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I I N T R 0 D U C l I 0 N 

'r�ree traits of du.al purpose 8�wop GLlcL a:s tllG lTeH Zealand 

'rhG3e ar8 reproducti V<..J c:t-Gi1i t;]' <md vTOol proG.uc:tion of tho 8\i e :flock 

and t.ie .;ro�rt.t ra·co .:f tl:ie Ln:J·u produced o Ir1vestic:ations of oetlwds 

of :;'enGi;ic i::Jrrovo,:wnt of tlwse tra:;_·i;s is ir.rporto.nt 1 since 8LlC� 

i:::pro7<::uont is r.iOI'-3 porc:c:nent tllc:m tll:·.t cuLH3ud b;;r cmvironment2l 

r,1odifica tiovl or tb.o uso of horr,wncs. Liprover.1cn t of 1�roducti ve trai t:3 

differGllCes bet·,,eon {jroups .Jf anL:1a.ls u::ica have t::nJ�1. ;; .. motici:ll l �r 

dictinct fer sous time ( bre�ds9 strains; studs or inbred lines ) or 

flock, f�lo fi.rst :x;tjoJ. involvea crossbreeding9 ;(:..ich r,;ay c.:J.di1.t_)'e 

production tb.rou. : :.: t�1G introdLlction of su-'- 2rior ,:;·enos o:c tili'OU-.. :).1 
Rae 

(1952) r-3vimiecl tl.lo i:'icld cf crosDbreodint:; c.nd lookod at 3radint)· Llp 

oxistinc ·breods � co:·1binitlt; crossbrecdin::s '.ri tl.J. sel ection to for .. 1 nmr 

breeds nncl exploiting hybrid vigour ( heterosis ) . -.ht�1 tb.o N'oZo RoiTL.'1.ey 

this practice is in fact beirlb car:;..'iod out by sor.10 farmers t�ho art: 

crossin:_; uitt. til8 Cheviot (to obtain an anir.1al for a harsh 

environ:-:J<:mt ) o:c Border Leicester (for a more favourable envirom1ent) . 

In sor,:e cases these crossbred ani1:1als so produced have been interbred 

an:1 selected to form the tuo ne�r breeds Perondale and Coop;·rorth 

respectively. For many reasons many faroers prefer not to cross their 

flocks \·Ti th animals of another breed and it is tb.en necessary to use 

the second mAthod , Le. to selee;t ui tru_n the farmers flock, if any gen-



2. 

etic improvement is to be acheived. This study is aimed at studying 

factors of iQportanco to within flock selection. 

Ci.laraoters r.1ay be influenced by environraental factors v1hich 

may be grouped in tv10 classes 3 e:�ternal environment and internal 

envirom.Jent. The sxtorn.:1l environ;·.1ental facto rs arc; all tb.oce that are 

likely to 3ffect the mean value of production of a whole flock . 
Exar:rJ)les are the Gffecc of reci on 9 property and .-;;ana{Son;ont 9 cl imate 

ancl dise;;.se. Internal f.1ctors o.re t;_;_ose 1r�icl1 affect inJividuals 

effect (age of dam) 9 ty110 of birt�19 inbreeJ.int:� and otllGr such factors. 

lis this study is lealin0· �'li ti.l selection -;,ithin the flock tLen only 

the internal environ!7lental factors neod bo studied. 'l'ae e:weption to 

this is u;_:;_on records of a charactm:· 2.re beine; looked at over a 

nu�ber of ye3ra. In year tne cli�ate5 etc. affeoti�� the flock 

is dilferent and ao the year factor 8ust be considered. Internal 

factors �a; 1nflue�ce estimates of �crit�bility anJ repea.tability 

(a1so co:!:Telations IIllic.:J. ·-. · o n;t �_;_-_;s_l;., ,'itl.t i:� ttis stud.;y ) . 

:Snviron.wntal L,c.,-.;ors t:wL:)for.� t.-.ay obscure ge.1eL0 differenc.:;s 

bet�.reen individuals. In gtm2tic st.�dies \I.J >Iist to understa.:1d c.ue 

relative influence of environnent 3.nd t_;'enotype on various charact;.;rs 

so it is i::�.�:Jortant to estii.�a-ce tl.Le si:z.e of cae effects of tll:.;se 

factors. Such estimates can than be used as correction terms so 

that genetic comparisons can be waue :1i t� greater accurracy. 

Repeatabilities and heritabilities give indications of the 

expected size of gains in characters tllat selection I'Iill make vlithin 

a selected generation of sheep and over succeeding generations of 

sheep respectively. Repeatability measures tlle extent to H�icb. 

differences bet;·Ieen individuals depend on 3'enetic and permanent 



environmental effects . If re pea tabili ty is high tb.en animals ;1ill 

3. 

rank consistently from record. tc recorcJi se elimination of lovv producers 

will raise the lif etime average of tio flock. Heritability measures 

the proportion of the variation between inliviiuals which arises 

frou genes actin� additively; i� estio�tes, therefore1 tha proportion 

to t�e off2pring. 

T�is study atte�pt3 to look Jt i�portant aspects of the main 

-Grai ts; reproductive ability, 'iool procitJ.ction and g-roHth rate of tho 

lar.1'o pr:Ycluced.. .L1�e �1eri tabil ity �tas "teen calc1.<latod for vwanirl." -vreitsnt 

:�oritabi.li t�/ .J.n�� l'ope::t te.bili �J 2l'e calculated for .:ei::Sl.lt of 1a.nb 

rate of tile 

c3tir.lc.·ces of -J:;i � cces reproductive ability studied are� tl:e number 

lar.1bs ._::�.l.i ve at t�eir second day of age per 8\�G ma·�ed ;;tnd prJG2n t &t 

la:·.1bing9 I:OJrrc;c1ness ( number la:Jbing per mre 1.1ated and pre2er1t at lamb-

ing ) 9 number cf mult:i_plo birtl..!s per e:·re i:1o. ted and present at lambing 

and. tl.:e nu;abor of tl'iplat births per e1re ;�1atad and prosent at larabing . 
Heritability estima-tes have been calcu.lated for each of those 

measures of reproductive ability and repeatabilities over four 

lambing seasons :::J.ave been calculated for t�e first three. Sor1e 

authors ca:i.l t!.J.e measure of the nuober of eues lambing per ewe mated 

and larnbin..::s "fertility" instead of "bo.rrenness" as it has b een callod 

in this study . Also "prolificac;y" is the name sor,letimes given to the 

number of lambs born per m.,re lambi.ng. •rhe remaining charact er that has 



been studied is hogget greasy fleece weight for \vhich the heritability 

has been co.lculated. For all tllese cl.:!.aracters estioatos of tile 

t�1agni tude of certa in environraent 11 factors are ass8ssed. 

�ssessoent of thes e paraoeters is carried out on a rando@ly 

bred flock kept? at Hassey Univor.:;j_ i;y, Hl.lich is supposed to be represent

ive of t.:O.e N .z. RoPJney� the douinant sj_eep breed of .Nci: Zoalancl. _l.fter 

t�e review of literature tie flock upon w�icn t�is study t.as beon 

based has boon described before tile �-�et�wd of cm<::l;ysis and results 

�ave been sat out. 
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IL R E VI E W 

:1.. WEA.i'l"IllfG \r/EIGHT 

1. Environmental effects 

0 F L I T E R A T U R E 

(i ) The magt1i tudG of environmental effe��s 

Estimates9 fro.-.: t he literaturo9 of the r!lagnitude of the 

environmental effects of >leanin; Height are .;iven in ·:ruble 1. \'!hen 

age of da;n effe ct is considered as only tvw groups ( 2-year-olds and 

ma ture oHes ) then it can be Se8n tllat the v1eac1ing <-IOi0·hts of lambs 

froi�1 r,JJ.ture eHes :1re significantlJ llGJ.vier than those from 2-yoar-old 

oNes (Hazel and rerrill 1 194 Su a.nd 1946n). Results by Donald and 

HcLean ( 1935 ) and Nelson and. iJenkatach�lam (1J49) further support 

thesa findL'1JS. Donald and .•!cLean using data fro::J the Zngli sh 

Leicester br0ed9 found ti2t la:abs from older e�ws were 10.05 lb 

heavier tb.c:.m tnose from 2-tooth e�1os (77.05 and 67.00 lb ) . 'I'he 

correspondin� result from the Sout hdowns 11as 3.93 lb advantage to t he 

mature mves (6:3._.:9 anf 6).06 lb). rhese results U8re base d on only 

66 and 57 r3 cords for the Engli sh Leices t er and Southdown respect ively. 

Nelson and Venkatachalam9 on studying five breeds9 found 9 on average9 

that t he >·leaning >vei::?,·ht of lambs from matur e ev1es wore five percent 

heavier than those from 2-year-olds. 

·ilhere the above mature category is divided up into single 

ages 9 or group of ages 9 a pattern of rising lamb >veaning 1<1eight with 

increasing age of dam can be seen9 and if the eues are kept long 

enough these reach a peak and then fall off with further increase in 



- -

Table 1 g Estir.ntos of environ:ilenil.::.l effects on cJeanirl{; 1vei�;·b.t 

Oxford 
Breed Ho:tr.J:psl.li.re Suffolk 

Cheviot 

lio records 723 1169 

Mean 68 . 2 

Std Deviation 

Av weaning age 120 

Birt� and rearing ty£e 

Single-Twn 8. 19 12.32 

Single-TrS 2.60 2.79 

Sex of lamb 

Ram-eue 6.18 4.66 

Reg on age at ueaning 

Reg on % inbreeding 

Referenoo ( 1 ) (2) 

-------

------------ .. ·--..---··----

Ha::1pshire 
--· __ ji_�!_.-�8 c. �and Ji.o�� �-·- ·C o rri odalc 

Dorset Sllro;,s:..::.ire Lv.J. jo X -·- ._(o·,;c ,.l?-! �o� _ _ Coluf.lbia Rc•mnclotRambouillot 
Corriedale (inter; ( TedJ 'i'c.:rz,lloo 

----- ·---�.-...� -----�--�·-

485 810 1506 2655 691 691 1082 1532 2133 
-· . - -

71 .o 
63.2 55.2 59·4 53.2 55 - 7 55-5 73 . 0 64.2 69.0 

61.8 
-

9.8 7.8 7.6 7.7 10 . 3 8.5 
� .. 

139 104 "120 124 
- ----- _______ .__....··-------···------

7.89 8 .29 11 • 2 10.24 9-5 9.3 1L7 12.56 9.2 

7.15 5 • .38 2.9 6.68 2.3 2.9 5. 1 2. 77 2.5 
-

4.38 3.3(' 4-4 3.05 10.8 8.3 
-

0 . 27 o. 13 0.37 0.28 0.26  0,2 6  On45 0.36 0.41 
- --- -

-0.302 -0.375 
------ ---·--

( 3) (4) (5) (6) (7) (7) (8) (9) ( 10) 

continued ovGrleaf • • •  Ci'\ ., 



Tablo 1 � Continuutiono Effect of :::.f�;o of U.ao 

V�lLw (Ref) I.:Ic:..suro 

Q}:fcrd9 Suffolk .1nd Cl:>.r)viotg (2) lJavajc x� (5) 
2--yoo_:r--olcl 
3y._· 
4yr 

S�rr 

N.Z. Ror:moy (:i_!1tor) 

11 to ')vr -r - ,, f).\rT• 3.0 -- -,) --
- 3;p· Ue9 

3 to 5yr - 2�rr 

1 > )4 
3.08 

1, 72 
-0.£12 

( -('r.d). 
\- � . 

4.5 
0,9 

2.69 
1 .03 

(7) 

4 tc 7yr - e>_y:r 3.50 
- · 3y:r Go 20 
- 8 to 11yr 3.10 

ILZ. P.ooneyg ( 0 
5y:r - 2;;r 4. 75 

-- 3yl· 1 .98 

Co:rriodalo9 Colurabia & ·re.r::;llccg (i3) 
�-l::J.tUTO -- 2yr 

R3obouillet_ (10) 
i:.J.tu_:rs - 2yr 6.1 

Roforencos� L 3;-;Jit� :md Lid.vall (1964)? 2, :l0ltmnn .J.nJ :.r;rnard 

(1969)1 3L s.ncl t]. • .3lackHoll 8na _md�.)rson (19:',5); s, Sid>rsll .:md 
Grand,Jto.fi ( 1 c_'49)9 6o C1l'an;,� and Rao (1961)1 7, Ch1ar.,:s (1967)� 8,. 
Eaz:Jl and _'-:;r:rj_ll (1946:,)i ). Vosel;r and :::'bn (1961)1 10. Hazel and 
Terrill ( ·i945·,,) 



a. 

age of dam. This is best seen in t�a results of Holtma�� and Bernard 

( 1969) 1'1'hose eHes reached a peak at four years and declined thereafter. 

Anotlwr very siwila.r result ives that obtained by Fel ts 9 Chapman and 

Pope ( 1957) using data obtained from 32 farm flocks. ·rney t5ot values 

of -14.269 0.087 4.23, 4.57, 3.739 2.00 and -0.34 lb deviation from 

th8 overa ll o:1ean for tu3 a!je or' :ia.rr: effect increasing frora 1 to 7 

years o i1.gain tl::.e poak is at 4 years u:.nch corresponds to bh�- 4 to 7 

year and 3 to 5 year Jroup pec::ks of Sid•.;ell and �;randsta:t'f ( 1949 ) 
and Vesely ai1d Slen (1961) respectively. •rlle fa ct t:Uat C.il'cmg and 

Rae's (1961) estimates ar0 still risin6; ulthough to a less ening 

extent9 at 5 years s�ows that t�e pack is not necessarily fixed at 

4 yec.rs of ag.::. Blacki1ell ..::tnd l-Ienderson ( 195)) 9 comoentin,3· on their 

results fro:c: crouped Corri8dalG 9 Ha ;npsni re -:tnd Shropsuir-.: eHes 9 

noted that the offset of a!SO of d3.;·.1 on ·1eanin; ·,;eight of la:nbs i'iaS 

CLlrvilinoar) reachin:,s a :.ia��mur:: at appr-oxiw<i cely 5 years of a0e. 

Some of tnD disadvantage suffered by tha lambs from t.ile 

youne;·er evlGS is likely tc: be du.8 to i1 lm·Jer initial milk yield of 

these eues. (For further discu. ssion see below· . ) 
�s well as the results fro@ typa of birt� �nd ra� rin; effect 

given in llable results by Nelson and Venkatachalam ( 1949 � Karam, 

Chapman and Pope (1953) and Felts, C�apman and Pope (1957) also 

contain relevant inforraation, al t.1ough the first t-v10 did not consider 

h1ins rear0d singly. Nelson and Venkatachalam, on studying five 

breeds9 found, on i1Verage9 that the Heaning >·reight of single lambs 

was 17 percent heavier than tvTins, Karam9 et al., studying the lambs 

of grade ei'les mated to Shropshire rams, found amongst ewe lambs 145 

singles averaged 64, 1 lb and 152 t-,.Tins averaged 56.8 lb, and ar:1ongst 

wethers 145 singles averaged 67.6 lb and 15 1 tiJins averaged 59 o 3 lbs 



- differences in favour of the s i ngl es of 7 . 3  and 8 . 3 lbs res pectively . 
Fel t s 9  Et a l . �  us ing data obtained from 32 farm flo cks 1 f o und pooled 

type of birth effec t s  v1ere 7 . 9 . -2 . 3 9  1 . 99 2 . 8 �  -7 . 1  and - 3 . 2  l b s  

for :;1al e  s i ngl e s � mal a  t<vins � mal e t'iJirs rear ed a s  s inr;les � f e<:tal e 

singl es ; fer:w.l e tH ins and. fe�mlEJ tHins rai s ed as sL1glas r e spe ct ivel y . 

In all the s e  cases 9 i t  can bG s e en that singl e lamb s are 

heavi est at 1-1eaning and tvrins rai s ed to >'l eaning as t·Hins have the 

light est Height - a difference \l lJ.i ch is in the range of 3 to 7 lb. 

'l\1i�s rearGd as s i n ;·l es 1 in all c :1 s e s  9 l i e  b etNeGn the 1: a:!. .�. ·1t s o f  

the othGr h ; o  gro ups . Ob s ervat ions reported by 3arnicoat 9 �t a l . 9 

( -1 949) 9 on tje N . Z .  Romney 9 sugges t that t he gr Jat er weight of si ngl e 

lambs at �:eaning can be G:x:plained pG.rtlJ b,;r tlleir higher bi rth H e ight 

and part l �r bjT t1wir J.lil:she:c �;;ilk intal<:e . 'l'b.at l amb s b o rn tv-rins but 

reared sin&;l3' o.ro heavi er t�1an t>rin-ra.1red l ambs is likely t o  b e  due 9 

larc;el;;l 9 ·�o the great er amo unt of milk c.:.v::ti lab l e  to the t1·1ins r!,Jared 

sii1gly . Bt-lt � 1;�e fact that t>;ins l'eilred singlJ c.:.re l i  .lJ.tGr than 

sitB·l ee o.t •·l eaning �  shm·T s that t�1innin..s is detriraental to S t.<bs equent 

grov1th 9  even ullen po s t-natal c c,cJ. d i  t i on s  o.re o ther .;i s e  s i mi l ar . 

shows that the mal a lamb ( ram o r  wether ) reaches a 

heavi er v1ei:5ht at lleanL<g tllan its eue l a ;nb c o unt erpart . In the 

resul t s  9 gi v e:1 in the table 9 thi s 3.dvantage to t he r:JcJle rc:..n(;es from 

3 . 0  to 1 0 . 8  lb . Furtller results b;:, Don.J.ld and I'·lcLean , ( 1 935) 9 on 

the Engli sh Leicester and Southdoun 9 Nelson and Venkatachalam ( 1 949) 7 

Karam � et al . 9  ( 1 953 ) � using the Shropshire , and Felts , et al . 9  ( 1 957)  

all support the finding that mal e  lambs vrean a t  significantly hig·her 

ueights t han ewe lambs . Do nald .2nd NcLean do note in their English 

Leicester 2-tooths that ram and e11e lamb offspring shov1 very little 

difference 9 but this i s  only on the results of 23 animals .  



1 0 o 

Tabl e 1 show·s values fo r the r egression of vlenning wei,:sht on 

age of la.mb a t  weaning and the re5ression of weanin� vTeit:Sht on percent 

i nbreeding . ·rhe high values f ·, r  t.i1e Litter ind i e 'lt e  that inbroedit'lL 

ias a v0ry d e t rir:!entJ.l effect o n  liCJ<:min.:; ·1wic;ht . 'I'his r _j:'l -;;. ct s the 

sir1ce tile r�1u r:.;  tiij'hl;',' i nbred 6'd0G � enerJ.l l;;· b.ave lanos uith great er 

tha n <1ver1 o ir1breGdin; . 

( i i )  Int ar<1ctions be�reen �ai n anviron�ental effects  

r�e 2b 2 0 .  C 3  of intcr� C �ion b etw� en tllo R<li. classifica� i anS 

allows t � a  estinat es of t u a  affects t o  b e  �sed a s  �ddi tive correction 

factors . Fo r exami,)le 9 i f  ra:,, lar.ibs dlffer froin the aver::tge by :x: ,  and 

Cons equent ly knoNl odge of t�::. o ccurrenc8 of i n t .Jrac tion. i s  i.:::po rt a.nt 

i n  ass;;;s s in.:, t.LE usefuli1�) s s  o f  t�G .sst it:ates of t 'lG anvironm.:mtal 

eff ects <:J. s co:c·re c ,�io t J  i a. c  Lors . 

th�t first-o r�ar i nteract ions . atveen ye�r , a� e t "  da� , birt� rank 

c:nd sex u;:;:,: o G t .J. t i s tic�l l.>" non-signifi cant . i'llis agr .;Cd 11i th the 

findings of :�:l ZGl a.nd L'arri l l  ( 1 945a ) ? vhat the intera.ct i o n  b etueen 

the different f actors ( s ex, groups ? y ears , age of dam , type of birth 

8i ther non-signi fi c:mt or S ti1all  as  cor.1pared i'li t.a tlle varia t i o n  i'li th-

i n  classes . :B'el ts ? £!_ _ _ al . ,  ( 1 )57 ) assu:aod ? becauso a. " s ignifi cant " 

int eraction b etween age o f  dam and type of birth for 1 20-day 

iveight Has only found in 3 to 7 4 flo ck-years ? it \vas uniraportant ly 

small or non-exi stent . Ch ' ang ( 1 967 ) using IIeaning >veight s from 69 1 

lamb s found �. Ri.gni f:i oant intf'lrA ction bet1'1een age of dam and 



type of birth and rearing . l'il.is interac cion implied that the 

sub-class ooans w ere dependent no t only on t�e main effe ct s , four 

c l a s s .:->s of c\__, O of d.a.o and tb.ro e cla.s s c; s  of type of birth and 

tHo :,<s. i n  cffec � s .  'l'ie ovidence j'ained J \ij_.:m c1 S s c; s si n,_, ths 

si3nif i .::ancG .) f t.:1is i �:t or& c c i o n  ( by compc::.ri n:_:· t.:J.e :Srro r l'le.::tn Squares 

cal cul a t ed .?c CC:J :rJ.::!.. r: ; eo tl:l8 1 1 i n-G 3�'�: c  �i Jn" -�nd "rJduc-::3::1 - "  r;,o dol.s -- � _5G - 2 

2nd )8 . 9  :r:) ·::;pect lvoly) SUJgest t!.L.J.'C t..:;.o 0:i. c � :1t of d -Jpru·t uro fro n 

a nee;,·li:;ibl e pr-.:::. •.; L i c-::.1 s i g·nifi cc:.nce . In 'ti G�·J of t.1is i nt erilct i o n 7  

t\ro secs  o i  c;nvi ro ·:E:tont:l l  0 f :f e c t s  �·, ro .t'r� s ont .::::Cl. i n  'i'ablG 1 for 

!-Iaz01 :md i'oiTiJ . l  ( 1 ;)4 Sa ) an::l Cl.J. ' anr�· on.d Ra e ( 196 · J  ) 

part i t io ned t�10 co :·.1i.JC l :c �1 t s  o f  -,'&.rL.lt1C'J ( .l'aole  2 )  2..1J foLmd that the 

e nviro ncental 0ff e c t s  a c counted fo� 49 . 5  and 58 . �  percent of the 

total vari ance respe c tively . In both ca s e s , type of birth and 

rGariw�· 1.-ms fou::1d to b •. : t:.to li10 St i!nport unt source of variation . 

'I'hese tv10 figures agree 1\'i tl.i. the i:'i,s·ure of 5G po:rcent 9 for thG 

variance in >·1 eani nr5· '�'Teizht clua �o mcc:csurab l e  environr:1ental fc.ctors 9 

obtained by Slduell and Grandstaff ( 1 949 ) on the records of 1 506 

Navajo cross lnwb s .  



'rabl 8  2 � Pe.rt i tioning th::: v:ui anc e cotJponont 8 
------- ----- --- --·- -----·------- --- -

Brood of Shoep Rar.1boui l l et H . Z .  Ro �.moy 
- ---- ·�------ -- ---- -- �--� ·-----------

Source of Vari2nco d .(' 
0 .!.. c:r 1o t o t al Vetl" .  d . f . fo t o t al var . 

-----·- ---- --- ------------ · -·-- ------� 

Y::lars 6 
l1J6G of Dcu:1 

2 . 0  

2 0 1 

Birth &: �-(o.:::ri n6- Typo 

Sex of La�b 
2 

:J . O 
3 .  I 

1 2 . 2  

8 .9 

3 

2 45 . 5  

5 . 1 

;<> InbroodL1g 

3 . 2 
) . 3 

Error 

1 

1 

2 1 74 4 1 . 9 

Reference ( S e e  Tabl o 1 )  ( 10 ) (6) 
-··- -- - - - · - ·--· · -· - . - -- - - - --- ---------·� -·-·---------- ----

1 2 e  

In �enel·al 9 the c s t i m a t o s  of �eri tabi l i ·cy o f  c<oani .1.'.: U 8i,�nt fall 

11i thin t:1 o  rat1.; 0 of O . CS to  0 . 4 5  i ii  ti o nl;y et f eu e s t i .1d t e s  o u t s i d e  

revi m;i n.:,· heri t abi l i t y  estir,,ates for uoani t1G· H oit;ht . no t ed that in 

tile f i n o  uo o l  brood s , sucu o. s  t lw . Ierino 2nd Rar:1boui l l et 1 the 

heritabili "i:;;:,· \·o: l u e  appear::Jd b.i:_;ller th.::tn cilo vaLw i:'or the moat breeds . 

It 1;as suggest ed thc1t i n  t"1o r!iC:::lt breeds great er erapnasis h.:::d. 

probabl;y been placGd on sGlect i o i1 for i ncreased 1reaning u eit5ht than 

on tho fine-wool broads and po ssibly tni s has resulted in reduction 

of the genet i c  variabil ity present . 'rabl e 3 contains 1nany e stimat .2s 

published aft 0r 1 95 6 . On studyi1� these ? i t  can be seen that 

although there aro some high estimates for fine woo l breeds there 

are also other estimates of the sa!ile order as the meat breeds . The 

estimat es avai lable for the N . Z .  Ror.mey range from 0 . 23  t o  0 . 35 . 



--- ----- ----- -·--· · ------------------·, 
Tabl e  3 � Estimat es o f  the b.eritabili ty of iveaning vleight 

0 . 45 

0 . 1 6  

O o 32 
0 < 28 

0 . 27 

0 . 34 

0 . 30 

0 . 22 

0 . 56 

0 . 41 

0 . 27 

o . n  

Breed 

.Ans t c  ' : ·:r-:i_no (R)  430 d . f . , dc.r:: offGprin� c J rr o  

(E )  465 d .  f ., rlao offsprin{S corr . 
i 6 6  d .  f .  ( sires ) PH.S o 

Hau bo ·.1ill ot 

(R )  35 3ires PHS . ( Faternal half-sib ) 
r �  .. . ) 80 p�c .  , �  SlT8S I..U 

(R )  377  pa:i.rs 7 dar:1 offs pring Gorr o 

( E) 436 p:1irs f dar,l o ffspring c orr o 

2 1 83 l aobs y PHS . 
89 2 p3.il'S s :::.::u:1 offspring reg .  

2 1 83 1Qabs 7 892 pairs 1 av. 2 methods 
83  sires , offs ping nean & sire reg . 

Rar.ib oui l1 o t  & X 1 281  pairs , dan offs pring c o rr .  

Corriodalo 
C o ltu:;bi a  

·nughee type 

1 05 pG.irs 7 rJid-po:trent o ffspring re(S . 

1 9  pai rs 1 si_ro offs pring :r:'e(;' , 

� 2 3  pa.irG � J.:J.o o ffspring reg, 
Full s ib corr .  

3 2  sj_res 7 P�-IS . 

6 1  siros , PHS . 

Ref . 

b . 1 2  Fi ne w o o l od ) 5 9  la.  '.Js 1 40 sires 1 off� }ring on 
sire reG • 

( 1 ) 

( 1 ) 

( 1 ) 

( 2 )  

( 2 )  

( 2 ) 
( 2 )  

( 3 ) 

( 3 ) 
( 3 )  

( 4 )  
( 5 ) 
( 5 )  
( 5 )  

( 5 ) 

( 6 ) 

( 6 ) 

( 7) 
( 7 ) 

( 8 )  

O c 06 
0 . 1 7  

0 . 28 

0 . 35 

0 . 30 

0 . 23 

0 . 34 

. 08- . 1 2  

. 04- . 06 

0 . 1 0  

0 . 29 

- · · · - - - - - - -

�� ... - - - -

Ror:mlet 

N . Z .  Romney 

- - - - - · ·-

---- --

Shro pshi re 

- ·  .. -·--·-

Sout ��dovm 

Os simi 

----- -

599 L1r:ibs 9 40 sires , PHS .  ( 8 )  

1 71 1  l.;u;;b s 7 9 )  sires 1 789dam o ff- ( 9) 
sprj_ng p:1irs 1  av . 2 methods . 

G94 da:11 offspring pairs . ( 1 0 )  

1 44 1  la",1bs 7  482 daos offsprinG rog . ( 1 1 )  

d . f .  39 sires PHS .  ( 1 2 ) 

5 1 8  d . f .  daD o ffs_pring reg . ( 1 2 )  

33  siro s 1 593 laobs � PHS . ( 1 3 )  

1 1 0  da8 offspring pairs . ( 1 4 ) 

7 7  dam off spring pai rs ( 1 4 )  

202 da1:1 offspring . pd rs - 4 r;10nths . ( 1 5 ) 

1 65 dam offsprinB pai rs - 6 months . ( 1 5 ) 
Continued overl eaf 

-·--�----------------' 



Tabl e 3 : Continuation 

Estimate Brood Rer.1arks Refs . 

0 . 29 Dmm breeds 365 l ..1mts 1 21 Giro s . ( 16 ) 

0.07 Vari ous broods 784 dac offspring pu.irs . ( 17 ) 

0 . 29 --·--- · �  343 pairs $ dm.1 offspring reg . ( H 3 )  
0 .42 ------ PHS . ( 1 8 )  

0 .. 35 ------ Ueirs�ted av . of 2 ::1etho ds . ( 1 8 )  

O o 21 ------ 233 dan o ffsprine pairs . ( 1 9 )  

0 . 02 ------ 402 dan offspring pairs . ( 20 )  

0 . 1 5  Unnar:1ed bre eJs De. ta froD 32 fl o c ks . ( 2 1  ) 

References & 1 .  Yotll1.(S 9 et al . ( 1 965 ) ; 2 .  Pattie (19 64 ) 9 3 .  Hazel and 
'rerdll (1945b ) 9  4 . Sb.el ton ( 1 9 59 ) 9  5 .  Harwick and Cart>tright ( 1 957 ) 

6 . Botkin ( 1 964 ) ; 7 .  Osoan and Bradford ( 1 965 ) 9  J .  ITolan 9 et al . 

( 19 69 ) Y  9 .  Ha z e l  3nd Torrill ( 1 946b ) ;  10 . V e s ely and Sl en ( 19 G 1 ) j  

1 1 .  Cb. ' anc .:..nd Ro. e ( 196 1 ) ;  12 . C�1 ' anc ( 19 67 ) 9  13 . Karar:1 9 et al. 
( 1953 ) >  14 . :8nsr:Jincor1 et Ql . ( 1 943 ) ; 15 " Ragab , et al . ( 195 3 ) ; 1 6 . 

Boyd and 'Joolfolk (19 64 ) ?  17 . Bl :>.clmell and Hend.orson ( 1955 ) 9  1 D . 

Nel son and Venkat cllalao ( 1949 ) �  1 9 . Cocker:.:an ( 1 949 ) �  20 . Butcher 9 

�t al . ( 1964 ) 1 2 1 . Fel t s 9  et al . ( 1 957 ) .  

SidHell and Grc:mclstaff ( 1 949 ) fowK1 a repeatt:.bility of 0 . 2 1 7 

for \<leaning u eig�1t o f  lanb s fron the sano eu e 9  Nhon studyinG the off-

s pring of Nava j o  evtes r:1at ed to a vari ety o f  rar:1s . Felts 9 et al . ( 1 9 57 ) 

attained a repeatability of 0 . 31 3 9  vrhen st uJying 32 fam flocks . 

3 • Sur;unary 

T�e environnental factor s 9 age of dam 9 type of birth and rearing 9 

s ex of lar:1b 9 dat e  of birth �nd year of birth all �ave s ignificant 

effects on w eaning weight . ·rhe t.eri t abili ty of weaning v1 eight , at 

0 . 05 to 0 9 45 , indi cat es t�at onc e the environmental factors have b een 

corrected for t�en reasonab l e  gains fror.1 s el ection can b e  expec t ed .  



B .  HOGGEH' GREA.SY FLEECE 'V'JZIGHT 

1 .  Environnent al eff ect s 

!'abl e,  4 cont c:ins 2. sur.li":Jary of tllo eff o ct of onvi ro nr:10ntal 

factorn on l.J .. Jc;zot ,greasy fl eoce ITGi:_,�t . Onc e agai n �  as iTi tJ Heaning 

s i ngl e b o rn lw,::;g .')ts  to produce ho2vier f l e oco ;; t1.:.n:1 t�Jins � ::.:.til e  

hea.vi e r  th.1n t�ii nu . 

If the otJVi ron;:.ent3.l co, lpo nctl ;; :)f vari :moo i s  pa rti t i onod the 

inpo rtan c o  of ea ch :f.'c.ctor GJ.tl b :;  s oo n .  Tabl <:: 5 ::ler.10nstrat es this 

and sl:J.o11 s ti:_;, t 1 on avora;;e � t�lo yoa�· ef:(' o ct i s  tie ::�ost L1portant 

s o urce o f  varia.tion Hit� tile o thers ( Cl{s·e of dao � type o f  birth 

and reari nc 7 age 11t shearing and percent i nbreeding ) all vary i ng 

frou l o s s  tha n 2 to 8 percent . 

Estimat es for the l:leri tabil i  t�' and repeatabi li ty of hogget 

greasy fleece vi eight arc given in Table 6 and 7 .  In general , the 

estimat e s  of heritability fall in the range 0 . 25 to 0 . 65 uith 

the :naj o ri ty 0 .  3 to 0 . 5 .  \·lhil e  the earlier estimates for the 

N . z .  Ro r1mey uere far l ower than for mo st other breeds ( i n the range 



1 6  • 

.-----�-�---�----�-----·�------·--- -------------. 

Breed 

Sex 

No l'OOOl'dS 

Mean 

Std., c:ev .  

Tabl e  4 �  Es t i ma t e s  o f  environmental effects on 

b.ogget greasy fleece <: r eit;·.!:J.t 

j:{ambouillet 'I'r.1 r,5·b.e e Columbia  Uavi j o  & 

G'UG ram e1;l () ram e1ve ram ewe 81-JC 

9 32 499 290 2 1 3 406 359 9 1 7  1 07 5 

8 . 30 1 1 . 64 7 ·95 1 0 . 83 8 . 7 2  1 2 . 07 7 · 44 5 . 48 

I , 09 1 . 48 1 . 2 3  1 . 59 L 5 i  1 . 84 1 .  32 

X N . Z .  
Romney 

e-r,.re 
801 

8 . 04 

.d. V ae;c; .:It 406d 402d 404d 1 1 - 1 2m 1 1  m 1 3-- 1 4m slwaring 
·�tpe of _ _  ��rt;: ,_,:ncl_roJ.ring 
Sin;_sl e- tllin . 8 1  o 4 3  

Singl e- TrS 0 37 

Ree· Oi1 J._;u e 02 6  . 040 
at s�tca.ri t1g 

B.e(5 Ot: oS 
·- 0 0 1 9  I - . 05 7 inbr0 ::3di r1s' 

;_0:,"'2..� o f_ __ d_a_I�. 
ll!aturc - .  2yr . )8 . 40 
2-ye:::r 

3--year 

4-to 
"' 
D-yo.1 r  

7 + year 

----·- - ---

References :; 

-- - ..- - ---

( 1 ) ( 2 )  

_ _ ...,. _____ . __ .... ______ , ... ___ 

.. 85 
. 63 

. 06 1  

- . 032 

. 43 

( 3 ) 

. 62 1 . 03 . 8 1  . 90 . 76 . 37 

. 04 o 58 o 47 0 18 • 38 • 14 

. 07 7  . 0)8 . 04 7  . 03 . 02 2  . 02 

- . 02 3  - . 022 - . 01 3 

. 36 1 . 04 . 9 2  . 20 

5 . 22 7 . 7 6 

5 . 46 8 . 1 0 

5 . 63 8 . 26 

5 . 6 1  

( 4 )  ( 3 ) ( 4 )  ( 5 )  ( 6 )  ( 7 )  

Referenc es � 1 .  Ha zel and •rerri ll ( 1 946c) 9 2 .  l'erri l l 9 SidHell and 

Ha zel ( 1 9431. ) ; 3 .  ---·--- ( 1 947 ) ;  4 o  ------ ( 1948a) ; 5· Pri c e 9 

Sidvl e l l  and Grand ste.ff ( 1 953 ) ; 6 .  ilal l 9  at al . ( 1 964) 9 7 . Tripatby 

( 1 966 ) 

d � days m = mont�s 



'.I'able : 5 :  

Bre ed Ramb o �i l l et 

':-----------------------

Parti ti onin(.S t�u vari o.n c o  c ompommt s  

·rartsllo e  C o l umbi a  

(ivies rams m1es ' Sex eH c s  rams 
··------------- · 

I Source of variation d . � ,  % d . f o  % d . f . % ll . f .  % d . f ,  % d . f 'J ,_l/ jO 
. -- ---

Years a 4 24 
�·.ge of dam 

Type of B & R 

llfSe of dam 

% inbreeding 

Breeding groups 

Error d. f .  

Variation accounted 
for of total 

Refe:;:-ence 

3 . 1  

2 6 . 7 
b 

a 

924 

29% 

( 1 ) 

2 

a = less t�an 2% of total variation 
b = more than 2% of total variation 

489 

39ro 

( 2 ) 

References :  see the code for Table 4 . 

a 
1 

2 

3 

3 1 4  

I lJ 

2 b 

•J 5 

1 b 

28 1 

3 3% 

( 3 )  

- -
4 30 3 1 6  4 38 

1 3, 1 b b 

2 a 2 b 2 a 

1 k 1 5 >..) a 

I a I a a 

203 39 7 349 

39% 29'fo 45fo 

( 4 )  ( 3 )  
( 4 ) 

I 
Havc.j o  � X-1J �. Ro�ey r 

� 

2 2 o 6  
7 . 7 

2 5 . 2  
2 . 9 

1 2 2 1 . 0  

898 

47�� 

6 47 
2 

2 

739 

1 

'l. 
2 

---- ·- -------

5 1 /; 

��---� 
....... 

-J 
• 



1 G .  

Tabl e  6 :  Esti mates o f  �eri t i bi l i ty o f  nogget greasy fleece w eight 

Estimate Breed Rewarks Ref erence 

�---------------------------------------------------------__, 
O o 39 
0 . 67 
0 . 40 
0 .44 
0 . 42 
O o 45 
O o 43  
O o 32 
O o 40 
0 . 28 
0 . 66 
0 . 52 
0 . 24 

o. so 

Oo 1 4  

0 . 1 7  
0 1 0- .  1 5  

o .  31  
o .  32 

. 1 0- . 1 5  

0 . 43 
0 . 34 
0 . 40 

_.u s t  Merino 

1 5mth 
1 5i:lth 
1 1  mt!J. 

Ramboui l l et 

Corriedale 

529 d o  f .  d.m<� off spring pairs . 
1 7  rams 7 1 4  d of o  PnS . 
Parent offspring re6 o 

PHS. 

1 495 d . f .  dam offspri ng 
1 07 1  d .  f .  de. m off opring 

corr . 
corr . 

394 d . f .  da;:1 offspring corr o  

857 d . f .  dam offspring c o rr o  

70 d.�m offsprins p:::.irs o 
1 62 dam offspring pairs . 
29 sires 9 23 d . f .  PrlS . 
68 d,m offspring pai rs o 

1 7 3  dJm offspring pairs . 
·i.art:heo 'I'ype 32 si res 9 PHS o 

Ro r:mey x 
Ramb o ui l l et 

iL Z .  Romney 

IJavi j o  

Iviixed b reeds 

61 sir os 9 PI-ill . 

2 1 3 dam offs prinG p�irs . 

6 39 d o  f. dam offs pring pairs . 

200 dam off s prine pairs . 
1 63 d o f o  offspring daw r eg o  

1 7  d . f .  PHS . 
Extensive data . 
508 dam daught er pairs r� , .  

867 daughter d.:.!i:J pa irs . 

233 dam offspring pairs . 

( 1 ) 

( 1 ) 

( 2 )  

( 2 ) 
( 3 )  
( 4 )  
( 4 )  
( 4 )  
(5 ) 

(6 )  

( 7 )  
( 8 )  
( 5 )  
(9 ) 

(9 ) 

(5 ) 

( 1 0 ) 
( 1 1  ) 

( 1 2 )  

( 1 2 ) 

( 1 3 ) 

( 1 4 )  

( 1 5 )  

( 1 6 )  

References g 1 .  lviorley ( 1 95 1 ) ;  2 .  ------ ( 1 955 ) ; 3� Brown and 

Turner ( 1 9 68 ) 1 4 .  Young 9 Turner and Dolling ( 1 960 ) ;  5 .  Ras�u s s en 

( 1942 ) 1 6.  Terri l l  and Ha zel ( 1 943) ; 7 .  Shelton ( 1 953 ) 1  8 .  vlright 

and Stevens ( 1 953) ; 9 ·  Osman and Bradford ( 1 965 ) 1  10 .  Eae ( 1 9 50 ) ; 

1 1 .  ------ ( 1 948 ) ; 1 2 .  ------ ( 1 958 ) ; - 1 3  • .McMahon ( 1 943 ) ; 1 4 e  

Tripathy ( 1 966 ) ; 1 5 .  Hal l ,  et al . ( 1 964 ) 1 16 .  Cockerham ( 1949 ) 



0 . 1  to 0 . 2 ) the later resul ts are behreen 0 . 30 and 0 . 35 .  Rae ( 1 9 58 ) 7 

on discussing hi s higher rosul t �-:; for the N . z .  Romney , coQr;K,n t ed that 

the accurrac;y of the 0 . 3 1  and 0 . 32 estiQa.t e s �ras l or:i and tl1e difference 

beti!oen t.'l-:)1.1 and oarlio:c !'osul ts cou.lJ >lOll uave toen due to sar;,pling 

errors . 

l1ripathy ' s ( 1 966 ) rosul t of 0 .43  for tiw hogget fleece 

uei::sht heri ta.l.Ji l i ty is tl.lo hi2;D.est to be ostiuat etl for the N . Z .  Rolil.'l.ey . 
Uhon he obtained this resul t �is coooent vas that it appeared to bo 

in l ine �<i th :prol il 'linar.y ro sul t s  of a selection experL:1ent for 

hogcet greasy fL Jece l•rei6·ht w .. 1i ch � ;2s boinc:; carri ed out a Has s ey 

Univers i ty ( Rae 7 1 :)64 ) . 

Tabl e 7 � ::!:stit�Ja ks of rep-Jaic,oi l i  cy of hoggot t?,Teas;y fl eJ c e �:ei�·ht 

Es tirJa t e  Breed. 

0 . 56 Hamboui l l et 

0 . 5 6 Co rri edal o 

0 . 72 ------

0 . 43 Ror.mey �� 
Har1ooui l l  et 

0 . 5 1 1if . z .  Ro i.mey 

0 . 44 ------

0 . 62 ------

3 . Summary 

Rer:1arks Roforenc:e 

3 1  OH G 2  g 1 st 3 floec c: s  Rasc1ussen 5 1 91].2 

1 9 6  cue �  1 st 3 fle oces 
68 � to,Jgot '. rith Daturo �fright & St evons J 

average 1 9 53 

232 � 1 st 3 fleeces 

hogget Hi t h  2nd 
fleece 

hogget ui th suu of 4 
mature fl e eces 

hoseot iri tb. su!'il of 4 
Bature & hogget fl . 

Vright & St evens 7 
1 95 3  

The above o n  heritability of hogget greasy fleece weight and 

the repeatabi lity of greasy fleece weight indicate that the response 

to selection of hogget greasy fleece weight will be high ( heritability 



0 . 25 to 0 . 65 )  and t hat this Hi l l  "be carr:Led on th:roue;ll the life of the 

ev1e as the l�epeatCtb i J. ity bet>·.r ecn hogg 3t and s ub s equen-t fleece >;eight s 

:i..s high - 0 . 45 to 0 .  70,  Great e� n ccur:::.cy o f  s ol e rtion can b e  obtain 1. 

i f �  within each y 3ar1 corroctj. o:1s are mad e for tb.e eff e c t s  o f  &(s'O of 

d�1m 9 type ·:>f birth and re<:::ing o-md the ago of tli.e lJ.ogget at hogget 

SJearing ,  



2 _, 
' "  

1 .  Introduct i o n 

•rl.le fa r,-:Jer :�ants to rai s e t!.le f ert i l i ty l evel cf ili 2 fl o ck 

b 6 cans e  he ; ;il l llave avc1 i l abl e a ::sreat er nur.1ber o f  a. nlma l ::.  f o r  G·::tl e or 

a ,=;reater nuL-! .J G r  fr.:x1 r,.rhi c l.l  t o  •'el e c t  hi s repl:lC cu ent s .  In thi s \lay 

he can e nsure a greater s e l e c t i o n  d i fferential b e cau s e  t �e rep l aceme n t s  

make u p  c1 sua l l e r propo r t i o n  of tho s e  avai l ab l e for s el e ctic n .  Hms th e 

faruer i s  ree. l ly int erest ed in t�e numb.::;r of surviving l amb s at 
Heaning o:r· at s of:'le subs equ ent profi tabl e a,5 e . 

�Ill on consid ori n, _, f ert i l i  t;; i n  s�oc;p ; unti l t:.1e proJeny reach 

a profi t abl e  a�e 9 it is  i�po rt an t �o ra �li s o t ia t  the Dffi ct ency of 

revr-ocluct ion d eiJends on a s :::ri c: s  of ::;ven t s  ea cl.l o f  -..rhl c� d.et eroi nes 

� he u;per l i mi c of t�o s u c c eGdin � one . Unt il parturi tion t�e 

events c2. n  be dj vi d. od. int o t ��� .J •3 1:1ain s t a._e·e s  g 

( 1 \ tj,e nur.1b er o f  C\r2. the e::.: e s.Lledo I 

( 2 ) t�le number of ova i:' s,:ct i l i z ed 

( 3 ) t�.l� nuob e r  of zygo t es carried to G e rr:1 o 

Fo l l o;Ii �·l;CS partur-i c ion the s eri os of even ts can b e  fu:rt.i.le:::- 6I'O u ped in·co g  

( 4 ) the nur,-.l.J er of lamb s sJ.rvi vi11;.:; . I i  tl1 tho da:,1 to ':l. pe:ri o cl  after 

parturit i on 

( 5 ) t:1e nur:1ber of l amb s s u.rvi vit16 �·Ji th tb.e dar.1 to >·leaning o r  to 

a subs equent profitable age . 

'rJ.le nuDb e r  of ova i s  3. cuara c t er o f  the da1.1 '\vhi l e  the nuwber of 

ova f ert i l i zed raay conceivably bo insluenced by ei tb.er the daf:'l or the 

s i re .  The third stage could b e  considered t o  b e  due t o  t he viabi l i ty 

of the zygo t e  but the influence of tne dao and her contribution to 

the genotype o f  t�a zygot e ( s ) must not b e  overlo o ked . Simi l arly , the 



22 . 

fourth and fifth groupings are infl uenced by tte daril 'I·Thil e the 

viabi lity of the zygot e i nc rea s e s  in ir.Jport :.mce as tL.e :.tnir.H l sots olde r .  

!is thi s s eries of e-..ront s i s  it1..fl uet1ced a t  a l l  s tages by 

factors within t�e dao and environ�ontal fact �rs e�ternal t o  the 

dau � probab l ;';' L1s bes t :·,ieasur::: of t�e ferti l i ty of the t;·.; e is tie nunber 

of ova s�e s:..eds . �'hi s 9 b e  in_:, tllG first s tage 9 d o e s  no t include tbe 

viabi l i ty of tie youn0 and is l o a s t  aff e ct ed by o tner fa ctors . It i s  

impra c ti cal for t.i:le fari·a er to r:1e2 surG tb.e  nuob er o f  ova s�ed . It  i s  

r.1ore practi cal for t�e far:.�er t o  oeasure tllo number of l a,J'b s born 

or· rea ching a spe�i fi o  age a l i v e . 

�.1 1 ' tJes e charact ers r;:entioned are woasured. on the ei;e . l'ue ra11 

has an i nf l u en c e  in tuo T11ays - throuGh the genes 1vb.ich :.:to contributes 

to t:1e off spri ng 1 and tj_rou,-;l:l a direct effe c t of .J.i s  l ib ido and S GL1Em 

trait s .  

·I'bi s revi e·., ::.:ots out resu l t .::; fro.J t _ _  e l i  "t eretture o f  tb.e effects 

o f  euvi ro m.n:1t on certain oeas u r .:; s  of reproductiv__-, rat e ,  Fo l l mi i (l;:,  thi s 

e s t iua t os of teri t abi l i  t i es a nd ropeat aci l i  t i o s  an.d }Jro,�re s s  i c  

2 .  Envi ro n�ent �l effec t s  

( i ) 1'�::, magni tude of environraental e ff e c t s  

( a ) ilge of ewe effect 

The age of the ewe is the mos t  important non-genetic  factor to 

influence repoductive rat e  in sheep . Tabl e  G contains sooo of the 

results  from the literature of tlle influence of age of e'\ve on the 

number of a;res lambing . •rni s character is SOiaet imes ref erred to as 

the measure of ths e•·1es fertility or as "barrenness " .  ·rhe number of 

eues not lambing is always l.tigh at 2 years of age and thereafter 
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-------------------------. 
Tabl e 8 � Tlls e£'feot of L'fJO on the nunbor of m:es barren 

�--�---------- --"-- - ------�----�---------------i 
E:ceed 

---.-- ------------· ---·--· ·-- ·------· --- ·-- - --------- �-�--- -

1\.u s t . f,�erino 1 8 . ·i 1 3 . 6 1 2 . 4  8 . 3  8 . 3  8 . 5  9 . 8 1 1 . 9 'i 3 " 5  ( 1 ) 

Fine 1;,ro o l eG. 22 

7 0 ' {  
Corried.al e  

N ,  Z o Ror,mey 
·----·--·· 1 6 . 6  

------- 25 . 2  
Border Lei cester 5 - 5  

Sou thdo ···t, 6 0 1 

Various breeds 1 3 .  I 

1 8 . 5  1 9 . 4 1 ? . 9 1 7 .8 22 . 5 30 . 0  23 . 8  26 . 1  

1 4  1 2  9 1 0  1 3  0 

5 - 7  1 0 . 5  

2 . 8 

1). , .] 
·i L 2  5 . 3  5 · 9  6 . 0  

1 3 . �) 1 1 . 5 1 0 . 8  7 .  1 1 0 . 9  7 0 1  
3 , 0 4 0 1  2 . 4 2 . 5  7 < 6 
4 . 0  7 .  1 3 . 3 9 . 1 
9 - 2 7 . 5 0 .4 1 0 . 2  7 . 8 1 0 . 0 1 7 . 8 

( 2 )  
( 3 )  

( 4 )  

( 5 )  

( 5 )  

( 6 )  

( 7 ) 
( 5 ) 
( 5 )  

( 8 )  
--·- ---� ------- - -----�- - --- -- - - ·-- ------ - ·- - - - -- ------· - -- - ---· --··-·----1 
References : 1 o 'TUrner and Do l l ing ( ·1 965 ) ; 2 .  Shel ton and : :enzies 

( 1 968 ) 3 3 , 'L'erri l l  :;:,nd Sto eb.::." ( 1 9 39 ) 1  4 e  Ve:J e l y  and Pet ers ( 1 9 65 ) ; 

5 . Ibrt and S · evons ( 1 9 )2 ) ; 6 .  Go o t  ( 1 9 52a) � 7 .  Barton ( 1 947 ) ? 8 �  
Sid-v;ell ? E\Terson and 'l'erri l l  ( 1 9 62 ) . 

-·-· _ _______ , .. . __ _ - ·· · --- ... ·--�- - - -- -· �--- ----·--------·-·----�- ---

decrease s ,.,j_th age r�:::acllin0 a l mv point at 3 . .  � o  G - �'O<'.rs of 0.,c;c 2nd then 

i n crea s e s  agaL1 o Tile perce:1tage of bnrrenne ss in older e>v 8 S  �, s usua1.ly 
considerably t elou t�o f�g�re f o r  2-year- o l d s o �10 only except i on to 

thi s pat t ern � s  the resul t of Vo oely and Peters but t�e small numbers 

im�ol vecl uc.x be the cause of t::;.i s . Resul t s  from Teodoreanu and Rusu 

( 1 959 ) 9  De Ha a s  and fun1 op ( 1 969)  and Caopb e l l  ( 1 962 ) further support 

these findings . 'reodoreanu and .Jusu 9 vli tll 1 287 Palas .Merino e>·<es 9 

found the incidence of L1fert i l i  ty was higher in younger and o l der 

elves than in 4- to 8--year--olds . ])e Haas and Dunl op9 u sing reproduct-

ive records coverir1g 4855 ev1o-years coming from five strains of 

Australi an Merino , found in general dry ev1es were at a maxir:Juo a t  2 

years y fell sharply at 3 years and rel'lained relatively cons tant t--ri th 



a hint of an in c reas e at advancing ages ( 6  to 7 years old ) . Campbel l 

found 9usin.(; approx:i ra::J .'�ely 3300 Ram·ooui l l et s;:..e -:; p 9  that the percentage 

of barren mws uas 30 . 0  at 2 -;;'< •.rs of a.JG 1 vari ed bet'<J ean 9 . 8 and 1 2  9 

for 3 to 7 ye�rs ; and was 1 7 . 4 t c  2 1 . 4  at 8 to 1 0  years . Wal l a c e  

( 1 958 ) p:covides c: fu_rt:.t·:;.c exaupl e for t�e �T . Z .  Rooney. Datc..t frorJ 

three fl o ,�k::: select ecl for· i:i.<).l and l mr ferti l i ty and a control 

showod that i n  3oner:l the inci denc e of barren ewe s  d e crGased wi th 

i n c reasi n.':. a,_;·s . •r;1e intei�es tin(;· featLn·e of the s-t.ud;y i'ias t�at 

T:illereas a"� t12e :?.--year- -old s-'.;age tb.e perce n tagG of barren e•;.r e s  had 

b e en .:j_i,;sher fo:c· tlle illg-ll fertili t;{ fl o ck -'v�1an in ei tL.er ti:'te control 

or l ow f erti l � ty f l o cks ( 1 6  v ers es 1 2 . 3  and 1 2 . 7 )  the rsverse w a s  the 

case o. 't  l a t eJ� 3.:; es '. !�ere there \ T 2 re only about hal f  as E1any dry 

e\l" e s  i n  t ;_,:; �i:;�� fert i l i  t;:' f l o ck .  

'l'c:'JJ . .:s s  )' omd 1 0  c .L t a i ':"'� ::; o rae o f  t�n i nfOT!.iation ava. i l abl e fror:� 

va.r .i. o u::..o typss c f  .,1 2.aSLtrs::1ent o l'Lsrc i s  2 cha .cs. c t eri u t i c  ri s ·� ' ri tb. 

tjs ·.L_:;e of t...:.s e'I G to a :iJa:td i.'iUiil usually f o l l oirecl bj· a. declin9 o 

Someti�es thi s fa.l l  oay b e  o n l y  s l i ght and a t  o th�r tioes mres �ay 

ne t be l:ept � o n;_;' e<loilgh to sho ·;  tl.J.i s trend . 'l'_ .e only exc ept i o n  t o  the 

characterh;tj _ c trend -.;,:;.s t�2.t re corded b�' l-!ul l aney e.ncl BrO'im ( 1 ) 6) ) 

'ITi th "·m s t ra l i.an I>1a rinos o 'fhese anh1al s  f irst l ambed ut 3 years o f  age 

and t:1ereaft er slJ.o-JTed a s t eady decline in numb er bo rn per e11e j oi ned 

to 9 years o 'rhe decl ine in the fi rst thre o  laDbings was no t as great 

as that record9d duri ne tje re s t  of t;lE: life tima o ;l'he follmti:ltS are 

further references r..oting the effect of age of ell"e on reproductive 

rat e and r.l l sl1mi the general trend of a ri se follo�ted by a decline 

'\'li th age of the e>�e if t�ey uere kept long enough � Roberts ( 1 92 1 ) � 

Niknl � ski i ( 1 933) : Smirnov ( 1 9 35 ) 9  Biegert ( 1 938 ) 9  Johansson and 



Table 9 � T.i.1e effect of age of e>ve on reproductive measures based · 

on the nuober of eues j oined 

Breed 
2 

;.\ge of dam : Reproductive rate as a % 
3 4 5 6 7 8 9 1 0  

No born per e-vre joined 

Aust Merino 

Polwarth 

Corriedale 

N . Z. Romney 

Border Leicester 

tlensleydale 

Southdovm 

Various breeds 

84 91 9 6 1 05 1 1 0 1 1 1  

1 01 1 00 98 9 5  90  

9 1 98 1 00 98 

84 89 98 1 01 1 02 1 02 

1 1 2  1 31 1 55  1 47 1 78 1 74 

1 28 1 58 1 63 1 62 1 7 1  1 81 

1 46 1 54 1 74 1 77 1 98 1 77 

1 58 1 67 1 89 183  1 75 1 7 2  

1 1 4 1 34 1 36 1 32 1 52 

1 1 0 1 07 1 04 

87 85  

1 23 1 36 1 56 15 1  1 64 1 5 7  1 60 1 45 1 52 

Multipl e births per ewe j oined 

Ref. 

( 1 ) 
( 2) 

( 2 )  

( 2 )  

( 3 )  

( 3 )  

( 3 )  

(4 ) 
( 3 )  

( 5 ) 

Aust Herino 

N . Z. Ronney 

2 4 8 1 3  1 8  20 20 1 8  1 8  ( 1 ) 
1 9  32 40 42 42 ( 6 ) 

No born alive per el-l'e joined 

Fino 1vo olled 

N . Z .  Romney 

7 3  88 1 01 1 1 3 1 05 1 1 7  1 01 1 44 

132 1 1 2  1 23 1 27 1 3 1 1 24 1 50 

( 7 )  

( 8 )  

No alive at do cking per ewe joined 

N . z .  Ror.mey 85 1 08 1 1 9 1 2 1 1 1 8 

78 94 97 1 09 1 00 94 92 87 

( 6 ) 
84 ( 1 0 ) 

No weaned per ewe joined 

Merino 

Polwarth 

Corriedale 

Various breeds 

62 72 77 86 89 

75 8 1  82 78 

69 82 85 87 

59 64 74 79 87 

87 82 78 7 1  

76  7 1  56 

92  

8 3  98 1 1 2 105 1 1 0 1 05 ' 93 99 

1 06 1 20 1 34 1 32 1 28 1 27 1 20 1 1 4 1 30 

( 1 )  

( 2 )  

( 2 )  

( 2 )  

( 9 ) · 

( 5 )  

References : 1 .  TUrner and Dolling ( 1965 ) ;  2 .  Mullany and Brown ( 1 969 ) 

3.  Hart and Stevens ( 1 952 ) ; 4 •  Dry ( 1936 ) ; 5 ·  Inskeep, et al . ,  ( 1 967 ) 

6.  Goat ( 1 952b ) ? 7 •  Terrill and Stoehr ( 1 939 ) ;  8 .  Barton ( 1 947 ) ;  

9 .  Sidwell , et al . ,  ( 1 962 ) ; 1 0. Hickey ( 1 960 ) 



r----·-·-·- ---- --------·�---------------. 
'l'ab l e  1 0 �  Tlle effect of age of eue o n  repgoductive oeasures based 

on the nu1:1b er of evle.s l arabi1:1g 

Breed 
Il{5e of <... J.m �  Reproductive L.te as a % 

Ref o 
2 3 4 5 6 7 8 9 

-----------·------------·--------·-------------·----� 

Rar.1boui1l et 

Fine 1-mol led 

N .  Z , Ror.lllo;y 

Lange 

B . L .  x Cheviot 

Vlens l eydale 

Rahraani 

Os sini 
Daln &; Steig<tr 

Various brecd.s 

Fine \Wo l l ed 
B . L .  �-: Ctevi o t  

Dala & S teitsar 

. 1 08 . 1 1 9 . , ?7 · 1 �9 1 29 1 30 1 28 1 23 
1 '1 9  1 42 1 50 1 49 1 48 1 50 

1 09 1 i 6 i 29 ' 13 4  1 34 1 39 1 27 1 50 
1 27 1 4 3  1 5 1 1 49 1 5 1  1 5 1 1 69 1 50 

1 08 1 26 1 45 1 5 1 1 56 1 56 1 40 1 42 1 42 

1 28 1 80 1 87 1 9 7  1 9 6 '1 98 1 95 
1 75 186 1 85 1 99 1 96 1 77 

1 8 1  1 75 1 79 1 9 6  1 88 1 78 1 77 
1 1 2 1 27 'i 35 

1 1 1  1 1 8 1 4 1  
1 48 1 56 1 75 1 74 

1 41 1 35 1 46 
1 1 7 1 30 1 45 1 37 
1 78 1 84 

c 26 1 3 � 1 3 7  1 43 1 45 1 4 1  1 45 
1 32 1 44 1 50 1 5 3  1 54 1 57 1 49 

87 1 04 1 2 1 1 1 8 1 1 6  1 03 
1 1 0  1 67 1 7 1  1 83 1 8 1  i 72 1 55 

1 60 1 7 5  1 69 1 7 1 1 7 8 1 68 

1 07 1 55 1 57 1 63 1 59 1 57 
--- - - -- ------- �-- -·-- -- - -· -- ---------

( 1 ) 
( 2 )  
( 3 ) 
( 4 )  
( 5 )  

( 6 )  

( 6 )  

( 7 )  
( 8 )  
( 9 )  

( 1 0 ) 

( 1 '!) 

( 1 2 )  

( 2 )  

( 6 )  

( 6 )  

( 1 0 )  

References � 1 .  Sh el ton ancl Menzies ( 1 9 68 ) 7 2 .  Ves ely nncl Pet ers 
( 1965) 9 .3 �  Terril l  and Stoehr ( 1 9 39 ) 7 4 �.- Barton ( 1 947 ) �  5 · Hason 

and Dassnt ( 1 9 54 ) , 6. Yal c in and Bichard ( 1 964a ) ; 7 .  Dry ( 1 9 36 ) ; 

8 . Kara.r.J ( 1 957 ) ; 9 ·  Ragab and A sker ( 1 9 54 ) ; 1 0 .  Gj edrem ( 1 966 ) ; 1 1 . 

Sidwel1 1  ilt a l . , ( 1 962 ) ; 1 2 .  Valilc, e t  al o 9  ( 1 968 ) 

Hansson ( 1 94 3 ) , Desai and lhnt Grs ( 1 95 1 a ) , �Jright and Stevens ( 1 953 ) ,  

vlallacG ( 1 958 ) 9 Bel ie ( 1 958 ) , Ri ches ( 1 958 )  1 Teodoreanu and Rusu 

( 1 959 ) Sha.rafeldin ( 1 960 ) , Polach ( 1 960 ) , Bernoco ( 1 96 1 ) 1  Maymone and 

Dattilo ( 1 962 ) , Hul et ,  � al .  ( 1 962 ) 1  Campbell { 1 962 ) ,  Dhalivml , et al . 



( 1 963 ) 1  Joustra ( 1 9 64 ) 9 Sannikov ( 1 964 ) 7  Polasek ( 1 965 ) 9  Ermekov and 

Hakbuzov ( 1 966 ) , Fehse ( 1 966 ) , Bi chard and Coo per ( 1 966 ) Ivrai j al a  

( 1 966 ) , Donal d and REa d ( 1 9 67 ), Potanina ( 1 967 ) , Donald 9 et �· ( 1 96i1 ) 7 

De Haa s  and Dunlop ( 1 969 )  and Eikj e ( 1 97 1 ) ,  'rhefJ e  referenc e s  cover a 

Hide ran;·e o f  breeds an'i countries . 

( b )  D.:: te  of larJb in._� 1;i i tllin tlle l aob i n6 s eason 

Reev8 and Robe:rtso �1 ( 1 7 5 3 )  .-rl:J.en tlley revi evTed the effect of  

tile po s i t i o n  o f  bi rth i ::1  t�e l cubing s eason con cluded 3 

' " l'lJ.ere 1�1a;y vre l l  be  differences betvreon breeds and 

beti·Teen ree;·i ons in t ;.:e shape of t!..lo curve fo r cllanges 

in ferti l i ty uith season of birth , due to cl imati c 

and otj_er  factors 9 b u t  i t  see;,1s l i ke ly that the 

ma:�ir:1U!:i ra t e  of tuinning ui l l  be in t:.:e r:1idd l e  rather 

t han at t;::.e b oc;i nni nb· of tlw lanbin[>' s e a s on" . 

Their revi e".J c ent i Gnad t��c re s u l t ::; nn:1 concl u s i o ns of Heape ( 1 399 ) 7 

r.ldrs!.::.a.ll ( 1 )03 ) 7 lhc.:.wls ( 1 924 ) and .Bi egert ( 1 9  38 ) ;rho concluded 

tha.t tuic1S t en::J. e :l  to be born ·aarly i n  tllc season and Jollimsson and 

Hans s on ( 1 )-i.J ) and 3ar:J..10nd Jr.  ( 1 944 )  vJho found that t�E:J peak } of 

l <El b s  born � o r f e rt i l e  s e rvi c e ,  o ccurred near tlle oidd l e  of tb3 lamb
ing season . Har:1>.10 ncl Jr. found tiat the v2ri a t i o n  durir .. g the l a;JbiDG 

season could b e  attributed to a prog-re3sive c�ange in t�e ::J.UI:Jb e r  of 

ova shed . More recent ;vork by Karam ( 1 957 ) and I-iason and Das sat 

( 1 9 54 )  confirn the trend of a l7lid-season peak ilhile  results by 

Ragab and .. ·i.sker ( 1 954 ) 9  'reo doreanu and Rusu ( 1 959 ) and Potanina ( 1 967 ) ,  

all reporting a higher lar.1bins percentage in the first half of the 

lambing season � give support to the alt ernativG proposal . It is  

interesting to look back on the two possibilities attributed by 

Marshall and Potts ( 1 92 1 ) to explain the observation that twin lambs 

w·ere produced mainly in the early part of the lar:�bing season. The 



pos sibl e causo.s given W8re ( 1 )  tjG GVTe s in the best condition vlOuld 

t end to coos on �eat and tjerefo r a  t o  laob f irst ) or ( 2 )  tho feed and 

past�res are Mora nutriti ous eE �ly in t h s  s eason � nd caus es producti n 

of oore ova by t he e�es bred at t�at t in e . 

r::r:· a r ·:.;ak in tl1e r.iiddl o of L:.e J:l:.·l'b i n,_;;· s eason i s  ::,s su:·.wd th& 

no. ktral situation -��lea fc:, ctors • .  .J.i cll could c::tcoufl.:::.(_:;o it n re ( 1 ) tL.:; t ir.;o 

c. fl o ck i s  na t c;d r::ay be n e a :c t�:e peak of t_�G s o:;::ual c;ycJ. e so c:. l l  tje 

fin-:t part of t \:::.e naturJ.l l s.;::b inc sodson uould bo renoved . '1'�8 

obs ervr::r ;;wuld. tL!.B c l  ob s e rve .:1 o.:::rly ; .-L �·h J...:: c :bing rat G  il�li C�l �;o uld sub

s oqu ent ly d e c l i ne . ( 2 )  If a fl o ck is �.:at ed �1 ear tlle t.Jeginning of the 

s exual cycl e  then ::_Jre sunaLly tlle e:ies lambine;; early i!1 t�le season 

Hould b e  t�:e t;-tore fert i L J  &niucJ. l s  as t � 1 e  l es s  f ert i l e  a.ni;,1al s  

'iJOLl l c� tak.o l o n�:s·er t o  cotH.:eive . I'he l o s s  f e rt i l o  J.rlir.-r.:: l s  "Jay b egin cycl -

fir s t  'Le b c s  l ikely to be f e rt i l L = ecl .  ( 3 )  Duri�� tic, 1.1o. t i  1�5 s oason 

t � e  nut i  tion may gre:.1 tly af fect t ,le nur:,b e.r of ov'l r:;l.J.ed bJ t.w..::. e;.re . 

Flus::!.in0· 7 � i hi o� i s  t�l8 iDcTease:i l evel of nut i tion often given t�le 

eue iml,lG :l i at c l ;y b efore j o i ninG 9 ltas been fo und to lncrsas e  r.IUl t i p l e  

bi rtjs and decrease barrenn es s  ( revi�red by Re eve and Robertson 9  1 953) . 

( c ) !Effe ct of the body \leigllt of tho e>vo . 

'l'ilere i s  3Vidence availab l e ti1a t the ueight of the ev1e i s  

po sitively a s s o ciat ed vd t h  the nur;:ber o f  lamb s she produ ces 

( ·rerrill and Sto -3hr 9 1 942 9 v1ith Columbias 9 Corri edal es and Rar:tbouil l ets ; 

Coo p 9  1 962 �d t h  Corri edc;les and Ror:tneys ; Coop and Clark 9 1 96� -vrith 

Merinos and Halfbreds and Kill een , 1 967 9 Hith Border Lei ce s t e r  x 

Merinos ) . Co ckrem ( 1 967 ) do es not agree 1-1i th the int arpretat ion 

of the data present ed by Coop and C lark uhich discusse s  the influence 

of livcv;eight, on reproduction . Co ckrem clair:ts that cul ling on 



li vevreig�t w·ould not over come the problem of barren mves t o  any great 

ext ent . 'l'erril l  and Stoehr found ti.:.at elies Huicb. uore �1e avi sr in the 

autu,,m & s  yearl ings , on the avc ::-age , H eaned r.1ore )OUnds of la::1b per 

eHe-year durin., ;  t�sir lifetioe . 'rlli s advanto.ge of t:1e heavi e r  eues 

ilas du.e ;:1ore to a ::.:Ci,:S·:·"er percotlt of l a::1b s ilOanocl than to l1eav:ier 

Sannikov ( 1 9 64 ) and Pdas ek ( 1 S' 65 ) ooti� found t�Je t�linning 

incid enc e increased ( 30 . 1  to 59 . �  percent and 2 . 2  t� 45 . 3  percent 

rospeci ti vel;y) ui tl;. i ncraasir1,.;s· e'de 11eig�tt . Siwi lar resul t3  �Tere 

found by Gj edrer:1 ( 1 966 ) , 'ili ·t.il Dda s.ncl Steic2;ar bread3 9 ,--:;e&suri ng 

nunb er b o rn ancl nwJber He<med per e;·re l a <abitlb' and Po tanina ( 1 9 67 ) 9 -..:i tll 

t�1e Dages tan Hountain bred , :::eas uring lal:lbing percenta:�e . De Haas and 

Dunlop ( 1 969 ) ? on 1ro rkin0 lli t:.: tte .• u3'Gral ian ;,ierino 9 found a difference 

multipl e bi rt�s . Most of t�is cooe2 fron a decrease in s i n�le bi rths 

Hi t�.c a l es se r contribc.ttion fror;; 2. reduction in barren eiJ G S  • riey 

estirac.ted :m acldi tio tEtl 0 .  37 percent increa. s e  i n  r,ml tiply b l rt �lG per 

po und of body �ei��t increase . Coo) and Hayoan ( 1 �62 ) estiQat ed 0 . 46 

percent o. dditional tHi n  birtis per pound of i ncrcas;:;d body u eigj,t in 

the Corri edal e  breed . 

( d )  Year effect 

Ragab and ... sker ( 1 954 ) 9  Kara�11 ( 1 957 ) 9 Sharafeldin ( 1 960 ) 9 

Sid11ell 9 et aL ( 1 962 ) 9  Vescly and Peters ( 1 965 ) and Valik 9 et al . 

( 1 968 ) all found tj,at tie year of lambing had a significant effect 

on various measures of reproductive rate .  fhe breeds referred to  were 

Ossimi 9 Rahraani 9 Texel and groups of five , four and five breeds 

respectively .  Goot ( 1 952b ) found9 for the N . Z .  Romney9 that the 

difference betv1een years vms hitShly signifi cant for number tail c:id per 



e\-<e. :1ated and vldS signi fi cant for tt.e numb er of multipl e birt�s per 

3 . :r::_artitioning the comuo nents of va.rianc& 

Jo o t  ( 1 952a and b ) 9 Dunlop ( 1 963) 9 1Jes 8 l y  and l'et ers ( 1 965 ) 

and De Haa s  and D.mlop ( 1 968 ) have given o sti mates for t!.le partitioning 

of  the COQponents of variance for measures of reproductive rat e .  

Tabl e  1 1  pre sents tile resu.l t >J  o f  Dunlop and De Haas a nd Dunlop .  

-
I'able 1 1 J 1)arti tioning t • 0 �v varianc8 cor::po nents for measures of 

re productive rate i n  .. lu str� l i an Merinos 

Variance  �Jo bor�;"'"; No woanod 
Dry Sil1.6le Mul ti e·�-� �3 matod L_ _cN_C:2_ _oa _!_?d 

due to ----·-� e>l G 3  birtb.s birti:ls you ne base young base 
r-·�----" 

Lccations 1 0 4 1 . 5 !j. ,, 1 1 0 2 0 1 o 2 1 o 9 
Years 0 .  1 0� 7 0 0 0 0 0 

Strains 0 . 6 0 . 6  0 . 4 0 . 5  0 . 4 0 . 4 0 
Lo o X <.1.�� 8 - - ·- - 0 . 7 1 .  6 2 . 5 

6 . 1 a 4 . 3° 4 o 9° 
,.1 

Loc -� yrs 8 . 5u 7 . 2 3 . 2 O o 6  

Loc X str 1 • 2 0 �7 0 . 3  0 - 3  1 • 3 1 .4 0 . 5 
Str JC yrs 0 0 0 . 6 0 . 4 - - -
Lo c X s tr X yr1 . 5  O o 7  L 3  0 . ) - - -
Error 39 . 2  9 i . S  88 . 3  38 . 6  90 o 5  92 . 2  94 o 5  

--
!Reference s  ( 1 ) ( 1 ) ·( 1 ) ( 1 ) ( 2 )  ( 2 )  ( 2 )  

a - significant in 1 of 3 age groups 
b - si;;5·ni fi cant in  2 of 3 :J.ge groups 
c - signifi cant at 1 !o level 
d - signifi cant at 0 . 1 % l evel 

Reference s :  1 • Dun l o p  ( 1 963 ) � 2 .  De· Haas and Dunlo p  ( 1968 )  

Both Dunlop and De Haas and funlop commented that the mo s t  

strikinB feature was the extrenely large s i z e  o f  the error varianc e  
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'l.'a ble 1 2 g  Partitioning t�e variance col!lponents for measures of  

reproductive r-J.te in N' . Z . Romneys 

Variance du e to Barrenness No tailed / No multi birth 
e�ve ma. t ed / eHe mated 

Year 1 0 . 74 

.�.'!.go 4 3 . 1 1  7 2 . 3 6 6 . 8 

Stud 3 . 7  

Year X age 1 1  . 42 1 0 . 5 6 .  1 

Yo.::r x stud 7 . 06 6 . 6 3 . 8 

• .ge x stud :&: ye aT 27 . 66 1 0 . 6 1 9 . 6  

Reference s g  Go o t  1 9 5 2 a  1 9 52b 1 9 52b 

and t�e s:nall o.mount of va riation contro l l ed uy inain eff e c t s  and 

interactions . Tb.ey felt i t  l i kely t�at the L : rge error t erm Has due 

in p.::.rt to the ra t:.:.er coarse ·..tai ts in Hhici vc..lues are <ae a sur ed , As 

a rosul t of t�e large error v a riance 7 ot.:...er c l a s s e s  of vari a t i o n  

are necessarily small H.:.len expres s ed a s  f ra c t i o ns of tho to ·ca.l . 'l'he 

resul t s  of Vesely and Pet eTs , w�o s tudi ed fouT breeds 9 were in 

general agreel!lent 1,vi th the above . 1'hey u s ed mv es lambing per 0\les 

mat ed ( fert i l i ty ) , la1:1bs born per e-;ws lambing ( prolificacy), lambs 

weaned per elfe oat ed and vTeight of lambs u eaned per ewe mat ed as t�1eir 

mea sures of reproductive abil ity . Year effects vlere significant 

( P  <. 0 . 01 ) for all  measures . 2-year-old mves vlere inferior ( P  < 0 .01 ) 

to middle aged m·1es in all traits but fertility. However all factors 

together (year, age of dam , s ex ,  type of birth and breed ) represented 

2 ,  9 ,  4 and 6 percent of the total variability of fertility 9 

prolificacy 9 number of lambs v<eaned and weight of lambs ueaned per 

ewe mated respectively. These  figures give error variances of 98 , 

9 1 , 96  and 94 percent respectively Nhich are even higher than those 
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,5iven for the Aus t ralian Merino . Goat ullen he partitioned the 

varianc e cor:�po n ents for the :N . Z .  Ror:mey did not consider tlle erro r 

terr.ts se ills perc en tur;es were " a s ed. on t!J.e t otal variance l ess the 

erro r  t errJ . •r:.:;.e re s;1l ts are .-;-i ven in :rab l e  1 2 .  
In uo t�l r:le :iSUres tlle a ·,:e of daiJ is  o f  i:Ia j o r  ir.tportance ar.w n:_�s t 

tile environnental effec t s . 

4 .  Zst iwat es o f  r�ea t ab i l it.y � lleri t ab i li ty 

Inst ead o f  oeasurin -:,· tlle :::.eri tabi l i  ty c.f reproductiv e  rat 8  

;,1any authors :1ave co npared the nw:1ber of l a.r:1b s  born b y  s i n:;l e- and 

1JUl ti pl e-born eue s .  Vari ous estimates  ob t ained llave been reviev1ed by 

Reeve and Robertson ( 1 95 3 ) 9 Clarke ( 1 )63 )  and 'furner ( 1 969 ) .  

Hul tipl e--bo rn e11es have �Senorally proc.lu c ed uore lar:�b s tlla n si n1:;l e-

b o rn e' res t�10u d.l the diff .;ren c e s  are not ;Teat . I\vo addit i ona l 

references tl�i c� further cupport t�e superi ority of the oul tipl e-b o rn 

eNes are Dun ::tJ.d Gro:·ral ( 1 96 3) and Sannikov ( 1 96tf ) . .�s ·chi s t::e s i s  

d o e s  not cal cul·xt e any co::1p.J.rdb l ;:;  va lues fo r t ;_te flo ck be in,:�· 

cont)i :1ered t!: e di s cussion of tta effo ct o f  bir t!..l T s n.k of tie clam H i l l  

b e  carri ed n o  further.  

The repeatab i lity o f  fertility rcfera t o  the cons i s t e n cy o f  

t he reproductive performance of the sai;1e ev1e at different lar.tbings. 

On us inG the int ra- class correl ation r.1ethod the estir.�at e s are normal ly 

lO\\f . 

Clarke ( 1 96 3 )  and •furner ( 1 969 )  have revi ewed the li t erature 

of repeatabili ty of reproductive abili ty . In tlle follov1ing revi ew 

tlle various measures of reproductive abi l i ty are arranged in a 
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s iQilar order to that used above for l ooking at the effect of a�e o f  

da.:J 0 

( a )  Barrenne s s  ( evres ff iling to l aQb ) 
Purs e r  ( 1 :) 65 ) foun�l t�at tb.e repeat ab i l ity of b arren eH os per 

evJe j o inecl 112 s lm! for bo t�:!. V..tG S c o t t i s h  B b c kfa c e  and �fe l s� �'Io untnin 

bree.ls � 0 . 0� "md 0 . 03 ��espsct ively . 'l1�e Scot t i sh B l a ckfac e  H8re a:�ed 

f::cm 2- to 6- ye:::.rs and. the Uelsh Hount a in froo 2- to 1---�rears of at�e . 

ShEll t o n  ( 1 SJ69 ) ecot:i.;Jated tile repeatabilit y  in t\·lo fl ocks of fine 

;;ool s�::.e�r t o  be 0 . 0.'� >Ii tll an a c t ual ne:?:ative val u e i n  one fl ock. 

( b )  Nur.1b or uorn per e>Te j o ined 

1'umer 9  t:;,�- -��-· � ( 1 953 ) 9 Youn3' 9 e"La l q ( 1 9 63 ) and Kemwdy ( 1 967 ) 

.;t l l  .� ivCJ resul t s  for the Au s t ra l i .::.n ;,re rino . 'I'urner 9 -�t al . )  Ai th a 

f l o d: of :-Joc:liu:-:-1 Peppin Ilori no s cal cul a t ed a repeatability of 0 . 30 

over foLc:c' suc�J e s s i  vu ;1ear'� f o r  m-res v�od frou 7- t o  1 0-years . 

Y:mn �; 9  _E;_t_ a�_ .  9 ob tained repe'lt o.b i l i  t�..- es·i;i ;aat es for t b.reo i'l o clcs 9 for 

e ii e s  J.-� od 2- to 7 <'e'lrs , r�:n.-;·i n._  fror.i 0 . 01 to 0 . 09 Hlli cll 9 H2en 

p o o l ed , [':J.Ve ::m overall va l u e of 0 . 05 . l'his coc.1pares favourably- 1·1i t:C. 

0 , 07 obtai ned b;y Kennedy o n  PeJ,;_l)in I Io rino s a.:;ed 2-- c; _  )-years . 

Robert s ( '1 957 )  ( as quo t eJ by 'io un�"' 9  �q 1 963 ) report ed an 

e s t iiJat e of r8pGc.ttabi lit,y for t:..:e nuob er o f  l a1:1b s born t o  b e  about 

0 . 1 in five strains of il.ustral ian 11eri no s . T::te data available  for 

thi s  work viere 9 �Wifeve r 9  lir.1i t ed . 

Ch ' aUG ( 1 955 ) usin� a t e c2ni qu e for Qeasurin� t�e aoount 

of a s s o ciation in d i s cret e dat a obtained valu es of 0 . 1 2  to 0 . 25 for 

repeat abi l ity i n  t h e  N . Z .  Ror.mey. 

Purser ( 1 965 ) obtained repeatabili ties o f  0 . 07 and 0 . 1 0  wi th 

the Scottis;1 Blackfa ce ( 2- to 6-years ) and 1felsh Mountain ( 2- t o  

4-years ) breeds respectively. These closely agree with Sharafeldin ' s 
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( 1 960 ) resu l t s  o f  0 . 1 0  and 0 . 07 ( quo ted b y  Yal cin and Bichard 1 9 64b ) 

f o r  tvm st rains of 'rexel .  Inskeep9  �-�:· 9 ( 1 967 ) found a wider 

ral'J.f:e ( 0 to 0" 2 1 )  for vari o us "1jreerlin,; :SToups a l  tJ.1ou. ;h tlle avera s·e 

of 0 . 1 1  is o f  sinilar order to t�e asti�ates of the o ther workers ; 

tl.le t:,:s'e of t>e GHes i:! t�Jj s c.: s o  v2.ried fro1.� 2- t o  1 1 - -year.,_. . DCJsai 

and ',Jint ors ( 1 95 1 b )  estimat ed a repentab i l i  ty of 0 . 05 for variouE 

b reedz o 

( c ) :rknbor Hoa11ed pur m-Io .j Jinod 

3.8SL.tlts fo r t::.e "w stra.lian I-lerino are r;i v e n  :;y Ke�nedy ( 1 967 ) 

and You�1:_; 9  -�� - -�1_. 9 ( 1 96 3 ) . Kenneclj' 1 S result uas O . Ot� for Peppin 

I-ierinos a :-:;ed 2- to 5-years . You� , ,  -�t_ :�)_. 9 ob taiDed a sli-s·j_t ly 

�1i:)1ar c st i in.t e ( 0 . 08 )  u�1en t_i_E::y po oled t �1e resul t s  of t�ree f l o cks 

( t�J.e :3 ::;  I'cltll;ecl fr,x: 0 . 02 t o  0 . 1 0 ) . \�l1i l e  Sco t � i sa Bl :1ckfaco and 

1Jel s�1 ?,1ou:'lt2ir! rosul ts () c '  0 . 0 1 and 0 . 07 obtained by ?ursor ( 1 9 65 ) 

'd "re l o�:er tjar: t�c cor:ros p;.mdin-3 rupoatabili t i e s  of t:.1a nur.1b er b o rn 

per e: ;e j o ineJ Inskeep 1 �--:!i-PJ.· 9 ( 1 9 6 7 ) :;et :1 s l i -�j_tly ii, ;�·-er vc:t l u c . 

I nskee p 9  .?.t. _a_l_. , cot v::tl u e s  r:J.nc;in -; frou 0 . 03 t o  0 . 22 uit:l 3.t1 average 

o f  0 . 1 3 for �arious breedin� ��oups . 

( d )  :-Jurab er born per m·re la:-:Jbin::,· 

J ol1ans son a.nd I-ians son ( 1 9!, 3 ) ( quoted b�/ Re eve and Ro bertso n 9  

1 95 3 ) ob tained various estioa t e s  for various b reecls . Hhen t�1ey 

neasured repeatabili ty f o r  l i t t er s i z e  at 2- and 3-years of a{Se as a 

correlat i o n  they eot es ti r.1at es of 0 . 1 5 9 0 . 1 7  and 0 . 1 9 for 

Shropshire 1 Cheviot and Si'ledist Landrace breeds respectively. The 

correl(!tion b etvTeen the ::1verage l it ter sizes at 2- to 3-years and 

4- to 5-years of age for the s aoe t�ree breeds uere 0 . 25 9 0 . 26 and 0 . 28 

respectivel y . 

Shelton ( 1 969 ) es t ioat ed the repeatab i l i ty t o  be 0 . 1 3  in 2 



flocks o f  fine wo ol sheep. 

Yal cin and Bichard 0964� es t iwated ropeat�b i l i ties on three 

fl o cks of Bord er Leicester z Cheviot cu es . Eues l anb od at a }'OS of 

1 - to 7-yoars . In tl1o flo ck v::�LOro owos first l o.1:1b od as 1 -yoar-olds 

the repe:::.tabili ty uas 0 . 0 35 1·rii l o  in t�_o f l o ck liJ�i cb. firs t l aub ed as 

2-y8ar-olds tl::o ropoatab i l i  t.)' vns 0 . 1 2 1 . •rlJ.G val u e  obtained i n a 

t:.:;.i rd flock -vras 0 . 0 3 3 . Furs or ( 1 9 65 ) ;::;ot values of 0 . 1 9 and 0 ,  24 for 

tl:ce S cot ti s�: Blackfaco and \{els� Nountain broods respectively. Using 

four flocks o f  Polis::t Merino Kno tjo ( 1 9 6tl ) cc:l culatod a ropon tabil i ty 

of 0 . 1 3 . 

Ks.rar.: ( 1 9 57 ) , ;,wrkinr� Nit� tlc.o En�lLlani b r G ud cal cul at ed tho 

correlation b otHoon ae1y t\w l :l�:,bin��,· records o f  a mve b e hvoon 2- and 

7 -yoe.rs of a.:-�o as O . OG .  •rjc co:crolat ion betu oen t._G first and 

s econC. l a1.:b i:1,3' vras 0 . 05 .  �l!..lon t�lC avor2..:�·e of t:w f i rs t  and s e c o c1d 

1 :::ubinss ·,ms corre::lateu Hit:�  t:..;,o 2vora�o of tje third anu fourtll 

l aubin.�·s t�c.e repeat ab i l i  ty -vras incro<:sed to 0 .  2 2 5 . 

Rondel ( 1 9 56 )  ost ii:-tat cd t 1 ::e ropeatQbility of nul tipl o birtl1s 

0. ;On(;'St 'Ji rt;_.s for ()vieS ! ... avin(; i .  � l o  . S t  five birt� , 'rllG repeat ab il i  vy 

:w o bk1inocl fo:;_· t:.:..o Sv1edis�;. Land race 7 c:_,_ovio t 7 O:;;:forddovm and 

Shropsnro Her0 0 . 06 9  0 . 1 5 9  O . Oj' .::md 0 . 09 respe c t i v e l y .  

Ivla son and Das sat ( 1 954 ) e::; t ir:Jated a ro peat ab ili ty of 0 . 03 for 

the Langl1e breed i·rere sor.:e e\ves l ived to 1 2-years of age . 

( e ) Nuober weaned per ewo lruobing 

Yalcin and Bichard ( 1 9 64b ) working vri th three flocks of Border 

Lcic estt-r x Cheviot mves found ropeatabi lities of 0 . 00 1 0 . 1 0  and 

0 .  The firs t fl o ck first l anbed a s  1 -year-olds and the second as 2-

year-olds . The tjird flo ck 1vas a s eparat e ono . ID;w s laltlbed at ages 

varying froo 1 - to 7-years . Purser ( 1 9G5 ) cal culated rcpoatabilities 

of 0 . 07 and 0 . 1 0  for Scottish Blackfaco and Wel sh Mountain breeds 



respectively . 'l1he anirJals in t he so two breeds v1ere 2- to 6- and 

2- to 4-year--olds rospectiv0J y . 

Esti i:1a.teG of ropoatab i l i  t/ ob tain8d. arG u su a l ly low . T.�.le 

e s  tine. toD b::.s eci ') ll  8':lOS l anbin(; ra. t�wr tian mw s r.1a t od aro l�·cneral ly 

�ne ther �8t�od so�Gti�os used to ostinat e  ropoatabi l i t i e s  i s  

t �::.CJ J:'O(Jros sj. on 0:.:' ::.:ubG oq_uont on early perforrJunc o<> o 'I'urner ( 1 �) 6J ) ro·-

vi mm t; .d. s o 'i'l:.i s :.:ot!...:.u ·l i s  net u sed ir.. tb.i<> s tu.cly. 

Hevi o': of o s t L:w.t o s  of �eri tatil i ty fur reprouuctivo rat e  

�avo beon c;·:i.ven b y  Rocvo and Roburtson ( 1 95 3 ) 9 Ra e ( 1 956 ) 9 C l arke ( 1 963 ) 

.J.ni fur:1or ( 1 9 69 ) "  tl.lo lat·tor  b oi n.-; tl:o r.10 st oxt c:1s ivo . On J i s cus sin-.:; 

V:e estLnt i o • 1  of t� ,_, :.J.ori ti l;ili  ty of rc1Jrodu c t i  vo ra tu l'urner ( 1 969 ) 

record. is cc r.1pli cc:>. t 8 Ll  by t:_o f<'. ct tl1o mr o s  vd.t�: 
::t zoro l'oco.rd he.vo no dau. ;·llt ors . 'l1'.:_o probl e:· · i s  
p:::rtly ov orcono b y  asin,_,. �lalf- s ib anJ.lysis 

( ·'· 'lOLl.""'·· t' ·· .;  .... c st1· · ·a· · "  < >  l. s u _  :_,. .... . • .J.. � .I . v v  s t i l l  biacou because 

t :w s:i.ros coul� not cooe froi:J b:1rren m·r e s ) 9 

by includi n .. � muro t:...C! n  o n3 :reco rd ( m;e:s cont inually 

barren ro , of cours e , s t i l l excluded ) , o r  by con

fini �� t�e analysi s  a ither to l i t t er s i z e  or type 

of birtlJ. ( s i t:j'l o or oul t ipl e ) . 1 1  

Thl s _ evi evl of JGri tubil i ty l o oks at t:.J.e e s t iraat es of the 

different rJoasures of r;:;product ive abi l i ty in the saoe order as the re-

peatability e st ii:la.t es uero revieHecl . 

( a) Barrennes s ( ewes fail in,3 to l ar;"tb ) 
Purs er ( 1 96 5 )  found tb.e heri tabil i ty of barren m�o s  per ewe 
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j oined , usinc-; t�e intra-sire �alf-sib i-:Jethod ,  >-m s  low for botll the 

Sco t tis�1 Bl.:tckf.::tco ( o . o ) and TJe l s:1 i·iountain ( 0 . 03 )  breeds respectively. 

T.j_e Sco ttis� B l a ckfacG Here aw"l frou 2- t o  G-ye 2rS and t�lO : fel sll 

Hount ain frorJ 2- t c  4-yea.rs of ac·o . S�:el t <m ( 1969 ) 7 Horkin,_:; �-;it�

tvro fine Ho o l od flo cks � 01) tainod a �cGri tilbi li ty esUDato of 0 . 1 7 .  

Bc> L  Ko�1n0dy ( 1 9 67 )  anJ Yo u,-1,.:;> £_t :, l .  9 ( 1 ] 63 ) �1we .r;i van results 

for cl1o Austra.lia:1 1'-leri no .  Kcmncdy analysed 2-year--olcl Pep1•in f.Ior:�no 

eues a:.1.d. arrived a t  a J.ierj_tabi lity of 0 . 20 . You.nc7 0 t  a�. 9 obt 1 inod 

values of 0 . 03 9  0 . 35 and 0 . 1 9  for 2-year-olcls 9 3-year-- olds a:d t:1o 

sur.: of t�1e t;ro a:.5·c; . 'f:li s s:_._ovs a .:1irr� ... er Lteritnb i l i ty e s t i  ,at e  lvitt. 

an increas e in ac;e of m·Te . Re sul t s fror.1 ar,o t�1er fine v;;:v.: l od broecl, 
tllO Ra:;,'u o ui ll o t  I :lavo be,m gi V8l1 b y  s� ... ol t o n  nnci ?IenzL;s ( 1 9GJ ) . 
They cal culc.tocl lifoti:.le ·r J.hlos of  0 . 2 1 and 0 . 2J usin : t:w p::; t o rnc:.l 

;_.-,al f-<;ib :1.nd :i. n t ra-sire l' ·3r;rG G s i o n  ,-.lct:.:.ocls rc:: s p o c tively .  

Dosai r..md ·. rinters ( 1 ')5 1 b )  clotc:r: :inGll :.:.ori tabil i ty by t�:.o int ra-

sir�, :cor�ression o f  t�'-'-' L.H.ib ini_; rocorJs o f  t � le dau.:::-��ters on t;:,os e  

o f  t::tGir d.iLis . Usinc·; tuo :l iff e:.. e nt . . JOt�·tods o f  ,::;-ro u.rln,; t :1G records ot 

t : 1e dens and t�lGir d:�u. <l.:ters t�.e;y arrived at averar;·e heri tal.J i l i  ti es 

of 0 ,03 anJ 0 . 07 for vari ou s breeds . S�ar:tf o l d i n ' s  ( 1 9GO ) s s ti<.1at e s  

for t:.:..o llGri t2.bil i ty of t h <:.  rezsl b r o c d  ri1nc;od fro u 0. 03 anJ. 0 .  17 

and averai_;ed O , OJ . ire used t:.:o in t rc.- siro rel;re s s ion o f  daur�htcr on 

dao . Karau and Ra�;ab ( 1 953 ) ,  al so us ing tL.e ·rexel breed ? ob taineJ. 

thre e o s t i iJn t e s  of heritability 0 . 266 7  0 . 538 and 0 . 293 by dau(Sllt er 

dam regres sion , intra-sire regre s sion of clauc�1t er on dar.1 and by 

balf-sib correl ation r:1ethods respe ctively. It w·as fol t by the 

authors that tho first method estir.1a te was the most reliab l e .  

Purser ( 1 965 ) using the intra-sire half-sib met�od ? found the 



lleri tabili ty for Scottis�:::. Bla ckfc.. ee ( 2- to 6-year-olds ) and l"ielsh 

Hountnin ( 2- - t o  /�-y ear-olds ) breeds •iiere 0 3. nd 0 . 07 respe c tively. 

C�1 l 3.1'1[,' 2nd R<::w ( 1 970) 7 , - ,.rkinc ·.;it'-.l l� . Z .  :Fhr-mey s 7  cal cu.l a. t cd 

hori tabili t:L c�r; for tllo f o l l 01lirli:S :"oo.sures of f�.;.rtility�  tho mlmber of 

l aob s born po c o:w �l t t�.!.o f:i.rst l c::c;:;oing ( Fort 1 ) and t�w ·i;c.' t 2l nu;.;uer 

o f  la1abs born pe:r 8'. 1 '3 over t2G first tuo ( Fort 2 )  anc1 t�a·oe ( l''ert 3 ) 

Kc:nc;asn:i. oc·,i and Til.w n on cal culat:Lnr,: �:eri ta !) i l i  ty of Firmi sh Lc;.r.:lraco 

s'Joop by J iffcrent t:!Gt�.!.ods found t�-�o :1erit ::tb i l i  ty of lifetir'}e per

f o n:lnncos to bG 0 . 30 to 0 . 50 r.-1�.:ie:1  i G  � .iJi-� :i_r.. cor:;pari sor. to  o ther 

result s .  ( Can:;asnieoi '3.nd T.L;on 7 1 ') 66 ). 

( c: )  Hur:� b or �-reanod :)or <;'!G j oj_nod , 

o�lCO ac;a.j_n Koni10:ly ( 1 �! c;7 ) 2nd YoLtn:·: � e�. -�1_. ?  ( 1 96 3 )  uave 
cal c�llctt oc!. r·o ;,;ul t .:3  fo :r t��e _i:.l-> t rs.li;;,n i lEn:ino . Kennocly ' s rosul t 

o f  O . OG Has CEl.l CLlb_tetl f _:-.r 2-yo -::t r-o l d Po ppin �(,erino GHG S ,  -[cung � 

_et al . 1 c,b ·.::.. :>:_ 1 rast.;.l tc fo1· 2-;y 8ar--old s 5  3-y&ar-o..Ld.s s.rd t!.J.3 sur:1 

of 2- ancl 3-·YG�:r--olds of 0 . 03 , 0 . 1 5  e.nd. 0 . 09 r-..;spec tively.  Once 

ag:::ti n  a \i :;: _ .;�.· : "ori t s.b i l i  ty nJ� an older 25e can b e  n o t ed .  S'.::.el  ton and 
Menzios ( 1 96:3 ) Horki n<s v:it�1 t�:e Rar.i1Joui l l ot cal culat od l i f c t ioo 

�J.eritc.bili ties o f  0 . 2 2 and 0 . 27 using tb.D paternal half- sib and 

intra-sire regression oetl10ds respectively . 

Purser ( 1 965 ) 1 Llsing tb.e i ntra-s2_re .:...al f-sib P.Jetllod 1 found t:1e 

�1eri tabili t;y for Sco t ti s� Blct ckface ( 2- to 6-year-olcls ) and \'ie l s� 

Mountain ( 2- t o  4-year- olds) breods 'tmrc 0 and 0 . 03 respectively. 

( d ) Number born per ewe laubin,z 

Johansson and Hans son ( 1 943)  ri1ade •waning weir;�1t cal culations 



on their litter s i z e  vTOrk. In tl1e Chevio t  breed t�ey obtained a 

re,3'ression of dau,::�·!J.t ers on da:.1 of 0 . 022 2.t 2-yenrs of a(;o . T�:;.i s  ;;ives 

dar::s to l o olc at 3 la.:1b in;;s e..t �2- to 6-ye::ars of aco 9 t:wy ob t.J.inod 

�eri tabi l i t i 8 S  of 0 . 1 '7 9  0 �_26 9 0 . 1 3  :!.l1d 0 . 2 3 for t:10 0�:;:fordc.l.u;m 9 
S�lropB:liro � C��ovi o t  ::1:1d Su odis:::.  :S J.n.J r:J.co rospec ti vel;y' .  TlL.:y also 

cal cuL�.ted t ' 1c correlat i o '1 iJ ot·;roen mres frou t::o s�;,nc; s ire f o r  t�1e 

avera .. _;o l i tt er s i z e  at 2- and 3-yoars . Fo r s:1ropslrires and C�ovi ots 

t!:.J.e intra-rrroup co rrc: l a t i o n  Has 0. 0)9 ,,: ,i c.:.., : ;·a.ve a �cri t nb i l i  "t;y of 

0 . 1 9 6 .  

Purs er- ( 1 9C5 ) 9 usi tli�; t�:e L 1 t ra-si ro �lalf- s ib co r:r:ol a t i a n  of 

daur:;ht ors l anb i n;j perfon:=.J.nce c:1 lc u l ated �.eri tabili ties for t �_G Sco tt is� 

BL!clcf.<ce ( a..'�o-l 2- to 6-years ) e.nd :I3ls::  I-lountain ( atsod 2- t,, t-years ) 
IJ rcocls ·eo  be 0 . 1 /f 3.:d 0 . 1 (, rospoctively. A furt.' .er analysis \::J.s 

::.ad e for ea c�: J.,;e o f  eue S Gpa.r.:c t aly i . e .  usin,; one record per 

s i z e  s�·:m•;ed a t ond en.c;y· to incrocse Hit:�  a::.;o of oucs in b o tt f l o cks 9 

al thoug�- t . li S  ; m.co s i. :nifi c.:mt ( L.t t�le 1 % l evel ) on-_._y in tte ::,as e  of 

at t�e t:...ird L .  . .. bins f::>r ·L.::: . Jel s . . :-iountair1 eHcs (0 . 32 )  J.nd a t  t�w 

fo urt!J. l anb in:':)' for tho S c o t t i sll B L.l ckfacc eires ( 0 .  31 ) • 

Vali k 9 et al_. 9 ( 1 963 ) usoc.l. t�:;,o pat ernal l1alf-sib correlation 

to obtain a �1eri tability of 0 . 2 1  fror:1 two flo cks of st.cop 

( RaQboui l l et 9 Hampsjire 9 Suffolk9 ColUQbia and Corriedale 9  and 

Columbia and Corredale ) wbi c� contained individuals aec up t o  8-years . 

Gj edrem ( 1 966 ) using tb.e paternal half-sib oethod estiL1ated the 

heritabili ty to be 0 . 03 for t�o Dala ancl St eigar breeds . 



( e ) Singl e or tJUl t ipl e bi rths 

Rondel ( 1 9s6 ) estio� t ed herl· tabl. l l. t l· es of 0 22 0 o �  o �9 -" o , • •+ ? • U' 

and 0 . 03 for t ho C�wvi ot ? S!J.rop 'liro , S-..r ed i sh Lar,.cl -naoe and Oxford-

40. 

down breedG re;spectively o ·r��ese rosul t s  >lGrG cal culat ed on e" e G  tJ.at 

llad. lar.1bel at l ea s t  fivo t iuos . 

Siduell ( 1 )5 5) estir.12.t ed � 1.eri t2..b i l i ti es for t�w i'Java.j o 2.::1<.1 

Navajo cro s s  breJ to bo 0 . 1 2  and 0 . 22 for uature ani�al s and w�en 

based only o n  2-;y oar--olds reuvr3.ed o s t i i�1a t e s  to be O . t;O and. O o 03 .  

Ra(3'ab ani .:tsker ( 1 )5· r )  esti ,�at ecl t�le -�ori tabi l i  ty for tHi nnin3 

in "!;�:e Os.3iiJi lJ:r:ed. by t:.:.o intra-sirG re-:�ression of l ac1bing aver-J.. , e s  

of daLl ��1t ers on t:.:.os e  of t�:e darJs be. sad 0::1 tJ.e fi rst t,;o l a:ab i nss . 

Ra�lr:Etni '.Jrocd � est inat ed t _ �e type o f  L irt� o f  t.!.".i.e offspr1n.; on t:.:e.t 

S�l G l t o n  ( 1 96) ) 9  <J.s i ng t>I G fine H o o l  br.ox.:ds a nd t�:e pat ernal 

�alf-sit �na l ys i s , abtaine1 a heriteti l ity es iuat e of 0 . 1 2 1 . 

( f )  Nunb er IIGanocl per 3r! e l ar.Jbi n:_� 

Gj eclren ( 1 :)66) usj n,:; tJ.e -"'at Grnal : 1alf-s.ib r.,atiocl e st i:.1a:t ed 

t>.u _wl i t2.1j i l i  ty t o  b e  O o OJ for t:1e Dc:.li:'.. and St e i{;ar b reeds . Purs er 

( 1 965 ) ob t ?.in ed J.erita:,; i l i t i e s  of 0 . 05 for bot...:. t�l8 Sco t tisi Black-

face ( 2- t o  G-yenrs of n.g-e )  and '.Iel s2 Nount.'lin ( 2- t o  ��-years o f  n·;e ) 
b reeds u s inr;· t�e intra-s i re llalf-sib correlation of daug:1t ers 

ladbitl£' perforua nces . 

It is obvi ous froo l ooking at the effect o f  enviromJental 

factors that the age of e-v1e at laobinc; ous t be taken into ac count 

when considering reproduct ive rate .  �stimat es o f  repeat abi li ty were 



general ly low and as repeat nbil i ty sots t�e upper lioi t for �eri tabili ty 

it is no t supri s in:�' to find tb.o ::C.0ri tnbili ty of reproclucti vo rat e uas 

a l s o  lorl o Tl:e repo atabi l i ty o f  nunb or bor1. is usually esti;Jat ed as 

lyin:5 viit jin t�e r::1n(�·e of O o 05 to  0 . 30 o  Ueri tabilitios are usual ly less  

sel ection in t�e current fl o c!-:: dep0ncl c., n  repe9.tab i l i t; �  t:-_o s c:  in futuro 

:s-enerotions depe'1.cl cm :.eri t::tbili ty . If t:1o aiw '\l c .r·o to increa s e t�:e 

repro J.uc tivG rat e  ivi t!:J.in a 'ureod t�l<:.:n tho l oH :-'0ri tabili ti es and 

repe.J.t3.:: i l i  t i .::; s sug-:;est t�1a t pro:;Tess 11i l l  be slou . 

tllc a:_; c cf t:.:o ev1 e G.ff e c t ed the value uf _;_el"i t:toili ty. In b o  t2 

cas e s  it -;;as l o-,T J.t t�:e f i rs t b .::·.binr:; but for l at er la;_,bin�;s 

suffi c:iently ::...i ;. ,or to predi ct t�:c.st t:_cerc Hould '.Je a respons e t o  

s e l o c ti•Yi , Youn·.·; ��...§!.l• , found t :· _ ·3 :�0ri t&bili  t,y osti ,·.,at e o f  tlll:.:b er 

born :l:'o:;:' • •  ustraliiln i ierLw s rose for.:: O o 03 at 2-yoar�. o f  ::. ;o to 0 , 35 at 

Scott i s  . .  :0Lck.f u c o  nnd 1:Jel s� No untain bre J.:ls t_::.at t:J.e �ori. t ::.:.bili t ;y 

l ar:�bin:j f·n t:_e Scottis�1 Blackf ?. CG ( 0 . 3 1 ) and. t�1o t�irl L:: :.1b in :,· for t:_,_c 

Wel s:1 l-Ic-untdin ( 0 . 32 ) . C. : ' an:s .J.ntl R.le ( 1 :) 70 )  fo LEll Le .::Jst i.-:::. t es of 

�"eri t abili ty r.) s e  1·i. 1en t�_ey cot'lsLl cra:l t · , o firs t 1 t :.,o firs t t1vo 9 and t�o 

first t�reo la1.1b i n. ;s ( 0 . 0'�5 5 0 o 1 1 1  and 0 . 205 respe ct ively ) if t�ey 

calculated t:.:.G :�eri tal.Jili ty by t:1e re,;re s sion of J.aw;�ter on dam . 

This uas not tlle cas e if t�e b.eri tabili ty vms calculated by pat ernal 

:1alf-sib correlation ( O o 05 3 .  0 . 1 2 1 and 0 . 032 respectively ) . TiGrefore 

for tllG li . Z .  Ilonney e;reat er gain per generation can be expected if 

s el ect ion is bas ed on tb.e su� of t:....a first t1w l aobin{�S rather 
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t :...tan t�w first lar,Jbinr; alone . Youn-s ? et al . 9 al so found tb.J.t the 

b.eri tabili ty of tje SUi:J of t;.:.e first tNo l at.<bings vras hi.-;her th3.n the 

first lar:11J inc; 21 one ( 0 . 1 9  versus 0 . 03 )  but vras not as llicl:. c.s f o r t :"' > 

abi l i ty of t:.:.0 initial lni:Jbi nc or l i fet ir:,c la.;-;;:; i ne :.ny b a  l ou 

lar:1bings at c ort c;.in �: .. jes r.1ay tavc �li ?;!....er :leri t 0.'u i l i  t ios Ctncl Hcrt2-

�.,r!J.il e  c;ains frc;J s el ecti on nay ;) 0 at tainab l 6 .  

\Ecere c o rrespondin . .:. val ues cf ..::ori ·c:::�bili t i cG e�;:i st for bot� 

nu!.lb ors bor�1 ,;_nd nwJ�)ers Vi eanocl ( vrietller i t  i s  'oased on GH·3 3  : .1at o•l o r  

1 9 65 ; Kennedy � 1 9 67 ; Youn�o· 9 et ;.�l· 9 ·1 9 6 3  1.Jut Shel t o n  and l-1enzies ; 

1 960 found. no difference � . 'I'ili s can be e;.;:pl aine:l by t�:e; ::tdditional 

e rwi rom1ent.:.l effe ::.. c s  on l a�.:b s betuee;'l ::: ir·t!.:c and Heanin,:s . _ .. s t :�i s 

i s  t:_c c e. s o  t��on ;Jore pro: . re 3 s  cacl b e  ex:pe c t e l  fro. , ;:;el ectin-; for 

can s t i l l  b �  e�pe ctod . 

l t' '  1 • .· ' -'- ' '  ' "' ., • j _  ' • l . t "  f ·'- '- � "1 ·"' t t ' "·' -,  c• 0 1 -· ) a _ou J ' .  "- .e . .. .., J. l 0-.:1 Ol l ,; o "- -" "' or " - · "' • 1 • SupporUn�; t : :i s  

to laDb at 2-ye:J.rs of a:��e 3.nJ co<.iparod tjo l:::!.ub i n, ;  perforr:1ancos  of  

dau,.-:� 1t ers subs Gquently born to t: .Gi�i o S� ;_e f o und no s i. �nifi cant 

difference 9 in fact 9 dau.-):tt e rs of t::0 er.-ves �"j_ic2 fai led 1lad s l i zatly 

more lawbs born por evro j oined . I'je repeatabili ty and heritability of 

li tt er siz e ( t�e nuub er of l awbs bo:cn per evie laubiDG) is hit:;:lGr and 

it >vould appear that more can be (\'ained by sel e c ting for litter size 

t�an against barrenness . 

The fact that s election for oultiple birtts is  possible i s  

borne out by proeress report s  froo. t1.m sucl� experioents ( �lal lace 
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1 953 and 1 9 64 with t ile rr . z .  Romnoy and furne r y  e t  al . y  1 962 ? furner 

1 962 9 1 9 66 J.nd 1 ) GJ 9 wi t!.l t!le :l.Us tru.lien Horino ) .  furner ( 1 ) 63 ) 

l ooldnr; at resu l t s  for b o t l.: s e l r- c tion f l o cks e s t i r.tCJ. t 8d t:�e difference 

in r.ml tiplo b i r t js b e t;-reen ] lie�:.. ::md l m1 ,'_::roups in eac�1 1..8.d increaaed. by 

0 . 023  per year i n  t llo ;"ustra l i cm I leri no c..nJ 0 . 0 1 1 in t �:e i>T. Z .  Roo�1.ey . 

In b o t ll b roods s e l e c t ion for nul t i pl e  ui rt:::cs has llu.d S OL!O effect i n  

l m!e.riDt'S t:1o nuob er o f  dry mre s .  .!.'urn e r  y o t  a.l . , ( 1 ')62 ) b.:::..;; al s o  

t:e·:.mtionoc� ano t:..:.er sr:tal l fl o ck: of i�u s t ralian Merino s  founded on 

anir.1al s  froL: a cor:n::e rcial flock s e l e c ted for r:;ul t i p l e  birt�1.-:; . ilni rm l s  

froo t:.:ti s group !:lave perf 0rwoc.l ev e:-1. "Letter t:.:an t:.C.e ��i.:::.: G'rOLJ.P al reudy 

r:lG:-J.t ioned . One probab l e  reas on for tj_e s u c c e s s  in t:.�e Aus c ralian 

Merino fl o cks e.d.vanced by 'I'urn er 9 �t al 0 9  ( 1 962 ) is t:le fact t::;_a t 

t:.:.e anvironoout i o  fo.vourabl o  to t'rinni n-�: � s ince s el ecti on f e r  c.ny 

cl.1.J.r--, c t eri s ti c  i s  rw s t  l i k, ,ly to to succes sful in an environoent 

Hhi c�l al l oH s  it to be ftJ.l l y  G.i�pressed . 
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rlle measure ; 'vlei ·..,;llt of '.2,iJb ueanecl 1 1  us ed i n  t�i s  thesi s r:1ay 

b e  c onsid e red as  �t oea S Lli'G of the dao ' s fo :r- ·c ..L l i ty al tllou-�l.:.. f ert i l i ty 

i s  not the only cl1aractor .J(lCO:npassod by t hi s  raeasur e .  .�.s . i e l l  as 

incl udin ;  i nf o r�a t i on on the nuco2r of la�bs roared per ew e i t  

t :.l e s a  r:1ea surss c .w -lloaniw; �•e:i ;llt of  all l ;J.J))S aro correct ed for t:w 

efi e c t  of a.-�·e o f  t ll<3 la::1b 2 t  Noanins 9 s e:;{ and b i r t !:l  c:t nd r.:;ari n:r, rank. 

The co rre c t i o n  fact o rs used in t3is the si s ara tho s e  calcul a t ed by 

Clarke ( 1 967 ) and l at e r  u s ed 9 'ti til one cj_an: ;BJ by the �.�ati onal F l o ck 

Re cordin �: Sc:wue ( of Ne'll Zealand ) . 'l'has 0  ::U-.3 d et ail ed in Cll2 pt er 4.�. 

CL : ri:::e '  s e s t i m.:: t o s  make it n e c e s sol r3r to co nsider eo. eh 3.-":e of dar.; 

�roup �ri ti1n eac� J ear s� parately �ioroas tie N� t i onal Fl o ck RecordiQ; 

S c�eme corre c t s  f o r  a�e of da� effe c t s  so a l l  jaos �itllin a )ear can 

I 
b e  co;;;parecl . The dams \IGi .'��t of l c:u:�b 1Jeane::l value f 0 r  tll8 s ea s o n  i s  

the corre c t eJ weani �� �ai �ht of her la�o o r the s um o f  the  corrected 

H eani n ; Hei.c;J.: t s  o f  her lambs i .L she had mo re tl.tan one l ar.�b . 

Ve ry l i t t l e  i nfo rmat io::. froD. tts l i  t arc1t ur e i s  availab l e  on 

',-T e i '�:�t of laob ',;eanod . Blaclm G l l and :i-Iend erso n ( 1 955 )9 workin-: >Ti th 

a mixed f l o ck of Co:;.�ri eda l e  9 Dors et 9 Har:1pslli re and Shropshire 

sheep 9  e st imat ed tl.J.e \lei �ht of l a;-:;b ueaned for the tot.:::.l wei ·c:ht of 

the firs t lar.�b or lar.1bs born to a e�·T e .  ·rhe .w.e:ri t abil i  t y  of thi s 

measure of vTOanin.c: v ei�·ht performance of Giv e s  was b a s ed on the:; records 

of e·ves that had \leaned lambs w�J.ich in turn o.lso became dams with wean-

in:-s l'l'eight data available for their offsprin:-s . 1 9 5 daos uere used 

and this gave 1 9 5 dam offsprin;� pairs . The est imat ed heritability 

>vas 0 . 1 8 • 0 . _)38 .  The repeatability of this trait was esti mated to b e  



0 . 078 . 'rhis coul d not be the t ru e  si tuat i on s ince repreatabili ty 
i s  the theo ret i cal upper limi t o f  lleri tab i l i  ty . There vTere 

approxiiilat e ly three t i m e s as m ' ny dec;rees of freedom for ewe s i n  

est imat i n� repeatabi l i ty a s  t he re were f o r  e s t i matin� heritabi l i ty o f  

thi !:3 t rai t . Part o f  t�i s li. s crepancy oi,.:;ht b e  Jue t o  sai:iplin. ; o r  t o  

tlw 1:10thod o f  a na l ysi s , The 'rleani n. ·: \'lei ·:!J.t s u s eu in est ir.H t i n.g both 

the heri tabi l i t i e s and repeatabi l i tie�  were f irst adjust ed f o r  years 7 

a.�e o f  dam j a. , e  of l arab � s ex 7  a nd i.n the ca s e  of tlle Dorset f o r  

seaso� of bi rtJ. as vl el l .  'rile adj usted vle i .::,ht s  of t�·rins v1e r a  added 

t o.:;et�:cr t o  :.1ake a s i n. ) e  o b s e rvation f o r  tlle ov; e .  

K�othe ( 1 9 64 )  worki n� w i th data froo pedi�ree flo cks of 

Po l i si Nerino s cal culat ed t :J.e repeatabil i  ty of v: ei, <;l:J.t of laubs per 

eHe -:�.t ·rle'-o.,1i n; · a:> 0 . 1 5 .  l'�e ar..a l ys i s  �;as done >-li thin flock, year of 

birth a n J  s i r e  and re cor� 3 were adj usted for sex.  

Hull  e t  7 e t  c:tl · � ( 1 969 ) u s e  t:_e :.1ea sure H e i  ,bt of la:nb 'il eaned 

and cu;nuL�_tive Hei.;ht o f  l a,;1b �Jeaned and s t a t e  that the lat t er i s  

probably tlle mo s t  iraportant l a illb production t rai t s . ·rb.e year o f  

birt ll 7 type o f  b i r t h  and inbreGJi n� of the ewe He�·e incl uded a s  

i ndependent variab l es in t h e  :naL.s::1at i cal inodel . Records w e r e  wade 

wi t:.Un a. ;e :�roups anJ al so accumulated by a.;c .:-;roups . Ercanbrack �  

e t  al . 7 ( 1 96J ) d i s cussed t ho '�e n  t i c  prot;r e s s  ob tained usin \ d s e l e c t i o r!  

i ndex �;n ch i ncluded I·TeL:s�t o f  l ar.�b 1·1eaned . 
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III . S 0 U R C � 0 F D }. T .i� 

Tils data used in this stud�r Has obtained froQ. a randor,r 

flock of �<\fo11 Z ealand Ror.moj- s�oop kept at Nassoy University , The 

earliest d2.t a  usoc1 Hors nogget fleece uGif>·J.ltG rocordod in 1 956 on the 

1 95 5  crop of J au·os . .'l.s age of da-_-, of tl�o s e  hoggets is considGred , 

tlle data tllt.cs refor bac.�·� t;o daus l.Jorn 2 s  e arl:/ as 1 950 7 as those 

were full  ncut11 dams to the 1 955 crop of lanb 3 . The latest 

records cons id.:;;recl_ uere larJbinG record s  in 1 9G 6 . This flock ha s  

b een des cribed by Ch ' ang ( 1 955  and 1 967 ) , Rao ( 1 958 ) ,  Clarke ( 1 963 ) 

and Tripati.ly ( 1 96:; ) . 

This f l o ck 1ras o rit;inally establi s.!.wd in 1 941� t o  investiga t e  

tl:J.e inl1ori tance o f  ;·.�any fle0ce :1nd carc2s o  chara; ' . eristics o f  -Gllo 

.�Jevl Zealand Ror.mey brood . Inforr.ration o n  oti.:ter characters , including 

the lar,1biri.G p,,rforwa.i1CO of tllc eues , uas co l l e c·i, od as a 1)a:ct of this 

investigation , Eues i·rore purc�ased in 1 944 a nd. 1 945 and fror.; tllen 

on all elie  roplacecwnts 1il er::: bred in t�e flo ck .  Up  until  and including 

1 948 this flock Has run on tile Pahiatua Blo ck o f  the Nassey 

University sheep farm . Early in 1 949 the flock \;as transferred to the 

'fu.?-paka Farra 1-rhere it vms mainly run on the flats . 

Zarly in 1 956 (before mat i ng ) a random s el ection of eue s  viaS 

taken from the flock to s tart a separate selection experiment . In 

1 966 (before mating) the flock rras divided at random into tuo units 9 
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the " i nt ensive" and " cont rol " 1 \,vhi ch �vere run at a high and lou 

s t o cking rat e  rospe ctivol ;y . .:i.l thougil b o tll are stil l randonly b red tho 

; ,  control " uni t is o 3 s entially "· cont inuat i o n  o f  th.o o riginal f l o c k . 

Hence , o nly tte dato fro� it  has bGon u s ed in 1 966 . 

·1':.�0 &Li of  tl::ti :c; flock i s  to have avs.ilabl e for st�.<e�y e. fl o ck 

of rando:.1ly brod ani . . • c:l s . 'l'o lcGep tlli s f l o ck rando:.< cort e. i n  

pruc�; ices  c' r r_, obs erved • 

( 1 )  � o  s ol o c� i o n  fo� a�y chara ct e_ i s  pra ct i s ed .  Surplus ewes if 

any are cu.l l e: at r.:: :1do . .  1 .  .�.:ft or foLtr l a.Jbi n�·_; s ea sons ·cllG EnTO E· ar<:. 

a l l culled �nd cold or  go i nt o ot�or cxpori�snt al flocks , as do the 
cull ed 2-too t.us . Th.:; ;rothor l aobs ure s l augllt m:ed .  

( 2 )  Ea cu �'G--'r t�l " fl o ck ·<�a r3 :.'ando•lly divii :;d e.i.lOt16 tac raos 

available fo :::· !::atit\:,' ·. :·itll t.:J.o proviso tcLn. t tl:J.'-' fou_ a .  e �;ro upc of euo s 

u:Jre oveclJ di s tribu"c eC:. :t-.-,o n:( t�..; � a. .Js " 

( 3 )  }l'rou 1 9 50 t o  1 952 inclusiv-e the .s a  .. :e s �von ra. !3 '.! Sl'f; ct:s od. . .·i.t 

s e a s o n s  &nd t-:.:::: �1 c�e_n..:so t �;:,;,.. . ·rues:.;  s evon r 2.:.1s a l l  c&�.1o fro : , diff erent 

s tuds in �;he Man�J atu�lai rarap. • T�is po licy al�  wod t�e a s s uopt io n 

t o  be r�1ado that inbruedini,' �ra;:; no c an i .1po rt ant so u rce of 'lariat ion 

in thl s  floc!c. �i!sa in f:r.·o i·J 1 95 3 t o  19 5 5  incl u s i-.re s e'rGn ra.us \,vere 

us ed 9 but in 1 9 55 ona -;,m. s £ 8 }; l a c ed c:md a:10 tllel' vra s  aJJed j_n t o  :.1ake 

eigilt . On l :_i four of tho s e  H .::.l' e 0o u(;�t in ( i n c l udinb· one of the extra 

ones in 1 955 ) and tho o cller five i l8l'G a l l  frot:I t�e I:Iassey Ro,:moy Stud . 

In 1 95 6  four of t�o 1 955 ra1as 11 ore Cli,Sain us�d ( thr8e of 1'/las s ey 

breeding and one bougl}t .in ) . In 1 ) 5 7  and ·1 9 58 four Mass ey s t ud ra::�s 

were used fo r the two seasons . Froo 1 9 59 o �  a l l  the racs u s ed came 

fro1.1 the :P . '11 • and Ma ss ey stud flocks . Tho ra1as ·Hero changed e a ch 

year and the nUinber o f  ralils us ed gradual ly increased fro.a five in 1 9)9 
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to t 'm in 1 967 . 

( 4 )  Up until and including 1 9 65 na.ting gro ups 11 ore confined t o  their 

respective paddo cks for c. pori ·)U. of s ix to oight vi o cks . Sinco 1 965 

and ttien l�la ced i n  ,:. s ,:; c o <ld ;·:10 IJ � :ith another vasEJct o :.�i s ed r-<:·.: to 

clO t e  if tl.J.c;y returned agai :-1 .  If tl.H:-J did t b. ) ! l  tl.tGy iJ ;:;re i�:·�aHl 

llanl :.:at :;d ;, ri t_l:.l dl e,1tir0 :r-a.i:o . For t_10 :c.:.. st of ti.lo Je:r t:....e ::�ob �Jas 

run t o::; GtllJr exc<:Jpt :lurin_; l a.nbirl8' Hllen tilE: m: os K ore dra.fted into 

t :lre ..:.. :Jobs ; oarl,/ 9 ;;1i-l and lilt e a c cordi n(.:( t o  l aiJbing ds.t e .  l!;xc ept 

�i�ero t�l3 c1a t i n,:5• pol i cy <1Gc.:es si ·ea cod the :li vi di n:::: i nt o  ;:u t i  :1'"" , 0 J..'o ups 

tllo :.1a�1a.;e. ;en b of t��3 :fl o ck ·. JdS tJ��J. cal of t J.G ;.;ana\Ja tu dis cri et . 
One furt . , er c::cej)tion is t b.a t no effo rt � 7 CJ. S  uaclo tc  r:: i·Je pr :of c.::'Ontial 

t rcat cwnt t o  L1cli vidual a 1i::1a l s , r·;; c :.::ts uopecl in ·c .:.::.i s  �Ja,: to avoid 

a ny o �vlronuo�td l l �  i ndu c e :  correla�ions b etwaon pa�errts and off-



B .  DA·r�·:.. .:1.ND DII.1'}l. COLLECTIOn . 

( 1 )  'l'b amm.sl l ambi ng l i s t s  supply i nforma t i o n  on : 

( a )  tile dat e tl::.e l amb ua3 born 

( b )  "t l..le bi::-th rank o f  t ho l a;nb � singlo 7  twL1 o r  tripl et 

( c ) s e:x of tie l ai :1b ; .ra.::1 or  eue 

( d ) an.·; doatlls o c �urri nt.s i'ro::J bi rt�1 t c  ;v oanir.ii:; 

( o ) tllo ua..rt,�; nu..ab cr of t;JJ.o dm.: . 

( 2 ) 'l'ne annual rna tli1g' l i s t  suppl i e s  tile nu.�.1ccr o .:.' tlle B i r  .. : t o  

( 3) ·L'ho annual Heaning l i s t s  supply : 
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( a ) t�o dat ·::J "t ..l 3  la.rabs �r er·o �� ea nod . Fro m 1 95 5  t o  1 9 G 6  tl.:i s 

.:: :.;:c op·:;i nz 1 9 ) )  i t c:; o l f  'HGn it \'lcl3 o n  c , ::; 1 7 tll ,: ovemb,.:,r 

( b )  t b. :;  ; J<;i_sh t  of t;1 3 L:ub ��;·wcl it ·, :as Hoa n Gcl. to ·c Du near-est 

po _md 

( c ) a r a co rd of tll� l ambs a ct ua l ly woane J . 

( 4 ) 'l'Jw aml:..lal i.loe.;g et slJ.0ar� .1g l i s t s  provide t .e �18lc_;·llt of t ie 

hogget groo.s;; fl eoce to "t:1e nearest t enth of "' pouncl . I�-::. tlle years 
1 ) ) 6  to 1 966 t �1i s 3heari nrs took pL:lCo in early October ( 1 st to 1 9th) 

l"lhGil tho hOu£,'Gt S u ore just C V  _ r  a yecJ.r o ld . rJJ.c dnir.mls had 

previ ousl;y been shorn a s  l ar.1bs o.ft er '. ro  .... ning . Cons equent ly hog-get 

f l e e c e  weight rei ers to ten months grout h .  



C .  l'HE C.iSE Cl" l'IlE INFDR'riL:S R:lllS USED HJ 1 962 

In 1 9 62 si:c ra<JS '·lore used � e:1cll :.mted to approzii,1at oly 64 

207 or 5 5 . 3 percent were dry . Considerin� tuo laobi ngs froQ 1 9 55 to 

ar1d la,nbin{; 2. c1'-� only 421 or 1 4 . 4 p ercent of t�ws e Vi 3ro dry . 'ri:w 

i ndividual ra:·;l l_)erforEklnces in 1 j 62 1 1ero � 

Ram 1 � 29 cird' out of 62 j.Jres ont ::: 46 . 8,� dr;y 

Rli·n 2 �  6 1  dry out of 6 1  pres o,1t - wo . o,; dry 

Ram 3 �  35 dry out of 66 prGs ent - 53  . Of� drJ 

Rar:1 Lf g 39 dr�' out of !' -
�r0 s cnt 60 . 07o iry ,; ) == 

Ha•·,} ) �  1 1  dry o u t  of Go present :;: 1 3 • 31o dry 

Rar:: 6 ,  32 dry O 'J. t  of 60 llres ent ::: 5 3 . 3,G dry 

ConseqL H m t l y 7  because  o f  -s::.;. . .;; oarkcdl;y red uced fort i l i  ty of 
�;;_,_..._, ra:;:s in t j_i s yea.r 1 the 1 ) 6 2  la .1bi �1,� 'lata �a.s D e e n  excluded from 

t�e cal culations of fert i l i �y c s t l�at os . 
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'1' H 1!.: M E A S U R E M E � f S U S E D I tJ S 'f U D Y  

sa.iC::. of i t � -

o n  the 3� e ;  ��a onl ; J u di cation o f  � �0 ra� ' � 2bi l i ly 

fi\J!:! t . .  -�.J j_.:C;l'f'J :r;:.:a nce of .�1i2 �·er.1.::t l ·:.: rsJ. a t ive0 o ( 0 0 0 ) 

s o�eoo adjus�m�nt for thsss off o c t s  i s  achi eved by 

o::p:ro s si :1�� tl1c :,Jt, o L �  -� o as a deviat ion fror.1 l�.J.e nsan of 

is L1 l s o  n 0 c o s n  . .:;r3' to correct for tile a'-;·e of the lamb 

fol loiiin,::;· correction factors are b eing used�  

SL1;.::l e  lamb rea red as si115l e :  No corre ction 

Sin:.xl es lanb reared as t v;in � Add 1 0  l b 

'l'11 i n  reared as t'l'lin g Add 1 0  l b 



Twin reared as singl e :  Add 7 lb 

Tripl et reared as tripl et � Add 1 5  lb 

'I'ripl et reared as t1-rin : Add 1 2  lb 

•rripl et reared as singl e g  :1.dd 1 0  lb 

To correct for sax�  Add 4 lb to the >l8aning 

i>� eight o f  th8 8"1'1 8 l amb t o  adjust t o  ram laob 

basi s . 

To co rrect for age at ueaninG' g Add o r  subt ract 

0 . 3 lb for every day under or over a standard 

age of 1 00 days . 

"The latter 80rrection may under estimat e the grov1th 

rat e o f  lambs under sor;;e si tuati o ns . nou8ver 5 if i t  i s  

in erro r 9  tcJ.O error is in tllo rL,ht direction since i t  

pena l i zes the l a t e  la::Jb ancl praises tllG early lamb 9 

ub.i ch is in lino Hi th the r8q_uiroments of !!lO St breeders . "  

52 .  

The reas ons for u sing Clarke ' s figures i s  t�at tlley are u s ed 

by the Nat i o nal Flo ck Re cording S cheme operat ed by the She ep and 

Woo l  Divi sion o f  the l 8 .1 Zealan .. Department of 1\g� l cul ture . l'he 

only diff erence i s  they add 5 and 2 lb to a lamb born to a 2-tootb. 

c1nd 4-to o th respoctiv oly so as t o  pool e:t l l  tllo m:es together 

( :Manual Nat i o nal Flo ck Recordirl6 Scheme ) >vhereas Clarke r e commended 

to consider each age group separa tely. The l at t e r  i s  the method 

followed in this thesi s . 



B .  'rHE MEASUREi;'iENTS OF REPRODUC'riVE Ra1PE 

53. 

In thi s ti:J.e s i s  three measures of ev1 e f orti l i ty are u s e d . 'Phe 

f i r s t  "numb er of lambs born" c o rres ponds to s tage 3 �  as di s cu s s ed in 

the revi eu o f l i t ero.ture ( Jh: . · � er 2 C ) . The second measure " nuob or of 

la i:Jb s alive at day tHo ' '  ccrresponus t o  sta[J"O 4 and the third " nuuber 

of larnbs vman e d "  to s ta� e 5 'rhi ch is a profi t ab l e a{;e for oa.ny :.reu 

Zeal and farucl�s . l•ben consideri:l{�· L�easuros o f  reproductive ra t o  in 

the l i t e:caturc � t:.::.e nur.1b c r  of lar:,bs at any s t .:::.t: e  i s  usunlly co ;npared 

t o a base o f 1 1 e>1 cs i:mted" or " eue s mat ed and pre s ent a t  l amb i ng" or 

" e>f es lar,, bi n£,' 1 1 • In tlri s t�:e s i s  " eu e s  mat ed and pres ent a t  l a r.1b i ng" has 

b e en used as the base b e caus e t hi s  includes a l l  tho s e  ewe s  which have 

a c.:J.anco t o  ::;ho:J their po t ent ial . To llave u s ed the nur.1b er o f e'.r e s  

raat ed as b a s e  u o ul d  llave r. eant 9 i n  ca sos u:..:.'3.:.. G a e�w :J.ad :li ed ::l f t e r  

oat in;· but b ef ore :parturi t i on � that s ome eu es 1uo Here unab l e t o  

di spl ay t i e i r  po t ent ial Hould :�ave b e en c l a s s ed ::J.S tavinJ,· b e e n  " dr;:,.'1 • 

Sioilarly consiJeri n_, only 1 1 eu es la::1b i nc;1 1  Hould have i 1;no r ed al l the 

d ry eues a nd tllus uo ul d n )t give a t rue su;ma.J.ry of t :w flo cks ab i l i ty . 

·rhe "nuob er of l .J.mbs bo rn ( al ive and d ead ) per Olile r:J.at ed and 

pres ent at l a rab ing" ( No . Born ) i s  the first expr e s s i o n  of the eHes 

f ert ility that is measurable by t :.:..e farmer . Each e\ve at ea ch l ambing 

i s  given a s core of 0 ( f or drys ) 9  1 1 2 9 3  or 4 ( in one cas e only ) . 

Uhere a evT e abo rt ed o r  !J.as an obvi ously premature lamb thi s was t aken 

a s  none born 9  as tlle No . born i s a raeasure of the evre s  capability t o  

c arry zygot e s  to the ful l t erm . 

The 11 number of lambs alive at day t>vo per eue mat ed and present 

at l ambirlt-;11 (A .D. 2 )  is a oeasure of the numbe r  born less t ho s e  that 

are born d ead or die at birth and shortly aft eruards . In o ther words 

it includes all tho s e  that have survived their first day aft er 

parturition. 
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The " nuwber of l amb s vr eaned per e11 e mat ed and pres e n t  a t  

l arabi n.o;" ( No . -;reaned ) includ e s  a l l  t ho s e  l amb s >l�1i ch are still 

present on their motllers at 11ec:.ni n ·;· tii":�e . 11here a l amb �ad t o be 

f o s t ered on to anotllar eHe t hi s vra s t re.:tt ed n s  if i t  Lacl d i ed and llns 

d e l e t ed fror71 the credi t ')"': +. ..c ..., e>I e i n  bo tll t�e .:� . D. 2 .  and No . Weaned 

case s . Weani n , is impor� � nt as i t  i s  not only an a pe at whi ch s a l e 

of surpl us s t o clc :: o muo nly t a ko s  place but a l so .Jarks t,w e nd o f  one 

biolo ;i cal e re i n  the l i f e  of the offspri n:-, a.::1d its dar:1 . 

Thr e e  f u rtller fert i l i  t:; cha.ract 0rs 9 al l of ti:ei,1 spe cial case s 

o f  No . Born 9 are analys ed in t..:..i s  thesi;::; . ·rl.J.ey are "Barrennes s " , 

"Mult i pl e Birtils1 1  and 1 1 '1'riplet B irths " . ·r_le 1 1 e-:; o s  no t lamb i ni>; but 

raat el and pres ent at l amb i n,f ( Barrenn e s s ) is r:reasured by "J,"ivin"' d ry 

ei:e s  a s co re of 0 and t�w s e  1·1i th one or ;:1ore l amb s b o rn ( al ive o r  

d e a d )  c� s co r e  of 1 .  Hul t i ple b i rths i s  '"' measure of tl1e e!l es llho 

aro : . _: :�·· .Ji and pre s ent at lar.1b i nr� \l�lO �tavo h1o O l' <Jore larab s  b o rn 

( al ive or Jead ) . rho se elves ·2 ith none or one l amb born are :-�iven 

a s core o f  0 and t:w sa <n tl:t t-v;o or . Jore la�.1b s bo rn c:re .-;i ven a sco re 

of 1 .  'rr .i.pl et Birtlls i s  a :Je::1su.ro o f  tje e�1es v-rb.o dre mat ed and 

pre s ent at l a,a� in� who have thre e  o r  oore amb s born ( allve or Jead ) . 

I'ho se mres lli tll none one o r  two laob s born �re �iven a s co re of 0 and 

tho se ui t l.J.  three or mo re laDb s b o rn are ({iven a s co re of 1 .  
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V M E T H O D  0 F R E S U L T S 

Uien n�ueri cal dat ;:  i s  being analysed in order to r:12!�:.: a genetic 

asses s r:1ent of a quant itat ive clla racter 7 it i s  ;;; s s c ntial t o  know t o  

11hat ext ent vari o u s  c=mvj_ronr;wnt-=.. 1 i .: c t .Jr3 i nfluoi1CO th3 chara c t or .  

vnce t �c o_ f :c ct s o f  these  f3.c t o rs a.l�e e�'t im.:nod thon c_le re co rd s  for 

each she ep can be ad justEJd so that t:C,.e variat ion caus ecl by tho s e  

kno�m env i ro nme ntal fact r s  i s  r :.;r,1ovecl and a iii o re a ccura t o  pi cture 

of the steep ' s  go � 1 o t i c  worth i s  obtai ned . Eovi m·rin-s tho ava i l ab l e  

l i  t er.::turo on each charac"ter g i  v o s  a good i dea o f  li1:ely sourcos of 

envirotmental eff e c t s . By anal:;dng 2. wodol incorpo rat i ng t.�1os :: 

f -:tc (. o rs � the ��.1gni t ude of tll8 o::.' f o c t  of tllo vari ous onvirom10nt <1 l  

fa c t o rs can b e  e s t i mat ed . 

Yat es ( 1 9 34 ) put foruard tho 1:1et�od of l east s quares for tlle 

analysis of �ml t ipl o classifi cation t ab l e s  with di spro porti onat e 

s ubcl a s s  nuobers . Hazel ( 1 946 ) ext ended Yat e s  1 ::10thod t o  i n cl ude 

independent vari ab l es . The method us 3d i n  tai s study i s  s h1i lar t o  

that of Hazel ( 1 94 6 )  and Kompthorne ( 1 9 5 2 ) aided b y  the oxaopl e s  

pres ent ed by Harvey ( 1 960 ) . 
'I'lle c�aract ers studi od 1 and for uhich onvironmental fa ct o rs 

are evaluat ed 9 a::ce Heani ng vTe i15�t 9 fl ooce weigllt , .No . Born ? ii.D2 9 

No . lveaned 9 Barrennes s ? Mul tipl e Births 9 '11riplet Births ? and 'lrleight 

of Lamb �leaned (Wt .1 .  �l . ) .  Of these the ln.odel for uoaning tve ight i s  



the mo s t  coli1plex and s o  it H i l l  be considered in detail first 9 and 

some cal culations involvi n;;· it s o t  out in an appendix 9 a s  an e::.:caL:Jpl e . 

Fro17! t;_w :revim; of litera tL�rc tjo snviro nmente.l factors .:1ppc;aring 

r.10 st li !::el;y to b:::. o f  iraportanc e i n  a?focting u oani n;;· IJGi._�'i:::.t ,we ;year 

as tL1is f l o ck \L S r<:ndo;aly '.::·rod and of suffi ci ent s i z e  tllat i nbre eding 

l ovel c >lore likely to  bo lou . 'rue dat2 used i n  studyi t16' the 

environoantal affe cts on w eanin� uoi3ht \ � o re based on  ani�al s b o rn 

ovor t�c period of t an yoars fro� 1 � 5 6 t o  1 ) 65 i nclusive . 

'l'hc uod t;l  u s ed to reprc:s ent a ro c o r·d o:t' tlle >leaning lieight 

of a lar.1b vras g 

yi jkl::: = o<:. + ti + a j  + bk + Cl + d.xi j kL� + 8i j kl::J 
i = 1 9 2 9  • • •  , p  

The Yi j kl:.: 
t� th 

i s  tb.o r e co rd of the o .u. i ndividual b o rn in the i 

year , reared by the jtt. age gro up of dar:1 and b e l o nging t o  the tcth 

type of birt:� and rearing clas s and tllo 1 th 
s ex . 

o<. i s  tho overal l oean Hhon Xi j klm = 0 .  

The ti i s  an effect comuo n t o  all records of a character 

u.easurod on i ndividua l s  born in the i 
th 

year . The effect i s  a 

measure of the vari ati o n  of the dat a casuod by the environmental 

conditions Peculiar to ea ch year . Thi s mea s u re is sirail ar t o  the 

r.:eaning one co nveys vrhGn speakint:: of a go o d  or bad season uhere 

all environmental effe c t s  are cor.1bined and summari s ed .  .As wel l  as in-
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cludin.:s tile oiwiou s fa ctors o f  rainfall � t emperature �  et c . � s t o .::k:ing 

rate , oanagoment , parasit es , et c . ,  also are involved . 

I'he aj i s  tho effect duo to tile a ; (� o f  dan o 'Plle four 3.gos 

pres ent in tL.o flo c k: i'l'cre a 1 = 2-year-olds ( 2-tooths ) 9 a2 = 3--year-

olds ( 4-tooti.J.s ) �  a3 = 4-year-olds ( 6-t o ot ha ) j and � = 5 -year- o l d s  

( ful l . :tout;1s ) o 

'l'.J.G bk i s  tho effe ct duo t o  typo of birt�l and roari n� >vhi cb. 

roa-� ed as a singl G and b3 = t11in roared a s  a t ci i n .  In tlle dat a  

'.lore 26 tripl et b i rt lls and one quadrupl et b irth . Because of tl10ir 

very SLJal l  numb :Jr9 tJ.ey �,1ere included as tv;ins . 

( cast rat ed at 2-3 1;l OO�<:s ) and c2 = e�: o lili:1DG o 

T�� - i s  t�e iate of  birth ( in days ) of the o
th 

individual -'"i jklr:: 
t h  t-1 -

b 
- . - 1 b  t . 

....;. 
f d  d b l  . orn in tile l year 9 ro::; rou il8 J a.0 c, group o a;:: an o onguJ,Z 

to tlle kth type of bi rth and. rcc1r�i.ng class and tL.e l th 
s e x .  llllo 

d is a lin oar partial r8,�-rossiC> n  co 3ffi ciont rJ oasuring tho av orag o 

chanso in v .:t l u o  o f  Yijklo for t_l;., difference of  one day of age o 

To obtain _u , t::to o v�rall ooan HilGt1 oqu<1l subclass nui:ibors 

exi s t , the oquation p = 0<. + � is used 9 v1lloro x i s  tllc a ri thmot i c  

moan of the X:ijk:lm • 

The Oi j k:lm is tho orro r p0culiar to each datum . It is tile 

difforonco boh;oon the expected val LW calculated from tho 

onvirom.1ental affects of thG model and the a ctual value obtaine d. 

It is due to other Gffe ct s not taken into accolln t  by tho model 

tncluding t ho offo ct dllo to sire . Tho e:Ljk:lm are assllmod to have 

z oro li!Oa n 7  constant variance and a no rmal di s t ribut ion . 

In practice 7 the mat rix of co effi ci ent s o f  the l east 



squares equations is obtained by c :Juntirl(J t�1o nunb er of tines each 

parameter o c curs in tllG sub clas s  totals for oncil subclass in tlle data . 

·.r::te nu1:1ber of la.r1b s in oacll of tilG classificat iot·: s for iroaninc weigh � 

can bo seen in Matrix 1 ( table 1 3 ) . 

Ivint ri�: 2 ( table  1 4 )  Has u sed to clot orfilino th0 onvironuontal 

factors for ..1oggot grcas;y flooco vrcig·b.t . I'ho data in t 1is uodol 

came fror.� oigllt years , 1 955- 1 9 62 inclusive . ·rho year in oach case 

refers to thG year t�o hog;:;et s :wro born not the follo'iling year in 

uhi ch tllo flGoce vreight noasurorJont ;ra s taken . Onc o  ag2.in tho yoar 

effect is a Geasu.co of tlw variation in tho da-� a  caused by ecwironoontal 

conditions , up until tllo llog::,;·ot is sllorn , )ocul iar t o  each year . 

Tllo model u s ed for tho ova l:Ja tion of the effe ct of envirormontal 

The par3.meters of tlic ino del a:rc sinil a:r to t;�ose fo r ueanin::; 

Nei�{o:t Hi tll t;�J e�ccoption t;.:.;_ L the c1 tor.:J ( fo r s o�c effect ) is �lO t  

includ..:-.1 a s  the data \Ic:ro only tal:o,1 fro1J m-1 o hogget s . 

Matrix 3 ( table  1 5 ) contains tito data for dc torminin,_:; the 

onvironr:wntal factors effecting l�o . Born 7 ;.J)2 , No . Hoano� Ba.rronnoss �  

J.!ultiplo Births , 'l'riplot Birtho and �{t . L . W .  '1ho r.10del used t o  

estimat e those characters is � 

th . til 
'rl10 3'i jk is thCJ record of t�o k observation in the l year 

th 
o ccurring in a OW8 of j ago . 

The }l is tllG mean of all records of a character when equal 
frequencies  oxist in each subclas s . 

Tile ti is an effect conr.10n to all records rJeasured on the 

. til e1ie as a dam in tile l year . Records were taken in eleven years froo 
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Table 1 3 : Natrix 1 g  L e =t s t- s quarc s c::qu3. t i on s  for Hoani n'-'; >rcicht 
-- · - -- -

"" ,.. ,... "' ....... .... "" "' "' .... A A " A A A " A A A A 
0( t·· t2 t3 t4 t t6 t7 t8 t9 t 1 0 b1 b2 b3 c1 c2 (11 a2 .:13 a4 d R . H . M .  j I -·· - ----..---·--� 

� � 2904 1 64 1 67 263 207 259 334 206 422 449 433  1 348 22 1  1 3�5 1 401  1 503 640 768 783 7 1 3 77028 1 60 d20 ' 
t 1 g 1 64 1 64 84 1 8  62 79 85 35 !t4 46 39 3759 1 0 , 7 7 3  
t2 : 1 67 1 67 1 09 22 36 76 91  3 1 42 38 56 3544 1 1  , 29 6  
t 3 : 263  263 9 3 20 1 50 1 29 1 34 58 61  90  54 6998 1 4 d58 
t4 : 207 207 89 20 98 1 03 1 04 4 1  62 55 49 5776 1 1 , 2 1 3 
ts = 259 259 1 62 1 7 80 1 33 1 26 57 6 1  64 77 5338 1 3 , 89 5  
t6 : 334 334 1 1 2  28 1 94 1 72 1 62 73  9 2  86 83  1 0078 1 5 � 06!J-
t7 :  206 206 86 7 1 1  3 85 1 2 1 37 44 68 57  8551 1 0 , 337 
t8 : 422 422 1 80 34 208 2 1 3 209 94 1 1 5 1 1 2 1 01 1 2222 23 ? 1 39 
t9 : 449 449 200 3 1 2 1 8  2 1 7  232 1 1 1 1 24 1 1 8 96  1 2 335 �5 ] 848 
tt o  433 433 233 24 1 76  1 94 239 1 03 1 23 1 06 1 01 8377 24 d9 7 
b 1 : 1 348 84 1 09 93 89 1 62 1 1 2 86 1 80 200 233  1 348 668 680 203 284 405 456 34276 81 ,086 
b2 :  221 1 8 22  20 20 1 7 28 7 34 3 1  24 22 1  99 1 22 65 47 64 45 57 63 1 2 1 62 1  
b3 :  1 335 62 36 1 50 9 8  8 0  1 94 1 1 3 208 2 1 8  1 76  1 335 634 701 372 437 3 1 4 2 1 2 36989 66 , 6 1 3 
C1 : 1 401  79  76  1 29 1 03 1 33  1 72  85 2 1 3 2 1 7 1 94 668 99 634 1 401  3 1 5 339 384 363 37594 79 ? 598 
02 : 1 503 85 9 1 1 34 1 04 1 26 1 62 1 2 1  209 232 2 39 680 1 22 701  1 503 325 429 399 350 39434 80 , 722 
a p  640 35 3 1 58 4 1  57 73 37 94 1 1 1  1 03 203 65 372 31 5 325 640 1 6332 35 ,900 
a2 : 768 44 42 61  62 61  92  44 1 1  5 1 24 1 2 3 284 47 437 339 L1,29 768 1 9805 42 , 7 34 
a3 :  783 46 38 90 55 64 86 68 1 1  2 1 1 8 1 06 405 64 3 1 4 384 399 783 201 50 43 , 990 
a4 : 7 1 3  39 56 54 49 77 83 57 1 0 1 9 6  1 01 456 -l-5 2 1 2  363 350 7 1 3 20741  37 , 696  

. 77028 3544 5776 1 0078 1 2222 8377 5763 37594 1 6332 _u201 50 2472822 
d: 37 59 6998 5338 ·355 1 1 2385 34276 36939 391�34 1 9805 2074 1 -"f ,072 9 599 

-

Vl \.0 
0 



Table 1 4 :  Nntrix 2 :  Leas t-squires equa tions for fl eec E:: ueigl1t 

.... ,.. ..... " ..... "' -" '" /'- � ,.. · '  A "· "' / A 

o( t 'l' t2 t3 t4 t5 t6 t t8 b1 b2 b3 a1 � 
Cl. ., d 3 �ft 

o( g 892 1 60 64 82 1 1 0 1 00 1 22 1 37 1 1 7 401 79 ft 1 2  234 267 229 1 62 24 , 1 94 
i'1 : 1 60 1 60 69 1 0  G 1  52 59 37 1 2  4462 
t2:� 64 64 32 8 24 1 2  H 3  1 9 1 5  1 32-+ 
t3 � 82 82 52 1 5  1 5  31 1 9  1 6  1 6  1 72 1  

t4 : 1 1 0 1 1 0 35 9 66 1 7  39 33  2 1  277 1  

t5 : 1 00 1 00 44 1 1 45 24 22 36 1 8  276 1 
t6 : 1 22 1 22 79 8 35 34 34 3 1 2 3  232 1 

1 : 1 37 1 37 ·+5 1 2  so 33 34 35 35 4070 
t gg 1 1 7 1 1 7  45 6 66 31 12 22 22 47G4 
b 1 : 401 69 32 52 35 44 79 45 /�5 40 1 1 43 1 20 80 58 1 0657  
b 2: 79 1 0  8 1 5 9 1 1  8 1 2  6 79 2 1  20 1 9  1 9  1 9 70 

b 3: 4 1 2  8 1  24 1 5  6 6  45 35 80 66 4 1 2  70 1 27 1 30 85 1 1 567 

a 1 g 234 52 1 2  31 1 7  24 34 33 3 1 1 4 3 2 1  7 0  2Yt 6894 
a2 : 267 59 1 8  1 9  39 22  34 34 42 1 20 20 1 27 267 7 2 4 1  
a3 : 229 37 1 9  1 6 33 36 3 1  35  22 80 1 9  1 30 229 6029 

a4 : 1 62 1 2 1 5  1 6  2 1  1 8  23 35 22 58 1 9  85 1 62 4030 

d : 241 94 4462 1 324 1 72 1  277 1 27 6 1  232 1  L�070 4764 1 0657 1 9 70 1 1 567 6894 7211 6029 4030 808 , 699 

R . 1 L J,1 . 

1 80 , 1 1 9 0 3 

1 053 . 8 

478 . 2 
6 1 7  ·9 
873 . 2 
620 . 5 
326 . 6  

1 098 . 4 

1 Of: ·= • . c;. 
3009 . 8 
562 . 9 

3038 . 3 

j 646 .0 

1 994 . 3 
1 701  ·9 
1 268 . 8 

1 80 , 032 . 3  

0\ 0 
• 



Table 1 5 ;  Matrix 3 g  Least- square s equa. t i o ns for r.wasures of reprodu ctive rate 

� "' "' A A A A A "' "' /\ /' A A /'. A. No AD2 
No Mul ti t1 t2 t3 t4 t6 t

s 
t7 tg to t 1 0  t 1 1  a1 <12 a3 a4 Wt . L . \'l .  Barren Trip ./ b o rn wean 

o( :  2926 398 1 72 227 2 38 247 302 320 420 321  2 1 9  6 2  3 1 3 764 7 36 61 3 35 1 8  3 1 08 2828 1 79 , 032 . 6  2505 988 28 

t 1 ; 398 398 1 8 1 1 1 5  o3 1 9 477  41 4 365 2 2  ? 9 77 . o  352 1 25 1 

t 2: 1 72 1 72 52 45 42 33 1 9 9  1 8 1  1 64 1 1  ? '� 04 . 3 1 45 53  1 

t 3: 227 227 8:1 54 46 43 2 1 7 1 86 1 67 1 1  ? 5 -'1-5 . 1 1 7 3 45 0 

t 4: 238 238 64 82 51 41 324 288 264 1 6 , 7 58 . 3  2 1 5  1 08 1 

t s= 247 247 87 6 1  5 ,, '+ 45 256 225 206 1 2  ? 9  36 . 7  1 82 74 1 

t 6: 302 302 1 09 t) 1  57 52 31 7 285 258 1 5 , 1 26 . 4 249 66 6 I 
r 

t 7:  320 320 1 02 35 Go 53 42 1  362 333 1 9 � 1 28 . 1  274 1 36 7 

t8: 420 420 1 34 1 1 2  9 6  78 5 2 1  456  420 26 , 490 . 8 360 1 52 8 

t9 : 321 321 1 2 6 1 07 88 425 379 35 1 23 9 5 30 . 8 292 1 30 3 

t 1 0:  2 1 9  2 1 9  1 20 99 272 254 225 1 4 , 02 4 . 9 202 7 1 0 

t 1 1 : 62 62 62 39 78 75 5 9 1 1 0 . 2  6 1  28 0 

a1 :  81 3 1 8 1  5 2  84 64 8 7 1 09 1 02 1 34 8 1 3 7 7 3  647 596 34 ,836 . 5  626 1 45 6 

a.2 : 764 1 1 5  45 54 32 6 1 84 85 1 1 2 1 26 7 6c� 9 04 786 7 1 6 4 5 , 6 1 3 . 5 664 2 3 1  1 2  

a3 : 7 36 83 42 46 51 54 57  so 9 6  1 07 1 20 7 36 988 903 81 4 52 , 587 . 7 6 6 1  31 8 3 

a4 :  6 1 3 }$}. 33 43 4:1) fi� 52 �j 18 88 99 62 6 1 3 853 772 702 45 p 9 7 7 . 1 5 5!f 29 1 7 

---

0\ ...... 
• 



62. 

1 955 ( on oHes born in 1 950 to 1 953 ) to 1 966 ( the ev1cs born in 1 96 1  

Here the last  t o  have records col l o ct ed from ttora - as 2-year-olds 

in 1 963 1 3-yea r-o lds in 1 964 9 4-yoar-olds in 1 965 and 5-yoar-o lds in 

1 966 ) inclu sive with the excepti o n that 1 9 62 data were cxGludod fo r 

reasons already given ( Cb.pt .  IIIC ) o  

·r!J.e aj i s  tho effect due to tllo ago of the c<To at ,,i lJ.ich tho 

4-ycar-old and a4 a 5-yoar- o l d .  

&eh i:lat rix has a ri:::;ht hand ft1argin (RHM) f o r  eac� c:llaractor 

b eing ass es s ed by the ,::a.trLc .  In the I1l-M t::,.oro i s  a valu e for eacll 

subclass equat i on . Thi s  val u e  is tho suEJ of the oeasurenents of 

the charact er ovor all  the dat w belonging to the subclas s . 

Ilocaus o  tllo subc l a s s o s  lnvo di spro po rt i o nat e nu,:\b ors 1 t!J.e 

method o f  fitt ing constant s by t ho l east s quares proc edure Has u s od 

to cal culate the effect s specified by the �odel . Komptho rn e ( 1 952 ) 

described the pri ncipl e o f  l east-squaros analysis and Harvey 

( 1 960 ) set out the st ops t o  take 1 t5ave nur11orous exaoples 9 and 
dis cussed a l l  a l t ernative s t e ps . 

As Matrix 1 noi·T stands the sw-:� o f  the c o effi ci ents for the 

,. 
ti equal s the coefficient for � in the � equati on and · tllo suo of the 

RHM' s for the ti equations equals the RID1 fo r thEt_ o( equation . 

"" � " 
Similarly for the sum of the o.ooffi ciont s for the aj 9 b.k and '1. and 

the aj ' b.k and '1. equations . Since this is true one cannot solve the 

equations unt i l  soma res tri ction has been impo sed on the constants 

as there are more equati o ns tb.an independent constants . '.l:'he 

restriction used in this study ,  although not the only one available ,  



6 3 .  

was to l ot f
_
ti == 1aj = ��k = �c1 = o .  Hhen thi s  restriction is  

iE1posed9 t�o c o efficients of o n o  oq_uat i o n  in the ti 9 say tp ( and 

sir.1i larly one equat ion frcm a.j , bk and cl ) must b o  subt r::tct od f rom 

o tller co eff i c i e n t s  by col umns and rom> . T�o subtraction of the 'tp 

coeffi c i ents i s  dono on� wi thin tho ti columns o f  coeffi ci ents • 

• u t Gr coE1lJ l et i on of thi s sub t raction by c o lumns 9 tllo c o effi cients 

and RHM in t llc r o sul tinL�, t
p 

equ o. t ion u.ro subtra c t ed from t�w 

corres ponding- co offi cionts and tlw Rlll1 ' s in the o ther ti equat i o ns � 

Sirai l arl;y for tl-w aq_ 9 br and Cs equations . 

l latrix 4 Crablo 1 6 )  >Ta.s produced from tL:1t ri1� 1 by impo s i ng 

the restri ction �ti ::: �aJ· ::: tlk ::: �c1 = o .  On ce tie simultaneous l J k l 

equat i ons in the reduced Matrix arc solve� tho values for tho 

sub t ra c t ed factors aro obtained by eq_uat i nG 7 each sot of fact ors to 

z ero . E:..e valuo of p i s  ob tai ned b;y usi n:s tl:.o formula fi ::: � + dl: 
al ready given.  'Ilto values t::us obtained arc tho values for tlw 

fl o ck i>10an and the o s t iwat e s  of tho offoct of onvironr:1ental fc:. ct o rs . 

'r:·w m ethod used to s o l  vo tt.o sir:1ul t aneous equations Has to 

u s e  a COi<1put er program that four..d tile inverse of tlle matrix , 

mul ti pli ed it by tlw Rffi,f , and s o  produ ced V.1e const ant o:::; thmt es . 

Those could bG chect:od by s ub s t i tuting these values back into tb.o 

equations and c omparing thG ansH::;r l·Jitll the corrospondine RIL1 . 

The redu ction in S . S .  duo to fi t ting o< ,  t 9  a ,  b 9  c and d 

or R(c<9 t 9 a , b 9 c , d )  which is  used lat or may be computed froo all 

constant cstioat es and the original RHM' s �  

R(o(, t , a ,b 9 c , d )  ::: «.Y • • • •  + t1 Y1 • • •  + • • •  * tpYp + • • • + di�mD:i.jklmYijklm 

where the Y'  s are the sumoed vleaning weight values for each equation : 

they are the values in the RHM of the matrix. Uhen the restri ction 

has been impos ed then R(oC, t , a 9b 9 c , d)  may be computed more easily from 



Tabl e  1 6 �  Matri�� 4 �  Reduc ed l east-squ-�ros equ a t i ons for •·r c:ming >·I oi::sht 

"' "' --"' - ________ ... _.. 
" t 1 

,. t -- "' t8 
" " " " " " ...... t2 t3 t �, t5 

_,_ t9 b 1 b2 
,... eo( "7 c

1 
a1 a2 a3 d RHM "T tJ 

. -

o<:: 2904 -269 -266 - 1 70 -226 --1 74 -99 -227 -1 i 1 6  1 3 - 1 1 1 ;� - 1 02 -73 5 5  70 77P28 1 60;320 

t 1 : -269 597 433 433 4
33 433 1, 33 433 tf33 433  -35 L1 08 39 -6 - 1 7 2 --4 6 1 8  - 1 3/)24 

t 2� -266 4 3 3  600 433 433 433 433 4 33 ·133 43 3  1 6  1 38 30 -27 -36 -2 3 -4833 - 1  �1 01 

t 3: - 1 70 433 433 69 6 t'U3 433 ,�33 433 433 433 - 1 1 L� 22 40 2 - 1 5 3 1 -1 379 - 1 op39 

t 4: -226 433 433 433 640 433 433 433 B3 i'J-3 3  -66 74 44 - 1 0  -9 1 -2601 -- 1 3.;1 84 
t 5 : - 1 74 4 3 3  433 433 4 33 692 433 433 433 43 3 25 i39 52 -22 -38 - 1  i3 -3039 - 1 0,502 

t 6: -99 433 433 433 433 433 7 67 433 433 !L-)3 - 1 39 -1 4 55  - 1 2  - 1 3 -2 1 7Cl1 -9 33 3  

t 7: -227 433 433 433 4 33 433 43 3 639 f33 ·433 " '  
-0/� 46 9 -22 -35 6 i 74 - 1 4p6o 

t8: - 1 1 433  433 433 433 433 433 4 33 855 433 -85 -22 49 -9 -3 6 3045 - 1 258 

t9 : 1 6 43 3  433 433 433 433 4 33 433 B3 o82 -7 5  -35 30 1 3 6 1 7 4008 1 45 1 

b1 : 1 3  -35 1 6  - 1 1 4 -66 2 5  - 1 3 9  -84 -85 -75 2 683 1 335 55  -4 1 3 -39 7 - 1 5 3 -27 1 3  1 4;. 7 3 
b2 : -1 1 1 4 1 08 1 38 22 74 89 - 1 4 46 -22 -35 1 335 1 5 56 '-f4 - 1 40 -22 3 -8 3 -31,'226 -51992 

c1 : - 1 02 39 30 40 44 52 55 9 49 30 5 5  14 2904 -23 - 1 03 -28 - 1 8.1 0  - 1 1 24 
a1 : -7 3  - 6  -27 2 - 1 0 -22 - 1 2 -22 -9 1 3 --1 1 3  - 1 40 -23 1 353 7 1 3  7 1 3  -4409 - 1 79 6 

a2 : 5 5  -1 7 -36 - 1 5 -9 -38 - 1 3 -35 --8 6 -39 7 -223 - 1 03 7 1 3 1 48 1  7 1 3 -9 36 5038 

a3 : 70 2 -23 3 1 1 - 1 8  -2 6 6 1 7 -1 53 -83 -28 7 1 3 7 1 3 1 49 6 -59 1 6294 
d: 77P28 -491 8  -4833 - 1 379 -2601 -3039 1 101 1 74 3845 4008 -27 1 3 -31;226 - 1 840 -4409 -9 36 -59 � 2,472j3·22 tJP7 2;599 

� ..,. 
• 



the constant estimates and t!:J.e l'oduced RHM 1  s 

"' "' "' 
R(c< ? t ? a � b ? c 9 cl ) : - o<Yo o o e  + t1 ( �  . . .  --yp • • .  ) + . . .  +d i�lmDi j khli j ldo• 

�:1a.tri c o s  2 and 3 are so lved ir tho sa;;10 raanner e s  hac been drc.; s cribE: 

for l-b. t J'iX 1 o 

'110 Cost f o r  Clll int eraction b ot;:·reen El';S'G of dar;1 and oirth .::tnd 

re . .=;.::-in,:::; ·:.;£'! o ct on ';roaninr:S i-roigl.lt tllo fol l mring L:oiol j _s  usod e 

Yi j Klr.i == o<. <· G i  + a j + 1k: + ( ab ) j k  + C l + dx:i. jkL: + O i jkln 

where; th.=; ( o.b ) jk 
tJ·, 

i s  the int era c t i o n  as sociated with tile j c..gA of 

dau and k ·- typo of bj_rtj_ ard roarj_ng . i':2i s ty_pc;; of interac tion 

will e:·ri. st if  :: t yp e  of b i rt�1 a.;c� l'earing eff ec� l1a2 differGnt 

.-;ouJd o ccu.:; if t:le differo•wo b e t�iC Otl t;; ins rec..r0cl a :..; t11ins ancl 

than :i:"or t!..le o tLer a;_5'(; groups o If t:·1i�� ,;ere t.::Ce r;as o t�er. tL8 

is i oportan� to first test for such 2n interac t i o n  as the �ain 

purposo tio ma in environmental Eff ects were c �l culated was t o  uso  

thG•·" as  addi �i ve correctj_on factors to r educ e  the ar110unt of  

environrnentaJ varianoo in the data pri o r  to genet ic analysis . The 

number·s involved in each subclass aro arranged. in a matrix and to 

" 
solve tilis r:1atrix the restri ctions �ti = �aj == £b1c :::: i6J. :::: �( ab ) j k :::: 

l J k 1 J 
�( ;b ) jk � 0 v ere first ir.rpos ed . The Sum of Squares due to tL.u 

int eraction b etween age o f  dam and birth and rearing effect (A .B o  
Int eraction S . S . ) is found fror.� the difference betvTeon the 

reduction in Sum of Squares due t o  fitting all the constants 9  
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the interaction offe ct 9 R(o<9 t 9 a ? b 9 c 9 d )  ( t�::i 3 i s  t�o redu c tion fror.1 

the o ric;i nal r.1oiel abovEJ ) . Tb . Error S . S .  uas c - l culat od ac the 

difference b etueen the Hm; S . S .  ( t�e 2904 i ndivi dual \leaning Hei:sht s 

:tll s quared ancl sm.1r:�cd ) and -f;lle reduction in S .  S .  due to f i  t -c ing all 

consto.nt s .  T:..to int orachO(l d .  f. e.re GQual t o  ( q  - ·  1 ) ( r  - 1 )  <md tjG 
error d . f . g - n . • • •  + r + q - rq - p s . �l F t ez t  w2s used for a t est 

of s ignifi can c e . 

i� sin:i lar p:c-o0edur'3 WTJ.3 u.c,-,d to  t es t for tJ.1o int e ract::.on b et>Teen 

8{;·3 of dam at�d tT<�e of bi rtL. and re<cring effect for �ogget gr•3CJ.8Y fl eece 

ueie-ht .  T:�e r.\Odcl l. J "'"lc\ i ncurp0.�.-.:;.·Li ng tllo int e raction offGct 9 "ms � 

Tllo resul t s  obtained , on tes ting fo r the int era cti on , ure 

s ur;rrJari 3 od in 'l1.:tbl e  1 7 .  

·rabl o  17 :  TGsting for the inte-ca c t i on �' o hwen age of' dam a.nd b :i..rth 

3.nd rearing eff ect for \l 8aning vroight and ho,�·get fleece u eight 

Source of V�ri a t i on 

��caning u e-i ,:,;:::.t 
Int era ct ion 

Error 

l-Ig,grset FJ.Q_£.ce Uei.-:;:ht 

Int eraction 

Error 

d . f .  

6 

2887 

M . S .  

33 .823 

3 1 . 520 

o . o8 1 1 6  

1 .459 1 5 

F.  

1 .,07 3 n .  s ,  

0. 055 n . s . 

.As the int eracti on t ested for in both cases was not significant 

the original model propos ed i s  taken as suitab l e  for caloulating the 

effects of t:!:J.e environmental factors . The interaction between the a{Se 

of dam and birth and rearing effect �ms the only int eraction t e st ed 



for as results of other 1rorkers dis cussed in the review of lit erature 

indi cat ed it was likely to be tho most important . 

4 . ."!llalysis of vari,-mce of environmental effects and partitioning 

the Vdrianco co:nponent s .  

T.;.1e reducti on in S , S .  due t o  fitting all the con::;ta.nts , 

of the eff ects ( detail eC:. :J.bove ) . ·rie various S . S .  for the t e s t s  of 

signifi cance of the effects ';vere obtained i n  tl.to follmvint5 vray : 

Error s . s .  ::;: � y ,  'kl i jklm � J rn 
- R(o<.1 t , a, b 9 c 1 d )  

Year S . S . = R(e< 1 t ,  a 1 b 9 c , d )  - R("'9 a 9b 9 c , d )  

. l(; o  of dao s . s  • = R(o< , t , a 9 b 9 c 9 d )  - R(c:>< , t , b 9 c , d )  

Birt�:;, and re.::tring s .s .  = H( c-<1 t 9 ::  9 b 9 c 9 d ) R(o< , t , a , c , d )  

Scn: S . S .  = R(o<., t , u. 9 b 9 c , d )  - n(o<, t , a 9 b 9 d ) 

Regression s . s .  = R(o<1 t , a , l.J , c 9 d )  - R(o<, t 9 a 1  b 9 c )  

T�ese addit ional reduct i ons aro d erived froo the rnodel us ed 

Hhen all constants are fitted except t�'..o. t the roHs and colur.ms 

corresponding t o  the factor b eing tested i"ll'O dropped out . For oach 

reduction the linear model i s  s e t  up, the restri ct ions 3rc impo s ed 

and 'th&n tho simul tan eo us equat ions :;.re so lved by rna trix m ethod s . 
Inst ead o f  each time settinG up the linear model and impos ing the 

restri ctions tho re strict ed matrix can be obtained directly from the 

restri �t ed ma trix where a l l  constants are fi t ted ( Tabl e 1 6 a Matrix 4 )  

by simply omitting the terms being t es t ed as required . The restricted 

matrix required for the redu ct ion - R(o<:, a 1 b 9 c ,  d ) - necessary for 

cal culating the Year Effect i s  shoim in Hatrix 5 ( Tabl e  1 8 ) as an 

exampl e . : .. n the equations for t i have b e en deleted by row and 

coluon . 



60 . 

Tab l e  1 8 :  Matrix 5 : Reduced least-squares equations necessary for 

the analysi s of variance of the >waning w-eight year effect . 
..... 

b1 b2 
..... " "' ..... d. 0<' C1  a1 a2 a3 RHM 

o< :  2904 1 3 - 1 1 1 4 -1 02 -7 3  55 70 7 7 ,028 1 60 , 320 

b1 g 1 3 2683 1 335 55 -41 3 -397 -1 5 3  -27 1 3  1 4 9473 

b2 :  - 1 1 1 4 1 335 1 556 (l4 -1 40 -223 -83 -31 , 226 -53 , 992 
c1 g -1 02 55 44 2904 -23 -1 03 -28 -1040 - 1 1 24 

a1 : -7 3  -41 3 - 1 40 -23 1 35 3  7 1 3 7 1 3 -4409 -1 796 

� g 55  -397 -223 - 1 03 7 1 3 1 401  7 1 3 -936 5038 
a3 : 70 - 1 53 -83 -28 7 1 3  7 1 3 1 "�96 -59 1 6294 
d : 77028 -27 1 3  -31 226 - 1 840 -4409 -9 36 -59 1 2 �472 ,822 4 ,072 9 599 

.iLf t er e s t ima t i n  enviromaental affects a n  analys i s  of the 

variance co1:rponents i s  carri ed out to esti . . �:t e t:..to relative i;;:port J. n c e  

of each effect on t�e V2Ti o u s  t ra i  -G s .  'l1jese varia nce component 

e s t i Ma t e s are obtai r1ed by equat i n� tte l ea s t - s qua red S . S .  o r  M . S .  to 

t�ei r  correspond. i n.[;· expe ct .:::.t i v t1S and so lvi n(s tne result i tl(�' equ-1t i o ns . 

Fo r we:·x.:.ing \! eight the E;cpect od n .  S .  ( E . r<:i .  S . ) a1·e os f o l l ov;s g _  

---�- ---

Source of Vari a t i o n  cl . f .  E. M . S . 

Years ( 1 -p)  cr; 2  
e + k4 <Jt

2 

.Age of dar.1 ( 1 -q) 0";: 2  
e + k3oa2 

Birth and reari ng ( 1-r)  cr: 2  0 + k2cJb2 

S 9X ( 1 -l )  cr; 2 
e k o--2 + 1 c 

Regression oe 2+ kooa.2 

Error difference cr;:2 
e 

N • • • •  - 1 

To find the k values , the methods of Henderson ( 1 953 )  as s et out 

by Harvey ( 1 960) were used . The direct method of Harvey was used to 



find k1 9 � and k3 whi l e  the ind ire ct rJGthod i s  us ed to find 1� . These  

rJethods and t h e  computation of t h e  k val ues are s et out in �ppendix 2 .  

5 · Result� and dis cussion 

'i'he r.1agni tude of the environQental effects 9 for tb.e vari ous 

ciarac t ers , � s  cul cul at ed by l o� s t- s quare s Jnaly3i s 9 �re pre s ent ed in 

'I'abl es 1 9u. and 1 9b J.nd tlleir t e st s o f  signifi can ce have been sur:m:urised 

in TJ.bl es 2oa �nd 20b . 

Tab l e  1 9 a :  H:::v:s-ni tude of environmental effec ts as deviati ons 

Chara.ct Gr 
No 

Born 

Mean 1 . 22 

from the m ean . 

AD2 

1 . 07 

No B 1l  d arren . i cane 

0. 98 o.  S6 

Mul ti 
Birth 

0 . 35 

Trip 

Birth \Vt • 1• \{ • 

o . oo8 62 . 80 
- - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - -

Year eff ec t 

1 9 5 5  . 09 . os . 03 � 05 . 05 . 005 2 . 24 

1 956  . 06 . 06 - . 02 - o O/� . 04 . 002 1 2 .96  

19 57 - . 1 9 - . 1 9 - . 1 9 - . 09 - . 1 0 - . 004 -9 . 06 

1 9 58 • 1 6  • 1 6  . 05 . 04 • 1 2  -. 006 1 1 . 48 

1 9 59 - . 1 8 - . 1 3  - . 09 - .07 - . 03 - .0 1 3 -9 . 36 

1 9 60 - . 26 - . 1 9  - . 1 7  - . 04 -. 1 9  . 0 1 0 -1 0 . 39 

1 96 1  • 1 6  � 1 1  • 1 1  . oo 0 1 2  . 01 5 - . 02 

1 9 6 3  . 1 1  . 09 o09 . 03 . 06 . 0 1 2  4 . 70 

1 9 64 .06 .05 � o6 . 02 . 30 . 00 1 5 .90 

1 965 - . 09  - .06 - . 07 .03 -. 1 1  - . 005 -8 . 80 

1 966 . os . 04 . 1  0 .07 . 01 .02 . 34 

1lf�e of da!7l eff ect 

2-th - . 26 - . 28 - . 24 - . 08 - . 1 7  - . 003 -1 8 . 5 3  

4-th - . 05 - . 06 - . 05 . 01 - . 06 .006 -3 . 63 

6-th . 1 3  0 1 5  . 1 3  . 04 ·09 - . 005 9 . 60 

F . I� . . 1 8 . 1 9 . 1 6  o 04 . 1 4 . 002 1 2 . 56 



Table 1 9b :  Ma-s-ni tud e o f  environrJ ental effect s a 3  dev ia tions 
from the nean . 

Chara c t e r  
Heanin': 

�foi;:sht 
Fl e8ce 
vi eight 

Mua.n �- 66 e 1 0  7 . 82 
p 56 . 32 7 . 37 

1- -· -- -· -· - � .  - - - - -· - - - - - . - · - ·- ·- - - - � -· - - - --- - ... ··-· -- � ·- -

Year effoct 

1 95 5  

i 9 56 

1 9 57 

1 9 58 

"i 959 

1 9 60 

1 9 6 1 

1 9 62 

1 96 3 

1 9 64 

1 9 65 

... ��·o of dar.1 off e c t  

2-th 

4- th . .  
6-th 

F . M .  

·r;y-pe of birth an cl rearin:"; effect 

Singl e . .  
Twin r ·:m red sin.csly 

Tv1in 
Sex effect 

Reo 
Ewe 

Regression on date of birth 

7 · 7 1  

8 u 02 

- - . 38 

- 1 . 1 7  

- 5 . 90 

--8 . 43 

.92 

... . 0 1  

2 c 05 

-2 . 8 3  

-3. 1 6  

. 02 

1 . 33 

1 . 8 1  

4c44 
.83 

-5 . 27 

1 � 74 
-:1 � 74 

: d7 
. 

- . 75 

o 5 1  

-1 . 2 1  

- n o6 

. 68 
1 • 

'( (; 

-- . 38 

. 03 

0 •J 2 

. 28 

0 33 

- . 20 

-:: o 1 4 

'/.01 7 

. ' 



71 · 

Table 20a : .malysi s of variance of weanine >'feieht and f l e e c e  ueight 

Charact er Heanine ueight Fl eece vl eight 

Source of variation . d . f .  M . S .  d . f  • M . S .  

Years 9 6 , 343a 7 96 . 35 1 a 

��se of dao 3 3 , 242a 3 1 5  .079a 
· •  

Sex of lanb 1 8 , 755a 

Birth and rearin.s- 2 28 , 563a 2 23 . 038a 

Reci on aee a t  Qeasuroent 1 44 , 556a 1 31 . 582a 

Error 2887 3 1 . 59 878 1 .460 

a = siGnifi cance at 1% l evel 

Tabl e 20b � i:..nalys i s  o f  variance of chara ct ers oeasurin� 

reprodu c tive rat e 

Character No born A.D2 No Heaned Barrenness 

Source of vD.riation d .  f .  M . S .  M . S .  M . S .  M . S .  

Yee.rs 1 0 6 . 02 1 3a 4 . 2333a 3 . 98 1 2a . 9824a 

cl/','0 of dan 3 24. 781 9a 2J . 0435a 2 1 . 3906a 2 . 1 656a 

Error 29 1 2  . 423 1 ·4753 ·4547 . 1 1 74 

Charo. ct er 
Mul ti Trip Ht.L.  �-1. 
B i rth Birth 

S ource of varia tion d . f . M . S .  M . S .  M . S .  

Years 1 0  2 . 231 5a . 0201 b 24 , 1 24a 

j,.3'e of dan 3 1 2 . 4387a .01 74° 1 29 , 2 1 8a 

Error 29 1 2  . 2034 . 0094 1 839 

a = si?,'nificance at 1 %  l evel 
b = significance at 5% l evel 
c = not sisnificant 

'Ihe tests of significance a15ree vlith QOSt other workers results. 

All the effects studied for each trait are highly significant except 

for the effect of years and age of da.n on the number of triplets 

born per ewe mated.. As they have sienificant effects these sources 



o f  environmental variation must be eliminat ed if an accurat e assessoent 

of a sheep ' s r;enetic worth is to be obtained. Tables 2 1 a  and 2 1 b ,  

vThich a.re cal culntod. from Tabl -- s  1 9a and 1 9b ,  sho'-r the s i z e  of the 

difference vli thin class es of environmental eff e c t s  for the various 

characters ., 

Table 21a 3 Tho wo..csni tude of effe c t s  betueen subclasses o f  
environoental factors 

C�ara cter \·I enning weip,ll t Fl eece woir�llt 
----· �--·-----------------------------------------------------------� 

��e of d�rn eff e c t  

F.IJI .  - 2 tll 

- 4th 
- 6th 

BiE._�q._J_;e�_rini.; offoct 

Sin(';l e - tuin 

tHin reareu sinr;ly 

Sex of lao� eff e c t  

Roe on dat e of birth 

Table 2 1 b g  rrho r,:Etgni tLJ.do of tho 
· :arious tiloasures 

�--· 

4 . 97 
1 .no 

a 43 

3 .49 

. 368 

effGct of different 

o f  rGprocluctivo rato 

. 66 

o 30 
• 1 5 

. 01 6  

a:sOS of dam on 

No No Multi 
Chara c t e r  

Born 
AD2 Wean ed Barrenness Birth Wt . L . W. 

F . M .  - 2th . 43 . 46 . 40 . 1 20 • 31 3 1 .. 09 
- 4 ti:J. . 22 . 25 . 2 1 .028 . 20 1 6 o 1 9 
- 6th o05 .04 . 03 . 002 . os 2 . 96 

Results for v<eaning ;veight and hogget greasy fleece weight 

mostly agree �d th other published results . As \'10uld be expected 

lambs born and reared as singles shear the heaviest fleeces and this 
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agrees vTi tt:. other pub l i s!:J.ed res ult s o vii thin the ti'lins t ho s e reared 

as sinr:7l e s  produce l ight e r  f l e e <.: e s  than t ho s e  reared as t'ilins o 

Tripathy ( 1 966 ) ,  workine: i'lit1. -'-:lla same f l o ck of N . Z .  Romneys as thi L 

author, found 9 as otier aut�wrs have done 9 t�at t lw se tuins reared 

as s in:;l e s  produ c ed lJ.G.:.<veir fl o rJ ces tl1an t l1o s e  reared as tu i ns . IJo 

fSO Od e:Kpl .s.na t i on for V1j_s :cesul t can be su,::;., _ _ ;os t ed . 

es tir:1ates ( 'I'a b l e s  1 and 4 ) .  'r:w GiJes in  tl.ti ::-:: s tudy ll&ve not b o on 

kept lotF enou,-�� t o  s e c  -;:�J.en tj_e a-::se of dar.1 eff e c t  on Heanin -

uei .:r,llt rea cb.e s ;:: poa.k. 

'.Ii tt. one except i o n  t �·, ,:;: :>'igur9s obt ained :..,.ero compare 

favourably � rj_ tt. t :lo S e  used ty tj_2 lb t i o nal Floclc Recordinr;· ScheiJe . 

'r��'J ezcepti o n  j_ s j_n consi l_ 3 rj_n, · co rroc:t i o ::-1  fa.ct o rs fo1· b i rth and 

b a s i s  tlle .Nat i o n:::t l Flo ck Recordi n·:· Sc:1e� 1e adds 1 0  lb to a laob b o rn 

and rai s e d  a t\Tin J.nd. 7 lb t o  a tHin lc.;:1b re u·.::d a s  a sin<l e .  T�e 

9 • 7 lb value obtained in tii s S CU:lj' for t�.2.3 diffei:8l1CG oet,le 8t� a S i ll::,·l e 

and a tuin a.'"re o s  u e l l  lJ u t  tlle _3 . 6  lb differe n c e  no t ed b e t�re en c.. s ingl o 

and a tHin . , l'Ga: Ou. sitlGl�r does not • l'ho Recordin.:; S c:woe fi.::,ru r0s 

"Vlere u s ed in thi s  st Ltd;'/ to cal culat e \·Tei ·)rt o f  lar.1b lveanod . ·l'l1i s vms 

done to calcul.::.te tlle repea t .J. bi l i t i e s  and heri tabilities that uould 

apply to a farr.wr usirl;:_";' thi s sciera e .  For this flock i f  t he values 

obtained for tlle weaning weight onvironraental factors had b e en used in 

calcul at ir-g· Height o f  lamb weaned t:..:.en different valuos o f  

heritabili ty and repeatabi lity may have b e en obtained . 

The effect of a-'3'e of dam i s  not si._snificant for the 

character " t riplet births " .  Fo r al l o ther raea sures o f  reproduct ive 
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Tabl e  22 � 'I:llo variance COiilpon ont s a s  a percentage of total varianc e  

Source of T.tf o i•T o F.lf .  
Ho 

LD2 
No 

Variation Born Tf 
d

Barren Mul ti Trip "Ht . L . If .  v ewe -
Years 24 . 55 7 . 60 2 . 08 2 . 67 2 . 06 2 . 6 1  . 33 1 . 60 

il-?;8 of clac1 4 . 9 6 3 . 4 1  8 . 02 6 . 36 2 . 47 7 . 98 0 1 2 9 - 1 7  
B & R Typo 1 2 . 54 

Se;: 2 '1 . 44 

Ree; on e..r�e 2 . 35 

Erro:c 34 . 1 6 8i3o99 d9 . 90 90 . 9 7 9 5 - 47 89 . 4 1 99 · 55 89 . 2 2  -

abi lity a LH rkod trend of incr:;:;o. :J i n  . re:i_:)I·od.ucti ve rate Hi t� i ncree. �J-
i n:;; 3.c;a of t lle e'.Je can be no t ed for tie f0:.J.r years la1:1bin1; tile f l o ck 

i s  st u.cli ed. . Hu:ab e r·s of l ar.1b 2 e t  c:l l  ar;es 1 nurabors of :.JUl t i J;ll e bi rt�s 

eloc.: i:1croas c s ; be. rre�n8Sf' decreases ;) r� :-; :3 3 l�e suJ.. t::; arc n l l  in a c e-

ordance with results in tte l i t � rature ( Tabl es J 9 9 and 1 0 ) . 

The variance co:::poncmts a.rc:l pres ontecl in 11abl a  22  as a per-

centa.:::e o f  tb.:J to to.l va:ri a n c o . T�18 :Jost s t riking f ea ture oi t�ese 

results is tl1a l ar,;e size of t_�8 e rro r vari an c e  .:. o r t�le ::10-1 3LJ. :cos of 

reproductive abi l i ty .  Tllerefor3 the reco::;ni s cd environnental 

effects only cont:.·ol a sr.1al l  ai,1ount of vari ation ( thes e agree ui th otller 

pub l i shed resul t s � 'rables 1 1  and 1 2 ) .  Both Dunl op ( 1 9 63 ) and De Haas 

and Dunl o p  ( 1 969 ) considered that this uas part ly due to the broard 

uni ts the chara ct ers were 1:1easured in . \lhi l e  u eir;l.lt of l ar.�b vrenaed 

does cons ider 1·1 ei,1'llt of la:ab thi s i s  impo sed on top of a dis cre t e  

s cale for numb er weaned so i t  i s  no t supri sinc that n s  error variance 

is so lar,3'e . 



B .  ES'riM1.TION OF REPE..'l'i..BILI 'IY .  

:. ciw.ra c t el'j_ n t i. c 9 scwl:. 2.s fl ee; ce ll3igll t 9 V' i l l  vc..ry fro::i 
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o ne peri o d  t o  ancth-ar i f  :-:eas urod at d ifferent t :i. < . l3.J in an anina l s  

l ife . l :Zomy fa cto r2 su e:.:. as at;·e of  m-r e 9  season , pregnancy and. 

l a c: t a t i o n  C2i1 effect iJ8a s urerl'.ont s of a trai t 9 so chances il'l thos e  

traits f:rou )Griod t o  reri o d  U.l'O l i kol] t o  b e  cl u e  t o  C��o.nges i n  

en'.rirom,Jen t o  

�ith sono ch&rdct ers i t  i s  found that i f  an a�ioal i s  near the 

t o p  of t.:n s cal: J :ct t ono p:.;riod t�"lc.n 2t o. subsequent period i t  ui l l  

a,s�in rank i n  2 Sil;Jilar,  a l  tlJ.O Ut;lJ. ilO t !10C8SSar�Lly (Ga. ct 7 po s i t i o n � 

1:i th ot�:or cllar-:: c t e rs 1 l ater obs -.;rv�t i-:;ns do n o t  agreo so  cl o sely 

u i th the fi :c· ;;;t . 

In [: J l e c t i ng ani;.ral s 7 t �1e i �1tont i o n  i s  t o  cho o s e  t:.1e."J f o r  

superiority early in l i f e  9 and. ::o to g•j i n  incre<-..:.sod product i on 

1J ecnuse t l1ey ret a in tlla-;; superi o ri t2r tllrOUl;'hout l if e .  Hepeatab i l i  t�r 

is n measu:ce o f  'c::;.e e::::t ont to ;;;�.2.i ct tllis is l i kely t o  �appa n .  

�ighly repeatabl e c�mra c t 0r d o es no t ooan tb.a t the ani . .  1al c. ; i l l  lw.vo 

exactly the sar;:o r:1GGSU.r8: ;ont every year but i t  VT:i. l l  rank 

consistent ly no r.mt ter ho1·r much the average val ue of the 

measurement r,1ay change o 

If s everal measureoents on each i ndividual of a group aTe 

considered ooro light is shed on the nature o f  repeatabil i ty o  The 

value of the charact er measured can be analysed into a component 

v;ithin i ndividual s ,  measuring the difference betueen the performances 

of the same indi vidual 9 and a component b ehreen individuals 9 measuring 
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t.he perc·aanent differences b etHeen i ndividual::> . '11lle Hi thin-individual 

coopo nent is entirely enviro n::wr1tal in o rit;i n �  causeCA. bv' t e:apo rary 

dif:Lerenecs of :onvironuent b ctHeen suce;essi vo perforracmc e s , Tlw 

b et•·reon-itldividual co !Jpc nent i <; pc:a·t ly onviromw!:'ltal and pa rt ly 

e;·enet i c 9 tno ct'lvirom.lEJnta.l part bei n.2; caus c·.:.t bJ circu.m:o;t:mces t'_l,J.t 

affect the i udi vidual per;_:a:J.ent l y .  

variance 1 i s  t'.lo ra tio of the b etli E:On-individual varia:1 c e  co ;,1ponm1t 

to tb.0 t o t a l  p!.J.O tlotypi c variance . 

t -· 

2 
os 

In thi . ;  study repsat ab i l i t i e s  a�� cal cul ated f o r  tho 

che.re?.ct or:J ,:To . Born ,  .i.D2 9 ric . :·Jeaned ac.::J. 1H . L . �i . Tl:ce first tt.re e  of 

t�e s a  cha.ract o.;:·s are di c cret c :ri t�J. onlZi' a fo;r claGsas of ob servations 

Hi th a " t hros:�o ld" HIL c:'J. i i!lpo::; o::: 2. Jiscont inui ty on t�le visible 

expressio:1 o f  t�le o;_laro. cter . -�a . L . :r .  is e chara cter Hit� cont imlOU <" 

ob:J ervatic�1 s . _mal;ysis  of varE.nco cc.in b e  uoed t o  ostim3.t e 

r epo& tabili ty in bot� t Je contimwuc and di s.:;ret e  cl.luract ers . 
, _  . t . d t '  . t' d f' t '  . th . l t . ,tere l .  l S  as suEle �a0 no re cor o · no l anu.1a - .:u::en 

in the j t h year is � 

Yi j :::.: ).1 + si + b . J + G · . l J  
vlhere ,u = population mean 

S ·  eff ect due to tb.o - th anir.1al l = l 

b ·  J = eff ect due to the jth year 

9i j = error 



Tne ana lysi s of variance for thi s uod e l  is  of the foro : 

Th0 analysis  of varian c e  o f  n anir.nls  ui tll k re;cords per .:mii:1al 

Sourco of variation d . f .  

BotHoo11 �Lo.J.rs k- 1 

Botuoen .. ni iaals n-1 

�li tllin .iJli::ml s ( k- 1 ) (n- 1 ) 

:s(r<1s ) 

r5e
2 + no- 2 

y 
() 2 + kcr- 2 

8 s 
') 

() c... 0 -----------------------------------·----------------------------------------� 

':J:'jo rcpG.7_ t abi li ty ls calculat oJ a s • 

In thi s s tucly as t he GIJ G S  Uj:>on v:hi c�� tk;; raoasuror.1on t s  H ero taken 

:, ; ero born ov er a nuiJb or of years it is  neces s a ry to cor.1bino est i:-:1at o s  

from s everal croups . Su 1s o f  squa res and decrees of freodoo a r e  simply 

pooled in an analysi s ,  .:.nd the r e s u l t ant M . S  • .1re equated tc the i r  

;[hen the nUi:�ber o f  anin�l s is b.rtJe , the o.ppropriat o  st andard 

error is � 

1.rhere k = no . o f  re c ords per anim'11 . 

Rocords of a 8\18 l"lGro only used Hhoro she viaS pres ent for four 

l arJbings , Eigat groups o f  eHe-s 'ir ere avai l�bl e . Tl.J.oy 11ere eu o s  b orn 

in 1 953 t o  1 956 and 1 961  t o  1 964 . 'rhe int ermediate years da ta uere 

l eft out a s  they all included the 1 9 62 larJbing vthich was not used for 

reasons explained in Chapt er III C .  The records of 375  Hlles were 

included givin::_� 1 500 lambing observat i ons . Tl.J.e same evms were used in 

e s tirJatinc the repeatabil i ties for a l l  four characters . 



2 .  Results and discussion 

Table 2 3 � Lepe _� t abili ty 

Chara cter No . born . 1.D2 

Repeato.b :Ll i ty • 191 . no 
crt2 . 027 . 027 

73.  

o s t ir;,d t e s  

No . \J oanod \•It . L.  i'T o 

. 1 69 . 1 87 

.026 .027 

·re.b l e  2 3  shovT S the o stioat od. repeatabili  ty resu.l t s . 'l'hoso 

va luec; seor.: t o  be sl ixht ly �iE:;h8r than siuilar measures (No . Born 

and No . Hoaned por 81/-..; j o ined ) frou tho lit oraturo . Purser ( 1 965) 

measured the repeatability of No . Born per ou o r:1ated 9  barren eHes per 

ev1e mo.t ed and l i t ter size per o L� e  n2.t od on Scot t i sll Blackfacc and 

�Iel sll I-1ountain breeds and noted that ropc .1tab i l i  t i es ,,1easured at vean-

ine:.;· ll ere aoout half tllo"' 3 noasureJ. at birth. j_s the l ambs lJ o couo 

o lder tho ;y- .'l.re sub j ect t:J ..=tddi ti onal onvironr.wntal effec t s  and tlli s  

nay t end t o  lmTer t he repeat:;.b i l i t y .  Inst.eo p 9  _et al . , ( 1 9 67 ) 7  

Yal cin and Bi cLard ( 1 964b ) 9 Youn� , e t  al . 7  ( 19 6 3 ) all oeasured 

repeat2bili t i es at both l ambin:; anJ Ho.J.nin(:,; :m<l 11ono of thor.1 found a 

decro::1se in valuo ;Ti th tlw increas e in ar:;-e of the Lmb . The values 

obta.inecl. in this p2:i)er for No . Born, .ill'-2 and No . Hoaned sllm• oaly a 

very sli,:Jht d e cline uith advancing aGe of the l anb . 



C .  ESTIM.:.TION OF HERIT.J3ILITY 

1 .  Introduct i on and. iJethod � of ana.l;ys i s  

79 · 

Heri to.b i l :i.t) of a tr:.ti t uoa. suros t b.o :,:.ro�)Ol'ti o n  of t::te J i ff erenco 

b o L oen inclividu.;:l.::; ulli dl :.tre e.dd.i tivol;y rc'enot i c in oric;;in . 

HGri tability r,1o .1 sures the e:-�t ent t o  u:1i cll tlle superiority of a po.rent 

for a character i s  pas s od on to  i t s  offsprinG • 

Heri tab i l i  t;y i s  (lefin od J.3 cbo rat i o  of a.ddi t ive geneti c 

variance t o  pllono typt c variance � 

,_ 2 o-;:, 2 
_l :::: -�- 0 o · 2 p 

'I'bo synbol 1.12 s tanJ.:'l for tJt:: l�o:rito.bi l i t;;r i t s el f  and no t for i t s  

square . The p.!.leno typi c variance ? o·P2 9 i s  t:.:o t o tal vu.ri a.nc o . 

Varia tion fro,:t .�,-�llitive -: . 3nGc i c  offocts 9 c-a2 , J.ri s e s  frow th'-' 

suonod effect s of i ndividual �ones , and s o  contributes di rectly t o  

the ros er.1b l a(1c e  bet .-;e ::;;n p<:!ren t s  :n d  off8prir...,�,; . So l1eri tabi l i  t;y i s  

t�a addi t ive � enetic variance �s  a fra c t i o n  o f  t Je t o tal . To 

es tir.mtG �l2 e s t i r:1at o s  of c:Jp2 and o;2 e1re :requi re...t � c:Ji can b e  

ob tai ned :lire ct ly fro::1 a p o pul ati o n ,  H�i l c  s:2 can only b e  o s t h.1a t ed. u. 

frou t.' _ . ..) c0rro l :. t i on b etvree!'l. relatives .  Tb.e s e t s  of relatives o a s t  

cooLJonly used for estioat in::s heri t abi lity i n  aniwal broodin��· and 

t2o s e  used in t�i s study are g 

( a )  Pc>.rent-offspri n:j .  As one oal e is usually oat ed 

to a nuGJber of fer.1al es 9 the parent is usually 

the dao . Regres sion and correlat i on t e ch-

niques are used . 

( b ) Hal f-sib . The analysis of variance i s  used 

in estimati�� i t . 
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'I'�lero are s evera l ootl10Js of o s t i r.m t ing �eri tab i l i  ty based 

o n  d e.o-off spri nr"· covarianc e . ._ Cov ( parent �: ofLpriws ) = oa ( apprux) . 
One disadv:mta:·5·e ui t�:. tj_i s valuCJ is t:wt n at el'nal eff e ct s uay b o  

inclu lod i n  t�:e :..J s t ir;i.:.t t o ,  ID t �i s  s tudy ·.roanj.n_; 'iloi:)c.t o f  t:....e lamb 

Has the only clm ra.ct e:r:· dir e ct ly effected by oat ernal envi rom;Gnt . 

'I'ho rcmainin · ciJ.aract G:r·s lf e: :co al2. expres s ed oy tlle i ndividual aft er 

Heanin:� and t2orcf:)re co ul d ::: o influ.:mcccl ''JY tto oc.:. tornal e�wironm.en t 

only if carryover r.rat o:rnal e ff e c t s  eJ-ist . Fo r t�i s reason •10 

a t t er.1pc uas t:Ja::l.e to estiuate tl.:o lleri tabili ty of "\TOani n;;- 1wi:sllt 

frou t�'-e clau- o f f s prin.:,· r s l a t i o ns�J.i i) ·  I n  f a c ":;  tlle only cl1ar3. c t e r  

��!o s o  hori t a b i l i ti o s w 3r� csti�atod by t�is c s t jod w a s  Wt . L . Y .  

Fo :- uo_i. 'l:.:.t of l il:Jh vean,_;d c�: cll ue:min ; r2 c o rd ;.ras all j u s t ed 

fen- s ez ,  birt;�  u c:d reari ne:, ra;1l-:: anJ clat 8  of bi:ct�: usin,�· tlle fi :mre::: 

o f  t� co iiu tion::J.l Fl o ck R c c o rdi:1 ; Sc�_ef·,o e:ccorJt t �J.at ae. e of dm.1 >m s 

not corro cte� fG � .  I n  dacidin ; t o  u s e  t�os a  f1cures , t�e end u s e  of 

t�1e 8 S t i..,a t o  c:;. l cu l 1. t c:d �ict3 considarecl.  If  tlw heri t 01bi li ty H:::. s 

to be u s e d  to pro::lict t�0 a c c u ra c� of GGl oction in t�is pres ent 

fl o ck ti1en it -..wul::l l.tavo besn b e s t  t o  adj u s t  for the offoct of 

envi ronoental f a c t o :JCs by u s i nr�· co rrec ti on factors e s t ir.1at o d  f or 

weanin1..;· 1;-T ei.r;llt for t�i s f l o ck .  But becau s e  t il e  main j_nt ere s t  uas in 

a �eri tabili ty es tiuat e t !J.a t  ui l l  predi ct t�lG accurac,y of sel ection 

under comwercial condi t:i.ons � the correction factors o f  the National 

Fl o ok Recordin!, Scheme iverc u s ed . Thi s  Hill ,:;ive a GJore real i sti c 

e s ti ma t e  of tllc progress expe cted by a member of tlli s s cheme . 
The regression of dau-ght er on dam igno ri ng sires uas used . 

When 9 as in thi s case � matings are at randora and when all sire groups 

are run to�-;-ethe r 9  the betue0n sire coGJponents in the covariance 



analysi s have z ero expectation and tte analysi s  can be simplif i ed by 

ignJ ri n; s i res and cal cul !1tin2,· t ll o  resres sion co eff i ci ent di rec tly . 

Vari ous ro;3're s s i o n  va l u o s  1vore worked out on tlle s0.oep. Firs tly 

e!lcll a ;8 i n  t�a dau vra s cor.1pare.J -d_ tJ..:. b.o c u rrespondin,:-s· age in t llG 

first t l�Te o  and tL·3 t ok1l l ar.1b i �Y of tje dar.1 il ero oach ccmpared ;1i tll 

the perforr.:an.co for t�e foui· y o ars to tal for tt.e Jau, ;ht ors . For each 

heri t abi l i ty the mJes wore s t udi ed in a nuobor of uro upin�s , eacll 

-� roupin,_j· consi s t i n< of d-1r,w and Jau,; _ _  ters b�•rn in a certain pai r  of 

yoars . 'l'b.e re ;Te s si o n  lin e s for t�w di ffe:rent groupi n,c;,·s are t::on 

t e s t ed for eq_:Jali t,y and if tllero is no :>i,_;ni fi cant differenc e t �1ey 

aro al l pool ed to give o. coL,r:JO n re::;res si on l ine . 

3 . P.::1 t e rrnl �:1lf- s ib r.�et�od 

An analy s i s  o f  vari a :1 C G  i s  used in estitt1atin&,· t�e variance 

conpon::mts 082 ancl c:J82 us ed in cal cuL::.t in. ; t�o CJ.eri tab i l i  ty by the 

pat e rn:J.l l-�a l f- s i b  i.:.3 t�!o:L U s i n  ; .:;.,anir\3' Hei �{.1.t a ::>  ar.. exalilpl e t ile 

natll<Jn'l.t i cal oocl e l  i ncludine si __ ·e a. r.3 fo l l o;; s is u � ed g 

i = 1 ' � 0 • 9 p 
j = 1 9 e • c» y Cl 
k = 1 9 0 0 0 9 r 
l = 1 9 0 • 0 9 s 

m = 1 ? 0 0 0 ? t 

n = 1 9 0 • 0 9 n i j klm 

w ere n
i j klr:t 

is the numb er of obs ervations in the i jklm th s ub cl as s . 

T.u.e o< ,  t p a j ' bk 7 c l ' xi j klmn and d are respectively , the 

mean "1J.en x = 0 7  year of birth ,  aJe of dam , type of birth and 

reari � ,  sex of l amb , dat e  o f  b irtt and the parti al liner regression 

c o effi cient on age . 'rhese e l ements have the sane meaning as tho s e  
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des cribed for the ruod.el L-tsed. i n  s tucli �s t l.1e environmental effe cts . 

·r�o s i s  tlw effect co n:mon to reco Tcls of all J::u'=;jteT'3 o f  tlw r:: th m 

sire �To up . FToG t�e n�trix based o n  t�is �cclel t�e reduc t i on cluo t ,  

f' ' t t '  l l  t' t �  � j (o( + s "" b �· -l ) ' "' S  O l) t � l· � � ·1 Tl 1, tT � l ll1.:'.;' .:� - C0l18 an ,., "'\  7 v :i_ 9 w l �· j > '  k ? '-"1 :1 �  ·· � ..t c ! 'O:U n :J.G u <J  ,;eetl 

ell  cons tant l3 . 

t�e t o t a l  nu� er of obs ervati ons . 

s . inc . d . f .  i s  t�� t Jt�l d esTe 0 S  of frobloc of t 1 .a factors in t�o oodel 

s + j\.•.-..,- 2 ..L • '- S , ( c• - · - � i f ·) � 2 ..;. u t: . .� . v o ..... _ Q o '..Jo 

co ·affici Gnt for t:.le varL: n ::; e  co ;�,:i=-OllG.:.t i n  t : :a : e�1uci;ion i n  t�e su;,; 

of squares clLw to fi tti:1,_� all exce�Yi; t��e :J ot u ein,�· cons i d ered. . 

Error S . S .  = (N • • • •  - - s , inc . d . f . ) cJ82 

2 2 Betvreen sires S. S .  = (N • • • •  - K)og + ( s . inc . d . f o  - s . exc . d . f . ) CJ8 

Error M .  S .  = 
Error S . S . 

N • . • • - s . inc . d . f .  

2 = <re 

Between sires M . S .  = 
Between sires S . S .  

s . inc . d . f .  - s . exc . d . f .  

= (}, 2 + e 
N • • • •  - K 

s . inc . d . f . - s . exc . d. f .  
o-::: 2 

s 



,..,- 2 + ku: 2 
== v e  s 

I'T • • •  - K  
s . l n c . d . f .  - s , ex : . d . f ,  

i s  knmm il S  tl.le co ef£'i ci ent frn· t�c.o varic:;.nco COiilponent . Tl.le prob l er.1 

l i G s  in findi n :.-· :2 v.:iluo fol' K ,  'l'l.lis i s  a c co;,Jpll s:col b e s t  by 

L<s in --;  t j_e i tdir·e c L  r:� 8t:_ocl. of H8�dersoc1 ( 1 )5 3 )  � rj_ict. is ably se"t; out 

Sit  . .  iL:r:I.y � o  caJ. cu.Lt t e  ti_o � :urHa.IJ i l i  ty o f  l::.oggot gr8asy fleece 

pr;;:vi ·Jusl:/ d .::rf i nr;; -::l fo1· co.l cLll&"L i n _;  t::.o cnvi ron::1 ental effe c t  of 

t ' l  ' 
i n:livi:lLlal ::: ;·r::.. t ' t t::o l -- C lr8 . 

I4ul tipl G J3irt:_._s etro ::.11 Jy;uret ::.: c:w.:c&ctor�> but o n e  can j_nasino 

t�at fo:� ;:,��c�. t_wrc. is a nori-:EJ.l ly .}j st:cibu ted baciqsrounu 9 wLi cj_ i s  

2 Cu:.: "bina tj_o �1 of ,_-)·vn<Jtic c�nd Gnvi rODLlOtH .'lJ. eff ect s 5 equival ent t o  

t�1e dist ributi o:Ls of t� .e phGno typos o f  ·J. c o n t i no u c  v.J.ric1bl e . 'l'_le 

dis cre t e  ob s e rva t i o ns re sult fr0r:1 o. nu.:d:Jor of tj_res�w l d s  Hhi cl: 

divi�l G  t:.::.c di s t ribL1 ti ·::>D j_nto s o c t ions 9 anl tl10 pienotypi c ..::;xpre ssion 

can only b e  c�an6ed clhen a tb.res!1o l d  is passed . Hence di s crete va ri ab l G s  

may be  consid ered a s  a s p e c i a l  type o f  continou s variab l e  with 

coarse classifi cat ion . It t:tus s e e ;:1s reasonab l e  t o  u s e  analysis 

of variance for est iuating lleri t ab i l i  ty for bo tll types . •rae model 

used for t�1o s e  five characters and \Jt .L . Il .  i s � 

Yi jkl ::: p + t.L + 1:k + Bj + 8J.j kl 

where p 9  "tj_ and a j are the sar.1e as ·when t _j_ey Here previously 



defined for cal culating t�e envi ronmental effe c t s  of the characters 

and s k i s  the eff e c t  coL1mo n t o  all eNes of tb.e sa rue si re . T::e two way 

nes tGd. ana lys i s  of variance vli th unequal sub c l ::1 s s es Has u s .:;d to finc1 

the Betlr e en Si r e s  and \J i t::..in Sires variance ,:md t he 2eri t ab i l i t i e s  >l.sre 

cal cul J. t ed vri t.�in age ;;;roup o f  dar.1 . 'l't. u s  for o2ch chara c t er :our 

�eritabi li ties inst ead of ono w er e  fouu� . 

_.l t :wu.;2 in t l10 2-tootb.s and i-t::: ot1.1s in tvlO pairs o f  years 

sirJilar sires w ere used and in tjo 6-too tlls o.nd ful l  mou t hs in one 

pair o f  ye3rs sioilar si�os were uood they w ere treated for the purpose 

o f  eas e o f  cal cul � t ion as i f  these were different sires in different 

years . 

·r�e 2ori t ab i l i ty e s UrJa t es 2re .given in rabl es 2.'f and 25 , 

..----- - -· --�-------- ---- ------------, 
·rCJ.b l c  24 : Eeri tabili ty sst ioa t 8 s  b;y pat ernal :�alf-sib method 

Clu r:t c t e r  

-..� eanincs VI t .  
Ho.;get F . ii .  

;.ge Jf  dam 2--tll 

No Born ( 4 ·1 ) . 0409 

AD2 ( 4 1 ) �0523 

Noileaned ( 4 1 ) .0583 

l<lt .L. W .  ( 4 1 ) . 0639 

Barrenness ( 4 1 ) . 1 347 

Multipl e  Births ( 4 1 ) . 03 1 4 

·----------- --------·-1 
( d o f 0 )  

( 4) )  
( 34 ) 

4-th 

( 42 )  . 0 106 

(42 ) o 022 

(42 )  o 0663 

( 42 )  . 06 1 6 

( 42 )  .0 1 7 1  

(42 ) o01 69 

Heri tabi l i ty 

. 22) 

6-th 

( 4 3 )  . 0 1 64 

( 43 ) . 0497 

(43)  

(43 )  �O i 2 1 

( 43 ) 
(43 )  . 0 1 25 

( 43 )  . 0363 

( 43 )  . 0298 

( 43 )  o02 62 

(43 )  . 0055 

( 43 )  " 084 1 

( 43 )  . 1 200 

The heritability of v1eaning w·eight is  in close agreement 1vi th 

those obtained by Ch' ang and Rae ( 1 96 1 ) and Ch: ang ( 1 967 ) for the 

N . Z .  RorJDey. They were calculated on the same flock as this but 



·rabl e 25 � Heri t2bility e stima t es for ut . L . vl .  by dam-offspring 

regression 

Heritabilities botv1een No . CJf Sienificance 
h2 

Dao Dauehter 
Pairs 

b et•Heen ,?;roups rer:;s 

2-tl:. 2-tll 602 2 G  n . s . . 079 

4-th 4-th 5 1 8  } ()  D o  S o  . 1 9 5  

6-th 6--th 43 1 26 !'l a  S o  . 033 

F . � .  F,Mo 334 24 1 % " 1 53 

2-t!J. Tc> tal 1 8 1  1 6  n � s .  ., 034 

2- , 4-tll Total 1 37 ' 0  ! c:.. n . s ,  • 327 

2- , 4- , 6-t� To bl 02 8 n . s . • s�t9 
total Total 59 7 n . s .  • 352 

in different years . The �eri tab i l i  ty obtJ.ined for :w.�·get greasy fl e e c e  

Hei�·.t.t lies betHeen the- e::1rlior ,-_nt!. :�;:;re recent resul ts of �ae ( 1 948 

and 1 950 , 0 . 1 0  t o  0 . 1 7 ;  and 1 9 50 0 . 3 1 to0 . 32 ) �nd others ( McMahon , 

1 943 9 0 . 1 0 t o  0 . 1 5  and Tripathy , 1 9 6 6 ,  C• . LD ) . 
Heri tabili ties for t�EJ traits , 1casurinc reproduct ive abil ity 

are unifo r;-:;ly l oH VJ� 1ere ttey :J.r8 r.:o.lcuLJ.tod by t!:.e pat ernal lDlf-sib 

;·Jethod o This .. lethod of eo ticmti on i G  consid Gred th � ::;ost accur::�te for 

calculatinG lloritabilities for reproJu ctive tr�its . Thi s i s  because 

when nuob ers of la1.1bs are considered usine the dao-daughter regres si.:m 

on a singl e record e�v-e s  with a zero record tave no dau,:;ht ers . If to 

overcooe thi s  prob l eo r:-,oro than one record of t he e1-1e is included then 

the mve s  continual ly barren are s t i l l  excluded . Using hal f-sib analys is 

partly ove rcomes this prob l eo but the results are still b i a sed a s  raos 

cannot cooe froo barren ewes . 

The results for weight o f  l aob 1-1eaned vrhi ch are e s t ioated by 

daughter-dao regres s i on do show that s e l e ction ba sed on t he second 

lambing has a higher heritab i l i ty than that b a s ed on the first 



lanbing ( 0 . 1 95 versus 0 . 079 ) e  If t�e total of t �e first 1 t�e first 

tvw and the firs t three L :mbings of the do.n ilre considorei then the 

first is tho i :orst and tlle latter tho b e s t  iJeas Lae tr) s e l e c t  on i f  

t�1o 2 irJ i s  t ::: incrs2 f; o  t�u lifet iwJ proJ.ucticm .:J f  �he dau,::,·htcro Tho 

hori tabili ty b otH oon the d::uo first tHo l ilnbin.;s ::md the J.::;_ug·ht ors 

·c otal J.EtrJbi:13S is 0 o  327 nnd t�w ::::.o:::-� .t=:bili  ty b et�f·30l1 Fr, clans first 

tioc uould be 3_w ec1 if t!:lo sel ection is basoJ. on th0 first tvro L mb ings 

of tLc d::.m and t�tan t::G next -;]uJ.:r e.nJ. su·b s oqu on t l �r t�lO first 'tln·ee 

laLbin�s conoid orod . It i s  � ettor to include tho sun of t�o firs t 

tvro or tln·oo lciL,b in:_Ss thar.. indivj_c.ltL. l l2nbing rosul ts alon o o  





T.1is tl�es i s  contains resu.l ts of s t udi es o f  certain charact ers 

Qade on a fl o ck of ranlor:lly brsd . .iJ . Z .  Ror.mey s�e e p  kept at I.1as s ey 

Universi t;y 9 Paluers t on Ha rt� . •r:.1e c�ara c t ers s tudied llore ifoaninr\' 

�: eir,·:1t , Ho<�)·ot :sre::csy fl e e c e  vi Oi-';·�t 9 Hei,:·j_t of h�.1b \I eanecl (Ht . L.H . ) �  
and various ;:-,ens ures o f  reproductive abi l i ty U Jo .  b orn 9 nurJ�) er of 

l m1bs al ive a t  t:1eir s econl C.ay of .:1ge 9  .·.D2 9 No . we9.ned ; Hul t i pl o  

b i rt2s 7 Barrenness and 'rripl et b i rt �:..s o ."1.l l t�e s e  r:1easuro s H er e  

b a s ed on eu e s  u a t o cl  and pre s o nt at l2ul>in[�· ) . Ut . L . IL as Hel l at? 

b ein� a ooJ s u re of t�e a . · eo reprocl u c t ivo ab i l i ty n l so i n c l u d e s  the 

effect of t��e e:·r es r::ot::erin:; ::m�'l. L i l kin ·, abi l i ty . It was c a l culated 

u sin:·; t::e corr e c t i o ns of t:..:o �'Ja. t i o nal Fl o c k  :r?.e c o rclin, ; Sc_or.;e ( of N . z . ) 
>vitj t�:;.e e1:c eptiun t:.-�at e:.::c�� a._;e o f  dao �·/ a s  t r e a t e�l s eparn t el y  

insteJ.d of b o i n,;· corr e c t ed f o r  CJ.nd po ol od . 

It \J�-:. s  found 9 on s t udyin, � ·tLG ectvl ronnental f:::t c t o r s  9 t ::a t the 

effects of ye2r 9 a:-_j'O of lo.r.: 9 type of birt . J  and r earir1g and d a t e  of 

birtll all �cad. :.i,�;hly s ignificant eff o c t f:i  on Haaninc Hoi ;� t and 

Hog{5et f l e e c e  w ei::;llt . T�le sex effe c t  o. l s o  ;19.d a lli-. ;�1ly s icni f i cant 

effe ct ( a t  t : le 1 %  l evel ) on Weaning ueil)lt � o nly eue lwG::;et s \iere 

i nvolved in studying groasyfleeco Hoi,,?;llt . ;,l l t�e reiJaining 

characters ( w·i t�1 t�::.e exc ept ion of Tripl et bi rths ) Here found to b e  

b.i:�·!J.ly si.:-�nifico.ntly aff e c t o d  b y  llfS e  o f  dao and year effe c t  g t�e only 

two effec t s  l o oked at . Fo r Trip l e t  births the effect of year v1as 

signifi cant. ( at the 5% l evel ) but tl1e eff ect of aGe of dao was not 

signifi cant . 

For li-leaning Height and Ho .. :-;ee t  fleece 1vei8ht a l l  t!J.e e s timat e s  



138 . 

of t�1e 1:1acsni t Llde of the environ.:Jental effe ct s vere sir.1i lar to re sul t s  

ob t a. ineC. b y  o t �:..er e:.ut�::.ors 1·Ti L� t:_e ex,.:eption t�at f l eece ifei:��1ts froo 

tuins l'3J.rod s t Dgly ue:re fcu:1.d -'-o 1J o s licsJ:..tl;; l i _:;> t o r  tln.n t�o s e  of 

tvTins roarecl :;s t11ins . l'':ci s is t he reverse of tlw expected rosul t 

cmd no ezpl2 {lO.ti on f'o.r it i s  a'.r:.::.. l n.l: l o . For t:12 charact ers i:.easLJ.r-

8Vl 0 

;·.rt , L .  \1 . 

foun�l for ·i:Le c __ uract ors riiGJ.Gurin. ·· rC:iproductivo rat e and Ht .L. -� T . ,  

Hher1 t�1o t o Jcal vn.ri:; nco ·.n s  rJar t i  t i u i lGd :i.nto i t s  couponent s .  It is  

c o nsiclere1 t�:.is i s  due t o  t ! lG bro��t i.lni ts t�w c�.ara c ters ar :; �.1easurel 

1'T o .  ' leunecl anLl 7 It , 1. : ;  , 'I'� -eso  iT ore cu.l cula t ed �JJ t��c in t .i.'?. - c l- 2. s  s 

roconls av2.i l e. LJ J o  • . Le rosu. l t s  o1J tainoc� u o1· e 0 , / <;) i ,  0 . 1 7J ,  0 . 1 5) 

and 0 , 1 37 ras p e 0 tivsly. 

HGri t :J.b i l i  ties HerE< �al cu lat ecl b�r b o t.:;. t!J.e dao-off spri nr:; 

relations:.Up a.r"d pat erna} half- siu raetj_oJ.s . T�e dm1-offs prin(; 

metj_ocl uas vnly us ed for cal culatin:::; liTt . L . vl .  �ler i t nbil ities . 

Herital.j i l i U o s  of Oe 079 , 0 . 1 95 ,  0 . 033 and 0 . 1 5G vlGre ob tained 1-Tllen 

dam 8.nd dau.;�t er pairs WGJ.'e coopared at sir.,ilar ages ( 2-tooths 9 

4-tooths , 6-t o o ths and ful l  rnoutlls respectively ) . Following this 

the first c>..nd the SurJ of the first tv; o 9  first three and all four 

lambin,:; resul t s  of th.o clno uere coopared 11i t:::. tb.e results of tlle four 



lar.lbings for t�le dauchters to c;ive �eri to.bilities of 0 . 034 9 0 . 327 � 

0 . 549 and 0 . 352 respectively.  

Usins t�1e pat ernal �lalf-sib netb.od 9 values of 0 . 35 u.nd 0 . 2 3  

uere obbine:=t for tl.:e :1eritabili ty of \feaning Height and Ho;Get fl eece 

vreig�1t respecti-vely. For t�"ie c�aract ers No . born 9  jJ)2 9 lJo . v1eaned 9 

Mul tipl e birt�s , Barrenness �nd Ut , L . Y. �eritabi l ities were cal cul ated 

vri t2in at;e of dac . 1�.11  estir;1at es 11ere ui t:.:tin t:,e ranc�e 0 to O . OJ 

wi t.2 t��e exception of t�_o barrenness 2-to o th result 2.nd tje f.lt,;.l tiple 

birt�s ful l oout� result w�i c.2 wore 0 . 1 3  anJ 0 . 1 2  respectively .  
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The variance com_ . ment e s tii:lat es are obtai ned by equat i ng 

the l east-squares sum of squar e s  or mean squares to their co rresponding 

expectations and s o lving the re sulting equations o For \leaning '·Teight 

the analysis of variance i s  as f o l l ows : 

Source o f  
Variation 

Years 

il{;e of DaD 

B & R Type 

d . f . s . s .  

1 -p R(o<'9 t � a 9 b 9 c 9 d ) - R(o< 9 a , b 9 c 9 d ) 
1 -q R€:<, t , s. 9 b 7 c , d ) R( o<, t 9 b 9 c 9 d )  

1 -r R(o(9 t 9 a 7 b 1 c 9 d.)  - R(o<'9 t , a 9 c 9 d )  

E(MS )  

a·· 2 2 

e + k4o-t 

cr: 2  2 

e + k3oa 
cr: 2  2 

0 + k2 <Jb 

Se:x: 1 - s R(o<7 t 9 a , b , c , ll ) - n(o<, t , a , b , d ) o-
2 

e + kj ac2 

() 2  2 

e + ko eld. Regres sion R(o(, t , a , b , c 9 cl )  R(o<, t , a , b 9 c ) 
Erro r differ enc e &�

j!tlmn
- R(o<, t , a 9 b 9 c 9 d ) cr:: 2 

e 

H o  • • • - 1  

!ro find the k values the 1.1etb.od o f  Henderson ( 1 953 )  is  used 

and t hi s  has b e en ably explained and used by Harvey ( 1 9 60 ) . The 

"direct method" is used to find k1 9� and k3 as these have only a 

small number of degrees of fre edom 9 1 9 2 and 3 respectively 9 >rhil e 

k4 dealing ui th 9 degrees of freedom is easier estimated by the 

"indirect method" .  

The direct method of computing the coefficient for the major 

variance component in each category in the E(MS )  uses the 



formulag 

1 ii 1 ij 
k = - ( .z - ---- z ) 

n � d.f.ij 

1 0.1 . 

1-:�ere d . f .  is  t h e  nu!i1ber of de.nroes of froodoo for that cat c.:_;-ory in 

the analysis of variance and m is t he  nunbor of classes . The 

superscript on Z icle!'ltify tbe el eoents in the r.1atrix-inverse to the  

square syratJetrical Se[,roent from tile VE:triance-covariance inverse 

r.1atrix. 

To estimate the k values for >lOaning lieit�ht tho invers e of the 

variance-covariance r;1a.trix >vhen all effects  are included ( Tabl e  1 3 : 

Matrix 1 ) . is needed. 

( a)the  seA effect . 

For k1 the inverse uatrix to  the Z se13"�.1ent s of the cooplet e r.k! t rix 

is  .1s follous : 

zc 
-1 

= [. 00034749209] -
1 

= [2077 . 76334] 

k1 = !{ 2377 . 76334 ) 

::; 1 438 . 88 1 67 

(b)  type of birth and rearine effect . 

-1 - [ • 0009678661 8  - . 001 1 02 1 927] -1 

� - -. 001 1 02 1 937 . 002201 7 1 6 1  
::; [2403 . 26 1 5 1 203.0876] 

1 203.0887 1 056 . 4648 

� = !,2403 .261 5 + 1 056 .4648 - t{ 1 203 .0876 + 1 203. 0887 ) )  

= 752 . 2 1 273 

( c) the regression 

zd-1 
= [. ooooo3036627� -

1 

= [129 ' 3 1 2 .  3] 

k0 = 1 ( 329 , 31 2 . 3 )  

= 329 , 31 2.3  



1 02 .  

(d ) aee of dam eff e ct . [ .001 1 65358 3 - .0003474303. -.000374508� -1 

- 1  - .0003474304 .00 1 02 1 7 1 31 - .00030:)7 462 za :::; 

-.0003745078. - . 0003097458 . 001 001 3952 [ 260. 2360 630 . 5525 666.351 
630. 55 1 7 1 395 . 5 1 9 1 667.4728 

666 . 3497 667 .47 1 9  1 454.27 1 7  

k3 = �� 1 260 .2360 + 1 39551 9 1 + 1 454 . 27 1 7 - i{630 . 5525 

+ 666 . 3508 + 630 . 551 7 + 667 . 4728 + 6663497 + 667 .47 1 9 ) )  

= i{41 1 0. 0268 - -!-( 3928 . 7494 ) )  

:: 700. 1 1 09 

(e ) yGar effect . 

The indirect me thod for c o111puting k' 8 i s  ;v ell e:A:plai ned by 

Harvey ( 1 960 ) . The estination of l� 7 �Gi n,; t.ie i:1direct ;-aethod � 

i s  i:l. S  fc l l ml S � It is first no;:;es sa.ry to comput the co effici ent for 

t ho vari ance component in t � e  appropi a � e  redu c t i o n  in the s um of 

squares . 'l'hi s i s  done by conpu tii\3' the J.ro s s  pro ducts b etu e en 

co rrespo ndi nc;· e l ei:Jent s of tHo s quare .:1at rio e s . I'!J.e first nat rix 

requires i s  the invers e of t�..:, -,rariance-covari ance matri:;;: fo r -Gho 

moclel Ji j kl:"n = o< + a j + '4<. + <1. + dxi j kl t:l + e i j kl1:1 H!J.ich i s  the r.1odel 

for all tje effe cts ezcc:r·t for yea.rs 'l<ilicll are being compu t ed .  'I'je 

Variance-Covariance J'.Iat ri::r for all ucaning �·T eight effe c ts exeept years 

aft er the res tri ction }a j :::; �lk = fcl = 0 .iave been iopo s ed is s�t 

out in .. 'I'<;l.bl e 1 8 .  · Tho - illvorsc of this o.at rix is shmm in Tab l e 26 . 

( R-1 ) Ri j In this inverse natrix are tt.o el oo ont s . 

The " a s s o ciat ed suns "  oatrix is the s econd square nat ri.x 

r equired for t hi s  indirect oethod and is coraputed fron the uatrix 

111ul tipl i cation NN '  uhcre N i s  the o oenent of the original coopl ote 

set of l east squared equ�tions whi ch contains the coofficient8 



1 03 .  

•rabl c  2 6 : Tb.o inverse of tho reduced l oas t-squ:ucs equati ons for 

-;1 onnin[S' vl Oi,::;b.t for :1ll offoct s o;�copt t �w s o t  for years 

« :  2 . 35 o6o9 1 E-3 -s . 1 5 1 6579E-4 c . 3o1 o86uE-4 3 . 5o92899E-5 
-7 . 7390380E-5 -6 . 5525 1 1 8�5 -7 . 26 6 5 1 84E-5 -6 . 3450278E-5 

b1 g -5 . 1 5 1 6538E-4 9 . 54439 1 5E-4 -1 . 097201 2E-3 -1 . 4496739E-5 
1 . 5 1 07524E-4 5 · 59 1 19 1 8E-5 -3 . 6692 1 01 E-5 3 . 5 1 03 1 70E-6 

8 . 301 0831 E-4 -1 . 097201 3E-3 2 . 1 85 6270E-3 1 . 8 1 53292E-5 
-8 J 1 89 649 6E-5 5 . 2452633E-5 -1 . 5259801 E-5 4 . 2 1 59200E-7 

3 . 5892669E-5 -1 .4497042:&-5 1 .8 1 5 3253E-5 3.4606797E-4 
-8 . 9246959E-6 2 . 7850828E-5 -4 .9527357E-6 -6 . 5377 1 90�7 

a1 : -7 . 7890248:2r-5 1 . 5 1 0775 1 E-4 -G . 1 89 ,n90E-5 -8 .9222408E-6 
1 . 1 6 3 3532E-3 -3 .479 64 1 0�4 -3 . 7288779E-4 3 .4046489E-6 

� g  -6 . )526079E-5 5 o 59 1 2624E-5 5 o 2452940E-5 2 . 785 1 753F.-5 
- 3 . 4796451 E-4 1 . 0 1 92 349E-3 -3 . 0673543E-4 2 . 4776246E-6 

a3 : -7 . 2665 1 05E-5 -3 . 6692634E-5 - 1 . 5255952E-5 -� .9 578948E-6 
-3 .  72887GOE-!J. -3 .0G7 3596E-4 9 . 9 1 654IJ6E-4 1 . ��329599E-6 

d :  -6o 345829 1 E-5 3 . )1 03420E-6 4 o 2 1 574 1 7E-7 -6 . 5377383E-7 
3 .4046509E-6 2 . 4776 2i37 E-6 1 . 4829568E-6 2 .  397 1 62SE--6 

as so ciat inG tho offocts under c onsideration with all o t hers in 

tho oodoa. . 

1 64 J4 1 8 62 79 85 35 ,;.4 L f6 39 3759 
1 67 1 09 22  36 76  9 1 31  42 38 56 3544 
263 93 20 1 50 1 29 1 34 58 ::� 1 90 54 6998 
207 89 20 98 1 03 1 04 4 1  62  55  49 5776 
259 1 62 1 7 80 1 33 1 26 57 6 1  64 77 5338 

N.� = 334 1 1 2 28 1 94 1 72 1 62 73 9 2  86 83 1 0078 
206 86 7 1 1 3 85 1 2 1  37 44 68 57 8551 
422 1 80 34 208 2 1 3 209 94 1 1 5 1 1 2  1 01 1 2222 
449 200 3 1  2 18  2 1 7 232  1 1 1 1 24 1 1 8 96  1 2385 
433 233 24 1 76 1 94 239 1 03 1 23 1 06 101 8377 



55 , 050 438 , 592  69 , 882 ·146 , 57 6 4 6 1 , 622 493 , .128 2 1 5 , 5 31 256 , 1 63 254 , 397 228 , 959 25 , 1 00 , 320 

208 , 380 3 1 , 954 1 98 , 258 2 1 1  ' 1 46 227 , .'J-46 99 � 07 3  1 1 7 , 594 1 1 5 , 577 1 06 , 348 1 1 , 224, 609 

5 , 423 32 , 505 34 , 03 1 35 5 85 1 1 5 , 67 3  1 8 ,J03 1 8 , 546 1 6 , 8 60 1 , 834 ,428 

2 1 5 , 81 3 2 1 6 , 445 2 30 , 1 3 1 1 00 , 785 1 1 9 , 766 1 20 , 274 1 05 , 7 5 1 1 2 , 04 1 � 28 3 

223 ,859 2 37 ' 76 3 1 04 1 1 99 1 23 , 365 1 22 ,907 1 1 0 , 65 1 1 2 '  1 50 , 1 49 

NN 1 = I 25 5 , 66 5 1 1 1 ' 332 1 32 , 298 1 31 , 490 1 1 8 , 306 1 2 , 950, 1 7 1 

43 ,944 57 , 986 57 , 249 - 5 1 , 352 5 ?  526 , 901 

69 , 1 1 6  67 ,878 6 1  ' 1 33 6 , 699 9 1 3 
The off-diagonal s  on 

the l eft are .xu t t od 
63 , 505 60 , 765 6 , 7 63 , 1 50 

55 , 6 59 6 , 0 1 0 ,  347 

635 , 1 43 , 764 

_... 

2 . 



1 U) •  

This 1 1  x 1 1  natrix Has roducod t o  an 8 x 8 mtrix by subtract-

ing b )' � and a4 by rm'ls and colur:ms . ( Instead of reducing the :NN ' 

oatrix ono could :w.vo buil t  up tho R'" 1 oatrix fror.: an 8 x 8 to :1 

1 1  x 1 1  oatrix by setting �aj = pi'  k = 1�6]_ = o , this boine the 
J K 

restriction tbrJ.t vTo.s orieinally inposed) ) 
955 ,050 -79D4 -376 , 694 -31 ,806 -1 3 ,428 27 , 204 25 ,438 25 , 1 00 , 320 

27 ' 577  -2309 -2769 -5294 -8 1 6 , 674 1 7 , 004 -26 14  

1 5� , 226 1 1  , 866  3779 -1 2 , 072 - 1 2 ,837 - 1 0 , 206 , 855 

The off-diagona ls on 3998 

the left are 0oit t ed 

524 

1 899 

-776 

1 1 1 0 

2409 

-926 -800 , 022 

79 1 -3D3 ,437 

1 589 689 , 566 

2634 752 ,803 

685 ' 143 , 764 

·�le co effi ci ent for the varianc e  cor:1poncmt in tho reduction 

in sun of squares duo t o  fit ting all effects crl\:c opt yoars i s  given 

by �. RijNij  i . e . conput int!,' the s ur.1 of the cross produ ct s  b etueen l J 
correspondinG ol er:1ents of tb.o tuo square oatri cos . 

== ( .00235069 1 ) (955 ,050 ) + (- . 00051 5 1 6579 ) (-' (984 ) + • • • + 
:: 401 • 9 6044 

The co effici ent for the variance cooponent in the E(MS ) of 

t ho analysis of  variance i s  0iven by : 

k ==(.I • .,. .- - � jNiJ· )/d. f . for years lJ 
= ( 2904 - 401 .96044 )/9 



Table 27 g The analysis of variance Hi th the MS expectati ons 

Sourco of Variation d . f .  M o S .  E( IviS ) 

Yoars 9 6 d43 . 31 1 c5(} + 278 . 00401; 2 

:l.{Jo of cl<m 3 3 , 242 . 836 a· 2 + 700 . 1 1 1  er 2 
0 [1 

Birth & roaring 2 2<3 ' 5 0.3.. 1 7 1  o-82 + 752 . 2 1 3o-b2 

Sex 0 , 7 55 .. 1 30 o-8
2 + 1 43G . 3o 1 crc2 

Re[;l'ossion 1 44 , 5 56 . 958 o-02 + 329 , 3 1 2 . 3dd2 

Error 2887 3 1 . 592 d-- 2 
G 

2904 92 . 479 

ob2 = ( 28 , 568 . 1 71 - 31 . 59 2 )/7 52 . 2 1 3 = 37 . 9 37 

�02 
= ( 875 5 . 1 80 - 3 1 . 592 )/1 438 . 032 = 6 . 06 3 

cYa2 
= ( 3242 .83G - 3 1 . 59 2 )/700 . 1 1 1 = 4 . 587 

ot
2 = ( 6 343 . 3 1 1 - 3 1 . 59 2 )/273 . 004 = 22 . 704 

od2 = ( t�4 , 556 o9 58 - 3 1 . 592 )/3 29 , 31 2 . 3 = 0. 1 36 

2 <J8 = 3 1 . 592 

1 06 . 

Tabl e  23 : Variance cor.1ponent r· as a percentage of total variance 

Sourc e o f  variation � 
Years 22 .04 

."if5o o f  dan 4 . 4 5 
Birth and rearing 36 . 8 3  
Sex 5 . 88 
Regression 0 . 1 3  
Error '>0. (;7 

1 00.00 



:..PPENDIX B g  JES TIN::.TION OF 1-fFl..NING ;miGHT HERIT.l.BILI'rY BY 'l'HE 

1 .  Estima t i on of the k v�lu e  

1 07 . 

In this c ::1 s e  the k value i s  ob taineJ. from ::� value K vrl::.i cb. i s  

i n  turn obt2. ined i n  a simi l ::.r mo.nner t o  t�:e,t u s ed t o  find t he k ,  
'+ 

ve lue for year eff e c t  in ".ppend.ix - · ·  This 1n s the indire c t  m e thod . 

To compu t e  the c c; eff i c i en t  for t�1e v:::.riance co mponent in the 

a ppropri a t e  reduction in suos of s qu �re s , K9 two square ma t ri c e s  

vr�w s e  c:>rrosponding el emen t s  a r e  mul t i pl i ed to.sether :md summed are 

needed . T�e first m::. trix i s  the invers e of the vari}nce- c ov0 ri ance 

lTI!J. t rix fvr tho model o f  a l l  off acts except the sire effect . rrue 

"associc:: t ed. s um s "  r.ia trix i s  t:C.o s econd s qu.:!re r.H trix required and 

i s  cooput ed. frora t�:e mJ.t rix mu l ti pl i cat i on JiJN ' 9 \'/here N is the 

s eg�ent of t�o o ri�in3l compl et e s e t  ( includ ing sire effects ) o f  

l ea s t  square s equati ons whi c� cont� ins t ho cc eff i c i ents a s s o c i a t ing 

the effe cts und er consid.orn t i ;:;r vri th :J. l l  o thers j !1.  tt.e model . The 

first 1 7  x 1 7  ( plus one mm ) matrix vms t!:1en bui l t  up to a 2 1  x 2 1  
( plus ono rt...qM ) l7latrix by l e t ting �ti = �bk = £�1 = ��J. = o . This l k l J 
i s  the res tri c t i on that was originally appl i ed to ob tain the f i rs t  

matrix requi red . 

The co effi c i en t  for the variance component in the redu c t i o n  

i n  sQ�s of squa res due t o  fi tting all effects except s i r e s  i s  

�iven b y  mul t iplyin6 the corresponding el ements of the two square 

matrices together and summing . i.ll this is simi l ar to obtaining the 

k4 value for year effect in .�ppendix �l.. It i s  found that 

K .:: 544 . 93447 



1 oG . 

The co efficient for tb.e variance coopo nent in bhe E(l!IS ) o f  

the analysis o f  variance i s  gi ve.1 ·oy 

k = l:J • • • • - K 
s . inc . d . f . - G .  exc .  d . f . 

ullere :J. inc d . f . is t�e d . f . of tj_e �atheuil t i ca l model u i t h  s i r G s  

included reoeobering that as s i r e s  are n e st ed Hi tb.in y ears the d . f .  

for ·<>< + t i + s m  equals the num ber o f  s i r o �� . 'rlle d . f .  for s . inc 

d . r . ars therefore o<+ t i + s m ::: 55 ? c = 1 9 1J = 2 9  a =  3 and d = 

uhi c� is a total of 62 . S .  exc . d . f .  i s  t�e d . f . or thG rnatheoa t ical 

8o del 7 li t�1 cires e:;�clud ed rerl8::;b ering tha t  the d . f . for o<: + t i e qual s 

tllo nwnb e::.' of years . Tj_erefore s . e:�c . d . f . = 1 0  + 1 + 2 + 3 + 1 
t o t al in..� to 1 '7 .  N • • • •  9 t hG nurr:b er of i nd ivi dual vreanirl(;' ', r eight 

o b s orvations ? i s  equal to 2904. 

k = ( 2904 - 5t1-4. 9 344 7 ) I ( 62 - n )  
= 2359 .06553/45 

= 52 . 42 36 

2 .  Est imat i o n  of 1 1Sires Included11 reduction 

ro e s t i rnat e the Leri t ab i l i t:,: _, f � r eani n,"' 1;ei ,.:.1t by t �1e 

pat ernal hal f- s ib ciethod. fmtr figures mus t  be e s t i8at 8d fro 8 tile 

data on >l eaning uei .)ht and a l l  tb.er:; c  3.re detai l ed in their cal culation . 

These figures are the co offl cient for the variance component 9 k 9  

the s u n  of a l l  the squared obs ervat ion�
i j
�

m 
Y�j klm� the reduction 

due to fit ting a l l  except the si1 e eff ect s 9  R(«9 t 9 b 9 c 9 a 9 d ) � and the 

reduction due to fitting all 9 includiD6' tile sire effects 9 R(�9 t 9 s , b , c , a , �. 

The only one that has yet to be  esti�ated is  the reduction due t o  . 

fitting all effec t s  and t o  cal culat ed thi s is a compl i cated pro ceedure 

lihi ch vdll no" be detailed .  



T_.:.e i!lat ri x  frora u.1i c� t�is l'edu ct i o n  i s  e s timat ed i s  a s qua.re 

mat rix of 76 equat ions ( 1  f o r  2 9  1 0  for yea r ei fect s , 55 for s i r e  

effect s , 3 for b1 rth and reari�� effect J 2 f o r  s ex effects , 4 f o r  �Je 

of dam eff e c t s  a nd 1 for the rcgras:::ion of a,s·e 3.t ueaning ) ui t:.:t one 

llifM . .l.s it i s  tlli s rnatrL. af t er tl1e res t ri ct i o n c<  have been i mpo sed 

is s t i l l  f lC' t -.:; o  lart1e to  bG e: :silJ .m:l c o n"ectly inv 3rt od and 

s o lved b the c ompu t er pro3ram� availabl e .  

1J3r aplJlying an a·oso rpti o n )ro cedure thi s l arge r·m t rix can 

b e  2reat ly �educed in G i z e .  i s  s ires are nes t ed wi thin years w e  can 

in thiG ins-cance �1ri te S'im =-= � + ti + sim . 'l1hi s  in fact deletes 

t l.ie first 1 1  co lumns and roHs of the r:Jat ri:;(. ( It can be shmm 

for a one 'liay c l a s s ifica t i o n  tl:lat t�e e quations for o<; + ti are 

ident i cal 11 i ti the equat i on s  for ti . �lhen o<. i ::..; cor.1binod with the 

'4_ i t  is unnecessary to iG1pO S8 a rostri c t ion on the ti since there 

are p d . f . a s s o c i a t ed \!Ti kt the .o<, + '4_ but only p- 1 d . f .  as s o ci a t ed 

lli th � alo ne . By carryi ng t.J.is i:'l s t eij further He can , as s i r e s  

are nest ed ' ri thin ya::trs 1 co1nb ine eac�� y e ar equation witt t he s i re 

equat ions for that yeu.r <md i n s t G&d of having t ( for sires ) - p 

( fo r  years ) d . f . a s so ciat ed with s m a l o n e  have t d . f .  a s s o ciated 

·Hi th oG + � + S:i.m . )  Ho�·r 'ire can e.boorb t lle �m equat i ons i n t o  the 

equat ions fo r- b k, c 1, a·j and d .  ·ro do thi s v;e s et up 3 t abl es 

1<1hi ch are t hen u s cu in set ·G in :, u p  a fourth tabl e 1·r.b.ich is the required 

matrix uith oC., t i and s im ab so rbed . •rhe first table ( Tabl e 29 ) i s  
A A A. ;"'t 

the segr.1ent from tl10 f ul l  ma t ri:t 1·1hi ch i ncludes t1.le \: ,  c 1' a j '  d and 

rum portions o f  the 'Sim equat i ons . 'rhe s e cond table i s  the first 

tab l e  ili th each roii' divided by the corr e sponding sim diagonal 

el eraent . ( Divi s i o ns uere carried o ut t o  6 de cimal places to stop 

errors accumulat i ng . ) The tllird tab l e  ( Table 30 ) i s  t�at s <::ga1ent 



1 1 0. 

,..., • � """ ,... Jilt. Table  29 � Su1 clia(3'onal eler.1ent and 1 Cj_ 1 21j y d .::end RHM seg1.1ent 

of tlle � equations of tlle full ( sires includEd ) 11eanirq vTeig:.:t 
;.. 

� 
... A A ,. "' A /' 

Equation Diag oler.1 D1 h� C1 02 0.1 82 a:, a.� d RHJ'.i 
.... 36 25 3 8 1 7  1 9 8 9 1 1  8 755 2435 
81 1  81 2 'f 1 1 9 4 1 .:3  1 9  22 6 1 1  1 3 1 1  9 1 1 2649 

81 3 43 20 3 20 22 2 1 9 1 4  1 1 9 1 1 34 2947 

s1 1 44 20 D 1 6 2 1 23 1 2 1 0 1 1 1 1  959 27't2 
L, 38 20 0 1 0 1 0  2J 6 8 9 1 5 749 2443 

�1 
�2 43 23 9 6 1 7 26 7 1 2 1 2 1 2 9 1 2 2G93 

�3 47 29 2 1 6  29 1 8  1 1 1 2 9 1 5  1 055 3 1 30 

82 ;. 39 32 3 4 20 1 9  7 1 0 8 1 4  828 277 5 
•} 69 22 7 40 28 41 1 2 1 5  25 1 7 1 709 3640 

831  
832 60 26 4 30 33 27 1 5  1 3 1 9  1 3  1 493  3 1 84 
833 64 23 6 30 34 30 1 5  1 4 24 1 1 1 355  361 7 

834 70 1 7  3 50 34 36 1 6  1 9  22 1 3 1 861  39 1 7 
841 32 1 7 3 1 2 1 9  1 3  6 1 0  1 0 6 37 1 1 7 14 

8tl2 47 1 8  3 26 26 2 1 9 1 8  1 3 7 1 290 252 1  

843 59 1 8 3 38 27 32 1 1  1 6 1 3  1 9 1 5.18 3200 

s l � 
36 1 8 6 1 2 22 1 4 1 0 6 l O  1 0 947 19 67 

- ·r 33 H 3  5 1 0  9 24 5 1 2 9 7 1 1 20 1 78 1 
8 ' !:: ' r ) 37 1 9 2 1 6 21 1 6 4 1 2  8 1 3  750 1 <374 
85 1 
852 tJ-9 36 1 1 2 28 2 1  1 1  1 1  1 3  1 4  1 1 1 3  2601 

853 40 1 9  3 1 8  21 1 9  1 0 1 3 8 9 9 1 1  2 1 50 

854 56 38 4 1 4  27 29 1 5  1 0  1 5  1 6  1 068 3 1 58 
34 22 � 8 1 J  1 6  9 6 8 1 1  649 1 9 1 5  

855 -1-
s56 43 28 3 1 2 1 G  25 J 9 1 2  1 4  8tf7 2 1 9 7 

s6 1  58  1 7 3 38 32 26 1 2  1 7 1 8  1 1 1 6�5 2644 

862 5 6  19  7 30 35 21 1 1  1 1  1 9  1 5  1 552 25 1 5 

863 56 H 3  4 34 26 30 1 0  1 7 1 2 1 7 1 727 2392 

864 60 24 4 32 26 34 1 3 1 3  1 4  1 5  1 759 2743 

865 53 1 0  3 32 26 27 1 6  1 6  1 1 1 0 1 777 2384 

s66 5 1  1 6  7 20 27 2;t 1 1  1 3 1 2 1 5  1 6 1 8  2 386 

87 1  37 1 6  1 20 1 9 1 8 4 1 0  1 2 1 1  2080 1 785 

872 44 1 3  3 28 21 23 7 9 1 3 1 5  1 600 2 1 45 

873 27 1 3  - 1 4  8 1 9 6 11 1 1  6 947 1 480 

874 66 23 2 41 28 38 1 6  1 5  1 9  1 6  2854 31 64 

8 75 
32 21 1 1 0  9 23 4 6 1 3  9 1 070 1 763  

8J1 69 29 6 34 33 36 1 5  20 1 5  1 9  1 747 3998 

SQ2 58 25 5 28 33 25 1 2  1 5  1 8  1 3  1 390 3377 

883 6 1  1 9  4 38 32 29 1 5  1 6  1 7 1 3  2876 2729 
804 66 1 9  9 38 35 31 1 7 2 1 1 2 1 6  1 853 35 36 

8 J5 47 32 1 1 4 1 6  31 8 1 4 1 3  1 2 1 41 4  2523 

886 66 29 5 32 3:; 31  1 7 1 7  1 8  1 4  1 536 3786 

SJ7 55 27 4 24 29 26 1 0 1 2  1 9 1 4  1 406 3 1 6 1 

89 1 60 30 2 28 23 37 1 7 1 5  1 4  1 4  1 359 3487 
8 92 65 30 5 30 33 32 1 2 1 6  2 1 1 6  1 658 3833 

893 68 23 3 42 30 38 20 20 1 5 1 3  1 5 1 6 401 6 

8 94 60 30 8 22 29 31  1 5 1 7 1 4 1 4  1 51 3 3572 

895 74 2 1 3 50 42 32 2 3  2 1  1 7 1 3  3231 3636 

8 96 63 30 1 26 30 33 1 2 1 7  20 1 4  1 433 3720 

8 97 59 36 3 20 30 29 1 2  1 8  1 7 1 2  1 675 3584 

8 1 0 1  58 34 2 22 24 34 1 5  1 7 1 2  1 4  1 221  3309 

8 102 55 29 6 20 20 35 1 1 1 3  1 6  1 5 1 1 27 31 60 

8 103 68 34 2 32 31 37 1 7  20 1 8  1 3 1 1 98 3870 

8 104 
55 26 1 22 26 29 1 2  1 7  1 4  1 2 1 042 307 1 

s 105 6 1  38 1 22 28 33 1 3 1 9  1 4 1 5  1 329 3343 

s 106 68 44 4 20 32 36 1 4 1 9  1 4  21 . 1 294 3945 

8 107  68 28 2 38 33 35 21 1 8 1 8  1 1 1 1 66 3699 



-
Table 30 : TJ..J.e b , c , 8: , d and RIDi s eGJi!ent of the b , c , a , ::.nd d oqt.n t i on s  of t��o ful l  ( s i ros included ) 

Heanin.) ueigh t r:10 d e l  

" A " "' A "' "' "' " A Equation b b2 
b 3 

0 1 
02 

::> ' a3 a �  d RI-Il>i 1 � 1 _,) "- '• 

b
1 

1 348 - - 663 630 203 23t� 405 456 34 , 276 J 1 , 036 

b
2 

- 22 1  - 99 1 22 65 . � 7 64 45 5763 1 2 , 62 1 
b

3 
- - 1 335 6 34 70 1  372 437 31 lf 21 2 36 ,989 66 , 6 1 3  

c 668 99 6 34 1 401 - 3 1 5 339 3JL� 363 37 , 59 ; 79 , 598 1 

c
2 

630 1 22 701  - 1 503 325 429 399 350 39 , 434 30 , 722 

a
1 

203 65 372 31 5 325 6,·fo - - - 1 6 d32 35 , 900 

a2 _ 284 47 437 3 39 429 - 760 - - 1 9 ,805 42 , 734 

a3 405 64 31 4 334 j99 - - 7'33 - 20 , 1 50 43 , 990 

a4 456 45 2 1 2  363 350 - - - 7 1 3 20 , 741  37 , 69 6  
d 34 , 276  5763 36 , 939 37 , 594 39 , 4 34 1 6 , 332 1 9 , 005 20 , 1 50 20, 74 1  2 , 472 , 322  4 , 07 2 , 599 

� 



-----·---- ··----

'l'ablo 31 : Full { sires includocl) uo :minc t..rci, ;ht r.1.:trL� ; , ith o<., ti c.nd sn cquntiono . abccn·'o 3d 

,. " ,.... 

- - -------- ----- _ ____ _ .. _ - ---- - ·-- ·--·-----

E-1,uati0n b1 b2 1 3 
� 
c1 

,.. 
c2 

A 

.:11  
" "' 
.:12 ::.3 

A 
a . ., 

_._ cl R.B:{ 

b 1 

� 

� 

'1 

� 

8.J 

� 

<13 

a4 

d 

· r  

67 1 . 2 32700 -5G3 .)4)J38 -23 . ,+7 3460 -70. 1 1 737 1 1 1 7 . 7.33225 5 36 1 . 00G2J5 
- 1 02 . 281 052 2 3 • ' f 7 1n 1 6  -90 . 55301 1 I�2 . 83t� 560 - 1 )1: . •  435776 

-9 6 . 30462; 7 . 33 1 0 �2 - 1 0 . 76 1 402 -1 0.JG6243 239 .073794 
1 98 . 536445 -7 . 3 3 1 0�2 1 7 . 234374 4 .4 1 3676  8 1 . 07?G7G 

665 . 2557 36 1 6 . 1 43933 ·30 . J3o2 1 D  - 1 069007 3G -5600 .030565 
7 3 . 407 Jf)O - 1 6 . 1  �269 6 7 3. 3 1 )0�6  -47 . 297203 

70 :� (1 1 -70'J . ') 1 <J6 )r::(' 
v e ;; 795 1 

';/ - -31  3 ·' 7  fl 

J e 9 701 1 6  
e · v q43 20.)27- �2i 24ll . 226575 

6 . 99 2199 3 1 2 .9 3� 2J5 

703 . 9 1 3 1 74 31 . 338830 -20.9261 J3 -2434 . 22506 1 
-3 . 963857 -6 . 99 1 1 31 -3 1 2 .9 3809 5  

-1 69 .079442 - 1 53 . 62404 1 6 1 2 . ) 13323 
492 . J34027 - 1 70 . 1 29 353 -570 . 9 3 377 1 

559 . 1 2 ·� 1 1 9 -1 J6 . 2 1 0096 .)1�5 . 003'7 3 3  
-203. J331 JO -575 . 477 1 75 

- 1 90. :�27 3G2 ]O) . j G,;.46,;. 
564 . 39 1 272 -822 . 795459 

5 30. 26 2740 - 1 767 . J 5j5 55 
1 9 69 . 207595 

1 06 , 039 . 03 1 33  

_____________________________ _____ _________ 2_63�� 687 . )9 1 7 75 � 

..... 
...... 
1\) 
. 



from t�e ful l 17latrix v;ii c!J. includes the 4)b cl � �j , d and RH.M port ion 

of the blo c 1 9 aj and d oqu::.1 h o n s . 'I'he fourth tabl e ( "rable 3 1  � 

Matrix 6 )  i s  tl:J.e s arno si ze as the tb.ircl and for eac� po s t i on i:::; 

buil t c.;,p b;;r takine; the el et,;ent ln tllat posti .. m in the third table 

and subtracting from i t  tlw s ue: of tl:.:.e cro ss pro ducts of tllo t �w 

col umns ( one from t�1e firs � and t�e otter fror:1 the second tabl e ) 

whi ch by na::1e s igni fies t!..lat po s i t i o n .  

For oxa�pl e the el ement in t � e  � b1  position equals 

1 348 - 25 ( 25/36 ) - 1 9 ( 1 9/41 ) and so  on dovm t:.:..e pair of co lt.t:-ms . 

Likewi s e  t�o el ement in tno b1 b2 position equal s 0 - 25 ( 3/36 ) 

- 1 9 ( 4/4 1 ) All e l et;'Jents including the RHI<l are computed in 

thi s  •i!ay .  

Tii s  :.1a t ri:{ i s  G�r��11r,1etri cal e.nd so i t  i s  o nly necessarJ-- t o  

comput e the e l ements on o no sid e of  t�e di�gonal . To t est the 

= b1 c1 + b1 c2 = et c . 

To solve  t�e mat rix the restrictions taat lbk = �c1 = f
j 

= 0 

are appl i ed �nd tlle constants esti�at ed in a sioilar way as i n  

obtai n i ng the vleaning vl eight environ,nentul cons tanto . 

Estimat es of t �e o<. + ti + s im are obtained by si mply solving 

,.. ,... "" 
the equat i o ns in the ori,'Sinal matri:;:: usinz the constants a

j
, bk ' c1 

/\ 
and d coi:lpu t ed . 

IV 
e . g . s 1 1 = OC  + t1 + s 1 1  = ( 2435 + 275 . 787601 - 433 . 533001 )/36 

= 63 . 2570472 

etc .  

Tl..J.e required redu c tion was obtained b y  multiplying all 

tltese estimates by t;1eir corresponding· RHM '  s to give 



3 . Estimation of tb.e vteaning ueitsht heritability by_ the pat erlla.l. 

half-sib method 

:No-vr available are the four rJain figures that are neces s ary to 

es  cioat e tte heritability of  v<eaning >·Teight o 

k = 52 . 4 2 36784 ( Cal culated from K = 544 . 9 3447 ) 

€ 2 
i jklm Yi j klm = 9 '  1 50 , 922 

., .., (-/ ·'· 'o " - rl \ (I oc:; · · 7 1  o�" 6974 ;: 1 J.t � i J '  ' \ if j .. � ;  �-l / ::: ,/ 7 ..) :; ' • ..._, . 

Error S o S o  = 9 , 1 50 , 922 - 9 , 067 , 630 . 1 65959 

= 83 , 29 1 . 8 3404 1 

Betw een Sires S . S .  = 9 , 067 , 6 30 . 1 9 �9 59 - 9 , 059 , 7 1 6 . 69 7 4 6 1  

= 7 , 9 1 3 . 468498 

But E�j�mijk.llil ) = S + H • • o .  ( c£2 
+ <Je � 

( l·T • • • •  t o tal numb er o f  observat i ons = 2904 ) 

E R(o<, t , s , b , c , a , d )  = S + N • • • •  <rs2 + ( s . inc . d . f . ) CJ82 

( s . inc . d . f .  = 62 - see Appendix B( 1 ) ) 

E R(�, t , b , c , a , d )  = s + KcYs2 
+ ( s o eAc . d . f .  ) oe2 

( s . exc . d . f .  = 1 7 - s a e  A�pendix B ( 1 ) ) 

Error S . S .  = (N • • • •  - s . inc . d . f .  ) o- 2 
e 

:;: ( 2904 - 62 ) o;  2 

Zrro r !ii . S .  = Error S . S . /( 2904 - 62 ) 

= 83 , 29 1 . 3340409/2842 

- A"'2 
- ve 

Between Sires M . S .  = Between Sires S . S ./( s . inc .d .f .  - s . exc. d . f . ) 

but Betv1een Sires s . s .  

Between Sires X .S .  

= 7 , 9 1 3 . 4684984/45 

= 1 75 .8548555 

= (N • • • •  - K)<Ts2 + ( 62 - 1 7 )<19 2 

2 2 = ( (N • • • •  - K) cJs + 45<Je )/45 



2 2 
== ao + kCS 

but t�i s ::: 1 75 .8548555 
2 � = ( 1 75 .8548555 - 29 . 30747 1 5 1 )/52 . 4236784 

::: 2 . 7954426 
2 

h ::: 4 X 2 • 7954426 ---
29 . 30747 1 5 1  + 2 . 795446 




