum feeding and e a rly in the fast were 

s imi l a r  in both groups . Howeve r , from the second day of fast ing at 3 . 5  

months , and the fourth day of fasting at 7 months , plasma urea wa s 

h ighe r  in the bulls with low breeding values ( S e j rsen et al . 1 9 8 4 ) . 

This diffe rence in plasma urea concentrat ion was significant only at 

3 . 5 month s  o f  age . T i l a ka ratne et a l .  ( 1 9 8 0 ) f ound that the leve l of 

plasma urea was highe r  i n  the low breeding value ca lves than in the 

high breeding calves , pa rticularly during a per iod of fast ing . 

MacKen z ie et a l . ( 1 9 8 8 )  obtained different result s in their 

e xperiment s with young F ries ian bul l s . A fa s t ing and re feeding 

regimen was adopted, with bulls being fasted f o r  three days before 

be ing refed . Plasma urea concent rat ion init i a l ly rose during the fast  

and then rema ined stable . Following refeeding ,  plasma urea 

c oncent rat ion rose agai n  and the two lines dive rged . During the 

refeeding period the pla sma urea concent ration was s ignificantly 

g reater in the high breeding index bulls compared with the low 

b reeding index bul l s . MacKenzie et a l . ( 1 9 8 8 )  s ugge sted that this 

d i fference in plasma urea concentration may reflect differences in the 

rate o f  ent ry of u rea f r om ruminal degradation of dietary amino acids , 

r ather than genetic va riation in utilization o f  absorbed amino acids 

f o r  product ion . 
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7 )  Mechanisms which may be responsible for between-line differences in 

circulating urea and creatinine 

Evidence of differences in plasma urea and creatinine 

concent rations between a n ima ls of h igh and low genetic merit has been 

s een in a number of dif f erent select ion l ines . Generally,  genet ically 

s uperior anima ls have lower levels o f  urea compared with genetically 

infe rior anima ls and, in t he Mas sey Univers ity fleeceweight select ion 

l ine s , there is a parallel difference in c reat inine concent rat ion . 

T he s e  con s i st ent dif ferences between select ion l ines would sugges t  

t ha t  plasma urea , and t o  a les s e r  extent plasma creat inine 

c oncentrat ion,  may prove to be useful markers of genetic merit for 

woo l ,  milk and lean meat p roduction . It i s  therefore import ant to 

understand t he mechani sms which cause these differences in plasma urea 

and c reatin ine concent rat ions . P la sma urea arises from two ma in 

s ources . Fi rstly, it is p roduced f rom ammonia gene rated in the rumen 

by the action of mic robe s on diet ary protein and non-protein nit rogen . 

The ammonia i s  abso rbed a c ross the rumen epithelium and, because it is 

toxi c ,  must be conve rted to urea by the live r . Secondly, urea is 

p roduced through the deaminat ion o f  amino a cids which are exces s  to  

requi rement s for protein s ynthes i s  or  whose carbon-skeletons a re 

requi red for gluconeogenes is . Creat in ine arises as a byproduct of 

p rote in breakdown in mus c le . There fore , there a re three main ways by 

which differences between selection lines in c irculat ing urea and 

c reat inine c ould arise - t hrough dif f e rences in metabolite space o r  

dist r ibution,  i n  the rate of  entry o f  urea / c reat inine and i n  excretion 

rate of  the s e  metabol i t e s  f rom plasma . 
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(a )  Urea / c reatinine Space or Dist ribut ion 

One possible mechanism f o r  genet ically-based differences in 

c irculating urea / creatinine is that genetically superior animal s  could 

have a smal ler ure a / c reatinine space or dist ribution . The re fore , i f  a 

load of  u rea or creat inine was administered to the animal ( e . g .  

increased urea ent ry after feeding) , the init i a l  plasma concentration 

would be greater in the genet i c a l ly superior animal s  because the 

metabol i t e  would be dis t ributed in a sma l le r  space . Als o ,  due to the 

smaller space or di st ribut ion , genetically supe rior animals would be 

able to e l iminate the urea / c reat inine mo re rapidly f rom the system 

(because a greater propo rtion of  the space would be cleared by the 

kidney per unit t ime ) s o  that plasma concentrat ions (pa rt icula rly of  

urea)  would be lowe r in genetica lly supe rior animal s  during the 

po stprandial pe riod . While this mechanism has rece ived l it t le direct 

attent ion with respect to select ion line diffe rence s ,  the change s in 

plasma / u rea concent rat i ons which occur during and after feeding in 

fleecewe i ght -selected and cont ro l Romney rams (McCutcheon et al . 1 9 8 7 )  

are not cons istent with the hypothesis  o f  diffe rences in 

ure a / c reat inine space or dist ribution . On the other hand, such 

diffe rences in urea space might exp lain the patterns of  blood urea 

seen in dairy cattle of high versus low genetic merit (MacKenzie et 

al . 1 9 8 8 )  . 

(b )  Rate o f  Ent ry of  Urea and C reat inine 

Another theory that could explain the differences in pla sma 

urea concent rations between high and low genetic me rit animals 



i nvolve s  the rate of ent ry of  urea , f rom rumina l  degradat ion of  

dietary amino ac ids o r  deamination o f  absorbed amino acids , and 

c reatinine from the breakdown of mus c le protein . 
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Dif ferences i n  p l asma urea concent rat ions between h igh and low 

genetic merit anima ls could occur as a result of more e f f i c ient use o f  

amino ac ids for prote in s ynthes is  and consequent reduced requirement 

t o  deaminate amino acids in the high genetic me rit line . This would 

mean reduced rates of urea formation as more amino ac ids were being 

u t i l i zed, instead of being "wasted" and the i r  amino nit rogen being 

excreted as urea . 

Thi s mechanism is best illust rated in the study by Clark ( 1 9 8 7 )  

where fleecewe ight -selected and cont rol sheep were given a continuous 

int ravenous infus ion of L-methionine . The pla sma urea concentrat ion 

in the cont rol sheep dec reased to approximately the same level as that 

of the f leeceweight sheep and then returned to  its origina l level once 

the administrat ion of methionine cea s ed . This sugge sts an increa sed 

u t i l i zat ion of  non- sulfur containing amino a c ids by the control sheep 

f o r  wool product ion which consequent ly caused a decrease in urea ent ry 

rate and hence in plasma u rea concentration, i . e .  the methionine 

s upplementa t ion allowed a greater p roportion o f  amino acids to be used 

f o r  wool production and c onsequently there were fewer amino acids to  

be deaminated and exc reted a s  urea . 

Results sugges t ing differences in efficency of  amino acid use 

f o r  production have a l s o  been obt ained from experiments involving 
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catt l e . S innett-Smith et al . ( 1 9 8 7 )  conducted a study using calves of 

high and low genetic merit for milk product ion and concluded that the 

difference in plasma urea concentration was due to a different amino 

acid ut i li z a t ion by the tw
.
o lines . They s uggested that anima l s  o f  

h i gh dai ry merit der ived energy preferent ially f rom f a t  stores and 

there fore did not need to  catabolize amino acids to the s ame extent as 

anima l s  of  low genetic merit . 

Me rsmann et al . ( 1 9 8 4 )  s t udied the difference between 

genet i c al ly obe se and lean p igs in plasma urea concent rat ion and found 

that u rea nit rogen was greater in obese pigs regardle s s  of  diet . They 

suggested that the lesser mus c l e  mas s  of obese pigs compared with lean 

pigs p robably reduced the protein requirement of obes e  pigs . 

Consequent ly, amino acids we re ·ut i l i zed as ene rgy sources to a grester 

extent by obese pigs than lean pigs . This would have resulted in 

increased urea entry rates and greater plasma urea nit rogen 

concent rations in the obese pigs compa red with the lean pigs . 

Howeve r ,  urea ent ry rates we re not mea sured directly in this study or 

in  the s tudies conducted with divergent l ines of dai ry cattle . 

D i f fe rences between high and low genet ic me rit anima l s  in 

plasma c reat inine concent rat ions could be due to  a d i f ference in entry 

rate o f  c reat inine into the p l asma pool . Howeve r ,  changes in the 

entry rate of  c reat inine seem to occur mainly when the anima l s  a re 

f a s t ed . Bremme r s  et a l . ( 1 9 8 8 )  observed a s ignificant increase in 

-------p.la.sma_cr.eat.in.ine- l.e..v-e.l s  when...-r.a.ms_ w.e.r.eLun.de.r.f.ed,_p.re.s�umahl.. y- beca u 

of  increased breakdown of  mus c le protein . This was t he only s tudy 

which found a higher concent rat ion of c reatinine in high genetic merit 
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a nimals  compared with low genetic mer i t  animals and this only occurred 

at the 0 . 7 t imes maintenance feeding level . 

McCutcheon et al . ( 1 9 8 7 )  found that plasma creatinine 

concent ration was elevated a fter feeding in Romney sheep . This was 

t hought to be due to  a dec rease in plasma volume s ince entry rates o f  

c reat inine into pla sma would be expected t o  decline immediately after 

f eeding . The difference between the fleecewe ight -selected and cont rol 

s heep in plasma creat inine was not a f fe cted by feeding and is unlikely 

t o  reflect dif f e rences in c reat inine pool size or  entry rate . Studies 

inve st igat ing t he entry rate of c reatinine have not yet been c a rried 

out in da iry/beef cattle or  pigs . 

( c )  Urea Exc ret ion and Glomerular Filt rat ion Rate 

Anothe r pos s ible mechanism for the dif ferences between l ines in 

plasma urea concent rat ion i s  the urea excretion rate . I t  is p o s s ible 

that high genet ic me rit animals clear u rea more rapidly than low 

genetic me rit animals  so  that the i r  pla sma urea concentrations a re 

lowe r . As the leve l of urea in the pla sma dec reases it will 

eventually counterbalance the increased rate of  exc ret ion o f  urea . 

Eventually the entry rate o f  urea will equal the level of  excret ion o f  

u rea and the plasma urea concent ration will rema in const ant . Thus , 

animals genetically predisposed to high urea clearance rate s  c ould be 

expected to a t t a in urea levels  in plasma which a re cons i stently lower -------------
than thos e  of  animals  with low urea clearance rates . 
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Clark et a l . ( 1 9 8 9 )  sugges ted that between-line differences in 

p lasma c reatinine concent ration may also reflect differences in the 

glome rular filtration rate ( i . e . in c learance rate from plasma by the 

kidneys ) . As plasma c reat inine is  neither actively secreted no r 

reabs orbed in the nephron ,  change s in glomeru l a r  filtration rate can 

be re lated to changes in plasma c reatinine . As fleeceweight -selected 

s heep have low concent rations o f  both urea and creat inine ( c ompa red 

with cont ro l s )  it is l ikely that differences in glomerular filtration 

rate between these lines cont ribute to the differences in circulating 

l eve l s  of both metabo l ites . 

C l a rk et al . ( 1 9 8 9 )  found that although plasma urea 

c oncent ration declined in the cont rol rams during methionine infus ion , 

there was no effect of  methionine treatment on the dif ference in 

p lasma creat inine leve l s  between the two lines . This implies that the 

mechanism which caused the dec rease in plasma urea concent ration of  

c ontrol rams did not a f fect the i r  creatinine levels . Clark et  a l . 

( 1 98 9 )  concluded that the re sults implied variation between the lines 

in glomerular filtrat ion rat e ,  the highe r glome rular filt ration rate 

of FW sheep being responsible for their lower circulating c reat inine 

leve l s  and partially respons ible f o r  their lower urea levels . The 

dec rease in plasma urea concent ration in cont rol rams during the 

methionine infus ion was there fore thought to be due to an a lterat ion 

in the u t i l i zation of amino a cids rather than a change in kidney 

funct ion . 

McCutcheon et a l . ( 1 9 8 7 )  f ound in their study with 

f leecewe i ght -selected and cont rol Romney rams that high c reatinine 



c l e arance rates were a s s o c i ated with low plasma urea concentrations . 

Animals with high glome ru l a r  f il t rat ion rates would be expected to  

have low plasma concent rat i ons o f  urea and creatinine s ince , i f  the 

glomerular f iltrat ion rate is high , more of these substances will be 

f i lt e red and removed f rom p l a sma (McCutcheon et al . 1 9 8 7 ) . 
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Thomson et al . ( 1 9 8 9 )  found that in sheep fed on two different 

die t s  ( i . e . meadow hay and cha f fed lucerne ) , FW animals had a highe r  

c re a t inine c l ea rance rate when fed t h e  meadow hay diet than C anima l s . 

It  wa s concluded that the level of nut rit ion at which measurement s 

we re made had a ma j o r  inf luence on the differences expres sed between 

two s e lection lines in pos t absorpt ive ut ilization of nut rient s . 

It i s  t herefore likely that differences seen between the 

fleeceweight -se lected and control l ines in plasma c reat inine 

concent rat ion a re due to var iation in glome rular filtration rate , 

whi l e  dif ferences in plasma urea concent ration may be a reflection 

both of  differences in glome rular f i lt rat ion rate and of differences 

in the efficiency with which amino ac ids are used f o r  wool product ion . 

Purpos e  and Scope of the Inves tigation 

Genet i c  s election for f leeceweight is one method by which per 

head woo l  p rpduct ion may be increased . A limitat ion of this method 

is that the generation interval cannot be lowered to its minimum due 

to poor accuracy o f  s elect i on p rior to the first breeding season . 

�is �n turn l imit s  the rate o f  genetic gain . Als o ,  the low 

heritability of f leeceweight indicates that there is also  a l arge 

envi ronmenta l  c omponent to which individuals a re sub jected . 
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Due t o  the l imitations o f  c u r rent s election methods for 

improving genetic ga i n ,  there has  been much interest in the use of 

genetic ma rkers to  increase the rate of genetic improvement . Markers 

would allow ident i f i c a t ion of  superior animals at an earlier age and 

would the re f o re dec rease the gene rat ion int e rval and inc rease the rate 

of  genetic gain . 

P revious resea rch has shown that plasma urea / creat inine 

concent rat i ons and p l a sma thyroxine concent rat ion could potent ially be 

used as genetic markers for fleeceweight . It  is already appa rent that 

differences in these ho rmones /me t abolites exist between fleecewe ight 

select ion l ines , with low fleecewe ight anima l s  maint a ining highe r 

concentrations of ure a / c reatinine and thyroxine compa red with high 

fleecewe ight anima l s . 

The mechani sms by which dif ferences in plasma urea and 

creatinine a rise a re still uncle a r . A number of  mechanisms have been 

suggested, as previo u s ly discu s s ed . Of t he s e ,  differences in 

urea / c reat inine spac e  or  dist ribut ion have received little attent ion 

and it is unlikely that this mechanism plays a ma j o r  role in the 

dif ferences between fleeceweight s e lection l ines . The rate of  urea 

entry (a function of differenc e s  i n  ut i l i z a t ion of amino a cids ) and 

the excret ion rate o f  urea (a funct ion of the glome rular f i lt rat ion 

rate)  are more promis ing mechanisms for s tudy in terms of  differences 

between f l e eceweight-selected and c ontrol l ine s . 

Sea s onal variat ion in woo l  growth i s  wel l  known in sheep and 

seasonal i t y  of wool growth ( o r  a lack of i t )  may be an important 
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select ion criterion i n  future . The ability to  reduce the winter 

decline in  wool growth could result in greater average woo l  product ion 

throughout the yea r  and in wool of  higher tensi le st rengt h . S ince t he 

Mas sey University s election l ines differ in seasonal pattern o f  wool 

growt h ,  as we l l  a s  i n  total woo l  growt h ,  it i s  imperative that 

potential genet ic ma rkers be examined at different times of the yea r 

to determine whethe r genotype by s eason interactions exist in 

phys iological parame t e rs as wel l  a s  in woo l  growth . 

The purpose o f  this study was therefore to examine the seas ona l 

va riation in plasma h o rmone /metabo lite concent rations in the Massey 

Univers ity fleeceweight -selected ( FW) and control (C )  lines . Of 

part icular interest was seasonal variation in between-l ine dif ferences 

in pla sma concent rat ions of urea , creat inine and thyroxine . I f  the 

seasonal pattern o f  wool growth in these lines was paralle led by a 

seasonality of between-line dif ferences in ho rmone /metabolite 

concent rat ions , this  would provide some clue a s  to the pos s ible caus a l  

nature o f  the relat ionship between potent ial ma rkers and f leece 

product i on . It would also help to identify the optimum t imes when 

animal s  should be blood sampled to provide mea sures of potent ial 

genet ic markers ( i . e .  when di fferences between the lines in potent i a l  

marke rs were greates t )  . 
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The magnitude o f  between-line variation in pla sma urea , 

c reatinine , t r i i odothyronine ( T 3 ) and thyroxine ( T 4 ) concent rations 

was examined in rams from the Ma s sey Univers ity fleeceweight - s elected 

{ n= l 6 )  and cont rol { n=1 6 )  lines of Romney sheep at three nomina l ages 

( 5 , 9 and 13 months ) which corresponded to three di fferent seasons 

( s ummer, wint e r  and sp ring respect ively) .  The ob jective of the s tudy 

wa s to examine whether the between -line difference in levels o f  these 

h o rmones /met abo l ites depended on age / season and to determine the 

phys iological mechanisms respons ible for the between-line differences 

i n  u rea and c re atinine . 

The animal s  were housed in metabolism crates for two wee k s  ( 1 0-

day adjustment pe riod, 4 -day experiment a l  period) and were fed lucerne 

c h a f f  at a rate of 1 . 3  t imes maintenance .  Rams were sub j ected t o  

natural photoper iod and water was ava ilable a d  libitum . Before the 

c ommencement of the expe rimental period, jugular cannulae were 
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inse rted t o  a llow s e r i a l  blood s amp l ing to t a ke place . B a s a l  plasma 

concent rat ions of u re a ,  c reatinine , T 3 and T4 we re t a ken at the three 

ages after which rams were sub j e c t e d  to a urea / c reat inine challenge 

( 12 0  mg/ kg u rea ; 3 mg/ kg c reat inine ) 

Fleeceweight - s e le cted ( FW )  rams ma inta ined higher rates o f  

greasy a n d  c lean w o o l  growth t hr ougho ut t h e  year comp a red with cont rol 

( C )  rams . S ignificant di fferences were found between the l ines in 

basal pla sma ure a  and c reatinine c o nc ent rations only at 9 months 

( wint e r )  with FW rams ma int a ining c o n s i stent l y  lowe r concent rat ions 

t han C rams . No s ignf icant di f f e rences we re found in p l a sma T3 or T 4  

concent ra t i o n s . P l a s ma u rea concent rations rose sharply a t  the 

beginning of the cha l l enge with C r ams ma inta ining highe r 

concent r a t i o n s  than FW rams . P l a sma creat inine concent r a t i ons showed 

little between- line v a ria tion du ring the chal lenge . E s t imates of urea 

and c reat inine spaces and clearance rates showed no s igni f i c ant 

difference between l ines acros s the three age s / seasons but a 

s ign ifi cant difference in urea space and c lea rance between lines at 9 

months of age with FW rams having h i gher values than C rams . 

D i f f e rences in urea and c re a t inine con centrat ions c ould be due 

to a di f fe rence in space , which in t u rn could be re lated t o  variation 

between the l ines in body comp o s i t ion at 9 months of age , and/ o r  due 

to clearance rates whi ch reflect k idney function and the b l ood flow 

through the k idneys . Howeve r ,  t h i s  doe s not exp lain the l a c k  o f  

variation i n  c reatin i ne concent r a t i o n s  du r ing the chal lenge . 
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It wa s sugge sted t h a t  i f  select ion f o r  f leeceweight w a s  b a s e d  

on p l a sma u r e a  a n d  c reat inine concent rations , t h e  opt imum t ime o f  t h e  

yea r  f o r  selection would b e  in wint e r  ( i . e .  at 9 months o f  age ) when 

the greatest di ffe rence between the lines i s  apparent . Howeve r ,  this 

would mean that s e lected rams c ould not be mated unt i l  they were 1 8  

months old, a s  a result o f  which the gene rat ion inte rval could not be 

reduced by use o f  t he s e  genet i c  ma rke r s . 

Introduction 

In many woo l  production systems , s e lection of rams is based on 

the i r  greasy o r  clean fleec ewe ight s at about one ye a r  of age . The 

ma j o r l imitation o f  this method is the l onge r gene ration interva l , 

compa red with s e le c t ion at pube rty, which in turn reduces the rate o f  

gene t i c  gain . Mo reove r ,  the heritability of ye a rl ing fleecewe ight is 

0 . 3 - 0 . 4  ( B l a i r  et a l . 1 9 8 5 )  s o  that accuracy of select ion i s  

rel ative ly low . 

The use of " genetic ma rkers " as s e lect ion c r iteria at s ix 

mont hs of age could potent ially ove rcome limitat ions of current 

sele c t i o n  systems ( Bl a i r  et al . 1 9 9 0 ) . The s e  a re phys io logical t ra i t s  

which a re co rrelated with genet ic me rit for product ion t ra i t s  ( e . g .  

fleecewe ight ) . Gen e t i c  ma rke r s  s hould be me asurable in young anima l s ,  

preferably unde r f i e ld conditions , and should not b e  ant agonis t i c a l l y  

correlated with othe r import ant p roduct ion t ra it s . To dat e ,  attempt s  

t o  ident i fy potent i a l  genetic ma rkers for fleeceweight and other 

t raits have p rima r i l y  involved the study of phys iological differences 



between l i n e s  of anima l s  dive rgent ly selected on the b a s i s  o f  

p roduct ion t raits ( Bl a i r  et a l . 1 9 9 0 ) . 
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P l a sma urea and c reat inine concent r a t i o n s  could potent ially be 

u s ed as ge netic ma rke r s  for fleecewe ight . A numbe r o f  s t udies have 

s hown t h a t  s heep from t he Ma s s ey Unive rs i t y  f leecewe ight -selected line 

e xhibit s i gn i ficantly l ower pla sma concent rat ions o f  u rea and 

c reat inine t h an those f rom the cont rol line ( McCut cheon et a l . 1 9 8 7 ; 

C l a rk et a l . 1 9 8 9 ;  Thoms on et a l . 1 9 8 9 ) . Sheep of high genetic me r i t  

f o r  fleeceweight have a l s o  been found to have low c i rculat ing 

t hyroxine concent rat i ons , both in the Ma s s e y  Uni ve r s i t y  lines ( Cl a rk 

et a l . 1 9 8 9 )  and in the Trangie lines ( Hough et al . 1 9 8 7 ) . 

S ingle -trait s e l e c t ion for greasy f le e c e weight in the Ma s s ey 

Unive r s i t y  f leeceweight - s elected lines has a l t e red the sea sonal 

pat t e rn of wool growth as we l l  a s  total wool growth ( McClel land e t  a l . 

1 9 8 7 ) . Thus the po s s ib i lity exi s t s  that the magnit ude of between-l ine 

difference s  in c i rculat i ng hormone and met abolite concent rat ions may 

a l s o  vary with season . The ob j ec t i ve of this s t udy was therefore t o  

e xamine t he seasonal v a r iation in plasma ho rmone /met abo lite 

concen t r a t ions in the Ma ssey Unive rs ity fleeceweigh t - s elected and 

cont rol l ines with a view to det e rmining opt imum s amp ling t imes f o r  

the u s e  o f  t hese pa rameters a s  genet ic ma rkers f o r  fleeceweight . 
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Materials and Methods 

Animals 

Thirty-two Romney rams , 16 each f rom t he Ma s s ey Unive r s i t y  

F l e ec eweight - s e lected ( FW ) - a nd Cont rol ( C )  l ine s , w e r e  u s e d  in t he 

s tudy . Det a i l s  of these l ines have been provided by B l a i r  et a l . 

( 1 9 8 4 ) . Brie f l y ,  they have been developed by s ingle-t r a it select ion 

f o r  g reasy fleeceweight ( FW line ) or random b reeding (C line ) s ince 

1 9 5 6 . Each f l o c k  is ma inta i ned at 7 0 - 8 0  ewe s per ye a r ,  with ewes 

b e i n g  culled a t  5 . 5  yea rs of age and rams be ing rep l a ced every yea r . 

F o u r  1 . 5 -ye a r - o ld rams have been used for mat ing in each flock s ince 

1 9 5 8 . Each ye a r  ewes within each f l ock a re randomi zed, within age 

group , into t he four s i re g roups . Shea ring t akes place at lambing t o  

e n s u re a const ant woo l  g rowt h period to ye arling shea r ing . The flocks 

a r e  gra zed together a nd a re managed a s  closely a s  p o s s ible to 

commercial conditions . 

Ye a r l ing ewe grea s y  f leece we ight in the FW f l ock increa sed by 

about 1 kg ove r 9 . 6  gene rati ons of se lect ion ( B la i r , 1 9 8 6 ) . This 

c o r re sponds t o  a rea l i zed h e ritability of about 0 . 2  which i s  lower 

t h a n  the 0 . 3  typically a s s umed ( B l a i r  et a l . 1 9 8 5 ) . The re wa s no 

evidence of a decline in the rate o f  respons e t o  s e lect ion ( B l a i r ,  

1 9 8 6 )  . 

H o u s ing and F eeding 

The rams were randomly divided into two blocks o f  1 6 ,  for ease 

o f  management , with e ight FW and eight C rams in e a c h  block . 
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Exp e r iments we re carried out a t  three nomina l  ages ( 5 , 9 a nd 1 3  

months ) ,  with t he fol lowing procedure being the same a t  e a ch nomin a l  

age . The anima ls we re hous ed in met abolism crates in t he Massey 

Unive rs it y  Animal Phys io logy Unit and were weighed in o rde r to pe rmit 

c a l culat ion of feed requ i rements . Natural light ing ( via la rge doo r s  

and windows a t  e ithe r e n d  o f  t h e  b a rn ) was u s e d  to ma int a i n  n o rma l 

pho t operiod . Rams were a l l owed a 1 0 -day adjustment pe riod before the 

exp e r iment s t a rt ed .  Cha f fed luce rne hay was fed a t  rates equ ivalent 

t o  1 . 3  t imes ma intenance . Maintenance requi rement was ca lculated a s  

0 . 7  M J  ME / Kg 0 · 7 5  ( Ra t t r a y ,  1 9 8 6 )  a n d  the feed w a s  a s s umed t o  c ont a in 

9 . 5  MJ ME / Kg DM (Coop , 1 9 8 6 ) . On a l t e rnate days , 2g of a mine ral 

s up p lement ( 9 4 %  sodium chlo ride , 6 %  sodium mo lybdate ) was fed with the 

cha f fed luce rne hay to counte ract p o s s ible coppe r t oxicity . Fresh 

wat e r  wa s ava i lable ad l ibitum .  Re fusa ls were we ighed once da ily ( at 

app roximately 1 6 0 0  h ) . At the end o f  t he adj u stment pe riod, rams . were 

rewe ighed so that the feed a l lowance could be a d j u s ted acco rding to 

the new l ivewe ight s .  

Cannulation P rocedure 

Jugu l a r  cannu lae were inserted on day 1 1  ( wh e re day 1 = ent ry 

of s heep int o t he metabol ism c rate s ) . The c annu lat ion s ite was 

c l ipped and t he n  cleaned us ing 7 0 %  ethano l . Loc a l  anaesthe t i c  ( 1 0 %  

Xyl o c a ine , Ast r a  Pharma ceut icals Lt d . , N . S . W . , Aus t ral ia ) wa s sprayed 

ove r the j ugu l a r  ve in a t  the cannulat ion site . Once the anaes thet i c  

had taken e f fect , an Angiocath int ra venous placement u n i t  ( 1 4G Argyle 

Medicut " T "  s leeve , She rwood Medica l B runswick Company, St Lou i s , Mo . ,  

Uni t ed State s )  was inse rt ed through t he skin and into t he j ugul a r  
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ve in . Upon obt a ining b lood from the ve in , the needle was withdrawn 

f rom within t h e  s leeve . A sterile c annula ( Internal diame t e r  1 . 0mm, 

exte rnal diame t e r  1 . 5mm, po lyethylene t ube-Dural P l a s t i c s  and 

Engineering, D u ra l ,  N . S . W . , Aust r a l i a ) was inserted th rough the 

s le eve and 1 0 0mm into the j ugular ve in . Blood was withdrawn t o  ensure 

flow through the cannula . The s leeve was then withdrawn , the c annula 

f l u s hed with heparinized s a l ine , and a plug secured on the end of the 

c a nnula . The c annula wa s f ixed in place by wrapping at the wound site 

with Sleek tape ( Smit h  and Nephew Medic a l  Limited, Hul l ,  England ) , 

t ying suture mat e ri a l  f i rmly a round the tape and pass ing a s ingle 

s u t u re th rough t he s kin . Aureomyc in p owde r (Cyanamid o f  New Z e a land 

Lt d . , P apaku r a ,  New Z e a land) was appl ied to the s ite of cannu l at i on 

t o  p revent infect ions . The cannula was then posit ioned behind the 

neck for easy a c cess and held in place with 7 5mm elastic adhe s ive 

bandage ( E la s t op l ast ) . Systenet ( Int e rnational Surgic a l  Nett i ng 

S . P . A . ,  Via Luigi E inaudi 1 2 - 1 0 0 2 4 Monralieri ( TO ) , I t a l y )  wa s placed 

ove r the bandage to p revent the cannu l a  from being c aught or pul led 

out . Patency of cannulae wa s ma int a ined with sterile phys iological 

s a l ine cont a i ning 1 0 0  IU/ml sodium heparin ( New Zealand 

P h a rmaceut ica l s  L imited, P a lme rston North)  and 0 . 4ml / l  oxyt e t r a cycl ine 

( P f i zer Labo r a t o ries Ltd . , Wiri, Manukau City) . Rec t a l  t empe ratures 

we re reco rded o n  the day o f  cannulation and penicill in ( 3 - 4  mls , 

S t reptopen , G l a xo New Z e a land Limited, Palme rston North ) , was 

administered to p revent infect ion . On day 1 5 ,  c annulae were removed 

and Au reomycin powder was applied to the site of cannula t i o n . 

P e n i c illin wa s a l s o  administered t o  e ach animal and rec t a l  

t emp e ratures w e r e  ta ken on days 1 4  a n d  1 5  to ensure that no i n fect ion 

occu rred at c annula withdrawal . 
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At t h e  conclusion o f  the expe rimental period, rams we re placed 

in a ho lding paddoc k  for two days s o  t hat they could be monito red, and 

w e r e  t hen retu rned t o  the ma in flock ( grazing mixed perennial 

ryegra s s /white clover p a sture ) , unt i l  t he next t ime period . 

Exp e riment a l  P rocedure 

The e xp e r iment was conducted in two periods at each nominal 

age . 

P e r i od 1 :  B a s a l  Ho rmone / me t abo1ite Concent rations 

On day 1 1 ,  rams we re reweighed and fed 1 . 3  t imes maint enance 

b a s ed on the i r  new livewe i ght s . At 1 6 0 0  h on day 1 2 ,  rams were fed 

5 8 %  of their new ration . On day 1 3 ,  8 . 3% of the feed was offe red 

eve ry two hours commenc ing at 0 6 0 0  h and concluding at 2 2 0 0  h .  At 

2 4 0 0  h ,  6 7 %  o f  the rat ion was give n ,  thus bringing the t o t a l  amount of 

feed offe red on days 12 and 1 3  t o  1 . 3  t imes ma intenance /day . On day 

1 3 ,  at 0 6 0 0 ,  0 8 0 0  and 1 0 0 0  h ,  cannulae were checked to ens ure that 

they we re p a t ent and were f lus hed with heparinized sal ine . Blood 

s amp les ( 1 0ml ) were withdrawn via the cannulae every two hours 

c ommencing at 1 2 0 0h and c o ncluding a t  2 4 0 0 h ,  in order to obt ain b a s a l  

p l a sma hormone and met a b o l ite concentrations . Rams we re fa sted from 

2 4 0 0  h on day 1 3  unt i l  t he end of the experimental period ( i . e .  1 2 0 0  h 

on day 1 5 )  . 



6 9  

Period 2 :  Urea a nd C reatinine Cha l lenge 

On day 1 4 ,  rams we re give n  an int ravenous in j e c t i o n  of urea 

( 1 2 0  mg/ kg bodywe i ght ) and creat inine (3 mg/ kg bodyweight ) which was 

injected, ove r a pe riod of·  t wo minutes , t hrough the j ugul a r  cannu l a  in 

approximat e ly 4ml of s a line . Blood s amp l ing commenced at 0 9 0 0  h with 

three s amp les being t aken befo re the chal lenge ( at - 6 0 ,  - 4 0  and -2 0 

minute s ) and the c h a l lenge being administ e red at 1 0 0 0  h .  Blood 

samp l e s  were then c o l lected at 1 5 ,  3 0 ,  4 5 ,  6 0 ,  7 5 ,  9 0 ,  1 0 5 ,  1 2 0 ,  1 8 0 ,  

2 4 0 ,  3 0 0 , 3 6 0  and 4 2 0 minutes a f t e r  the chal lenge . 

Colle ct ion and P ro c e s s ing o f  Blood 

Bl ood samples were withdrawn from the cannulae and we re pla ced 

in cent r i fuge tube s containing 0 . 1ml of 5 0 %  ( w / v )  sodium c it rate as 

the ant i c o agulant . P l asma was separated by cent rifuga t i o n  ( 2 5 0 0 g ,  4C , 

2 0  minut e s ) and p ipetted o f f  into dup l i cate vials . The s e  were t hen 

stored at -2 0C f o r  later analys i s . 

Chemi c a l  Analyses 

Urea and c reat inine concent rations in individua l  p l a sma samples 

we re me a su red us ing t he autoanalyser methods of Ma rsh e t  al . ( 1 9 6 5 )  

and Cha s s on et a l . ( 1 9 6 1 ) , respectively . T ri iodothyronine ( T3 ) and 

thyroxine ( T 4 ) c oncent rat ions in pla sma s amples (pooled a c r o s s  

samp l ing t ime s )  w e r e  measured us ing ' Coat- a-Count ' s o l id-phase 



radio immunoa s s ay k i t s  (Diagno s t i c  P roducts Corporat ion , Lo s Angeles , 

CA 9 0 0 4 5 )  previous ly validated f o r  ovine s amples (Clark et a l . 1 9 8 9 )  

Int ra - and inter- a s s ay coe f f ic ient s o f  va riation were : urea , 1 . 2 6 % ,  

2 . 2 6 % ;  c reatinine , 1 . 8 7 % ,  5 . 6 7 % ;  t ri i odothyronine , 5 . 3 5 % ,  7 . 9 3 % ;  and 

thyroxine , 3 . 5 8 % ,  6 . 1 7 % . 

Mids ide Wool Growth Rate 

7 0  

Woo l  growth was me asured ove r  three t ime int e rva l s ,  name ly 5 - 9  

months o f  age , 9 - 1 3  months o f  age and 1 3 - 1 7  months o f  age . On day 1 5  

of t h e  5 month expe rimental pe riod, a mids ide patch o f  woo l me asu ring 

app roxim�ely 1 0 0  x 1 0 0  mm was c l ea red by c l ipping t o  within 1 mm o f  

the s k in surface . T h e  same p a t c h  w a s  clipped, and t h e  wo o l  c o l lected, 

on day 1 5  of the 9 and 1 3  month experiment a l  per iods and again 4 

months l a t e r . Rec o rdings were t a ken of the length of the s ide s and 

the diagonal of the c leared p a t c h . The greasy weight of the wool 

s amples was mea s ured and, a ft e r  s couring, the clean we ight was a l s o  

de termine d .  The mids ide wool growt h rate o f  each ram i n  each period 

was c a l cu lated by dividing the we ight o f  wool by the a re a  o f  the 

midside p a t ch and was expressed a s  mg wool grown pe r cm2 patch a rea 

per day . 

Stat i s t i c a l  Ana lyses 

L iveweight , int ake and mids ide wool growth dat a  were subj ected 

to mul t i v a riate a n a l ysis of v a r i ance (MANOVA) to test the e f fects o f  

line , block , nomi n a l  age and t h e i r  int e ra c t ions . Block e ffect s we re 

rarely s ign ificant and have therefore not been repo rted . 
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S t atistical ana lyses of pla sma hormone and met abolite 

concent rat ions a ris ing from sequential blood s amp ling were c a rried out 

a s  f o llows . Ba s a l  c oncent rations o f  u rea and c reatinine we re 

init i a l ly sub j ected t o  repeated me asures analysis a c ro s s  s amp ling 

t ime s within each nomin a l  age . S ince these analyses s howed no 

s igni f ic ant line x samp l ing time e f fect s ( i . e .  line di f f e rences were 

const ant acro s s  t ime s ) ,  mean concentrations within each age we re t hen 

gene rated for each a n ima l . MANOVA was then u s ed to t e s t  l ine e f f e c t s  

and l i n e  x nominal a g e  inte ractions i n  mean u rea or c reat inine 

concent r a t ion . 

Data a ris ing f rom the urea / c reat inine cha llenge were analysed 

as fol lows . First , the me an of the three pre-chal lenge ( base line ) 

concent rat ions was s ub t racted from the concent ration at each post­

challenge samp ling t ime . The baseline -correct ed po st -chal lenge da t a  

we re then fitted t o  a s ingle-pool exponent ial decay mode l ( Bartle e t  

al . 1 9 8 8 )  o f  the form :  

wh ere : Yt conc ent r a t i on ( urea o r  creatinin e ) at t ime t ,  

Y0 concent r a t ion at t ime zero (by b a c k  ext rapo l a t i on ) , 

k di sappea r ance const ant , and 

e base of n a tura l logar ithms . 

This mode l wa s f itted ove r t he inte rva l 15-2 4 0  minute s  po s t ­

challenge f o r  urea a n d  1 5 - 1 2 0  minutes f o r  c re a t inine t o  e l iminate 



p o s t -cha llenge s amp les who s e  c oncent rations were below the pre­

cha l lenge mean b a s el ine leve l s . Urea a nd creat inine spaces ( %  

l ivewe ight ) were c a lculated a s  the rat i o  o f  metabo lite dos e  

administered t o  t he zero-time rise in c oncent ration above b a s e l in e  

72 

( i . e .  Y0 exp re s s e d  i n  u n i t s  o f  concent rat ion as f o r  t h e  do s e ) . 

E s t imates of s p a c e  and disappearance const ant were sub jected t o  MANOVA 

t o  t e s t  the e f f e c t s  of l ine , nomina l age and their int e ract i on . 

P l a sma T 3 and T 4 concentrations o f  poo led s amples we re a l s o  

sub j e cted t o  mu lt iva riate ana lys is o f  va r i ance t o  t e s t  for 

s ign i f icance o f  l ine , block a nd the i r  int e ract ion with nomina l age . 

All stat i s t ical analys es we re performed using the s t a t i s t i c a l  

p a c k age ' REG' ( G i lmou r ,  1 9 8 5 ) . 

Results 

Livewe ight , int a k e  and age 

Table 2 s hows the livewe ight s ,  int akes and actual ages o f  t he 

f leeceweight - s e le cted ( FW) and cont rol ( C )  rams at the three nominal 

age s . The l ivewe ight s of the rams increased with age , this e f fect 

being highly s ign ific ant ( P < 0 . 0 0 1 ) . FW a nd C rams ga ined an ave rage 

of 1 0  and 1 0 . 5  kg ( respect ive ly) between the first and second nomina l 

age s and an a ve r a ge of 5 .  3 and 5 .
·
5 kg ( re spectively)  between the 

se c ond and thi rd nominal ages . There was no s igni f icant diffe rence in 

weight between t h e  select ion l ines ove r the three nominal ages no r any 

nomin a l  age x l i n e  interaction in l ivewe ight . 
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Table z . Liveweight, intake and actual age of fleeceweight-selected 

(FW) and control (C) rams at three nominal ages 

Nominal age Selection line (n = 1 6) 
(months )  Variable Control (C) Fleeceweight (FW) 

5 

9 

1 3  

Livewe ight ( kg )  2 7 . 1  
Int ake ( kg DM/ da y ) b 0 0 9 
Age ( days ) 1 5 6 . 3  

Livewe ight ( kg )  37 . 1  
Int ake ( kg DM/ da y )  1 . 2 
Age ( days ) 2 8 3 . 3  

Liveweight ( kg )  4 2 . 4  

Int ake ( kg DM/ d a y )  1 . 5  
Age ( days ) 3 9 6 . 3  

S ign ifi cance 
Nominal Age Line 

Liveweight 
Intake 

* * *  

* * *  

N S  
N S  

Age N / A  * *  

a Values a re me a n s  ± S E  

± 1 . 2 a 

± 0 . 0 5 
± 2 . 3  

± 1 . 5  
± 0 . 0 5 
± 2 . 3  

± 1 . 7  
± 0 . 0 6 
± 2 . 3  

b Ove r the last f ive days o f  t he adjustment pe r iod 
NS = Not s ign i f i cant * *  P < 0 . 0 1 * * *  P < 0 . 0 0 1 . 
N / A  = not appli cable 

2 8 . 8  ± 0 . 8  
0 . 9  ± 0 . 0 3 

1 6 4 . 3  ± 2 . 0  

3 9 . 3  ± 1 . 0  
1 . 3  ± 0 . 0 4 

2 9 1 . 3  ± 2 . 0  

4 4 . 8  ± 1 . 0  
1 . 5  ± 0 . 0 5 

4 0 4 . 3  ± 2 . 0  

Age x Line 

N S  
N S  
N / A  
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Table 2 a l s o p resent s the ave ra ge dry matter intakes o f  t he FW 

and C rams ove r the last five days of t he adjustment period at each 

age . Highly s ignificant ( P < O.O Ol) di f f e rences were seen between the 

nomina l  age s ,  w i t h  int akes increas ing b y  about 0 . 3 kg DM/ day between 

e a c h  age . Howeve r ,  there was no di ffe rence between the two s e lect ion 

lines in int a k e s  and the e f fects of l in e  were addit ive with t h o s e  of 

age . 

A s ign i f i c ant ( P < O.Ol)  di ffere n c e  bet ween the select ion lines 

in actual age wa s appa rent with the FW rams be ing an ave rage o f  8 days 

o lde r than the C rams . This re flects t he fact that birthda t e s  o f  FW 

l ambs are gene r a l ly earlier than those of C lambs ( B lair et a l . 1 9 8 5 )  

Mids ide Wo o l  Growth Rate 

The me a n  rates of wo o l  growt h on the midside patch ( greasy and 

c l e a n )  ove r t h e  three s amp l ing pe riods a re shown in Fig . l .  

There w a s  a s ign ific ant ( P<O.O l )  difference between the lines 

in greasy woo l growth rate ( GWGR ) but no s ign if icant line x t ime 

interact ion . F W  rams ma int a ined highe r GWGR than C rams ove r a l l 

s ampling per iods and maximum rates of wool growth were obt a ined du ring 

t ime period 2 ( spr ing) in both selec t ion line s . 

The c le a n  woo l  growth rate ( CWGR )  me a su rements a l s o  s howed a 

s igni f i c ant (P<O . O l )  l ine e f fect but no s igni ficant line x t ime 

interact i on . F W  rams again showed c o n s i s t ently gre a t e r  CWGR than c 

r ams . There w a s  a s l ight decl ine in c lean wool growth rate in t ime 



period 2 leading t o  maximum c lean wool growth in time pe riod 3 

( s umme r )  . 

7 5  
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Fig . 1 .  Mids ide grea s y  wool growth rate ( GWGR , uppe r  pane l ) , and c le an 

wool growth rate ( CWGR , l owe r pane l ) , ove r three t ime pe riods ( 5 - 9 ,  9 -

1 3  and 1 3 - 1 7  months o f  a ge ) i n  1 6  control ( - - - )  and 1 6  fleecewe ight -

s e lected ( --- ) rams . Ve rtical bars repre s ent st andard e r rors about 

the me an . 
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P la sma Urea Conc ent rat ion 

Basal p l a sma urea c o ncent rations ove r  the 1 2  hour s amp l ing 

period at nomi n a l  age s of 5 ,  9 and 1 3  months a re shown in F ig . 2 . At 5 

months of age C rams ma int a ined concent rat ions o f  urea which we re 

c o ns istently gre ater than those o f  t he FW rams but t he line e f fect was 

nons ignificant . 

A s ign i f icant ( P < O . O l )  di fference was seen between the 

s e lect ion lines at a nomina l age of 9 months ( i . e .  June ) but t he 

difference was again nons ignificant a t  1 3  months of age ( Table 3 )  At 

a l l  ages , there was a s ign i f icant e f f e c t  of samp ling t ime , urea 

conc ent ration t e nding to de c l ine th roughout the day de spite the fact 

that rams were fed equal amounts of luce rne cha f f  eve ry two hours . 

All line x samp l ing t ime int eract ions we re nons ignifi cant ( T able 3 )  

Analys i s  of mean urea concent r a t ions ( F ig . 3 . )  showed that the 

l ine effect was signi f i cant ( P < O . O l ) , a s  wa s the nomina l age e f fect 

( P < O . O O l ) . The line x nominal age inte ract ion was a l s o  s ign i f i cant 

( P < 0 . 0 5 ) , re f l e c t ing the greater dif fe rence bet ween the lines a t  9 

months of age ( i . e .  June ) than at o t h e r  ages . 

P la sma Crea t i n i ne Concent rat ion 

Fig . 4 .  s hows t he basal plasma c re a t inine concent r a t i o n s  over 

t he 12 hour s ampling period at nomina l ages of 5 ,  9 and 1 3  months . No 

l ine effect or l ine x s amp l ing t ime i n t e ract ion was seen a t  5 or 1 3  

months o f  age ( Table 4 )  . The C rams gene r a l l y  had highe r p l a sma 
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c re a t inine concent rat ions than the FW rams although there was s ome 

c ro s s ing ove r  of the lines at the f i r s t  age ( 5  months ) . At 9 months 

o f  age the re was a highly s igni f ic ant ( P<O.OOl )  dif f e rence betwee n  the 

lines but aga in , no l ine x s ampling time inte raction ( Table 4 )  . At 

a l l  ages there w a s  a s ignificant effect o f  s ampling t ime , with t h i s  

di f fe rence being greatest at 9 months o f  age ( winte r )  . 

Mean p l a sma c reat inine concent ra t i ons ( Fig . 5 . )  showed a 

nons ignificant line effect and a ma rgin a l l y  s igni f i cant (P<O.l ) 

nominal age e f f e c t . The re wa s a greater difference between the l ines 

at 9 months o f  age than at other ages wh i c h  was re flec ted in a 

s ign i f icant ( P<O.OS ) line x age int eract i on . 
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Fig. 2. P l a sma u rea concent rat ions a t  e a c h  samp ling t ime i n  1 6  cont rol 

( - - - )  a nd 1 6  f leecewe ight -selected ( --- ) rams at nomina l  ages o f  5 

months ( uppe r p a ne l ) , 9 months (middle pane l )  and 1 3  mont hs ( lower 

p a ne l ) . Ve rt i c a l bars rep res ent standa rd e r ro rs about the mea n . 



Table 3. Significance of effects of line, sampling time and line x 

sampling time interaction on plasma urea concentration ( separate 
MANOVA analysis at each nominal age) . 

Nominal Age Line S amp l ing Time Interaction 
( mo nths ) ( L )  ( T )  ( L  X T )  

5 NS ** N S  
9 ** *** N S  

1 3  NS *** N S  

8 0  
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me an . 
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Table 4. Significance o f  effects o f  line , sampling time and line x 

sampling time interaction on plasma creatinine concentration (separate 
MANOVA analysis at each nominal age) . 

Nomina l  Age L ine S ampl ing Time Inte ract ion 
(months ) ( L )  ( T )  ( L  X T )  

5 N S  * NS 
9 *** *** NS 

1 3  NS ** NS 
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P l a sma T 3 and T 4 C oncent rations 

Plasma conce nt rations of T 3 and T 4 a re shown in Fig . 6 .  C rams 

ma inta ined high e r  p l a sma T3 concent rations than FW rams at the f i r s t  

and t h i rd nomi n a l  ages ( 5  ·and 1 3  months re spectively ) but F W  rams 

showed higher leve l s  at 9 mont h s . Ne ither the line effect nor the 

line x age inte r a c t ion was s ignificant a l though the inc rease in p l a sma 

T 3 leve ls with a ge was s igni f i c ant ( P < O . O l ) . 

Plasma T 4 c onc ent rations showed a s imi lar c ro s s ing-ove r between 

C and FW rams at t he second age ( 9  months ) . There was no line or line 

x age effect in p l a sma T 4 concent ration a l t hough there was a high l y  

s ign i f ic ant ( P < O . O O l )  age effect , pla sma T 4 concent rations incre a s ing 

as the rams aged . 

Urea and Creat inine Challenge 

P l a sma c oncent rations o f  urea and c reat inine in response t o  the 

chal lenge a re s hown in Figs . 7  and 8 respect ive ly . P l asma urea 

concent rations r o s e  sharply at the onset o f  the chal lenge with C rams 

showing cons i st en t ly greater c oncent rations of urea than FW rams both 

befo re and a f t e r  t he challenge . 

P l a sma c re a t inine concent rations s h owed little between - l ine 

di ffe rence t h ro ughout the ent i re sampl ing period with C rams 

ma inta ining ma rgin a l ly highe r pla sma c rea t inine concent rations in the 

f i r s t  and third t ime pe r iods but not dur i ng the second . 
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Urea and c re a t inine space s and c lea rance rat es de r ived f rom t he 

challe nge dat a  are s hown in Table 5 .  There was a highly s ignific ant 

( P < 0 . 0 0 1 )  difference in urea space between ages but no l ine or l ine x 

age di f f e rences . The clea rance rates of urea and creat inine we re not 

influenced by line or age . 

Although MANOVA analyses showed no overall effec t s  of line o r  

line x a ge inte rat ion in u r e a  space o r  clea ranc e ,  univa riate ana lyses 

showed t hat both p a rameters were greater in FW than in C rams at 9 

mont h s . Thus the urea spaces we re 5 0 . 4 7 ± 1 . 4 1 %  liveweight in C rams 

ve rsus 5 4 . 6 8 ± 1 . 4 1 % livewe ight in FW rams ( dif ference = + 8 . 3 % ,  

P < 0 . 0 5 )  wh ile the urea clea rance rates we re - 0 . 0 0 3 5  ± 0 . 0 0 0 2 min- 1 ( C )  

ve rsus - 0 . 0 0 4 2 ± 0 . 0 0 0 2  min - 1 ( FW) ( di f ference = +2 0 % ,  P < 0 . 0 5 ) . 
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Fig . 6 .  P lasma triiodothyronine ( T3 , upper pane l )  and thyroxine ( T 4 , 
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lower pane l )  concent rat ions in 1 6  cont rol ( - - - )  and 1 6  fleeceweight-

se lected ( --- ) rams at nominal ages of 5, 9 and 13 months . Ve rtical 

bars represent standard errors about the mean . 
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standa rd e r ro rs about the mean . 
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ages o f  5 months ( uppe r pane l ) , 9 months (middle panel )  and 1 3  months 

( l ower pane l )  during the creatinine challenge (3 mg/ kg )  . Vert ical 

bars represent standa rd errors about the mean . 
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Table 5. Urea and creatinine spaces and clearance rates in 

fleeceweight-selected (FW) and control (C) rams at 

three nominal ages 

Nominal S e lect ion line ( n= 1 6 )  Mean ± S E  
Age Variable Cont r o l  ( C )  F leecewe ight (FW) 

(months)  

5 Urea space a 5 3 . 7 0  ± 1 .  7 0  5 7 . 1 3 ± 
Urea C l e a ranceb - . 0 0 4 3  ± . 0 0 0 5  - . 0 0 4 4  ± 
Creat inine space a 3 2 . 4 0 ± . 7 9 0  3 3 . 2 1  ± 
Creatinine Clearanceb - . 0 1 3 7  ± . 0 0 0 5  - . 0 1 3 2  ± 

9 Urea space 5 0 . 4 7 ± 1 .  41  c 5 4 . 6 8 ± 
Urea C l e arance - . 0 0 3 5  ± . 0 0 0 2c - . 0 0 4 2  ± 
Creat inine space 3 2 . 6 9 ± 1 . 2 7  3 0 . 3 7 ± 
Creat inine Clea rance - . 0 1 4 0  ± . 0 0 0 7  - . 0 1 42 ± 

1 3  Urea space 6 3 . 2 8  ± 2 . 8 1 6 4 . 5 1 ± 
Urea Cle a rance - . 0 0 4 2  ± . 0 0 0 7  - . 0 0 5 6  ± 
Creatinine space 3 2 . 3 1 ± . 9 1 0  32 . 5 8 ± 
Creat inine Clearance - . 0 1 4 4  ± . 0 0 0 6  - . 0 1 4 4  ± 

S ign i f icance (MANOVA) 

Nominal Age Line Line x Age 

Ure a spacea 

Clea rance (ure a ) b 

Creat inine spacea 

Clearance ( c reat inine ) b 

* * *  

NS 
NS 
NS 

NS P > O . l O * *  P < 0 . 0 1 * * *  P<0 . 0 0 1  

a Spaces expres s e d  a s  % l ivewe ight 

b K va lues (min- 1 ) 

NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 

1 .  7 0  
. 0 0 0 5  
. 7 9 0  
. 0 0 0 5  

1 . 4 ld 

. 0 0 0 2d 

1 . 2 7  

. 0 0 0 7 

2 . 8 1 

. 0 0 0 7 

. 9 1 0  

. 0 0 0  

c , d Means with different supe rscript s are s igni ficant ly ( P < 0 . 0 5 )  
di f fe rent by univariate analys is o f  variance 
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Discu s sion 

The purpose of  this study was to examine whethe r the magnitude 

of between-l ine va riation in p l asma urea , c reatinine , T 3 and T 4 levels  

depends on age / season and to det e rmine whether the urea and c reat inine 

differences were due to a di ffe rence in space or cle a rance rate . It 

has a l ready been e s t ablished that differences exist between l ines 

selected for h igh and low fleeceweight in plasma urea , c reatinine and 

T 4 concent rat ions (McCutcheon et al . 1 9 8 7 ; C lark et a l . 1 9 8 9 ;  Thoms on 

et al . 1 9 8 9 )  but , prior to t h i s  study, the pos s ibil ity o f  select ion 

l ine x age/ season interact ions in these pa rameters had not been 

examined . 

Compa risons of  woo l  growth rates between select ion l ines showed 

that FW rams ma intained a higher rate of greasy and clean wool growth 

throughout the yea r  compa red with C rams . There was no l ine x 

age / se a s on interact ion which , at least supe rficially,  s uggests that a 

seas ona l difference was not appa rent . Howeve r ,  when compa red with 

va lue s obta ined by McClel land et al . ( 1 9 8 7 ) , averaged over the same 

time per iods , the pattern of change in woo l  growth rate s wa s s imilar . 

There f o r e ,  the appa rent absence of s easonal variat i on in  woo l  growth 

rates in this study was l ike ly t o  be caused by the long interval 

between samples ( i . e . approximately 4 month s ) .  In any event , the wool 

sampling regimes were not des igned to  test for season a l i lty of  woo l  

growth i n  the two lines . The ir only purpose was to demonst rate that , 

in addit ion to  coming f rom genetically dive rgent l i ne s ,  the sheep used 

in the s tudy were also phenotypically different in mids ide clean and 

greasy wool growth rates . 
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No  dif ferences we re found between the se lection l ines in  

intakes , which agrees with results obt ained by Saville and Robards 

( 1 9 7 2 ) , McClelland et a l . ( 1 9 8 6 )  and Clark et a l . ( 1 9 8 9 ) . Thomson et 

a l . ( 1 9 8 9 )  found that a lthough there were no intake dif fe rences 

between FW and C lines when fed meadow hay, the re were dif f e rences 

when the sheep were fed a lucerne cha f f  diet . This difference was 

thought to be due to a c a r ryover e ffect from feeding the lower qual ity 

meadow hay diet before the higher qua lity luce rne chaff diet ( Thomson 

et al . 1 9 8 9 ) . Their exp lanat ion is not , howeve r ,  ve ry convincing 

s ince it is difficult to imagine why prior feeding on meadow hay 

should cause a dive rgence between the lines in vo l untary int ake of  

lucerne cha f f  (as  oppo sed to a simi la r  compensatory response in int ake 

in a l l  anima l s ) . 

The intake of die t a ry nit rogen has an influence on the entry 

rate of  urea originat ing f rom rumen ammoni a .  As discussed previous ly,  

t h i s  is one of the pos s ible mechanisms by which FW and C animals  might 

di f fer in their plasma urea concent rat ions . However ,  as t he re was no 

dif ference between the l ines in int ake during this study, present 

results would suggest that the difference between the FW and C animal s  

in  circulat ing urea did not reflect differences i n  nit rogen intake . 

There were no c o n s istent t rends in plasma T3 o r  T 4 

c oncentrations between t he selection l ines alth ough levels  did 

increase with age . The s e  results a re cont rary to those o f  Clark et 

a l . ( 1 9 8 9 )  and Hough et a l . ( 1 9 8 7 )  who found differences between 

Romney lines and Merino l ines ( respectively) , wit h  anima l s  genet ica l l y  
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p redisposed t o  high fleece production maintaining lowe r  concent rations 

of T3 and T 4 than cont rol anima l s . Howeve r ,  Clark et a l . ( 1 9 8 9 )  found 

only sma l l  between-line di fferences in plasma T 4 concent rations o f  

Rornney rams aged 9 - 1 2  months but l a rger and significant diffe rences in 

FW and C rams aged two years . Hough et a l . ( 1 9 8 7 )  used non­

p regnant / non-lactating mature ewes . Age differences between t hese 

s tudies could have a bea ring on the variation in levels  o f  p l a sma T3 

and T 4 s ince results of  Clark et al . ( 1 9 8 9 )  sugges t  the pos s ib ility 

t hat the s e lection lines diverge in thyro id ho rmone leve l s  as they 

age . The use of  T3 and T4 as possible genetic markers is  the refore 

s t i l l  in doubt until such time as the pos s ible existence of  l ine x age 

interactions in the se hormone leve l s  is resolved . 

C rams had consistently greater plasma u rea concent rations than 

FW rams . The s e  re sults are in agreement with those of McCut cheon et 

a l . ( 1 9 8 7 ) , Clark et al . ( 1 9 8 9 )  and Thomson et al . ( 1 9 8 9 )  who a l l  

found that F W  anima ls ma inta ined lowe r  plasma concentrations o f  urea 

than C anima l s . Simi lar results  have been found with othe r a nima l s  of 

h igh ve rsus low genetic merit including l ines selected for lean versus 

fat growth in sheep ( Bremme rs et al . 1 9 8 8 ; Carter et a l . 1 9 8 9 )  and 

pigs (Mersmann et al . 1 9 8 4 )  and dai ry select ion lines of h igh ve rsus 

low genet ic merit for yield of mil k  o r  mil k  s o l ids (Ti l a ka ratne et a l . 

1 9 8 0 ;  S e j rsen et al . 1 9 8 4 ;  Sinnet t - Smith et al . 1 9 8 7 ) . Howeve r,  Hough 

et al . ( 1 9 8 7 )  found no dif ferences in plasma urea c oncent ration 

between genet ically divergent l ines o f  Merino ewe s . It  i s  pos s ible 

that di f fe rences in plasma urea concent rat ion a re more appa rent in 

younger anima l s  ( i . e .  6 - 1 2  months ) than in the mature sheep u sed in 

the study by H ough et al . ( 1 9 8 7 ) . This can be seen f rom the present 
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s t udy in which b a s a l  plasma urea concent rations showed no s igni f icant 

l ine effects at 5 or 13  months of age but a significant line e f fect at 

9 months of  age . This would suggest that , in order to maximiz e  the 

chance of  detect ing differences between the selection l ines in  plasma 

urea concent rat ion,  the best time of the year to blood s ample anima ls  

would be during the winter o r  when the animals were approxima t e l y  9 

months of  age . It should a l s o  be noted that , in the present s t udy , 

the e ffect s of  age and season were completely confounded . Thus it is  

not pos s ible t o  det ermine whether the greater difference in p l asma 

urea seen at 9 months ve rsus 5 or 13 months was an e f fect of age or an 

ef fect of season ( e . g .  photoperiod, ambient tempe rature ) .  

Basal pla sma creatinine concent rat ions showed s imi l a r  results 

to  those of pla sma urea in that FW rams maintained lower 

concentrations of pla sma c reatinine compa red with C rams . Re s u l t s  

we re cons istent with those o f  previous s tudies (McCutcheon et a l . 

1 9 8 7 ; Clark et a l . 1 9 8 9 )  but , as with urea , the re were ma rked line x 

age / season inte ract ions in plasma c reatinine . Thus there were no  l ine 

e f fects on pla sma creat inine concent ration at 5 or 13 months o f  age 

but a signi f ic ant l ine effect at 9 months of age . This again would 

s uggest that dif ferent iat ion between fleeceweight selection l ines in 

p l a sma c reatinine concent rat ion would be most apparent at 

approximately 9 months of  age or in the winter period . 

Urea and c reat inine spaces and clearance rates were c a lculated 

f rom data obta ined from the challenge periods . Although plasma urea 

and c reatinine c oncent rations rose sharp ly a fter the challenge , there 

were no overall differences ( i . e .  across all three age s ) between t he 
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selection lines i n  their spaces o r  clearance rates . Howeve r ,  

univar i a t e  analys e s  showed that there was a s ignificant difference in 

urea space and clea rance between the l ines at 9 months of age , with FW 

rams having higher va lues than C rams . The 8 %  greater u rea space o f  

F W  rams a t  this age would predispose them to lower circulating 

concent rat ions of u re a ,  as suming equal urea ent ry rates . In addit ion , 

the gre a t e r  urea c learance rate ( +2 0 % )  would also lead t o  lower urea 

level s . Thus the fact that between-line di fferences in plasma urea 

concent rat ion were maximised at 9 months of  age may be at least partly 

exp l a ined by corresponding sea sonal dif ferences in urea space and 

c le a rance rate . The underlying phys iological mechanisms responsible 

for the s e  differences are ,  howeve r,  unclea r .  Urea space is re lated to 

total body water c ontent ( Bart le et al . 1 9 8 8 ) , suggest ing the 

pos s ib i l ity of a difference between the lines in body compos ition at 9 

months o f  age . Urea clearance rate re flects kidney funct ion and may 

be re lated to blood flow through the kidneys . Whether this has a 

direct physiologic a l  relationship with between- line dif f e rences in 

woo l  growth is not known . 

C reatinine space and clea rance rates showed no s ignificant 

di f ference between l ines or between ages . Howeve r ,  basal  creat inine 

concen t r a t ions f o l lowed a s imi l a r  pattern to basal urea concent rations 

( i . e .  maximum between-line dif f e rences at 9 months of age ) . This 

implies t hat there is  a common element caus ing the between-l ine 

dif ferences in b a s a l  plasma urea and creat inine levels . Howeve r,  in 

the c a s e  of c reat inine , the cause of this difference is  s t i l l  in 

doubt . The nonsigni ficant di fference in c reatinine space o r  c lea rance 

rate at t h i s  time would sugges t  that these mechanisms are not 
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respon s ib le for  the differences in basal creat inine concent rations . 

Further r e s e a rch is needed in this a rea . 

In  c onclus ion , re sults from this study have confirmed that 

diffe rence s  exist between f leeceweight and control selection l ines in 

plasma urea and c reat inine concent r ations . The seasonality aspect of  

this  s tudy h a s  shown that discriminat ion between fleeceweight and 

cont rol s e le c t ion lines in leve l s  o f  these metabolites is greatest 

during the winter .  This would suggest that if  select ion is  to be made 

on plasma urea and c reat inine leve l s ,  the best time of the yea r  for 

select ion would be during the winte r .  Howeve r ,  selection at this t ime 

could c re a t e  problems for the breede r as animals  would need to be 

carried through to the winter before selection could take p lace . This 

would in t u rn extend the generation interval and dec rease the rate of  

genetic gain , thus l imit ing the use fulness of these metabo l ites as 

genetic ma rkers for f leeceweight in sheep . 
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CHAPTER III : GENERAL DISCUSS ION 

The ob j ect ive o f  this study was to  det e rmine whether the 

magn itude of differences between the FW and C l ines in plasma ure a ,  

c reat inine , T 3 and T 4 concent rations w a s  inf luenced b y  an age / season 

e ffect and a lso  to determine whether the diffe rences s een in  urea and 

c reatinine c oncent rat ions were due t o  di f fe renc e s  in space and/ or 

c learance rates . This chapter w i l l  cons ide r t he wide r  imp l icat ions of 

the result s found in t h i s  study and di scuss whe re res e a rch efforts 

should be di rected in future . 

P l a sma thyroxine ( T 4 ) and t ri iodothyronine ( T3 ) concent rat ions 

were mea su red at three age s / seasons to det e rmine if there were 

dif ferences between the line s . No s igni f icant diffe rence was found 

between the l ines in either T3 or T 4 although both showed a 

sign i f ic ant increase with age . In previous s t udies ( Hough et al . 

1 9 8 7 ;  C l a rke et a l . 1 9 8 9 ) , differences between selection l ines in 

plasma T 4 c oncent rat ion have been s ignificant . However ,  it is 

interest ing to note that , in the s tudy by Clark et a l . ( 1 9 8 9 ) , 

signi f ic ant differences were seen in the experiment dea l ing with 2 

yea r  old r ams but not in the experiment invo lving 9 - 1 2  month o ld rams . 

Al s o ,  in  t he study by Hough et a l . ( 1 9 8 7 ) , dif ferences in T 4 

concent rat ions were found in mature ewes . 

The plasma T 4 concent rat ions obs erved in this s t udy were 

4 . 4 4 ± 0 . 2 5  ug/dl versus 4 . 6 1 ± 0 . 1 9 ug/dl for  C and FW s heep 

( re spec t i vely)  at 9 months of age , and 4 . 9 6 ± 0 . 2 8  ug/dl ( C )  versus 



9 8  

4 . 53 ± 0 . 2 0  ug/dl ( FW)  at  13  months of  age . Clark et a l . ( 1 9 8 9 )  found 

values of 4 . 3  ± 0 . 5  ug/dl ( C )  ve rsus 3 . 3  ± 0 . 5 ug/dl ( FW )  f o r  sheep 

aged betwe e n  9 - 1 2  months and 5 . 9  ± 0 . 6  ug/dl ( C )  ve rsus 

4 . 6  ± 0 . 6  ug/ dl (FW)  for sheep aged 2 years . While comp a r i s on of  

hormone concentrations measured by radioimmunoa s say in different 

studies i s  not a lways valid, this s tudy and that of  C l a rk et  a l . 

( 1 9 8 9 )  used the same l ines of  sheep and the s ame a s say k it s . As 

reported in Chapter 2 ,  these kit s have a low inter-as s ay coefficient 

of variat i o n . Hence the above compari son i s  probably reas onable and 

would sugge s t  increas ing dive rgence between the l ines with age . 

The pos s ibility of di fferences between selection l ines in 

pla sma T 4 be ing more apparent at  o lde r ages should be t he bas i s  for 

future studies in this  area . An expe riment should be conducted us ing 

FW and C s heep of va rious ages ( e . g .  a range f rom 6 month s  to 3 years ) 

to test t h e  differences between the lines and to dete rmine when these 

dif ferences become s ignif icant . An alternat ive approach would be t o  

supplement o lde r ( e . g .  2 yea r )  F W  animal s  with T4 , s o  b r i nging the i r  

circulat ing leve ls  t o  those of  the C sheep , and to compare the f leece 

product ion of  supplemented FW s heep with those having no 

supplement at ion and the cont ro l s . This would help estab l i sh whether 

the line d i f fe rence s in T 4 levels  are direct l y  related to di ffe rences 

in f leece production or  whether t hey are unrelated " re sponse s "  to 

se lect ion (e . g .  a s  a consequence of genetic drift ) . 

I t  is pos s ible that dif fe rences in T 4 concent rations a re not 

the best measure of differences in thyroid function between the 

selection l ines . A number of  s tudies have detected dif f e rences 

between h igh and low genetic merit cat t le in the level o f  thyroid 
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act ivity and, in p a rt icular,  t hyroid hoDnone degradation rates . 

Joak imsen et a l . ( 1 9 7 1 )  found that the t hyroxine degradat ion rate in 

8 2  mat ure Finn i s h  bulls was positively c o r r e lated with fat -corrected 

milk p roduct ion o f  t heir daughters . S imil a r ly,  So rensen et a l . ( 1 9 8 1 )  

found that thyroxine degradat ion rate i n  Danish bulls had a pos it ive 

gene t i c  correlat ion with breeding value f o r  butter-fat product ion . In 

neither case we re c i rculat ing levels  of  thyroid hormone s  correlated 

with genet ic me rit . 

Cha i ( 1 9 7 0 )  studied t ha rate of  upt a ke of  r 1 3 1  in mice a s  an 

indicator of thyroid act ivity,  as it wa s e a s ie r  to mea sure and had a 

greater repeatab i lity than t hat of the actual thyroid hormones . After 

10 gene rations , a 4 - fold difference was found bet ween mice selected 

for h igh leve l s  of  r 1 3 1  upt a ke compa red with those se lected for low 

leve l s  of  upt ake . Ti laka ratne et al . ( 1 9 8 1 )  obta ined h ighe r growt h at 

a young age in mice se lected for high pla sma t hyroxine leve l s  a lthough 

this  was appa rent ly due to improved mat e rnal performance rather t han 

inc reased individu a l  growth . 

Thyro id act ivity is a l s o  related t o  basal metabolic rate in  

anima l s  which would suggest t hat animal s  f rom select ion lines could 

have differing met abolic act ivitie s . 

The use o f  T 4 as a genetic ma rke r for fleeceweight i s  s t i l l  in 

doubt . Expe riment s of the above nature c ould help t o  determine 

whether or  not d i fferences in T4 concent rat ions would be useful a s  

genet ic ma rkers .  Furthe r wo rk is needed in this are a ,  part icula rly t o  

f ind differences between t he sheep se lect ion lines in thyroid a c t ivity 



1 0 0  

which may be evident before two years of  age (Clark e t  a l . 1 9 8 9 )  and 

so have potent i a l  as genetic markers . 

It  is we l l  establ ished that di f fe rences in plasma u re a  and 

c reat inine concentrat ions exist between t he Mas sey Univers ity 

f leeceweight - s e l ected and control lines of  sheep ( McCut cheon et  a l . 

1 9 8 7 ; Clark et a l . 1 9 8 9 ;  Thomson et a l . 1 9 8 9 ) . S imilar di f fe rences 

have also been found in other select ion l ines inc luding pigs (Mersmann 

et a l . 1 9 8 4 ) , cattle ( T ilakaratne et a l . 1 9 8 0 ;  S e j rsen et a l . 1 9 8 4 ;  

S innett-Smith e t  al . 1 9 8 7 ) , and low and high backfat sheep ( Bremme rs 

et  a l . 1 9 8 8 ;  C a rter et a l . 1 9 8 9 ) . None of the abovement ioned t rials 

have studied anima ls as young as  the ones in this t ri a l  although 

Bremme rs et a l . ( 1 9 8 8 )  and Carter et a l . ( 1 9 8 9 )  did make compa r i sons 

of 7 -month-old rams from t he Mas sey Unive r s ity H igh and Low Backfat 

S out hdown select ion l ines . They found that even at 7 months o f  age , 

H igh Line ( i . e .  high backfat ) anima l s  exhibited s igni ficant ly greater 

b a s e line concent rat ions of  urea than t he Low Line anima l s . 

The s tudy repo rted here invol ved sampl ing at three nomina l ages 

( 5 ,  9 and 13  months ) which corresponded to three seasons ( s umme r ,  

winter and spring respect ively) . S igni ficant difference s  we re found 

between the l ines at 9 months of age ( i . e .  in the wint e r )  in plasma 

urea and c reat inine concent rations with C rams having higher values 

than FW rams . However ,  t h i s  study has  not enabled us t o  di s t inguish 

between an a ge effect or  a season e f fect . There fore , it  i s  pos s ible 

that the di f fe rences seen between t he lines in plasma urea and 

c reat inine concent ration could be due to a difference in either age or 

s e ason . 



1 0 1  

Re sult s obtained b y  McCutcheon e t  a l . ( 1 9 8 7 )  and C l a rk e t  a l . 

( 1 9 8 9 )  would t end to s uggest that the difference in pla sma u rea and 

c reat inine concent rat ions are due to a seasona l e f fect rathe r than an 

age effect . C lark et a l . ( 1 9 8 9 )  found s igni f ic a nt dif fe rences between 

t he l ines in plasma urea and creat inine concent rat ions in rams aged 9 -

1 2  months and 2 years , i n  trials conducted f rom Apri l -July and July­

August ( re spect ively ) . McCut cheon et  al . ( 1 9 8 7 )  conducted a t rial  

during Sept ember ( rams aged just ove r two yea r s )  and found dif ferences 

in plasma urea and c reat inine concent rat ions between the s election 

l ines . The re fore , even though the re was a greater di f fe rence between 

t he select ion lines at 9 months of  age in this s tudy, dif f e rences a re 

s t i l l  appa rent at other ages . This would sugges t  that the large 

difference s een at 9 months of age i s  caused by a seasona l e f fect 

rather than an age e ffect as differences a l s o  occur at othe r  ages . 

The dif ference between the l ine s in pla sma urea and c reat inine 

concent rat ions could be due to a combined age and season e f fect . It 

is pos s ible that the levels of  urea and c reat inine diverge with age 

while at the same t ime , the sea sona l e ffect causes a la rge winter 

difference a nd a sma l ler summer dif ference in leve ls of urea and 

c reat inine . Therefore,  a greater difference between t he l ines may be 

seen with age and this effect could be magn i f ied at 9 months of  age by 

a winter s e a sonal e ffect whc ih a l s o  causes the levels  o f  u rea and 

c reat inine to increase . 

In o rde r to dist inguish between t hese two pos s ib l e  c auses , 

expe riment s should be conducted involving a rt if icial phot operiod . For 

example , a n ima l s  of  va rying age s  could be sub j ected t o  a photope riod 

characteri s t ic of the winter period to e s t ab l i sh wheth e r  t he 
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diffe rences i n  plasma urea and creat inine c oncent rations a re due t o  a 

change in photoperi od or t o  a change in age . Photoperiodic e ffect s 

could also be s imul ated through the use o f  melatonin . It i s  t hought 

that me latonin is one of the hormones that funct ions phys iologi c a l ly 

t o  re lay effects o f  changing photoperiod . Exogenous melatonin induces 

responses in woo l growth by s imulating the short photoperiod 

cha racteri s t i c  of winte r ( L incoln and Ebling,  1 9 8 5 ) . Therefore , if 

exogeneous me latonin was administered to a n ima l s , this would have the 

e f fect of s imulat ing the winter situat i o n ,  which could result in 

greater di ffe renc e s  in plasma urea and c reat inine concent rations 

bet ween selection line s compared with t h o s e  seen in the summe r or 

spr ing . Another way to achieve this e ffect wou ld be t o  hormona l l y  

induce out - o f - s e a s on lambing . This could a l s o  be mo re pract i c a l  and 

l e s s  costly t han cont rolling photoperiod . 

Alte rnat ive ly, it is possible that dif ferences seen between the 

lines are a funct ion of changing tempe rat u res throughout the yea r  in 

whi c h  case a s imi l a r  experiment could be ca rried out invo lving a 

constant tempe rat ure . Animal s  of varying age s  could be sub j ected to 

natural photoperiod at a constant temperat ure . I f  no difference s are 

seen between t he ages with controlled tempe rature , it  would sugge st 

that difference s  in  plasma urea and creat inine concent rat ions a re not 

due to di f fe renc e s  in age but instead a r e  due to a dif ference in 

envi ronment a l  factors such as temperature and photoperiod . 

One o f  the main reasons for t h i s  s tudy was t o  t ry t o  e stablish 

t he mechani sms re spons ible for the dif fe rences in plasma urea and 

c reat inine concent rations . P revious papers have suggested various 

mechanisms , including differences betwee n  the lines in urea and 
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c reatinine ent ry rates ,  c l earance rates and a l s o  in the i r  space or 

di s t ribut ion ( McCutcheon et  al . 1 9 8 7 ; Bremme r s  et  a l . 1 9 8 8 ;  Clark et 

a l . 1 9 8 9 ;  Carter et al . 1 9 8 9 )  

n o t  been f i rmly establishe d . 

However ,  as yet , t hese mechanisms have 

It wa s noted in t h i s  study that although there was no overall 

s i gnificant dif ference between the lines in urea a nd c reat inine space 

or c lea rance rate s ,  the re was a signi f icant d i f fe r ence between the 

l ines in urea space and c lea rance rate at 9 months of age . This 

s ugge s t s  that the difference between the selection lines in plasma 

urea concent rat ion at t h i s  t ime could be a result of dif ferences in 

t hese mechani sms . I t  is possible that there i s  a di fference between 

t he lines in body compos it ion at this age as urea space is known to be 

r e lated to total body water content ( Bart le et  a l . 1 9 8 8 ) . Also ,  a s  

u rea clearance rate is a re flect ion o f  kidney funct ion , it i s  pos s ible 

t hat there a re di fference s between the lines in t he abi l ity of  the 

kidneys to c lear urea / c reat inine and also po s s ibly t he blood f low 

t h rough the kidneys . Certainly the suggest ion o f  greater urea 

c learance rate at 9 months in this s tudy s upport s the obse rvations of 

McCutcheon et al . ( 1 9 8 7 )  and Thomson et al . ( 1 9 8 9 ) . 

The s ame inferences cannot be made f o r  p lasma c reat inine 

concent rat ion as there were no s igni f icant differences between t he 

l ines in c reat inine space or c learance rate s . Howeve r ,  the fact t hat 

basal pla sma urea and c reat inine concent rations fol lowed a s imil a r  

seasonal/ age pattern s uggests  that there i s  s ome common factor caus ing 

the changes in t hese metabolites . For this rea son, further work i s  

needed in this a rea t o  dete rmine the mechanisms responsible f o r  t he 

di f fe rences in plasma c reat inine between select ion l ines . 
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The r e  were some limitat ions with the techniques used in this 

study and f uture studies involving this type o f  work may need to use a 

diffe rent a pproach . One consideration which needs to be t a ken into 

account whe n  t rying t o  dete rmine t he urea and c reatinine s pace or 

clearance rates is t he failure of  post -chal lenge concent rat ions to 

reach t he i r  origina l baseline value s . It was found that e ithe r  values 

dropped below t he ba se line concent rat ions or a new ba s e l ine was 

reached . Another l imitation with this met hod was the inability to 

di st ingu i s h  between exogenous and endogenous u rea or creat inine when 

det e rmining the concentrations of these met abo l ites in the anima l s . 

It may be pos s ible t o  overcome these problems by admi n i s t e ring 

radioactive ly- labe l led urea or creat inine and monito ring t heir 

progre s s  t h rough the anima l ' s system .  This would he lp t o  more 

di rectly det e rmine t he di fferences between se lection l ine s in space 

and c le a rance rates . The mechani sms respons ible for t he appa rent l ine 

x age / s e a son interact ion in urea c learance and space a re not known at 

the present t ime . 

I n  conc lus i o n ,  work is s t i l l  needed in this a re a  before pla sma 

urea and c reat inine can be recommended as genetic ma rker s  for 

f leecewe ight although they do satisfy many o f  the requirement s of  

ma rke r s  out l ined in Chapter 1 .  They are able to be mea s u red at an 

early age in both ma les and fema les and t he i r  a s says a re re lat ive ly 

s imple and cost e f f icient . By u s ing genet ic ma rkers  for select ion , it 

is hoped that the generation interval can be dec reased and, as a 

consequence o f  thi s ,  the rate o f  genetic gain can be inc reased . 

Result s f rom this s tudy have raised a potent ial problem a s sociated 

with t h i s  a s  it h a s  been found that in sheep aged between 5 and 1 3  
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months , the largest difference i n  plasma urea and c reat inine 

concent rat ion is at 9 months of age . I f  s e lection were t o  be made at 

this t ime , the gene rat ion interval would not be decre a s ed and thus the 

rate of genet ic gain would remain unchanged as s elect ion could only 

t ake p l ace during or after winte r .  Howeve r ,  once the mechanisms 

result ing in the u rea/creat inine changes a re unders tood, it may be 

that they will be useful as phys iological predictors at an early age . 
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