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CHAPl'ER I 

SiDce 1950, wbC!Il'l the llew Zeal d Dair,y :Board assumed responaib1llt7 

for the caanercial developamt of Art11'1c1al Breeding, there baa been a 

tl'elll8lldoua i.norease in Artificial Breeding uaage. Wbereaa m 1950�0· � of the 

total cow population a artificially i.Memimted. tho correapaWing figu.1'e 

for 1960 waa 2� 

In any ArtificiAl Breeding achea there are dangara of inbreeding 

through the use of a liml. ted number ot a�s, and if the .}"0\mS sires selected 

fo:r· the scheme are largely the scns of the beat s�s already in the schane, 

then the da�ara of inbre1"ding are increased. 

Inbreeding tc high levels 1s undesirable because 1 t generall..t 

reduces the mean level of all cbaractera closeq OODnected with f1tMaa :111 

aniaala and leada in oansequenoe to lose of geMral ngour aDd fertlli\Y. 

Since most clara.cters o f economic value in d :otic aniaals are aapeota o f  

vigour or feE"til1V, inbreec11ng ia general.ly deleteriot.B. The genetic baai.a 

of this inbreeding degenemtion ia not caDpletel,y cl r. AD>ther harmt\11 

et:rect of inbreeding is the J:O&s:i.lnlity that it y t1x UDC1ea1rable genes 1n 

the bmx>zy8JUB atate. 

In view of the kiDa tacta. it • 

the effects of this wide cqanaion ot Artit1cial Bre� on tbe 

structural changea wi 1h1n tile :induaUJ'. eapecial.ly w1 U1 nga1rd to ita etfeot 

on inbreed.ina lewla resulting traD tbe bull alection �Clio:f ot tbe lfew 

Zealamd Dail7 !oal-4 ArtitloiAl. Bne ach ... 
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To the ani•l geneticist tb1a 1a enr.ely important aa it can 

aupp)3 answers to the tollcwing types of question. 

1 . With the expansion of Artiticial Breedi.Dg on the 11Des at 

present being followei., row rapidly may we expect inbreeding ooetficienta 

to reach lewla pnaral]J tl»uejlt to be dangerous? 

2. Is Artiticial. Breeding tending to aegregat.e tblt breed into 

particular stndna or groups within the breed? 

}. Are • utilizing the most e�ient ayataa iD procuring and 

proving young bulls? 

DDes inbreeding bave aey aignit:I.Dant effects on productiDn? 

CHAPl'ER I : Introduction and Explanato17. 

CP.AP'l'ER II A Review of the literature rele�t to thia particular 

stuc\Y. 

CHAPTER Ill The MetlDcl ot Treatment of the Data. 

CHAPlER IV : Results aDd Diecuaaion. 

CHAPTER V s 
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O:EmATlDN OF AR'l'lPlClAL � SC.H.P.!MB IN !&ATIDN 

TO POONBM & SOO OF S'ltJIII 

Until 1 951, practica.lly all tho b�ll� purchased for use at the 

Artitioia.l Breeding cmtre (Newatead) wre already proven. 'l'� were 

selected on their site survey results under natural uatmg oonditiDna. 

At this sta , mwewr, it wa.a oomdclered desi.re.ble to pa-abaM each 

year a team of yearling bulls in addition '00 the proven bulla. 'l'bese 

lull were to be proven und.er Artificial Bree� with the object of 

iDoreasing the nupply of proven bulls in future yeara. This t1}:le of 

proof, based on a minimum of 40-50 daughters in different bard&, wae 

()()ft&ide:nd to be a liON reliable one than can be obtained wbtn the bulls' 

dausl'lflera have been tested in one herd only. This is becauae, although 

the envi.:rormenta ot tlw 4aughtera of an.y one bull JfllY vary widal.,y, the 

awmge en'ViJODDent tor each of the daughter groups is about the s 

Thua it -.a hoped that an.,y env.i.rol'ID)n�l effects which might biaa tm 

propJV test 110uld be best eliminated. 

• 

· 'J."be Ml8ll � •ob of the youug bulla, duriDg hi& t1mt season 

at the centre, ea uaed to inaaaimte appzoxiDatel.f 5(0 oowa, tma enaud.Dg 

a autt1oientl.Y large 4rst Ol'Op of artit1cWl.Y bred daughtera. 

The gl"8 t •Jonv ot the unprove bulla were all ... ot preYeD 

bulla similar in ·� to tlx>e aelcted tor the proren. bull teaa out 

ot aowa wbloh bad citlwr qualit:ied aa •Elite Merit" liY pl"OGJoiD& ltWO lb. 

butterta.t 1n not mre tlan 10 .JS&ra, or, in Ua O&M ot 10UJ'€er oo , le' 

p.'OduciiJ& at a oolllp\r8ble 1..-.1. 
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The standard tor selection of the ur�n bull waa such tm. t 

in 1955 (M. z.n.B.R.) 1• tl-..an 15J' ot the a.trftyed bulla reached the 

required atarldard. 

One ot the results of the gJ"Owth ot Artiticla.l BxM41na ia -. 

decline in the number ot DLtural.ly proven bulla ila.ble both to t 

the o.xpmaion and to mke a;>od loasea aue to intertility, di.ue and 

accident. 

The use of yearling bulls to the extm t neoeaaa.r.v to obtain 

reliabl Artificial Breeding proofa f:raa their claugbtera and 1n aut'N.cient 

numbers to enable adequate selection 1\hen pronn baa been the main trod 

ot overoom.ng the shortage ot:' naturally prov"8n bulla. The JIO&t u.portant 

aspect of the problem of maintaining the bigh tandal�d of t:M proven bull 

team was to obtain sutrici�nt tmtings to ach �s.rliJ\g bt�ll to ensure a 

sufficient mmiher of identified and tested da.u.e)lters. 

To obtain increased usage t'.l'tl yoUDg bulla, the Hercl Impro..-emeut 

Coumil of the Zealand Dairy Board decided tl'at tamer& uaing the 

DOI'Difil oo rc1al Artif'ioial Bresd1rlg service on grade con must accept 

one inaemination in tour fl'om ,oung unproveD bulla. Purther, to emourage 

the rearing. identitJ.cation aDd testing of dauptera of these bulla, the 

New Zealand Da1Joy Board pd.cl a banua ot £5 tor all i4cUt1e4 teatecl two 

year old dauabtera tl'Qil auch bulla. 

SiDa. tb begi..nrling of 'th 1961-62 NICIIl• t:bere bu ea. :LDto 

be1na the "Sire Provin& ". r tbla acb certa1D bard owner• 

haw agreed to use 110tb1Dg 'tut �n bull ._ 1ib1ch 1a a'4JI)Ue4 tree. 

l.Ja:ldca tbe eob-, herds uat»a tbl.a Nnioe weft obliged to teat 

all tM aauptera of bulla. Thi.Ja. � 1n..,1..-tiona per � 
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bull, or fewer daughters are n?N noeEJs.saey to b,'Ot a reliable surwy. Onl,y 

25 daughters are now com1Q,red a reliable suney far at bAll. 

Thus ,  in an et'tort to increase the prwen bull team, a larp 

number of unproyen bulla, SODa of a a ll D.JCleUB of proven b.llla, baa 

been u•d. It U. intere�ting to compute the inbreeding ooettic1enta am 

nlationship of thee.e yoUDg wlls used in Artificial Breeding and to compare 

these with t}x)oe ft>r bulla about their own ages rot uaed 1n .Artit1cial. 

Breeding whiah could be regarded as altemati wa. 

'lhese young unJZ'Own bulls will, in the future. h!t.ve an iB!roa� 

..,unt of intlucmce on the breed and, it tbv are closeJ,y nla.tea. the 

greater will be inbreeding of their progetor. 
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CHAPl'lm II 

A. KeaaU1"81D8nt or Inbreeding and Rel& t10illlbip 

InbreeGing 1a essentially the a Ung together of 1nd1 Yiduala 

that are related to each other by ancestry. Ita rrajor cxmaequenoea 

are a lose of heteroayg:>aia and an increase in lx>DDzygosia (lAWl 1948 ). 

Inbreeding splits the pop.llation into a ntnber of inbred linea with 

decreasing genetic variance within the lines and increasing genetic 

firiance �tween the l.in8a (aee e. Lemer 19:0 and .Robertson 1952). 

Various workers hive attacked the problem of measuring the 

Mendelian consequences of inbreeding. The rate of decrease of 

heteroz.yi§)sia in systems o t rm. ti.ng, which we� .ore oo•ioa ted than 

self' fertUization, waa f1rat worDd out trail t.'le recurreme relation 

between tJUccesa1ve generations il!dependentq by JenningB ( 1914) and 

Fish (1914) for brother/sister mtiJJg, e.n4 by Jennings (1916) tor aome 

otbers. However, the metl'Di used by JemJ.¥ and Piab 'i:)ecx)mes wo 

c1abereo to be p-actioa.ble in a,yat ... -..oh mre oaapU.oa than 

ating of brother a.Dd aiater, BD practically imioaaible to follow in 

the irregular inbreeding wh1ob OOCUI'II w1 tb t'anl liveatook. 

W'ri&bt, in 1921, p.ablilb a a eralized up tion ot' the 

oouequenoea ot llilc:ler 1bma o regular irrefJ.l].ar inbreda. In 19.}1, 

tbia author gmera11Mcl h1a reaulta at1U tul"tMI" to eatabliah tba 

identi.t)- of the inbl'eediJ).g ett'ect, and the geD!tralbed oonaequmoea ot 

tild.te population aia. 
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l'rieJlt' a •tho4 was eaaenUally \:.a sed on Path. coeff1o1enta 

( ataD'Iard1zecl Rlrt1al Regression ooeffiaients ). 

The object waa to aaaeaa the correlation between the genetic 

values of the uniting .-etea. Th1a correlation Wr1ght called the 

Inbreedi.ng Coeft'ici ent "F". It waa pro}:Caed originally as g1 ring the 

departure from the amount of homz,ygosis under random mating to'WB.rds 

complete tt.ozy&Qaia (Wright 1922a). Using the tl'Dd of l:llth 

eo fficients, Wright detilced the general e:xp-ession tbr the 1nbreed1Dg 

coefficient of an indiyidual as: 

Fx • f &�) n
e • "a • 1 ( 1 + ta)J 

whel"e n
8 

and n4 a� the Dllllber of g�rationa between sire and daiD to 

ancestor a ; fa 1a the inbreeding ooett'1oient of the oonmon ancestor 

(if inbred). If an individllll is inbred, his aire and dam are amnecte4 

in the �digree 1:&- lines of descent fi'\J11l a coDIDOn ancestor or ancestors. 

The ooe fticient of inbneding 1s obtail18d by a s tion ot ooetrioienta 

tor eve:cy line by wh1oh the parents are OQln:JCted, each line txaoillg 

back from the sire to a ooamon ancestor fUld thence ibrward to the dam and 

mt passing throuab &1\Y individual mre than onoe. 

When inbneding coetficienta are computed 1n thla wa:y, it ia 

ueceaaar,y to tiDe the base population to whlch the present 1nbned1ns 

ia referred. The l:aae population might be the indiri.duala t'rolll whidl aD 

exper:balt waa started or a herd tbl!J'Xled, or it might be tio bom betore 

a certain date. The dea�tion ot an 1nd1Y14ual aa belDQgi.ng to the b9.ae 

xx>p.&lation aeens tbat it w1ll tave zero Inbreeding coetf1oient. 

Wright looked on the correlation betw .. n the g netic ftlue 

ot tm 1n41v14: la aa aeaaUI"ing the coett1c t ot' Relationab1p 

(i.e. r:rv ). IDoked on P eaother •7 1t 1a essentially the probability 
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that the two related 1Jid1viduala will have duplicate genes beoau8e 

they are related by deeoent. Wright' e formula 1a: 

rXy = (t) n (1 +Fa) 

y (1 + Fx) (1 + Fy) 

where Ii = Relationship between animals X and I. 
q 

:Bar le tt &: Haldane ( 19 )4.) conai. <Ere bl_y extended J enninge anc1 

PUb's original. mettDd ( 1914) by ua1ng strJ.x al.8abra. The rates ot 

decreaae or .beteroay8)eia 1nd1oated by thie method haw agreed in all 

OODlpirable oases with those obtained by moona ot Path Coett1cients 

(o.r. Hal.dane 1930, 19j6, 1937, 1949 ; ;rl.f)lt 19.}8). llore recently, 

Kemptborne ( 1954) has extended Haldane's tri.x mettod \lhich giws a 

rather complete a.ooount or the listing or the JX>pulation 1n all respects. 

However, 1br the irregular syatema involved 1n tam l1veetock this would 

require RBtri.oes with eml"'IIIUUI nunl era of elements. Maleoot ( 1948) !88 

alao smwn haw the general toruula 1br "F"' given by the tbod ot Path 

Coef'f1c1ents,oan alao be demonat.mted directly traD the Theo17 ot 

Prob:ibUity (o.f. also Haldane 1949). However, thia ooetficient ha.a the 

defect, as Pearl hiMelt pointed out tl'at it r:f1B3 have the 88118 lue tor 

s,stems of t1ng ttat g1w the mst diwrse results experiamtally. 

Other usetul. aaure a of inbreed.iag that have been pmpo•4, 
ac 

are either 1dent1cal with "P" (Bemat-• a 193Q) or are related to 1n a 
").. 

ta1r]¥ aiaple wq (e.g. :r1acl'lera 1950). 

The metb:>da .mt1c:me4 so tar tor U. c<ap.ltation ot " , 

particular]¥ rJ.gbt' a Path Coett1o1eat Jletlrxl or Wr1ght' a LDna Method, 

aa it ie ...U.S oaU.ct, 1a ot XV.. i.aporta.D» 1n anaJ.yailag tbe 



genetic cc:maequences within breeds. Bowewr, when pedi8J'ees are long 

and complicated, the aml.JIIt o� work entailed beco��e& probibitiw. 

A sutf'iciently accurate estiaate can be SJ)t by sampling a 

limited number of linea o� descent (Wright and KcPhee 1925 ). The metiDl 

uauall3 called Wright's Short or Approximate Metmd consists of tracing 

back one line of a pedigree t'rom both the sire and t he dam of eveq 

animl in the sample. The choice of whether in tmy particular caae 

to draw a line through a male or female is decided by tossing a coin 

or consulting a table of random numbers. It is necessary tmt the 

sample lines be chosen at randCIIl, for CCJIIDOD &.llCes tors are more like]¥ 

to be mlea than �elllll.ee in livestock breeding. Thua, direct m le or 

female lines are unaatisfactory, as alao 1a a .-ste of altemating 

male and fem&le ancestors in any one line. If the same ani•l appears 

in both the sire ' s line and the dam' s line ( nl,y ca1. led a Tie ) , then 

tJle ani.mal ia inbrecl. 

Of course, in a second sample, the cestr,y of the same 

animal would probably not show the aame aequeDCies o� sires and d8818. 

Thus a single aample of tbis sort is of practically no value as an 

indication o f the inbreeding of an iDdividual. But the average obtained 

troa a large number of such aamplea should not differ appreciably trom 

the true •lue. 

The inbreedi.ng, due to a caanon aDCestor A and remved ns 

generations troa the sire and n4 g_.rationa troa the daa is 

H-) ns +n4· + 1 (1 + PA)' where PA 1a the iabreedi.ng ooetr1cient ot 

the eo n ancestor (Wrigbt 1922). 
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The ai:re has '1f1s uoeston in the n'h genezat�cn and tl» 

dam � anceatora in the n4 th se• ration. The aaq>le plir ot linea 

1.8 twa only one amng 'J!'s + 1\1 poaaible paira going back ae tar aa 

tbs callrl:)n ancestor. If the single Ja 1r of linea ia a fair aaa:ple of 

tbe total, ita ocratributiDn aust be DUl.tiplied by 2 lla + nd to obtain 

an estlma.te of the inbreedina of the whole pecU.sree. On oarr:y1JJg out 

thia mltiplicati.c:ll1, n8 and n4 diaappe r, and tbe ooef'ficieDt takes tbe 

simple form � { 1 + P A). It ia thua unneceaaar.r to eot.mt the numbtr 

of generations to the cloeeat OOI'JIII)n ancestor, but •rely to note whether 

there is a tie au1 which animal 1a reaponaible tor it. 

By detezmining the prop:>rt:IDn of all eucb ties in a 

sufficiently large mndcm sample ot a tamUy or a l:reed, a measure of 

the aveage degree of mbree<Ung fbr tha. t � or breed, can be obtained 

to as high a degree ot accurac7 as deai.red. If, for example , 60 pedigrees 

amw a tie and 40 do not, tbm tht awrage inbreeding 1a J<J' { 60 x o.s), 

i.e. neglecting the term { 1 + PA). 

Wright and llcPhae ( 1925) reco D1ed that where ancestors are 

responsible for a large number ot ti• their inbreeding ooettic1er&a 

amuld be calculated accurately eo that all of the a:p-eaaion ! ( 1 + P .A) 

1a uaed. For thoee wbl.ch occur infrequently it 1a ua•lJ,y autt1cient to 

&llli!H.U. an wzage c)egl'ee of inbreedi.JJ& equal to that of the l:reed aa a 

wtzJle at that t:ime. 

Coetn.oianta ot Relati.onablp 8/q alao be oalculate4 hoa tbas.e 

raradaa &apleo ot pec11sreea 110 that eatmatea �be adlt of direct 

relatjonahip between a large group ot ard.•la am a particular rdmal (A). 
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In this case the general fol'DJ.lla for the ooettic1ent of relaticmahip 

1 i n + n (1 + FA) 

Rn ·,..=::.====:... 
/ (1+PX)(1+ Fy) 

(Vtbere P'x end Py are the mef"fic1enta of inbreeding of t.o 1rld1vidJala 

X and Y; P A itJ tha. t of the cO!IIOOtl ancestor and n and n1 are the 

number or ger1erations trom X and Y to this common BJ�CeStor along the 

lines in the que st1on) 

beoomas 

Since Y could mve -f1 amestors 1n the generation in which A appears, 

if the single random line is a fair 5llllllpl.e, its contribution must t-e 

multiplied by � to obtain an esti.mn.te of .re� tionahip between A and Y. 

if a single rando line 

If two random pedigree lines are drawn from tbD descendent and I appears 

1n one of tbea, then R ia eatiated 'b7 

1. ( 1 + ,> 
4�======­
.; ( 1 + p ,.> ( 1 + l'y) 
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In so tar as Y is a sample ot the pop.Uation an est1Date 

ot the relationship between A and the popllation is piOVided by the 

a bow ooet'ficient. By taking a large sample of Y' s the BIVJIPirg errors 

are reduced �-i a reliable estim te of the relationship between a 

When assess� the rel.a tiorwhip of a large group to a 

pal'tioular aninal the inbreed1ng coefficient (FA) of that a.n1mal. should 

be calculated accurately. Unless these inb�eding coefficients are ot 

reasombl dimensl.ona, however, little error 1a introdlced if the,y are 

� (1 + � ) (1 + F ) A y 

would reduce to 1 + • 10 = 1.10 = 1.02. 

v (1 ... . 1o) (1 .... o5) 1.15 

w1ll be Clearly the error introduced by neglecting 1 .,. FA 
,_::;::_=====::;::::::;..._ V ( 1 + FA j ( '1 ... F Pop) 

�u if' inbreeding coeff1cients are low. As Wr1g)lt and McFhee ( 1925) \ 

pointed out the nettod can be extended to det 1"'lli..nB the relationship 

between random 1n41v1duala ot a population or between two sections of a 

breed and so on. 

wsh ( 1952) applied the above metlod ot lfcPhee and Wrignt to a 

stW\Y of the RambouUlet breed of aheep. He found the method aoout as 

accurate as ita theoret1cal probable errors 1nd1mte, it all eources ot 

ayateuatic eri'OJ!! ·wn:ioh migl\t prevent the linea from txul3 nmdDm 

are care1'ul.ly avoidecl. Ii.aab, thus, wa:ma wl'kera wd.ng the metmd to 

be continually on guard ag,Unst such a7ateaa tic en:ora. 
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Robertson and Asker, 1951 state that since the accuracy of 'the 

various esti-.tea (usi.n{t McPhee and Wright's (1925) metmd) depend& on 

the total number of ties observed, 8l\Y metrod of imreasing the JX>Bs1ble 

number of ties with the same 8JWtiJlt of labour is advantageous. 

Thi� car. be <Dne by draw1Dg out more tlBn two lines tor eaah 

anl.illlll. If the pedigree is dra\'ft'l out completely to 8 grand.pu-ents and 

a line is drawn at random t'rom each or them, thal there are 4- x 4 = 16 

p:>ssible inbreeding ties (the same ar.ces tor on both sil:e and the dam • a 

side) so that there are two possible ties per line drawn oompu-ed witb 

! a tie per line dr&wn in the 2 line method. The pel"'CelltaB)B inbreed:1Dg 

in 'hoth ca.s�ts is ! the actual tiea divided by the possible ties. 

Fowler ( 1933) in romparing the Wri�t' s Long Meth::>d versua his 

Smrt Metro<!, concluded that in breeds of relatively recent origin the 

former is more reliat,le. 

S U M M A R l: 

The cmice ot a suitable trod seems to be dependent on the 

inbreeding s,yste-. For the in'egular inbreeding system encountered with 

in liwstoolc breedi..ng. �right's Wllg l&ethod which involves the tabulation 

of complete pedigNes is _,at desirable. However,dlen pedigrees are lona 

U�d complicat , h1a Short or Appro te Jletlxxl ce.n give a su1'1'1oientJ¥ 

accurate ooettic1ent. 
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Ettecta ot Inbreed!M on Product!J! Fert'OJ.1!!ffi.O! 

There m.ve been numerous obeenations on the ett'eots ot 

inbreeding in DIN\Y species. Th1a haa been eapecially true ot Poultxy 

Populations were it is quite easy to run up tnirl,y h1B)l inbreeding 

ooett'ioients. The picture tMt has emerged from these obs6rvati0na 

has been one of great oomplexity. 

As far sa dairy cattle go this subject haa been extensive� 

reviewed by Robertson 1949. In gmera.l, ontt J' t!B.Y tbl.t the type ot 

experiments and the results they bt.ve yielded in an attempt to solve 

the problem have rot been at all 1.mpn1 &iw. Expe:rimeuts have been 

of two types: 

(a) those specially designed to get infonte.tion on this, 

and other aspects of inbreed:i.ng. 

(b) analysis ot reoorda from closed herds. 

Most of the prognurmes of delibemte inbreeding •re not 

started simpl_y to investilfl.te the effects of the breeding system, 

but rather to tl)' and pJ.Od.uoe superior inbred atook. 'lbe degree o t 

inbreeding obtaine4 t1oaa the ane.]J'aia ot recorda ot cloaed herd& has 

DOt been bigb 1n moat oaeea. 

§i!t. Vtgour and Yert&lltr 

a sigrd.tloant deoreaae in birth weight uong 

Prieaians wtnoh re 112bre4 (¥ :& 0.50) aa ••S.nat outbreds. 

(lioodllard aDd Grawa 19.)3). 1'h1a clecline -.. tna an a rage ot 

80 - 85 lba. tor outbrecl udala to 65-70 lba. tor 1ribreda. 
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Kortality 1118.8 �r ( 15;� tbr all iDbreda veraua 83' tbr all 

outbreds ). 

Little et'feot or 1Dbreedi.ng on b1rth weig.'lt •• toun4 tbr 

Jeraeys, but rether mre tor Pr.S.eaiau ( &. lbs. versus 70 lbe. tar P 

roore than 0.375). ln tbi.a same experiment alao, a decrease 1n ai• at 

all degrees of inbreeding waa found. Ther� was no aigniticant d11"1'erenoe 

betw&en outbred and inbred aniJmle, provided that the ooetN.cient ot 

inbreeding did not excee<! 2� (Bart:Wtt et al 1939). In his analyaia 

of several Friesian herds, Dioke.rson ( 1940) tates that calves averaglns 

F ::: 0.16 �oere 1q'!; lens 1n birth llreight thlul outbred calves by the 

sires. 

Too greatest inbreeding eri�ot on pi'ocklcUvity 1a the depreaa1on 

in total m1lk yield (!.a ben et al, 1955 ). These 110rkers &.loo came to the 

general oonolua1on that, altho� prolilction declines with illbreedins, 

the shape of the lactation c:urw wae not grent]3 :t.nt'l.uenoed lq inbreed1Dse 

The tine 1ntenal from tbe start ot m1l.k� their Ho1ate1n - Pr1•1an 

herd, to the llliUdJrllm piOi uotioD, d.i.d not aisJ'd.tlcant]¥ w1 th 

inbreedirJ&. '!'here waa a decl1De or 0.}2 per cent ot a1lk 71814 tbr 

eh percent imrease in the 1DbJ.oeed1Da ooetftcimt tar Brt.tiab Pr1•1Ma 

(RobertiiCil 1951.). 

Por caapari.SCG, 

are apreued u a pe 

1n P in '!'able I. 

ot t reaulta o taine4 b,J varioua studS.• 

tap cbange in p.. tor ach percent illcreaae 
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TABlE 1: 

Author lfi'eot of lnbreecti.rlg 

!Bvia and Plum ( 1952) - 0.25 

lA beD and He:nDall ( 1950) - o. 60 

Nel&a'l and Lush ( 19.50) - 1. 00 

'!Yler,ChBpmn,Dickersoo (1949) - 0.59 

Robertson ( 1954.) - 0.32 

No. ot .A.ni.nala 
a l:ove P c 0. 20 

20 

? 

14-

82 

The effect of inbreediDg on f\Lt percentage is mt olear. Sc:ae 

experiments row slieJ'rt; iDCreaaea with increaPeB in F, otbtn alight 

dlcreases, others m etteot. There i\as a a1gn1t1cant increase 1n butterfat 

test of + 0.000 per cent per degree increase 1n inbreeding. (Tyler, 

D1ckerson et al 1955). Whetmr thia rise in test is due to the m. 

negati'Ye relationahi.I& betvreen milk production and test or a concentration 

of genes for higher teat is not known. 

As tar as otber specia gp, the aama geneml depression is found 

and ms been studied in abeep (]);)n:ey 1958); pigs (MoPheeet al1931); am 

cpite extensiwJ.y 1n !Dultry (Scboftner 1948; Sohoffner and Sloan, 1948; 

Stephenson 1953 ). 

In general, aa ftlr aa catta go, the following point• U"e 

rele nt. 

( 1) There :is not DllCh fPOd datll and the wozk ttat taa be dale 
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(2) In .oat atuc!iea done there a been great variability betwm 

and thin breeds ae to the true nature ot the ett'ect. It abould be 

oare� noted here. bowewr• tmt there ia no reaaon � 1nbreed1Ds 

ahoul.d have the aaa tteot :ln dU'fe t a1tuat1or.a, eapeo1aJ.l7 betwea:a 

breeds , aince they !8.Y be geneti.cally distinct enUU•. Cenetio 

a&p!l.rati.on with allied migmtiDn ot new gees and ala> the d1f'fer.i.ng 

8.1..- of varioua breeders can make the genetic aituation dltterent UDier 

differing condition&. 

(3) Most investi�tors agree in tinding a �uction in the phenoVPic 

.an ot a cl:araoter especiBJJ.y with tho clof>ftly ootme(�ted with fitness, 

but tbe li..,ritJ' ot the depression, the inbreeding lewl at which the 

depreas�on starts. e.nd the m8111tude or the clltpNssion in absolute terDB 

is still clouded in rou'bt. 

Soo� 1nvest181itors are cf tbt opinion Ulat da.iry cattle rrAy '00 

s'-lCCessflllly inbred ,.p to an 1nbrecdJ.n& co�ff1c1e nt ot about 2� 

{Roberteon 194-9 ),as aniuals up to tlrl.s 1ntena1 V of inbreeding were 

g&Remlly equal in s:S.1.e C\1"'\d proruotive capacity to cu tbraSs. There is 

also evidence that inbreeding m33 ha•-e a sCJDe111bat lesser etteot on 

production in ran,gea up to F = o. 20 than in I'Ulgea above 1' a 0. 25 (U.ben, Cuppa, 

llea4 aD4 gan 1955 ). 

As :ntp.rda liDearit,-, the err ot or il!.breeding on pro4uat1on 

has been abown in one expe�nt with p:JUltq to be DDD-l1neer 1br 

inbreeding ooet1'1c1ents umer 2", lut •• euential.ly linear over 2!4C 

{St4pbenaon et al 1953).. lbetblr 1bia picture ot UMad.t7 t»l4a 

tor cattle populatiala 1e not ll:DDc. 
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Ii.Dscba there would be a decline in ,yiel4 ot ttbout 1/1otb ot the upectecl 

�ins per year if the lowest est tea ot mbNedl.ng' a etfeot or 

procb..lcti.on are assumed and a'bQ.lt l"rcl of the expected pine it the highest 

estimates of P on production are aocepted {noberbon 1954). 

Robertson ia, however, ass� oomplete liDearity ot effect over 

the wlx>le of F's ra.nge here, whl.oh aay DOt be neceaaaril.Jr ao. 

� and Dele�enoua Reoeaaive Genee 

J.1any reoesaiw gene beco fixed 1n the hoa:>z.ygo.ut state \l.lrlDg 

the inbreeding p1�sa. ltJxNm gema with ��a1ra'hl$ effects 'll"'8 more 

ooz:mcn in the receaaive state, oo it is not al.•\rm1ng then to f1nd mai\Y 

:mdesi.t--a.ble rece&siws (both letlnls end non-lethals) cropping up in most 

cases of lmom£ inbreeding. There m._ been eitten81w doouaenta.t:ion or these 

undesirable receaa1vea (Lemer 1944, Donald, Deas & WUson 1952, Meads et al 

1946). 

'Im!nty six JJ:thals have been reported, and the undesirabla non­

letl:Je.ls reported are �bably IX>re nWteroUD, ul tl-ullQl there han been m 

compilation ot them (lemer 1944). 

S U M A RI: 

There ia oo lete agreement by moat worlcera that iDbl"ee4izag 

ae!:Rrsely atrecte �ti.on. fJhe •smt\lde d othC' atl'UCttlal upeota 

of these etfecta are, mwver, 1n dau t. In &dd1t1Gn, re has bt*l 

�rte4 va:r.ioua reoead:ve genea 1r1 tb undealn.ble ett'ecte cropping up 111 

1Dbree41n& �ta. 
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c. 

Studies cone med nth cbmge� in genetic mkeup ot particular 

b�eds with time mve bee JlUIDel'OU.a. One 1111at, mv.ever, be oaretul 1n 

comparing reeul.ta o!' var.tou6 studies� a.a the genetic situation in o• 

pa.rtic-lllar sit�..ation nray be quJ.te different tran amther. Th1B ia tl"Ue 

between and "Pithin b�, at ditferent times, and at different plac•. 

Genetic anaqses of various 'breeds and studies aimed at elt..'Cida.� the 

bn.ed structure a:r:'e mat colll!lCil (t«:rifht 1925; Hobertson and Asker 1951; 

Fmvler 1933; Brocklebanck and Winters 19J1; :>tonaker 194}; Willl.am 1937; 

Yoder and .Wah 1937; �d 1945; Robertoon 1954; ierJer 1953; Wiener 

and Yao 1952; Barker 19�7, 1960). The nea:re.::.t approach to th1a present 

study has been to. oompni.aon 'b.Jtween the inbreed.ing &nd rela.. t lt:>nllt..ip 

ooefficienta for bulls or artificial :i.rwem:l.n.:ltion and natural mating for 

Geraan Friesian Cattle (Ianglet and Grevert 1961 ). 

A al.llll1ll&.l:') of so.oo of t.hGs studies are s.Wwn in Table 2. 
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TABLE 2: 

Year to Inb�2§ 
Breed atudi.ed which P 

oomp.rt;ed Total 

Britiab Shorthoma 1920 26.0 

Aynbirea (Gt.Br1ta1D) 1927 5.} 

ft:)latein Fr.l. ea1an (u. A.) 1931 4.0 

Dram Swiaa (u.s. A.) 1929 3.8 

Heretbrda (U. S. A. ) 19}0 8. 1 

Aberdeen AJl318 ( U. S. A.) 19}9 11.3 

Jerseys (Gt.Britain) 1925 }.9 

Telemark (Norva,y) 7.0 

Brown Sriaa (Switzerland) 1927 1.0 

Priesian (Gt.Britain) 1945 1.21 

Red I8n1sh (Delmarlt) 1951 11.2 

Polled Heretbrd (Australia) 1950 1.8 

remote tea 1n .,.. bne4a than 1D ot n. 

� (191.6) tbat PIN bree4a ot Uwa loee, OD 

Ri per 
generaticm 

o. 6 

0.5 

O.lt. 

0.5 

o.6 

o.;s 

0.2 

0.5 

0.2 

0.2 

1.6 

o.;s 

Au thor 

llcrbee A Wrigbt 1925 

Fowlee 1933 

Wah et al ��36 

Yoder et a1 19J 7 

il.l.ham et al19J7 

Stonake r 1943 

Smith 1926 

Berge 19.30 

Soinchetti 1935 

Robertson et al 1951 

Robertson & Jlason 1951.-

Balbr &: ID v 1960 

ration with 

awrage, about o." 

} 
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ot their heterosygpsia per generaticm traa iDbroediDg aloae. 

r 
The tem 2 (where r ia the a vera 

-r 
meabers of the breed), 1a a autficientlT aoouate e tmate of the Inbreeclillg 

expected under conditions of .randaa t1ng, and finite JOpul.ation aize (hlsh 

194.6). 

'1he ratio Inbreeding, Fot.q!d ao tu.es call«l tat "Index ot Inbreeding Expectecl 

SUbdivision" (Luah 191.6) gives an estimate of the tendency ot a breed to 

subdiri.de into partially iaolated gro1o3pe or 1" Uies. F�m the a'tcve studies, 

onl.,y a RDderate t.enderoy ia ah:Mn for breeds to 180late in this IBIUler. 

Langlet and Gravert (1961) calculated inbreecJing and rela�p 

ooetrioienta for }56 bulla ot Art1t1oial InaeminatiDn and tot• 159 bull,. !tf 

natural. mting :for Gel'III&D Friesian cattle. They •re desiring to aee whether 

w1 th the great increase 1n Artificial Breeding which occurred between 194.3 to 

1960 ( 1� - 66% ot all cows inaeminated), whether the breed was being split 

into particular lines. Their results are srown in Table 3. 

TABIB 3: 

Inbreeding aDd Relatkmahip tbr bll1• ot 

Artificial Insemination and Natwal Matil'!g. :in Gel118D Fr.leaian 

ea tu, 

Bulla of Art1f1ci.al 
lnMPd natioD 

Bulla ot tural Service 

RelaUoollhip 

o.78J' 
------------------------------------------------------------------

1be \love authors ccoolua.cl tl'all U..e ·reaulta t t "inbnedina aDd 

relatioll8hip can be regarded aa uni.llp)rtant 1D all caaea and oo DOt amw an 

undeairable lBI"1'0Wing o t the blood 1 ••". 
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Aa tar aa Jlew Z land ia ooDCemad va.rioua workers have 

investigated stiUctu.ra.l and genetic changes of the Jeraey Breed with 

time. (Jhala 19.52; Pahimuddin 1952; Stev.art 1952,195'+-• 1951 ). 

Jhala( 1952)and Stewa.rt( 1951.-)a.mlysed the breed at 5 yearly 

intervals from 1905-19.50. Total inbreedi.ng relative to 1395 aa zero 

was divided intD three }*rts: 

(1) Current Inbreed1p.g:- due to relationship in the Parental 

and GrandJ.1U"81ltal genezationa. (Sib or :Alrent ottaf.rl.D& 

Mating). 

(2) Lop,g te inbreeding:- due to relationship of important 

anirrala tot he wl'X)l breed which are likeJ.y to ar.pear beyond 

the gram pe.rental gene IB.t ion in both the top and tot tom h81 wa 

ot th pedigreea. 

(J) 'l'he inbreeding due to the aeperation ot the breed into atraina -

Strain lnbne4inJz. 

Est1mate.$of Current Inbreeding were calculated from eight line 

pedigrees or an a dra� at ranc)om tro tbe herd book. Non-current 

Inbreeding (comprising I.Dng Te Inbreeding an Strain Inbreeding) waa 

mde from 1he eight line pedigree after aD1 iOn ot the Cun-ent Inbreeding 

in them. 'l'h1a -.a est�ted by the od1t1aation ot 1Jr1ght' Short Method 

aa explldned by Robertacm and Aater ( 1951 ). · lmlg ttena Inbreeding waa 

eat1���ate4 � the uae ot tm folWUla 2 r (Jmah 1946) where r ie tm 
- r  

average relatianahip bet n aniala cba 

Subtractioo ot lDDg 

t ran4c:a from tm breed. 
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These authors ahowea where Total Inbreeding referred to 1895 8 

zero has remamed un11brm at aln.lt 2i"' It one takes the g&ne:r.ation 

interval tbr New Zealand oowa 8.8 alx>ut 5 yea.ra (Fah' Qi1n 1952). then 

th18 ie equivalent to an increaee per gene .Pltion ot about 0.2 - o • .- 1n 

th Inbreeding CoeN'ioient. Prior to 1920, Long Term Inbreed.ing, cile to 

tbe relationship of individt.al animala to the breed ea tbe 1110at �rtant 

component ot Total Inbreec2ing. Between 1920 and 19j0, Current lnbreedin&, 

due to rel.ationahip in the parental and grand.parimtal gf!flerationa, baa been 

the m:>st iJIIIOrtant. 

The Jersey Breed in New Zealand 1a divided 1n1o a veral strata 

(Fahimuddin 1952; Stewart 1952). The top stratum conaista of a 11 aelt 

contained grcup at herds su.pp13ing sires to each other and to herds 1n any 

stratum below it. '!'he second st:ratt.m obtaina ai.res from the top strat 

only, but supplies sires to herds in aqy stratlllll below it. 'lt.le third 

stratum obtains sires from either of the top two strata and supplies sires 

to herds 1n a !\V st rat La below it. These authors tbua picture the w lX>le 

Jersey Breed being graded up to the top at�&.tlll, and d1ffere11ces between 

herds in the top and lower strata are largely detemi.ned by �.,te number of 

atra �a through. which genes have paued. 

Thia tunotl.oml stratification 1a DOt peculiar to the New Zealancl 

Jer&ey Breed and is rep:>rted la _.. 1n the literature (lAsh 19l.,6; 

Wiener 1953 ) ft>r other bree • 

8 U )( ll A I 1: 

Inbre d1Dg and elllti ip coetfialellta repartee! 1n moat atmies 

w been ral.lJ' aall. Tbe inona.• in iDb dlng ooetficlenta per 

c ratiOD. bu aleo rel.atiYel¥ UDif'ora and U 1n .,at atudiea. 'lbe 
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CHAPTBR U1 

So\ll'Ce or I?ata 

The data used 1n thl8 stud)- mve been collected horn two 

sources. 

(a) Unproven :Bulla used in Artificial Breed1na, 

'l11e New Zealand �� Board '  8 Artificial Breeding Catalogw. 

(1960), and its suppl nt have a oollll=lete list of �ea ot the 

Unproven Jersey Bulls present at Newstead Artit1o1.al Breeding centre in 

1960. This fol'ID8d the source of data as far 1:18 the canpi.laticm of 

pedigrees were comemed. Such pedigrees we.te traced to the great 

grandfArental �nerationa. 

There were 251+ t.atproven b.J.la at the centre in 1960, ot 

which 1.31 were in use tmt year - tbe rellflinder a ting proofs. 1beir 

age distributJ.on 1a smwn 1n 'J.'abl.e 4. 

TABU: 4: 

Age Di.atribution of Unproven Jer '7 a.ala 
at Newatead ( 1960), 

Age ot Bull Ill..: r pntaent 

1 8 

2 19 

' 22 

4- 44. 

5 85 

6 :M 
Total: 25j=_ m=-==-=-- -
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(b) Youna Bulla not uaed 1n Arl11'1c1al Bl'!!41ryt 

The sample of JOUI'l.g b.llla not teed in Artifidal Breec11ng, 

but about the S8JD8 age distrlb.ltion aa the Art1t1o1al Breed1ng oma, 

waa procured by Herd Book aamplins. To obtain a tiaraotor,y r8lldom 

as.aple of bulla which \\OUld aene aa a. eoum. baaia tor canpariaOn 

with the 254 \:ulla used at the oentre,it H d the follow1• facta 

aoould. be kept in mind. 

( 1) The sample ab:>uld be at leaat equiw.lent 1n numbers. 

(2) The age distribution should be awro.x:imatel.,y the same. 

Bearing theae prerogatives 1n m1Dd ,  a total of 250 bulla wel1t 

sampled from the !wrd books oonoorrad and tbtir peUgreea traced to the 

gea.t gzandparental generations. Piacl'er a Dl Ya.te ' ( 19.5.3) 

Ramom Number table a were used in the sampling. 

The age distribution of thP. 250 bulla sampled are aholm 1D 

Table 5. 
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TABLE 51 

Age of Bull Number Present 

1 15 

2 15 

3 18 

4. 4.5 

5 80 

6 n 

Total: 2.50 

These tw samples of bulla were tested fbr Homogeneity by tbe 

uae of a Cont�ency ble aDd Chi-square diatrib.ltiDD by the metl':Dd ot 

Snedeoor ( 194.8). (s e Appendix I for fo101'id.ng) 

The/ 2 tor 5 d.t. = 1.6_,90, wtu.ch waa Ron-aiiPlit'1Dant (the J 2 

for aipiftoance e.t the '1' level l'eina 11.07). 
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Thia aempl.e ,  lthoogh a reaaonably aouDd OM in the llgbt ot the 

abow requiranents, suffers from the c11aadvantage that 1t 1s oertainl,y 

not a random eample ot mn- Art1t1cial Breeding bull being used in the 

1ndustr,y • 

Certai.n herds have a greater im.�ct on the ind.lstry tlan othEil"&, 

as their sires axe d mre extenaiwl,y (Fahimuddin 1952). Hel'¥)e, tor 

a [;&�Dple to oo indicative of the bulla being used in the inWstry, some 

e1gllt should be attached to 

(a ) The size o f  the doua studa, and 

(b) SO. qt.anU. tat1Ye 8Ur8 or the relatiW importance of the riows 

studs in Spl"eading genes throughout tl'e industr.y. 

It was t'bund 1110st dirticult to incl� these pwrogatives 1n 

sam� The use or bllll sale catalogues �o assess (b) was attempt ed, 

but it was soon realized tt�t probahl,y aa an.y or even aore b.lll salea are 

pri'Vnte as are public. The biaa introduced, mwever, amuld not be a 

lArge on since mst of the gems within the industry am oc:aiDg txom a 

""'ftt.ir]J 11 nuoleua (Stewart 1952). As he states: "bre 1a a top 

atratlln or pedigree breeders whl.ch eonaiata or a anall selt oontai.ned 

group of herda sup� ires to each other and to herds 1n y atatum 

below". 

Tbe sample ot non-Artitioial dq bulla is, there ton, autn.a:t.ent 

tor oomplriaon th the Art1t1oial Bree41Da , altb:)\lF it DOt 

entirely retl.ect the exact stnJCtu19l p.ttern ot the -AnitiDlal. din& 

bulla in the induetZ7. 
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MotlDds ot A!e1Yaia 

Coeff:l..cislt a of Inbreeding d Rela tiDNihip baTe been calculated. 

be.ck to tbt great-granclJ&.rental generation by uee o t  right ' s  tong Ketmd. 

as explained earlier. The Inbreeding Coeti'1c1st of a COIIIIICXl anoestcr 

{FA) has been allocated 0.02.5. This fi.azoe seems reaaonable in lieu of 

Stfraart ' a  1954; Jb:Ua' a  1952 figure Thine TiOrlters a}l)w where the 

Inbreeding in the Hew Zealluld Pedigree Jersey Breed nUa. tive to 1895 as 

zero he.a In case an aninal has no co n 

ancestor in his sire s and dam pe41gree up tD the great-grandparental 

genere.t.k>n, the inbreeding coeft1c1.ent ia llocated aa zem . The ave.zage 

relationship oce Mcienta 1br the sample are oalJJulAted. The f1rat aniaal 

on tm list 1a checked w1 th, y, 253 othera tor the 254. em mal aampla. 

tbt seoond with 252, and t m  third with 251 ,etc. The relationabip 

coef:t'ial.ent for eac h  cf the canb1nat1ona i s  added and the wsult ia  

divided by the to'tal poeaible amJunt o f  oombi m tiona to give the a veroge 

relationship ot all bull s BDIOilpt the group. Por example, 254 bull a would 

haw 3 2, 385 rossible oaabinationa, AI'Jd 250 bulla wwld haw 31 , 315 possible 

combinations { xaluding that of the bull with itself). The two groupe an 

tested for differences in the distribution ot P by the use ot Chi-equare. 

{ Snedecor 19�). 
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CHI\Pn!R IV 

RESULTS AND lliSCta')lON 

Of the 254. bulls pre sent ,  only 2} were Inbred w1 th Inbreec11ns 

Coeffl.cients ranging fn)a o. 0.}20} - 0. 19218. 

Average Inbreeding tbr 23 • 0. 0724 

" " whole sample • 0. 00656. 

The number of bulla in the variOus ranges ot F are atown 1n 

Table 6. 

TABlE 6: 

No. of Bulla 

8 

10 

3 

2 

Number of Btlll s in variQla l"BBlgea ot P 

P' a Ranat 

0. 01 -

0. 06 -

0. 1 1  -

0. 1 6  -

O. Oj 

0. 1 0  

0. 15 

0. 20 

Thua ap�t q 80% ot bulla acttally inbred are below P 

leyele ot 10J'. ODly 2 'tulle emeeMd 1 P lewl , the higbeat in& 

lUlpaa Opala' Preat1ge ( I'd Book 2lt.9.505) w1tb an Inbreeding Coef'tiDient 

ot 1 9%.  lnbreed»1g coe tt'!cienta ot bulla "per ae "  1a ot little 

a1gnit1C61J0e a1noe IDbreedi.na 1a not a bered1 tary tn.1 t, but auoetul 

amination ot row auoh coefflc1anta am .. can give a lQ.lill yardstick 
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ot pmrel bree� practioes and will certainly give aoJIIJ 1ndlcat1Dn ot 

bow inbreeding trends could a:> in the long run 1f present b:n.eding JraCtice a 

are DBintained. 

A hiiJU.y inbred grrup ot rulle in an i solated set-up will lead 

to greater inbreeding ot progeny than otherwise . 

The eight bulla in Col.l&nn 1 abow , a10ae as a rvsult o t  taving 

the same tlnimal aa a ptlnisire and greato-grandaire on the sire and dam ' s 

side respectively. Tbt three 1n Column 1 came a'tx>ut by the mtiD& ot 

Pate:rml Half Siba. The last 'tJvo aro e aa a reault of P'dtemal Hal.f Sib 

Jll8.ting, plus ll contributions due to the first tW> type beiDg 1ooludlt4 

as ell. lnb�eeding d.Je to aniDala having oo_,n great-grandairea in both 

linea , is as frequent as tl'Bt due to animals blving t he  same indivi.dual ae 

gra.ndsirea, as well as great-grands1rea in tl1a two linea. Inbreeding, due 

to Patemal Hal f  Sib mating, is &Clllll)'t\bat amall.e r. 

�reedig, aDDM!t l!on-Art1t1o1al !ree41ng Bulla 

O f  the 250 ranooml.7 chosen bulla, 30 we� inbred with P values 

xangi� from o. 03 203 - 0. 1 601  .}. 

Average P tcr the :SO actually Inbred = O. Cf14.73 
" " " " whole mple • O.OCJ397 

l:ler ot bull s in the various lawl a ot F are ehOIID below 

1D Table z. 
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!blber of Bull s in the various l'Nl•a ot P. 

No. o t  Bulla P ' a  Renal 

1 1  

1 0  

8 

1 

0. 01 

o. o6 

0. 1 1  

0. 1 6  

0.05 

0. 10 

0. 15  

0.20 

As in tbt Artificial Breedina sample the largest group ha.a 

values less than 1� F. '!be awraae inbreeding ooet"t':W1ents for the 

two grouJ:a are ar.pl'O.xi tel.¥ aim:Uar, and the t,n:ea of t1ngs gl.ving 

rise to the Inbreeding again show tha sane trend with the greatest 

tr&quency in the first two columns. 

S U ll M A R Y :  

There ia no great dittereno between the two groupe aa regards 

er 1n which each aroae. InbreediDg 

ooeft1ci.enta are, in geaazal, quite low. The test tbr dit"te:nmcea in the 

'( 2  . )( 2 
d1atr1bution ot 1- values tor these aamplea 1a Non-eipiftcant. {.A /' 

ot 2.439 be� obtained and OM ot 5.99 beiDg :required tbr a1gnit1carce at 

the � level). (See .Appendix n ). me, aa ftu- aa i.Db d1ng lewla fP• 
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Rela.t1onah1p amooost Unpn?VSD Artificia� Breedi.ng Bulla 

There were 246 of the 254. lu ll s  or 97% which ha d  relatives 

within the groups ( i. e. only eight were unrelated to any others in the 

group) . 

A�rage Relationship amongst 246 that were Related = 0. 0073.56 

" 

TABlE 8:  

" fb r  w hole sample = o. oo694 

Table 8 shows the intensity of' the Relationship 

Intensity of' Relationship amongst Unproven Artificial 

Breeding Bulla 

No.of Bulla Related to other AniDala 
Sallpl.e 

8 Mom 

79 1 - 10 

1 01 1 1  - 20 

47 21 - }0 

1 6  }1 - 40 

' Owr 40 

in 

Of the 246 � lated bllla, 167 ( i.e. ) were rela t e4 to more 

than 11 other aniDBl.a iD the gl'Qlp. O!Uy 1{. ot the 246 related aniDBl a 

were, wr, related to unre than .30 otherft in the group. 
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There were 1 16 of the 250 bulla or 4.7% wllicil ha4 relatiwa 

w1 thin the group. 

Average Relatioruship �t the 1 1 6 that -.ere rel.ate J ::: 0. 0044.9 
" " lllhola swnple = 0. 00096} 

The intensity of tre RelA ti.onship ia sh)m in Table .2. 

TABlE 9: 

1Dtena1t,y ot Rela t1DD8h1p 8111011pt UnpiOWn Non-Arti.ficial Breeding Bulla 

No. of Bulla Rela ted to other aniaal.a in group 

1 .)4.  0 

82 1 - 10  

8 1 1  - 20 

6 21 - }0 

20 }1 - 41 

Of tbe 1 1 6  ani.IIBl s,  only }4. ani.DBl. a  ( i.e . 2 l here, aa oompared to 

68,( in th previoue sampl.e, wexe relate d  to mre than 1 1  other alllm8ls in the 

grol.lp. 2 of ammal s wre related to over 20 ot blra as 0CIIlpu-e4 witb 2 in 

pre't'ious eallple. A greater percen • ot the ammal.s related to aore than '0 

other&, l'Dwwr, uiata 1D the non-Artiticial Breed1ng sauple ( 1 v. a,b ). 
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S U M M A l< Y :  

There a re vast difference s i n  average relat1.onahipa anvngst 

both samples. The structural malceup of auch rel.a.t:iDnabipa also differ 

to a great atent. 'lbeae differences aze bigbl.y statistically aigniticant 

( 1% level of sigrlitioanc ). (See Appendix IU ) 

lbnbers and Size a of Pateraal. Half Sib Grwp 

(a) Art11'1cial Breeding Bulla 

One hundred ani ninety-one of the ;n..6 anirml s tta t were related 

in the Artificial Breeding Sample were u.embers of the &l f  Sib groups. 

The numbers and size s of such are seen in Table 10. 



- 35 -

TABIB 10: 

]!ullbers and Sizes of :Patenal Hil).t Sib Grou11 !lf!'M•t 

Artitiaial Breeding Bulla 

Size of � temal Hal f'  Sib C:.roup!5 

• 2 

} 

4. 

5 

6 

7 

8 

9 

10 
1 1  

1 2 
13  

14. 

15 

16 

Total I 

No. of such gl'OUie 

10 

1 

1 

1 

1 

1 

-

1 

Al:olt � ot the uuprov Artitici&l Bree<11Da bulla •:re llllt1Dbezoa 

ot Pate.nal Halt Sib grcupa - size 5 or ..-e .  '.rba group• 1n pt�eran� 

was tmt of ll1&e 2. In addition, 2 aniuale wen tull aiba. 

• �feMe that 2 anial! haw a OODirm1 ain. 
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(b ) Nca-Artiticial Breedi13g Bulls 

There were three grrups of two Pate rnal Half Sibs in the non-

Artificial Breeding group. 

The bulls mving the greatest nl..Ud:ler of aona in the Artificial 

Breeding ac h  e are smwn in TaBle 1 1. 

TABlE 1 1 :  

Bulls with greatest numbers of soos in the 

Artificial Breeding Se� 

Bull Herd Book Number Jlo. 

Pampa. Mogul 192828 

Jersey Glc Stora 1&..10} 

J.,a.JII)ma �iDor 1 79685 

Clenmre Royal Guide 202}4.8 

Sproston Pal ' s  Ensi {fl  1 76291 

of scma 

16 

1} 

1 1  

8 

7 

The relationships of the yoUJJg bulla ( i.e.  sons o f  b ulla in 

Table 1 1 ) to the re st  of the group az-. iaportaRt siDce , if' this relat ionship 

is high ,  U• greater is the probabilit, of an Artit.lcial BreecliD& bull 

being mated to the daughter of a fairq close relative giring rise to 

inbreeding. The aw l1lge relationahip coetricie nt o f  a acm of tbe abcwe 

differeDt bulla to the wl'Dle Artiticial Breecling sample 1a ccmputed.• using 

onl,y that part of the relatX>nahi.� cauaed by the .JOUD8 bulls '  airea 

(Table 1 2 ). ODe 1a t ta.  able to a the � of aJ\Y one line .angst 

young Artiticial Bree41ag Bulla. 



'fABLE 12 :  

Artificial 
llr.-di.Dg 
Bull 

1 .  Auchenhove RewaN. 
(Herd Book 2.545a! ) 

2. Xerivale Superio r 
Stom 

(Heni Book 24.}4.60) 

}. llas f'ey Minors Ia.rry 
(Herd Book 2}5}20 )  

lt-e Whaka Hild Viaero7 
(Herd Book 2}54-73 ) 

5. Coldapri.Dgl Empemr 
{Herd 13oolt �342) 
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Sire A•.Relationship 
to other A.B. 
Bulla in 8811lpl.e 

Paapt.a Mogul o. 02001 
(P..e1'Cl Book 2 10<:26 ) 

Jeraey Glea Stom 0. 01 }1 0} 
(Herd Book 1&..1 0} ) 

Lamorm �ilx>r o. 01}15 
(Herd Book 1 79685) 

Sproaton Pal ' s  0. 01041 
Enaign 

(Herd b k  176291 ) 

GlenDDre Royal 0. 01 525  
Guide 

(Herd Book 202}4.8) 

Total No. 
ot AniDie.l a  
Related to 
ill group 

28 

18 

18 

}1 

Size ot 
Patemal 
� Sib 
group 

16 

1'  

1 1  

7 

8 
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Bulla bavi.ng the gn-a.t��t nuro1--er of Pat erra l Half Sibs in the 

group a re  also re1I1 te d  to a large nurnher of other anina la in the s ame  

group. The bull - ''Coldspring; Rmperor" ( Column 5) - tar e:xample , haa 

seven Paten1al Half Sibs in his group , and is related to .34 othsr bulls 

by otM r relaticmi1ip rout.es through �ternal conne ct -ons. 

The grea t-granipu-ental and ll""�dparental an:: e stora on the sire ' s  

side of ti.d.s bull is :re spoosible ft>r nearly all of the twency rolls \>'hi eh 

were related to j- 40 others J. n  t.h e  non - Artificial Bree ding BX"OUP l see 

Appendix fo.L· }eOJgree ). 

Dunlann Excellency, hia gent-grandaire , and Glenmcre Royal 

Vagabond, his grandsire, mve been responsible tor mat relations in the 

non-Artit1cial Breeding group of bulls as •11 . 

S U M M_Lft...!: 

O f  the young unproven ,s.,rtificial Bree ding bulls,  about ]fjj, ha w  

one or IIX>re Paternal Hal f Sibs in the gro up. Only three Pate mal Iialf 

Siba ... � re  found in the 91lDlple of non-Artificial Breedina bull • Artificial 

Breeding l-ulls in the larger Paternal Hal f  Sib groups were also related to 

many other amnals ( a.rart flan the ir  Half Sib mates) in the group. 
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Relat�onships of the lnbred Bulls 

The :.lat ionsbi� amongst inbl·ed bulls is important, sinre � 

the a�estors of a particular bull is i nbred, t hen the greater will be 

the inbreeding in the p rogeny. It wna ,  t he re fo re ,  d.eexr.ed neccssa.ry to 

see row highly related one particular inbred bull was to the re st of 

the group, and al so  row many other inbreds this bull was relat ed to. 

( a )  Artificial Breeding Group (?) �nbred.s} 

Table 1] shows the relatio nship between each ot the 

2) inbred b ulla am the wh::>le sample of bulla in the Artificia l Breeding 

group. 
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TABLE 13: 

Relationship of Inbred 1tllls to Group as a wh:>le (Artificial Breeding) 

fto. in A.B. Av.Relationship Inbreeding Ko.ot AniDala lb. of other Inbreda 
Catalogue to the wmle Coetf1o1ant Rela ted to in Related to in Sample 

sample Group 

532 0. 00688 0. 1 601 5 31 3 

556 0. 00068 0. 0320.} 2 Nil 
563 0. 0001 2 0. 06406 1 Nil 
572 0. 01396 0. 1 281 0  30 2 

.591 0.01420 0. 19218 28 2 

596 0.00942 0. 06406 32 3 

606 o. OOi58 o. 06J..06 1 7 1 

618 0. 00158 0.03203 10 0 
624. 0. 00751 0. 09609 21 3 
655 0. 00669 0. 064.06 17  1 

673 0. 00.}25 0. 0}203 14 5 

681 0.009§9 0. 06406 34 3 

682 0. 00561 0. 0}203 30 0 
1C/5 NU 0. 01 281 0 M.l 0 
720 0. 00296 0. 06406 10 5 
146 0. 00229 0. 064� 1 3  5 
7r:IJ 0. 00707 0. 0320} 25 5 

751 0. 00732 0. 03203 27 5 
757 M1l 0. 06406 Nil Nil 

780 0. 002}3 0. 1261 0 3 2 

781 0. 00216 0. 0320} 3 2 

782 O. CXl277 0. 06406 15 2 

794. o. CX>67�t- 0. 06406  33 7 
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In geMral., trom Table 1}, mat of t ha  inbred bulla have a 

l!llCh lower coefficient ot relationsh ip to the other grcup ot bulla than 

doe a the average bull in the sample ( 1. e. where r = 0. CX1J ). Only t., 

inbred bulls , No. 572. (Pampas Masterful) and No. 591 (Pamx:aa OraJ,a' �atige ) 

8!-.:.aw a uu:h greater relationsh ip to the wrole group than the average bull 

of the sample • The pedi�es of th�e b<.l.la are sh:>wn in the Appendix. 

C f the 2 .}  Inbred bulls in tbe Artificial Breeding group, six 

were unrel, . t  �, - ,  nnne d' the other inbreds in the group. Of  thia 6, two 

were al oc  �"C. l ... t� t.o the other animal s, t1110 v.ere related to a very suall 

number of sample ruu.nn la, and two others to a substantial number of aaq>le 

arumala . A ll ,  but tao (Nos. 780 and 781 ) , of th e resJB :i.ning 17 inbreda were 

related to a large n.unber of other ani.JMl s in tlle group. B.ull No. 794 ,  "Tane 

Pbilli.f&' s Sambo (Herd lbok No. 265.}t)� ) YAis related to 7 other inbreds and 

to j} other ani.Jmls in the grwp, but the relat ionship is not hiiP. 

Relat1.onshiw 8.1D01lfi!t Inbred Artif'icial 'BreediDg Bulla 

,!able 14 ahowa the relationSlip amngat the inbred bulla whe n  a 

relationship cX>es exist. 
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TABlE 14.: 

Rela tionllhip Between Relat ionship Coef'ficimt 

532/�6 0. 28827 

624 0. 28416 

681 0. }60}8 

572/591 0. 44142 

794 0. 18841 

591 /794 0. 227.56 

596/624 0 • .}7072 

681 0. 25584. 

6<::6/655 0. }1 607 

621./681 0. 28172 

67}/720 0. 1 3751 

750 0. �207 

746 0. 0}0'",..,6 

751 o. 01 .50+  

794. 0. 0}056 

720/746 0. 01 5a.. 

750 0. 03056 

751 0.0}056 

794 0. 0}0.56 

750/751 0.34.139 

794 0,03()56 
751/791+ 0. 03056 

780/781 0 • .}1 169 

782 0. 31886 

781/]82 0.30561 
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Average R.elatl.onship aJIDDB!t all Artiticial Breeding Bulls = 0. 01 7� (Inbred) 
Averoge Relationship amongst the 17 tbl t were re la ted  = 0. 03165 (Inbred) 

In gene XBJ. ,  there are tv.o distinct types of relationships ruoongst 

the inbred bulls. 

(a ) Those which are very hi l?)l.zy  related when a relatio nship exists 

( i. e. R > 2-") of which there are eleven. 

(b) Those which are veJ:Y poorly re lated 'n hen they fhow '�Y relat1onship 

) of whi.cll the 1:"8 a re nine. 

·rhe l:i.Gmst relat ionship be tween inbred b�lls is trot of 44;'t1 

between Pampas Maste rful (Herd Book 242666 ) ani Pamp1s Opils' Prestige 

(Herd Book 21 .. 9 50)) .  The se are the same inbred bulls teving the greatest 

re.la tianship to all the o ther bulls ('ooth wbred and outbred )  in the sample. 

(B ) Non-Artificial Breedi.JE Group ( 30 lnbreds) 

Table 15 sbJwa the rel.a tionsbip o1' inr,red 'Lu1ls to the group as 

a whole (Non-Art1fio1a l Breeding) and Table 1 6  shows the relationships 

a111011gat the inbred bllla thamselvea . 



TABLE 15: 

Herd Book 
No. 

224967 

22.5606 
226614 

226856 

2277r£J 

230616 

231.588 
2}1696 

232188 
235964. 

236178 

236561 

23(;786 
237Clt2 

237521 

240099 

241 632 

242667 

242943 
241.63} 

24.521 1  

2)9124 

253972 -

25lf.514 

255237 

255}73 

24.7152 
24n44 
248524 
251221 

- ,.,. -

A: rage Relationahi.p! of Inbred pon-Artitioial Bnec1i.Dg Bul1• 

to the Group aa a !bel • 

Av. Relationship InbreecU.D& ND.of Aniaala No.of other IDbreds 
to Group aa a Coetf'1o1eDt Related to in Related to in Saap1e 

fix) le Group 

0. 000063 0. 1 2810 1 

0. 00216 0. 061..06 9 2 
0. 01 281 0 -

0. 0011 ()4.  o. 0}203 � 2 
0. 001 76 0. 0 1281 0  6 

0. 000753 0. 06l..06 8 
0. 064.06 

0. 00038 0.03203 2 

0. 06406 

0. 00618 0. 00,.06 32 4 
0. 0}20.) 

O. ooa..4 0. 03203 5 2 

O. OC4&J  0. 0}203 8 1 

0. 001at. 0. 1 601} 5 2 
0.03203 

0. 06406 

0. 000}2 0. �06 6 3 

O. OCIJ57 0.06406 7 1 

0. 00075 0.03203 4. 2 
- 0. 06406 -

o. ()(X)96 0. 12810 9 2 

0. 12810 -
a. o61.06  -

0.00088 0. 061..06 12 1 

o.006o0 0.06406 }} 4 

0.00601.. 0.0)203 3J ,.. 
- 0. 12810 -
- 12810 -

0. 1281 0 - -
0.006Q) 0.03201 '' ;.. 



TABLE 1 6: 

R.ela uonahip Between Relationahip 

Bercl Book lb. 225606/2.36561 0. 09167 

" " ,, 225606/24.521 1 0. 1 7}92 

" " " 226854-'237042 0. 14636 

" " ., 226856/21t-784.3 0. 0'7)37 

" " " 2}.5964/2�51 4  0, 01 5Q.. 

.. " .. 235961./255237 0. 0451 5 

" " " 235964/255373 0. 04.583 
,, " .. 235964./251 221 0. 09167 

. .  .. " 2}6,561/245211  0, 1 1874 

.. " " 2}6786/242667 0. 061 12 

,, " " 237<».2/242943 0. 20591 
,, " " 241 632/255237 0. 06019 

.. fl " 241 632/255373 c. o3056 

" n " 2416}2/251221 0. 03056 

" " • 241632/251221 0, 186o6 

.. " " 255237/255}7) 0. 1 5279 

tt .. " 25�37/251221 0. 062.07 

AY ,Relationeh1p !fC!WBt the 14 that an Bel& tec1 - 0. 014&.-7 
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Table 15 ancl 16  abo-.. that a large •ount ot inbrecl bulla .m. a 

Dlch gr-eater relation to the other bulla 1n the sample than the relat iollllhjp 

�own by the average blll (where r • 0. 0009 ). In some caaea, tbe 

relatiant!!hip of aoms of these inbred bulla to the wmle sample ia a mudt as 

sewn timea as great aa tbe average bull. O f  the }0 inbred bulla -

12 were totally inber1ted • 

4 were Relat ed to other lulls, but mt Inbreda. 

14 were Related to ther bulla, inaluding Inbreda. 

Thua, the inbred no�Artificial BreecU.ng bulla aeem to be in two distinct 

linea - one li.Je with little or no interrelat ionship to the group aa a whole, 

and am ther closel_y interrelated line. The relationship amnga t  the inbred 

bulla theaaelns are all ftlirl.Y sma ll  from Table 16. 

S U ll )( A  R Y: 

Both aamplea ot inbreda are DOt cloae l_y interrelated. The 

Artiticial Breeding inbred bulla oonaiat ot au�p w1 thin which 
rel.ationahi� are extre ly high, and another in 11bicb relationahi:ta are 

very la... 



The most i.qlortant t.oint abwt tbe inbreeding aDd nlationah1p 

coetticients tor both samples ia that tmy are extr.ely small. 

Ste.rt ( 1 951t.) gl.vea a tian-e ot 0. 64' tor Current Inbreecling in 

the Wew Zea.l81ld PeQigree JerM3 Breed as a't 1950. The figures obtaiDecl 

here suggest that the ri sa  of inbreeQi:ag in tbia particular breed haa been 

ex.tralle]¥ ll in the past two genera.tiona that ha w  elapsed aince that 

cJate. ,., 

Artit1cia1 Breeding, as such. doea not appear to be cauai.Dg 

gr&at ireree.Ms in the inbreeding levela. 

The pattema o r  mating giriDg rise to tbtse illbre din& coetficienta 

are appmx:imatel.y a:imi.lar in bDth caaea. Inbree ding due to animals having 

comnoo grea.t-gr&Ddsi;n,a in l:oth linea ia aa fl:'equent as that dUI to animala 

having the same individual as grandsires, as well as great-granclairea in the 

no lines. lnl)reedi.T.lg due to "Paternal Half Sib lt tinge ( i.e.  cou.cm grandsires 

in both line s )  is somewhat sa.ller. There is• however, JDOre of this 

particular type of inbned.ing in the non-Artificial Breeding group of bulls .  

This 'IIIA:f indi.cate that acae Ped� breea.ra are till tollowmg a aliS!t 

line breeding policy. This tact sii)uld not· be gi'Vell too much credcce, 

bow4Ver, 111 view ot tht -.11 aise ot the a plea imol wet. aD4 also 4ue te 

the flt.Ct that there are more iDbrecla 1A 'the DD :Artit'icial. Br:'Mtillg gl"Qlp 

(30 veraua 2)). 

Although both aampl.ea baye 11 average ooet"ticienta ot 

relationabip, t Artiti.d.al Breeding e ahDwa a awch greater coef'tic:ient 

thaa the IIOA-Art1f1cial Bree4ilc SaaplAt. 
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The f'act that the inbreeding coef't1c1ents tbr both samples show 

closer a.gnemnt inmedia. tel3 si8Jlit'1ea two poasibUi t1 : -

(a )  Non-Art11'1cial Bn e4ing  bills h&.ve within them a group which 1a 

ID.ldl mre close]¥ relAtoo than the Art1t1cial. Breedi..ng bulla . 

(b) There are ri.thin the ron-Artiticis.l Breeding grot;p certain wU 

de fined llnes whl.cb, a.ltlx>u,E'jl highly inl:.red in themselve s, smw 

little or no relationship w the rest of the group as a llilole . 

Both the pouibt.lities seem to exist. By closer e.xamination 

of the intensity of .rela.t ionshi.ps ( Tal lea 8 o.nd 9 ) ,  it is seen tbat the 

percentage of Artificial Breeding bulla related to nore than }0 others in 

the grcup is less than half o f  the corresponding f'i� for non-Artificial 

Ereeding wlls. O f  the thirty inbred bull s within the non-Artificia 1 

13reeding sample, twelve were totally unrelJlted to other aru.tmls in the 

sample . This shows the existence of separate lines within the group and 

poi.nta out again to the poasil:cllity or line breeding. 

The t110 • lea of b.lll s aeem to exhibit a definite atxuC'tuml 

pattem. In the non-Artificial Breeding bulla there is: 

(a ) A completel,y UJU"elated subgroup. 

(b) A aubg;roup in Cd.ch illterMdi&te 1nterrelationah1pa arlst. 

(c ) top group in w hich  interrala tionahiJ:a are higbc than tm 

OOI"l"eapondina pou p 1br Artificial 

Group ( ) aeema to be tbe largaat, an4 within thia group are 

tbUDCl aaa,y i.Dbredll wbi dl  �iD poillta to the tact tlat aaae fo ot line bneclins 

1a taking place t the PediP"" bree4an. 



Artiticial Breeding NOD to be drawi.ng ita bulls uainl3 hom 

categories (b) and {c).  

Thia st:ructw:al pattem re les closeJ.y that of Stewa.rt ' s  ( 19 52 ). 

'l'h1a author subdivided the breed into various st rata. 

( 1 )  A top stratum, oonai sting of a anal l self contained grrup of berda, 

supplying sires to each ot .tBr, and to herda in any stxatum below it. 

( 2 )  A second stratum, which obtaina sires trom the top stratum only, 

but supplies sir3s to he rds in any stro. tum belo 1 t. 

(3)  A third stratum, which obtai.na sires from e ither of tt.e top two 

strata , and suwlies to 8.1\V 'telow it and so on. 

In this way ,  Stmw.rt envi sages the breed as bej,ng graded up to the 

top stratum. 

'l'his ;pa.ttexn can be looked UJX>n as a triangle in which the genes 

goU. in the indu stry hav-e to pass through a fairly small bottleneck, in 

which relationalUpa are fairly high. At the base, relati.onabips get very 

srzall. The non-Artitio».l Breeding Wl.la preaumabJ.y are n:ainl,y to be found 

at the 'ba se  where interrelat�nahipa are 11. There ia, harever, ao ot 

the which are drawing their bull a inl,y floa the upper readles of t la  

triangle whe re  interrelat:iDnahipa are hiatus· • 

.Artitici.ally Bred bulla, ea tlw other bana_ are dra in the 

IIIEl1n from tbe top reache s ot the triaDgl.e wbuoe 1nterrelat1our�pa are 

bigbeat . 'l'bua by tm uee o t Artificial �4 bulla on herds in tht lower 

atl'&ta, the grading up p:-oceaa ia !astenecl. 
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Dl.e fact that these 'bllla are � cka1111 -.inl3 tn. a caDpuv.tiveq 
narrow top atratum with little genetic diwraiv � awae inbrwding probl•• 

in the long run, rut so tnr such baa been negl1gi.ble. b pl'Oblea will, howewr, 

be intensifi d when the stage 1s reached in the Artificial Breecl1ng set-up wba 

all young bulla are p.rcmm w1 tbin the Artiticial Breeding sche118 (i.e. no 

Naturally Proven bllls available ). Since theut are now two Artit1o1al. Breeding 

centres in Jlew Zesland (Newatelld and Awa.b.ui. ) .  such a pt"Oblem could be eolwd 

by switching bull a from one oentre to another. 

Appro.xinn.tely � of all mat 1ng,s rcaul t1ng in t he  birtt� of registered 

offsp:-ing in ·:Jle tfev. Z eal and  Pcdi gee Jersey Breed ( 1903-1 958 ) la been between 

a.ni.tr£ls v;ith a common sire (Stewart 1951.-). ror thiff reaoon. it was deemed o t 

great impor;;ance to enc:uire into the ext\Ct nr.k�up ot the relati onships amongst 

th:: Artificial Dreedin.g 'hul�s hB re tjlrd.s Pate :mal P.a.lf Sib gt'Q1J:6. The larger 

the sim o t"' the Half �}ib gl"Q'i ;.pa, t he  er�later ia the p:>ssibility for a bull to 

't-.e r..c.t ec to �ither :bis hR.lf si.ster o r  l d." hr.lf' bro ther&' cla.ught er. Table 1 0  

s!-.c.-.c. that npp.ronmately 7� of s.l.l the bull e \n the Art1t'l.cial Breeding sample 

bad at least one ba.lf brother m the sample a. well. Thos bull & having the 

greate <:.t number or sons within the Artificial �reading �p are al.zso related 

to a large number of other aninala in the grcnp as well (Table 12 ). 

'l'hia 1a �t important, as t '! yQUllg sons can .u'b8Cl"ibe to 

inbNeding, both trom t be  tact ttat thq are bera at a large Jh.l t  Sib 

g.rwp, but alao they are •ll related to otber aninlla, apart trom t.hd.r Hal t  

Sib mate.a aa wel l.  The prob.ab!.llty o f  a bull being .ated to hla Halt Sib 

mt.a • cB.uFt.r or othrJr olOM l'ltlatlw ia t 1ncnaae4. 

.At the ptvMnt time, the claD:! ot tbia happenjag a:re quit. 

11 iMeed, du to the sy of plOYin& You bulla. aDd tbe �' t._t 

no\ all Plv..._ bulla are J:S'O iD tbe Arti ftoial eci1Da .._. 
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Bach youag bull is brought :t.nto tm Art1t:1cial Bneclil:t& ach-, Utiecl 

li§ltly tbr the fi.rst year, and tbm J'8Bted UlltU the Arti ftDial Breod1Dg 

proof's of h1B Olwgbtera are ava1la.ble ( uaua.l.l,y 4. year a later ). 

At the present t.ime, usual.J..y alx>ut 2.5% Vl. Z. D.B. R. 1960) o f  

the ::..oproven Bull a are takan mt o  tbs Proven Bull team tb r  extensive 

servioe. Thus, if 1 6  Pate:mal halt niba ,.,-e re taken in the firat yea r, 

only 4 will be uaed extenaive4)1 (whs-1 proven). 'Ihe chances of these 

bit ing  JIBt ed to h1a daushter or hia m.t a '  da.utt)lter out of an i.l'la«nmted 

cow pop.U.atioD of 500, 000 (N. z.. D. B. f.:. ) ia thus extzoemal.y :lm!lll. �wr, 

the greater t he  initia.l am:nmt o f  �ternal Halt Siba, and the g:reater the 

aD">unt of Unproven B.ll.la are pro'\1181'1 within t he  acha.ne, tb! greater the 

probability. 

The extreJMUy small lllltWGr of Pater-1Al Hal t  Sibs in the group 

o f  mn-Artiticial Breedi.J:Ig b11.1ls was aurpriaing, in 'Yiew of tl» great 

interra la. tionship �en members of a subgroup 1n this sample. However, 

on closer cr.uuni.mtion of this sub� p, it wa a  seen tht.t altrough there 

are men,y relatives in thi8 group, tile relationship 1a inl,y a weak one, 

with great-grandpu-ental co.amcm anoostora moat coarman. Thua it 8tl8ll8 

that , al tb:Jugh there i e a group within 1:hs non-Artit1c1al Breedi��g g10.1p 

chlA.willg their genee l'l"Ca higher atrata, tbia strata 1s still below ttat 

from 11ilich DD st .Artif1c:ial Breecting bull a clr&w thcd.ra. 

The Inbred bull a 1D the mn-Artit1oial BJ'8ed1Dg sample ¥t)Cwe'l 

wry low �llltk>nahips with each other, but witbin the Arti tlc1al.  BrNd1Da 

1a present a. eabgroup of inbreds in which relatiaaahLps with each. ot btr are 

atre��Mt� high. This saM g�Q�p of bulla are alao re lated to me.qy oth_.a 

1D the auple. It wculcl ai:P-r tmt it 1a t thia gi'Q.Ip ot bull a tmt 
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the gr•teat potential dangera ot 1D'bree41ng lie, aiDce thare b the po.tbilit7 

ot progeqy of th e Wl.l.tl having m re  tban aae COIWiiDD inbred &Dee ator. Aa .ore 

pl'OVen b..Jlla are procured fzua the .Art1tio1al Breecb.ng BCMae thi.a danger will 

be intenaitied. 
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Inbreed.1ng and Rela t:i.alship Coetficienta taw been OCIIlplted tor two 

aamp�s of bulls in the New l.ealand Pecli� Jersey Breed. One of the m}:iea 

waa the unproven bulls at the Artif'icial Broecli.Jla Centre in 196� whilst the 

other was that of bulla of about thD aame age distributi.cm, b.tt not used in 

Artificial Breeding. 

The Inbreedi.ng Coefficionta tor both grwpa of bulls did mt dif� r 

s13liticantl.y and were very smnll (0.65� and 0.89% fbr Art1f'1cial Breeding and 

oon-Artiticial Breeding bulla respective]¥). The IIBllner in which these Inbreeding 

Coefficients arose did not appear to differ in the two samplea The hidJest 

Inbreeding Coefficient found wt'ls 19'; for an Artificial Breeding b ull ( PaiDJlWI 

Opa.la ' Preatige, Herd Book No. 24.9505), but in general JK)st inbred bulla had 

Inbreeding Coefficients below 10}&. 

Of th e  bulls at the Artit1c1al Breeding oentre whi ch  were sanpled, 

23 or � were Inbred, as ccmpe.red with }0 or 1�,% in the other g10up, but thi.a 

d11'te rence not aig,nif'1cant. 

Coeffl.cienta of Rel.a tionahip for both ae.mpl are alao very low, lut 

there :la a h1ahJ3 ai.snittcant ditteruce between wlat1a1ahip1 of the t110 

&alllpl • The coettioient ot relat1oMid.pa smoAgat the Artificial 

Bree� group ot bulla 1a appraxiateq acmm times bt of the IXlll-Art.iftcial 

Qing 'bullJ in thia �ular le. Onl7 eJ.glC b\Ua 1n the Artificial 

Breec11Dg IIUlple re totally unrelate (beck to tbl �t-g:nmdparental 

pnexation) aa GCIIplnd with 1 1 6  in thia nple of non-ArUt1cial Breecl1ng 
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bulla. 

AppzoxiDateq 7� of the Arttft.cial Bree41Qg bulla haw CDS or 

D)rc l:'atema.l Halt SJ.la p:reMnt in the group with the 1411J'&t �temal Half 

Sib group bein& 16. Only thrH gzuupa of two Patemal fillt Slbs each wre 

toun4 in the sample of non-Artiticial Breec:Ung bulla. The relationship 

aJJDDgat inb.red bulla i.n each of the samples is diacus.ned 1n t.!» li.F,1lt that 

auoh could caat on future inbreading l evels. 

There ia 1'10 ni-.ce t.�t the JJ.u-ge incre.ue 1n the use ot 

Artit1cial Breeding ow r  the last decade has been dwrsel3 affecting 

inbreeding lewla in the New �land 4igree Jersey Bree d at the pre•nt 

time. 

It c�a ar,�r, however, tm t there i s  emul?)l ra.w.ilabl.- potential. 

for t ri.s to occur lr ... ter on. The chamcea of thi s haptAIIlin& becx:mo 

progreasivly gl":ater, as the prop»rtion of yoteg bull s J>I'Oven within the 

scheme ia increased. 
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A P P E N D I X 1 

T,eata tor dift'erenoea 1n the Diatrib\!tion of ,. 

TABLK 1 :  

AE2 diatribution of Art1f!d.a! Blwd1na and Non-A£!:iticial 

Breedi,ng Dull! 

Age ot Bull Artit1cial Non-.Arti.f'1c1al 
BreecUD& Breed in& 

• 

6 8 ( 1 1 .6 ) 15 ( 1 1. 4) 

5 19 ( 1 7. 1 ) 1 .5  { 1 6.9 ) 

4 22 ( ?0. 2 )  18  ( 19. 8) 

3 44. (i� . 5 )  .lt-5 (44. 2) 

2 85 � (_ . ). ) ' 80 (81 . 5) 

1 76 ( 77. 1 )  n { 75.9 )  

To tale: 251. 250 

• Bracke te d  fiB).lre giw the expected valuea 

Total• 

23 
J4. 

40 

89 

165 

1 53 

J 
· {(obeerwd-Expected)2 I 

2 • Z. l' Expectecl J • 1 . 1  + . 21  + . 16  + . 014 + .Oj9 + . 01 5 + 

1 .  14 + • 02 + • 001 + . • 1 1  

} 2 
• 1 .6990 



A P P E N D I X  ll 

\2 
Testa tbr cliftererpea 1a tha Diatr.Lb.ttioD ot f-

TABLE 2: --

Inbreeding for the ts s.roupa of BuJ.la 

Artificial Breeding 
Bull a 

!lon-Art1t1cial 
BreediDg Bulla 

Total: 

P'a  �ss 

o. 01-0. 05 0. 06-0. 1 0 o. 1 1 -0.20 

8 
( 8. 2 ) 

1 1  
( 1 0. 8 )  

19  

1 0  
(8.6 )  

1 0  
( 1 1 .4) 

20 

5 
( 6. 2) 

9 
( 7.8 )  

'w 2 )� d = • C05 + • OC4 + • 78 + 0.2 + . 17 + . 18 
I 2 f 

= 2.439 

Total: 

2} 

}0 

5} 



A P P E B D I X  Ill 

· 2  
Testa to r  differences in the Distribution ot f 

TABLE 3: 

Relationabip aucngst 2 groupa of Bulla 

Re la tionahips ' Range 

o. oo-o. o5 0. 06-0. 1 0  0. 1 1-0. 512 

Artificial Breeding 31 093 779 51 3 
Bull a  { 31637) ( .481 )  ( 269 ) 

Non-Artiticial. 31 195 1 68  12  
Breeding Bulla ( 30651 ) (4.66) (256) 

Totals : 62288 947 523 

lllmbera bracked to represent E.xpected Values 

Total 

32385 

31 375 

63760 

The f 2 necessary tb r  aignit1can06 at the 1% leftl tor 2 ugreea ot 

treedom ia 9 . 21 , hmce, the diftere cea bet wen the bo groupa ia bighly 



(a) 

Col4aprt.ag' • lllpuor 
H. l\  No. �}1.2 

Gl.erllllll"' Royal Gu1dl 
.H. B. No. 2Cl!,.S 

lunal-. �q.a 
H. D.No. 259251 

GleJD)N Royal. Vag�1ton4 
H. B. No. 1 5791 1 

GleDIOre � Portia 
H. p.._rro. 261.-.l,S 

!eall1-.. IXDmator 
n.n .No. 1389.'57 

Sungleam Ala 
H. n.No. 16035' 

DunlaYin lmolle8'J7 
H. D.ttol• 1»720 

Glenaont Ylaa�sjlt �Mh 

D.aUavin Exaelle� 
11. ».Ho. "»720 

Gl_.,W DiAia 

Beaulieu apr 

BeauUAru Lot 1.8 

Tahi.tar.mta IDaal'Ch 

&maleBII Magple 



(b) 

/ 

Pampas Jlaste rf\Jl 
H. B. No. 242666 

I 
Paupla Prestige- - � 
II. B. 1928J1 

I 

Pampas Maur.n 
PreciaioD 
H. B. No. 25J705 

Maori Prec1aicm 
H. B. No. 1 J94-J9 

-Pampaa Plowr 
H.B. No. 133101 

Maori Preoia:iDn 
H. B. No. 1 .384.39 

Pa.Dpaa Maureen 
B. B. No. 1 994.1 0 

Maori. Barber 

'- Maori �ing PlOIIIJr 

Erin'ri• Plight 

Red Popp,-

lfaori Barber 

Kaori Danc:iDg no-r 

Erinvielf � 

Pampas l'a Y.ta 



{c)  

Paapaa Op.l' a Prestige 
H. B.. No. 24-9505 

Paapas Preatige 
H. B. No. 1928J1 

Pallpaa Opal 
u. B. No. 326058 

I 
Maor1 Precisica 
H. D. No. 1.}94--" 

.. 

Pampas Flower 
H. B. No. 13.}101 

' 
Maor1 Prec iaicD 
H.B.No. 1394-}5 

Pampas Queea 

Jewell 
H. B.No. 21t4-951 

l&aori Barber 
" Dancing Flower 

Erinri.• ni•t 

Red Popw 
• 

J(aQrJ. Barber 
" DanclDg Plo•r 

.lllaor1 Preciaia:l 

Pupu Queen ot Jlu.rta 
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