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Vool prQductlon from _rino sbeep !a affeet~d by the envtromacant 
in which thtiY gtue, their genetlccba:r:acte1:1.tics and an interaction 
between the envir~titand genetic characteristics. Changeato the 
grazing environment and thegenet!cc.haraeterlstlcs of tbesh,;epwill 
change the profit ~riv$d froJi wool pX'oductlon. A famer ,.,1th a merino 
sheep flock makes decisions about both the. gru!ng envl~orment and the 
genetic chat'acteristics in an .tteapt to ux1D.ise .n objective. 

Changes to the genetic ehara~terl.tlca of A aerino sheep flock 
are usually achieved by: 

(8) importing railS and, less frequently, ewes froll e1ther studs 
or cooperative bree.dlng schemes such as the Australian Kerino 
Socie'ty ;a.nd/or 

(b) selecting a8 parents of future generation. both rams and ~wes 
bred on the farm. 

This paper concentrates its attention on the second option. on-farm 
selectlon strategies. 

At reproductive rates achieved by IIOst co_ereial lIerino farmers 
in Western Australia, the replacement of older ewes require, most of 
the ewe lambs reared. The potential for selecting ewes and henee 
achieving genetic progress is liaited. By contrast, the '~ll number 
of rams required as sires allows the selection of a few of the best 
rail laabs. In this paper attention Is c.oncentrated on selection 
strategies which achieve genetic progress through ralls used to sire 
future generations. 

Rogget shearing (about 17 months) is the earliest that rams can 
be selected froll all ra •• reared using objective measurements. RantA 
not seleetedat this stage are too old to be castrated. The farmer 
bears an opportunity cost of not castrating. A scheme whereby a small 
nucleus of the best ewes is used to rear rams minimises these 
opportunity costs. 

Various selection strategies are available to the merino sheep 
farmer in establishing and running a nucleus breeding programme. In 
this study the costs and benefits of a few of the options available to 
a merino farm are assessed. A model of genetic change is used to 
calculate the benefits from various selection strategies. Before 
describing this model and the options evaluated. a brief background to 
genetic progress and nucleus breeding is given. 

In a flock of merino sheep there is variation between sheep for 
the iaportant economic traits of flee.ce weight and fibre diameter. 
These traits are normally distributed (Falconer 1985). If the 
enviroIUlental factors influencing fleece weight and fibre diameter are 
constant for all sheep in a flock. then differences between sheep are 
due mainly to genetic characteristics in that envlronment~ Rams reared 
under similar environmental conditions to the main merino flock will 
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dlspl.y' gfinetle ch&r.ct.r.1.t1c..Wh1~b .. te 't*levant top~ofitabl11ty 
u.n4er the.. (:c;nditUn .... 

, The ,G,:onoaf.callyI..portant charaetetl.tlc8 of ,neec. weight '-11~ 
f~bte diiuqter arecSeteX1iinedby any " •• $ (polygen!c) (D-.lton 198'). 
R'hentbe.e genes at'e J."e".rr.-nged wlthge.afl'o. b",thparent&. only 41 
pot;tiOll,of theauperiflX' fleecewfalgbt .-nd fib:te dimaeter ~re inllerit~4 
fr9. thep.re.nta .H-'l'lt.billt:y 1s -theter. u.edto desctibe the 
.verageproport:lon of gelletlcauper1orltyp •••• clon to the ,rogeny 
fro. t'be parentB ov.rand .bove that of thelr cont&apora-':iea (DhltQn 
1985). 

Cenet1c progre~ul resultafx<*· •• leeting only the beat an1taal.i to 
be p.~.nt. ofth. nextgeneratlon. Superlort~ of p.rentsaboV'ethetr 
cont •• porarf.ell 1. t.oed theaeI.c tl.on differentlal.Tbe s.tection 
diffetential 1. the dlfference betwGelltba .ean of aelectedpltent. 
and tbe mean of the p.,pulaticJn frOJlwlch they come (Falc.oner 1985). 

8y .ultlplying the heritab.11ity of a trait by-the selection 
differential of the parents, a. prediction 1. made of g~netlechaflge in 
theoffspting. Vari.bl1ity in floac$ 1f~ight and fibt:e diameter is 
.aintain.d for at least .five ,ener~tl()na • Henee. for .tta.at five 
generations there 1s little likelihood th.t genetic progress will 
reach its lisit (Dalton 1985). 

Geneticists have eatabllah.d that soae traits are related: 
improve.en t: in one leads to h!proveraent or decline In another. Fl~ece 
weight and fibre diameter are positively correlated with a value of 
0.25 (Atkins 1987). A benefic!al change 1n elther fleece weight or 
fIbre dimaeter will lead to small detrillental chang~ in the other. 

UucleuaJl~ 

Described in this section is a nucleus breeding programme and 
sOlie aspects of it in which decisions affecting efficiency have to be 
made (for greater detail see James 1977). 

A merino farmer has a requirement for replacement of rams; this 
is dependent on total number of ewes joined. rat1.o of rams to ewes, 
and the number of years a ram is used. With an existing flock size, a 
farmer needs to decide on tb~ ratio of r~s to ewes and the number of 
years a raIl is used. (Bot"01 these affect profitability and will be 
evaluated in future work.) \'he annual ram requirement can be bred from 
a nueleus ewe flock on the farm. 

Nucleus breeding programmes involve choosing a group of ewes from 
the whole flock, and this group is termed the nucleus flock. Ram lambs 
reared from this nucleus flock are not castrated and form the pool 
from which rams are selected. The farmec is faced with two decisions 
when establishing a nucleus flock: 

(4) Are the costs of objectively measuring all the available ewes 
and then selecting only the best recoverable from the 
increase in wool proceeds? 

(b) What is the optimal percentage of rams selected which, given 
a ram requirement, determines the number of ewes in the 
nucleus flock? 

Both these questions are addressed following the model and data 
sections. 
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Once a nucleus flock hu been iden1:ifled the best r8!12S a:re used 
as a1res for this flock. At firat, these rams are selected from 
{sported ras; in the third year and onwards they are drawn froll rSlU 
reared In the nucleus .. Each Y81lr the olde$t ewes are culled froa the 
nucleus and replaced with the best ewe haggets reared from both the 
nucleus and general flock. 

The coat. of a nucleus breeding p~o,r ... e :vere estiaated from 
such a prograa.e •• onttored b.'f the Kartindale Re.search Project in 
Ve.tem Australia.. The_in costs of the progr ... are establishment f 
r ... selection and opportunity cost. of not cutratlng r ... the costs 
1,ISed are shown In Appendix 1. Sensitlvlty &!\Alysia i. used to afSIlUu •• 
Whether. decision 1. sensitive to th •• e co.t.~ 

T-.ble 1 show. theDu~.n.oo variance for fleece weight and fibre 
«iialle ter fora com.erci .. l .erinoflock lIonitored by Kartlndale 
Re.eazreh ProjC!!ct at Nev Norcia in We.tern A\UI~ralia. These value a are 
typical of cOliliercial tlerino flock. in V.s-=ern Al,la~ralia. It .180 
show$ heritabilities taken froll A1:klns (1981) for both. fleac.e "eight 
and fibre dieeter which have been obtained froll field trial a using 
merinos in Australia. 

Atkins (1981) .howed that ras. used for two year. was lIoat 
profitable. Tid .• approach Is followed and the uSJ~l practice of a 
ratio of rq to eves o.f 1: 50 i. followed; heltce for each 100elle. in a 
floek o.neraa ia requi~ed eacb year. 

TAItB 1 
He&e. V~. BerltablUty amd· GeDatic Correlations f'or 

~ fteace \':alpt. Clean I'leeca Ve:lsbt aDd Fibre Dhweter 

Greaay fleece Clean fleece Fibre 
veight weight diameter 

(kg) (kg) (.teron) 

He an Ewe.* 
'* 

4.5 3.15 22 
Wethers 6.0 4.20 22 

'* Variance 0.4 0.25 3.0 

Heritability 0.35 0.35 0.5 
fro. ho~et 
ahearing 

Genetic correlation 
t Grea.y fleece ~lgh¥ 0.85 0.25 

Clean fleece weight 0.85 0.25 

'* Sources: t Martindale Research Project. 
Atkins (1987). 



Genetic. Pt0F'~ •• ' .1. __ ll.cttQ't atQt.l fioclt COil$lstlj\g ,'of 100 
....... ult. t~~,tbi. lOO"!ewefl.ock canbf I.ealacl "P totbe f(tJ:,'llet". 
~ ~lnoctc I.lz...Tb.faraarl... •• 'd t()r.4ull'eonerepl.~e •• nt 
'r* •• _ell y.ar ff)~ h~lI; 100 .... ". ,nock~Ap.t .. t~t -.e by :~e uae't'l. 
th.~re.t\tas«ol.rUd,el.ct.d.fr_the .' tot.l,n,.ber:of r ... bbt:n. 
Gf.,venther",. :4lqulrelte\ltof <'\ll. t: .. fo~ 100 _wesand. th(llwlng 
.rates, the.del det.~mu' •• tthe lMtr~enug.oft .. a. .sele~ted. how 
auny of th.1OO ewe. ate requtred to :foratbanucl.WI. F~r C!xQPle,. 1f 
50 ,per cent of X&1Q born .r ••• lected. and' tbJ lubing' xrate. 1.' 10 per 
cent II 5 .70w...r. require_to fo:ta,tt;e nucle~ in ~~ total owe flock 
of 100 ewe., 

Gonetlc. 1',;'olr... in both flnuQ.l .• u$flock and· ge1\~1:.1 flock!. 
~11.4 in det.ilfor flv$;gener4tlotul ofnucleu.br.d r'UlS.. the 
gensl:' .. ttons ,area 8~r1'8 of·.~.p •. 1f.f,tbgonetie progr~ss. oc,currlllg 
betwaen.tGP •• 1'h~.t«Jp.lnthe ~urJ: .• nt .• p.cl.fJ.t:att()n last for two 
y •• ra '~.ch. Ten , •• r. of Jluc14us ... bred, 1:,aJUwltb llve atep. in 8enet1e 
prog..,,=es. are .-ocielled. At tbeendof the fifth gene1:atIon tb.enucl~u8 
breediugprogralllllleen.d3..How_ver, genet-Ie progre •• resultins from the 
ten ye.ra of nU(!lClU$-bred~_la fJDdel1ed. for afutther 88: y~ars. 

Cene tlcprogres. 1. ~xp.rr.t'UJe<1 in f.nIl .. gate changestc) wool. 
p1roc.eds. Changes tcwool .pr~cee(lJJwltbthe costs of nuel$us breeding 
are used to calculate a .net present valW!.Th$ net prGsent value 1s 
elq)r$s.cdon .. rea selected buis fen: the fivegeneratiotl$ J 4t a range 
of discount :r.ates . 

An avera:3e value for .achra1l bred iSc41culated from the net 
r~re.ent value; this value is tera.~d the 'rU annuity. the r_ annuity 
1. the net val \Ie of genetlc~rQgro.s which. on average, can be 
attributed. t,o e4ch nucleus-bred rllll .. 

The ROoel 1s a s~lation ~odel and. can be specified to simulate 
1Iost s(:enartos which lIGY affect profitability of nucleus breeding. By 
re ... apeci.fyin,~ the lIodel, the user Gay identify a strategy which 
increases the l,rofitability of a nue1."us breeding progrrunme. 

The ao<iel !b. ""6strietedto genetic changes in fleece weight and 
fibre diameter. The farmer's selection criterion is assumed to be 
$enetlcptogress in fleece weight. The assLCiated detrimental change 
Inflbre dl4meter is accounted for When calculating the wool proceeds. 

Profitability of Various Selection Strategies 

Percentage of Rams Selected: 

One of the decisions a farmer needs to make prior to setting up a 
nucleus breeding programme is what percentage of rams reared he will 
select. This decision directly aff.ects th.e number of ewes in the 
nucleus flock. At the one e)ttreme a farmer has the option of selecting 
l per cene of ~ams reared; in this case all the ewes are used in the 
nucleus. At the other extreme a farmer has the option of selecting 100 
per cent ~f rams reared; in this c~'~ the nucleus will be formed from 
3 per cent of the ewes. The most profitable percentage of rams 
selected, snd hence the size of the nucleus flock, will most likely 
fall between these extremes. A s~rles of simulation runs w~re 
conducted at 5 per cent intervals between ~ and 50 per cent of rams 
selected to determine the optiGal percentage of rams to select .. 
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'lpr- l ~Jbow. ,t.b.~1t1 ~t4!..¢01Ul~ ~.1:e.' of $. '10 .• nd 1, lle)!, 
Cijltttt lot" :~rCl.t1.~&,,,Qf r .. , •• 1.c.~4t.aclng. f.t«* 5w;SO p.r C.J\t/t 
'.t}'te .~U.4!c;Q~nt:~.t.1.f.tlcJ." •••• dfrQ.S' :~q 15".rce.ltt j .~. th. 
QPf;:1"1'P.r~.u:l~.S.'of :~... '._l.cte;! %1... £1'01120' ta;40PlrCe"t: ,of 
:t •• l •• b •. ~t*.r'.:t~Q.n.tl(:pt:o,1!." ..... ,i., Ir •• tet wh.J1: _ ••• 11a1; 
p.~C."-~.I~,o,flr.~.,,1, •• l.~t.d~ 4ttbe :htah:er diacount·X'.te. ,tnfi&. 
befi4Jflt .fro.lolli. ~t.r. inct..... lnwoolproc •• ailJ!' •• ttl tf.ngfl!'o. 
,.~.etd' p~oar~*.i.· not v.ottboJD1Cn_$ foJ' lov~r dlsebunt.l'.t ••• At 
hlgh ,cU'..cOUl\tJ!.~.dl •• ar17~().tt ,o~NJ1nln.&.nu~l.u. fl~c~ .1:. 
prt)port!.Ql\il~1' ... or.-. i.po~tant;l1.nc. ·.th .. '~'.t.rperc.nu,. of .1:'" 
... lecte(1 1,.0':9 • ¢Qrr •• p.,rdt;Q&l,..uller nueleusflock. 

300 

200 

100 • • • • • .. • 
-- • II II a II 

0 

+ S~/(;) Discount 

-100 
.... 10t)'ct Discount .... 15~{' Discount 

-200 ... -"',---,-......,-.....,..--.--.,..--....---..-.......... --" 

o 10 20 30 40 50 

Percentage of rams selected 

Fisure 1: Value of Genetic Progress 

For a discount rate of 5 per cent. the profitability rises 
quickly to $262 per ram as the percentage of rams selected rises from 
5 per cent to an opti.al rate of 20 per cent rams selected. Thereafter 
~ile profitability declines slowly over tbe range 20 to 50 per cent. 
'.£br- gradual decline with increasing percentage selected is clue to: 

<a> a la~ge decline in the genetic progress due to a reduction in 
the raa selection differential, 

being offset by: 
(a) a saving in the opportunity cost of not castrating rams; 

(b) an increase in genetic progress due to fewer ewes being used 
in tbe nucleus, h~nce a greater selection differential in the 
nucleus flock. 
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lefo~. , •• ttlngup" .l\U<;l.ua floq~ .•..• " .. 1:£no ·~aqse~ia f_ee4'''lIlth 
'. '4.blclad.()n.. . ~owbf!lthex th., co.t 0.£. f.ltUlce".lghf,~ And. _.\trl~' 
flbt:e4t_ter: 1 ••• tJ>atiteo.. ,4ttlu. '(19$1l·£t>U1l4 ·that 001, ' •••• 11 
'b.neftt;r •• ~lt.6.fJ"9 .... ~1na:el.br.cU. .. t •. ;r and ,concl~'clth.tlu 
ewe.:.tlllll.lanQt: .p~otit.ble ~., :How'V'lt t . Attd.na (1981) dO~.~ot .,cQnsld.r 
th.;Pl!'Oftt.b.ilityoffl.~c.~w.tJ1~l1,'l& the ewe. ~1'b.profit&bll1ty of 
fl..~e •• w6i,.5bi,ti&.11tb..w •• pxl1)X' to' .fo~.t1\g &nu~leu.af1ock 1 • 
... e ••• d. 

Table 2 . al\o".the netpre.,nt· '.allJO .. and i..mmieYQf , •• ublf.sbl~t a 
nuc;l~usf'loc:;'k wJ.tbtin<! wl~hout fle_c;.'!/wa!ghl11& p;lQr tofon.d.ns the 
no¢k. lh.dJ.ffe~enc.b~tween "ltb .nd 1flthf>utfle,ce",wa1sh1na18 
s.al1~ .r.al1gt~g. fro. an~lt1df.fferenc. ()~$7. to $.2 'for SO p.rcent 
and .10 P4U: cent l>t .. r ... ,.el~u:t(l4. r •• pecttvely.EvtlJ'Q though :the 
dlffetel1c. in 'proflt .i& lit.all for: ~th and wlthout·fltU~c."'Y'llhl1'1ll. 
dte· ''r •• ult i. 1,~enIJ1~lve ,to th •. coat of.f1.ece·wel·ghln&~ At a 5 '}Jel' 
C_tlt dr,cQ\1nt. rat •• nci .electlng .20perceneotl:lUla" :the cost nee(la 
to ,double before ... farrer Is Indtff"el'~nt ~Q fleece.weighingtbe ewes. 

WtB2 
let huect Val_ ..... Atud.t:.F of ,Selectlpn .Straup .. 

u,ttb . ..". VlthQue Floece-Vef&bful . __ morto 
lCst&hl1shlDu ... ,.. n~ 

P~centago 
of rUtS 
used 

50 

40 

30 

20 

10 

With fleece .. 
weighingewea 

NPV* AnllU!ty 

1719 223 
1844 239 
1953 253 
202; 262 

1842 238 

* All ~alues at 5 per cent discount ~e. 

Without fieece .. 
weighing ewe. 

NPV Annuity 

1668 216 
1797 233 

1912 248 
1992 258 

1825 235 

The ~raate.t benefit of fleece~weighing ewes results from the 
scenario where 50 per cent of nucleus bred r41il1s is us('d. This is due 
to the s~aller number uf ewes required to form the nucleus and hence 
the gre~ter selection differential being applied in this case. The 
greater selection differential results in more genetic progress £1'0$ 
the ewes forming the nucleus. 
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'., . If.~tl'A<'! f.~rcb~ ••• ltl'ltlCl_\I$. bJ:o.d1ng,.progra .. , ,,~hen' h. 
wIll .fo;~a ~l..nock' .1Jb1cb t'QCl-.$, ''b.~.'n :20 .ami 4011."~ .cent of 
'£' ... be1ng .••• l.¢t.4.~pd~ ,em Jll.41.·~ou,,~ .~.~ ••. (U.v.n:~bat,a~ 
att ,dl.:¢o@t f.~ •• ,~ ... el.4ttOil)e~cP~I •• · .~ •• te,t ~n20p,!U!" ,~fD~ 
dO 'nQ~. &t,.tty. ~~·the· .ptofltabilt·ty. ·th. :~~'t ,would. ;.Q.~:U,~.ly· 
~on"~lll.z'b9thth.'1:~flt .• bt11~:r_4, :otb.t, ;.~U"I •• ~nt.,p.f!ta'ln 
_.t.~il1\ll~ztb.tH'rc..tlt.,. of ):"', •• 1.ct •. ~i>fbl."ou14. x •• ult. :In '« 
~l., .. flo~~~.t:_: .~ •. ~ 20 p_t ;Cf4n.tof tb. r .. :f. ••• l.~t.4~ 

. ".' ,'Xtt fqPaiM .• ~1 ... ·:nO¢k. ,·the,&.n'ff.t'Z: •• '*~tln.g 'fr.().fl.,~ .... 
,,~ls1ltn~all~w ••. 1 •. ; •• .till:,., Hov.V.~. j~bo ~o.~wQuld, ·ft(t.6 to rl •• 
I.tppr8~labl"".to~e,n_,c~oj01I'.l£b,tn'~8. uotpro,fitable. Uence,ltl •• tt:;'ng 
\\pc '~:tJ~l"* n~e~ • .i!w.llbtliJ,~t, tti •••• , •• ur.-nt~4t 

1:h« .fid.lh..b.enu •• f~l . ,in.· •••• 1I.tngtb. pr~fit.bl11ty ·Qf" 
p~t¢~tlt.&& ->f rqa 1I~1.(!t~d .• nd ·n..'ce .... l&ld.rig.we.prlor ,toioal1tg 
a .. llUcle"" :rurtn.~'.q~t wl11inct~ incQtp(lr,.t1QI botb ,£1$8c. w,l&b-=' 
atldflbte4tQ8 t~u: ~ll' :tbe;s,le'(':tton c:tltetl:..ev.l\Utel~g.hoJ:'t:~t'·and 
l!Qnger' ,8en.~.tt~n tnteJ:V&l..anac()"p.rl,:a~.tbep1!'oflt fro. nucleu. 
bxe.ctlng wltb ~ortltlg ft~.tu". 
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Flock ·ta.~"'''~Ari~tt~ 

tlo¢lPte~.tJJ ~4. r.turnti.,.tuu.ptlons~w~r~ drawn fro.,. $hfi~P 
~lf.)c1t .. nt~ot:q4 })1 th_ '!l.rttndel. Ih!.".t::eh P.t()Jt5ct, -Un1.ver~ltyof 
W~$teJ:nA'UJt:ta,li_ • 

S.lf .. ,teplaclna e~o flock. An!.al",ls c1.\ll,~d for ago .a-tter their 
t'o\lJ:th.oolt ,b$ilr!Qg. 

Bagget g~e •• y ,U$.C$ 'W'etgh~11 .t. 66 percent ot adult weights of 
4 .. $ kg and 6.kgfQr~e$ and w.!Itllers J;'e.-p~ct:lvely (3hown in Table 1) ~ 

Hosget fibre d14JZeter 1$ one .icron finer than the 22 lIiQron 
sbo1m in T4ble 1. 

Swenty laab. are ta! led per 100 ewe. jOined. 

Ntn~ty ... five per cent of eva boggets &~a retaine.d to rap1ace ewe 
deaths. and cul1ed~f()r-age. 

Eighty per cent of wethf!!r hoggets are retllined to replace weth~r 
dea.ths and eulled,..forotage. 

Deaeh rates peT year: ewes 5 per cent. wethers 2.5 per cent, rams 
lOper cent. 

Wool R~turna: 

Para gate value for 22 micron 

Change 1n wool proceeds per micron shift 

Costs: 

Creasy fleece-weighing all ewes priot 
to e.8tablishing a. nucleus 

Greasy fleece-weighing all ewe haggets 
each year for selection of nucleus 
replacements 

Opporounity cost of leaving rams entire 

Ear tagging, f1eece.welghing and fibre 
diameter measurement of ram boggets 

$5.00 kg greasy 

$1.00 kg greasy 

$O.3S/head 

$0. 35jhead 

$lO.OO/head 

$5.00/head 




