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ABSTRACT 

The breed s truc ture and genet ic his tory of the New Zealand pedigree 

Angus breed were analysed by Rober tson and Asker ' s  ( 1951) mod if ication  

of  the Wright-McPhee (19 25) pedigree sampling method. 

The pattern of the breed s tructure ob tained is generally s imilar 

to  that found in other studies , but i t  is both diffuse and dynamic 

owing to the present rapid expansion of the breed . There are changes 

taking place in the herd composition of  the major breeders ' herds and 

many new herds have yet to find their level in the struc ture . 

Considerable emphasis has been placed on the use of imported 

animals in the development of the breed . Of all herds registering in 

Volume 61  of the herd book, 20.5% used imported sires , and the percentage 

of  genes in the breed in 1966/67 derived from animals imported since 

1863 was 8 5.4. 

The mos t  impor tant herd in 1969 has a genetic contribution to the 

breed of  21 . 9  per cen t ,  while the contributions of the four next mos t  

important herds were  8.7 2, 8 . 7 ,  4 . 7  and 3 . 7  per cent . In the four­

generation pedigrees from which these f igures were derived , the 

contribution o f  imported animals was 4 2 . 4% .  The relationship between 

herd size and importance of the herd was considered . Herd duration was 

also discussed , in so far as i t  relates to improvement of the breed . 

The animal with the highest rel ationship to the breed was Blackleg  

(11. 6 5% in the 1900 pedigree sample) . But  overall , the mos t  impor tant 

animal over the period 1900-196 6 / 6 7  was Lancer o f  Advie. Of the 3 3  
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s ires and 9 dams whose direct relationships are 3 . 0% or more in any of  

the 8 sample years , 19 sires and 3 dams were imported . 

The total inbreeding in 1966 /67  (base year 1863) was 1 . 80% . This  

comprised 0 . 09% current inbreeding , 0 . 95% long-term inbreeding , and 

0 . 76% strain inbreeding. The index of subdivis ion calculated from the 

non-current and long-t erm inbreeding is 1 . 79,  indicating that there is 

onl y  a slight tendency towards family format ion in the breed . 

The effective generation length is approximately 5 . 6 years . About  

50-56% of the animals in the 1966/67  sample were  sired by bulls 4 years 

old or younger , while about 38% are from dams 4 years or younger . 

I t  is unlikel y tha t there is much genet ic variation between 

herds . This is because  bulls from maj or breeders ' herds are used 

widely throughout the breed while about 80 percent of sires and 37 per 

cent of dams are bred in herds o ther than the one in which they were 

used. 
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"Lewontin confessed that each year he lectures 

on inbreeding, and each year he realises that 

.he does not yet completely understand it . "  

Bruce Wallace , 1968 . 
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CHAPTER 1 

XNTRODUCTION 

I n  the absence of  na tive breeds of  cattle , New Zealand has relied 

entirely on importations in establishing its present cat tle 

population. Where beef cattle are concerned , the Aberdeen Angus has 

played a significant role in this respec t .  Angus cattle were first  

brought to  New Zealand in 1863 . That shipment , by the New Zealand and 

Australian Land Company ,  comprised 3 bulls and 4 cows , and wi th the 

exception of one bull , the other 6 animals were all bred by William 

McCombie (1805-18801 of Tillyfour , S cotland ,  regarded by ma ny breeders 

as the leading pioneer in the development of this breed . 

The obj ect of the Company was to  improve their ordinary grade 

s tock.  This proved to be very successful and led to subsequent 

importations . During those early days the cattle numbers rose slowly 

even though importations were numerous (by exis ting standards of that 

era) . There was no move towards the formation  of a breed society 

until some 50 years later when the New Zealand Aberdeen Angus 

Association was established in 1917 . 

While  the dependence of the mor e  popular breeders on  importations 

during the past cen�ury has been generally recognized , no a ttempt has 

been made to  assess the influence of  these imported stock o n  the breed 

as a whole . If the imported animals differ in  their genotype from 

New Zealand-bred stock, then a general preference for the former or 

' 
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their descendants should gradually change the average genotype of the 

breed . For example , in various studies (Robertson and Asker , 1951;  

Stewar t ,  195 2  and 1955 ; Barker , 195 7 ;  Barker and Davey , 1960; Davey 

and Barker , 1963) i t  was found tha t the various cattle breeds were 

divided into strata and tha t the herds using imported sires were in 

the upper and mos t  impor tant s trata . There  is no way , however ,  of 

assess ing whether imported or New Zealand-bred animals do differ 

genet ically . Never tneless , estima tes of the proportion of the genes 

in the breed as a whole , for which impor ted animals are ultimately 

responsible , are of more than academic interes t .  For ins tance , such 

estima tes would indicate the approximate ra te at which ac tual genetic 

changes within the breed could take place . Moreover , in general , 

impor ted animals have been held to be superior in type to the average 

New Zealand Angus and the disproportionate importance of impor ted 

animals or their progeny would , in the absence of . performance details , 

suggest  an emphasis on type among the selection criteria of past 

breeders . Furthermore , there is no informa tion concerning the role 

of d ifferent mating sys tems in the development of the New Zealand 

Angus breed . I t  is generally thought tha t many pedigree breeders 

prac tise mild line breeding with the occasional outcross and that many 

believe in the existence of certain well-defined families within the 

breed . The Duchess family o f  Shor thorns ,  as bred by Thomas Bates is 

a case in point . 

In view of a lack of information on pedigree breeding in the Angus 

breed in New Zealand , the main obj ec tive of the present study is to 
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trace the development of  the bree� with par ticular emphasis on the role 

that inbreeding has had in the past . Apar t from assessing the influence 

of prominent animals , a further obj ective is to ob tain some measure o f  

tendencies ,  if any , of the breed t o  split into families o r  strains . 

The lat ter part of the s tudy will be devoted to some consideration o f  

the breed s tructure and regis tration practices . 



CHAPTER 2 

BREED .EXPANS ION 

Da ta for this aspect of the present s tudy were abs tracted from the 

New Zealand Angus Herd Books . An indication of the growth of the breed 

is given by Figure 2.1 which shows the numbers of males and females 

regis tered in each volume of  the herd book since its es tablishment in 

1917 . There was a s teady increase in the annual number of heifer 

regis tra tions to 1948 (corresponding to volume 40 of  the herd book) 

followed by a lapse in the number regis tered . From 1954  (volume 46)  

onwards , the rate of increase has been more rapid , al though there have 

been marked fluc tuations ih the number of annual registrations . On 

the other hand , the annual number of full registrations was prac tically :" . 

s tationary to 19 34 (yolume 26).  A gradual increase followed and since 

1940 (volume 32)  the annual bull registrations have been more  or less 

static . Up to and including volume 68 of  the hertl book (i . e .  July 31st 

1976) 3 2 , 166 bulls and 163 , 076  cows had been regis tered ,  while 5 87 bulls 

and 8 , 370  cows were registered in 19 76 . 

On the basis of  Figure 2 . 1 ,  eight points were selected for a more 

detailed analysis o f  breed expansion . Annual heifer registrations for 

10-year intervals were recorded , as were the increase in number of 

herds . The results  are summari zed in Table 2 . 1. 

The rate of growth in number of herds and in number of females 

registered per annum (as shown by the proportionate increase during 

each period} has varied from period to period . Table 2 . 1  also shows 

that the average proportionate increase for number of females registered 

was greatest from 1910 to 1920 whereas the period from 1950 to 1960 saw 

a notable increase in the growth in number of  herds . The f igure for the 
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_Fig. 2.1--Growth of the Angus breed in New Zealand: number of 
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New Zealand Angus Herd Book since 19 1 7. (See Appendix I) 
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TABLE 2 . 1  

Propor tionate increases in number o f  females 

Regis tered Per Annum and Number of 

Herds d uring Seven Periods of  Time 

Increase 1900- 1910- 1920- 19 30- 1940- 1950- 1960-
. .  1910 1920 1930 1940. 1950 1960 19 70 

Number of females 
regis tered per 
annum 3 . 2* 3 . 4  1 . 5  2 . 3  1 . 2  2 . 2  1 . 7  

Number of Herds 2 . 0  2 . 6  1 . 4  2 . 1  1 . 5 2 . 6  1 . 2  

* The propor tiona te increase is the ratio of the number in 1910 to 
the number in 1900 . This equals 139/44 . See Appendix IT for 
details of 

_
corresponding data for subsequent time periods . 

1960-1970  period may suggest a doubling of the number of female 

6 .  

regis trations within the next 10 years . Never theless ,  it  is no t possible 

to  extrapolate to predict  future increases in the annual number of  

regis tra tions . Sooner or  later forces mus t come into operation to 

check the rate of  expansion and , eventually , to limit the size of  the 

populat ion . This s tage apparently had not b een reached by 1970 . 



CHAPTER 3 

REVIEW OF LITERATURE 

I .  THE MEASUREMENT OF INBREEDING : SOME THEORETICAL CONS IDERATIONS 

I nbreeding may be broadly defined as the mating of animals more 

closely related to each o ther than the average rela tionship within 

the population concerned . Tha t inbreeding has been practised in the 

breeding of all domes tic animals is wel l  appreciated . For example , 

Lush (1943} wrote : 

"All animals that can b e  ma ted at  all are rela ted , at  leas t 
s lightly . Each individual has two parents , four grandparents , 
eight grandparents , and so on , the number of ances tors 
doubling each generation . In the tenth generation of  i ts 
p edigree an animal will  have more than a thousand ances tors 
if  there has been no inbreeding . If two animals are 
unrelated in the neares t  ten generations of their pedigrees , 
the thousand ances tors o f  the one cannot include any of  the 
nearly contemporary thousa .nd ances tors of the o ther . If 
there has - been no inbreeding ,  each animal has more than a 
million ances tors in the twentieth genera tion o f  its 
pedigree . If the pedigree is followed much fur ther , these 
numbers become greater than the number of animals alive a t  
that time could have been . "  

I n  attemp t ing any analysis of  the problem of inbreeding from a 

theoretical s tandpoint , one is faced with the necessity for an 

appropriate and valid method of pedigree analysis which should satisfy 

two conditions . First the method has to be unique in the sense that 

the values obtained in any par ticular instance can o nly be affec ted 

by the degree or amount of inbreeding which has been prac t iced 



in the line o f  descent under consideration . Secondly , i t  has to be  
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general , in the sense tha t it can give comparable results when applied 

to two (or more) different pedigrees and to all degrees and types o f  

inbreeding. 

An early proposal for measuring inbreeding in lives tock pedigrees 

was that of Pearl (19 13) .  He devised a coefficient based on the 

smaller number  of ances tors in each generation back of an inbred 

individual , as compared with the maximum possible number . A separate 

coefficient is ob tained for each generation by the formula 

Zn = 100 ( 1 - <ln+1 ) = 100 (1 - <ln+1 ) 

Pn+1 2n+1 
• • •  (1) 

� / n+1 
where +1 2 is the ratio of actual to maximum possible ancestors 

in the n+l s t  generation. By finding the ratio of  a summat ion of these 

coefficients to a similar summat ion for the maximum possible inbreeding 

in higher animals , viz , brother-sis ter mating , he ob tained a single 

coefficient for the whole pedigree . 

This coeffic ient has the defect ,  as Pearl himself pointed out , 

that i t  may come out the same for sys tems o f  breeding which are known 

to have radically different effec ts . For example ,  in the continuous 

mating o f  double f ir s t cousins , an ind�vidual,has two parents , four 

grandparents , four great grandparents and four in every generation , 

back to the beginning of the sys tem. Exact ly the same is  true of  an 

individual produced by crossing different lines , in each of  which 

brother-sister mating has been followed . Yet ,  in the first  the 
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individual will oe homozygous in all fac tor s  if the sys tem has been in 

progress sufficiently long; in the second it will be heterozygous at  

a maximum number of  loci .  

I n  order to overcome this defect ,  Pearl (1917) devised a partial 

inbreeding index to modify his initial concept which was ,  in turn. 

updated by Ellinger ( 19 20) who sugges ted certain altera tions and 

extensions . Despi te this , the problem of d evising a more suitable 

means of computing the inbreeding coeffic ient was lef t unresolved until 

a suosequent development oy Wright (1922) . His method was essentially 

based on path coefficients (s tandardized partial regression coefficients) 

and is now in universal use for describing breeding plans where inbreeding 

is involved . 

Wright proposed the use of the coefficient of correlation (F) 

between the genic content of uniting egg and sperm to measure the 

intensity of �nbreeding . The use of this coefficient is logical s ince 

it measures the probable increase in homozygosity which is the primary 

effec t that inbreeding has . S ince the genic content of the game tes 

canno t be measured directly , the correlat ion between the� is  computed 

from the relationship between the mates . The formula is as follows 

• • • (2}  

where Fx is the inbreeding coefficient of  the individual X;  ns is the 

number of generations from the sire to the common ancestor and nn from 

the darn. FA is the inbreeding coefficient of the common ances tor (A) 

through which the sire and darn are related . The summation is carried 

out over every l ine by which the parent s  are related . (See Appendix Ill 

for an example o f  the use of  this formula . )  
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The inbreeding coeff icient so ob tained has the following features : 

The coefficient starts  a t  zero for random mat ing relative to the 

populat ion and increases towards 100% as the probable proportions of  

heterozygo sity approaches zero . An inbreeding coefficient of , say , 

25%  may be interpreted in the following way : I f  the non-inbred 

population contained on the average 100 pairs of heterozygous genes , 

then the individuals produced by a breeding plan which results  in an 

inbreeding coefficient o f  25% will  have on average only 75 gene pairs 

which are heterozygous . I t  is necessary to  no te that 

(a) The inbreeding coefficient expresses only the most  probable 

resul t . The percentage of heterozygous gene pairs in a 

particular individual produced by the mating plan may deviate 

from this most  probable result because of  the sampling variations 

inherent in the Mendelian mecnanism . 

( b) The inbreeding coefficient does no t (and canno t )  measure the 

actual number of he terozygous gene pairs in the individual .  I t  

is defined only i n  relation t o  the average condition of  the 

population chosen for a base . The mos t  convenient population in 

animal breeding is the breed at the date to which the pedigrees are 

traced . It  is then assumed that those foundat ion animals are a 

random sample o f  the breed a t  that date . The inbreeding coeffic ient 

then ·measures the proportion of the gene pairs which were hetero­

zygous in the base population that have become homo zygous as a 

result of the inb reeding , but does not specify how many of  the gene  

·pairs in  the base p opulation were in  fac t homozygous . 
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(c} The inbreeding coefficient measures the increase in homo zygosity 

resulting only from the inbreeding . I t  does not include any 

additional increase which may occur as a result of  selection o r  

mutation . 

The coefficient of inbreeding has a number of uses . One is in 

the analysis of the methods used in building up breeds . Others are in 

making an estimate of  the results , good or bad , or a mating , when the 

wor th o f  the common ancestor of the sire and dam is reasonably known , 

and in assessing , b efore an animal has actually been used for breeding , 

the pos sibility o f  it being prepotent . 

Inbreeding has a number o f  practical applications in relation to 

selection . For example , when a superior individual has been found , 

inbreeding is the only method of keeping s tock closely related to it , 

whether the desired characteristics are highly inherited or  not .  

Genetic relationship cannot b e  more than 50% unless some inbreeding 

takes place . This situation can arise in the formative period of a 

breed , when animals with the desired comb ination of  traits are 

relatively rare; for ins tance , the Calling brothers mated Favourite to 

his own daughters for four generations . Unfortunately , inbreeding is 

sometimes made to only ordinary animals , as in small herds or  flocks 

where it  is cheaper to put a sire to some of his descendants rather than 

replace him; in many cases , this can lead to bad results .  Inbreeding 

is also  useful as a means to  reveal any comparatively rare recessives 

so that  they can be culled f rom the s tock, but culling may be an 
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expensive process if the number of undesirable recessive genes is  great, 

and in any event the selec tion should also be made agains t the 

heterozygous parents of  the recessives . If  no undesirable charac teris tics 

emerge ,  there is evidence of the absence of causal genes , so tha t in this 

sense inbreed ing can also be considered a t es t  of genetic wor th . 

II . ALTERNATIVE APPROACHES TO INBREEDING 

Ano ther method , par ticularly suitable for computing inbreeding 

coefficients in small populations , is based on the coef ficient of coances try 

(coefficient de parente as proposed by Malecot (194 8)·, . From earlie r discuss ion 
' 

i t  is agreed that inbreeding resul ts when two individuals which are 

related are mated together , i . e .  they are related because they have a 

common ances tor or ances tors . 

The essen tial point raised by the fact that the mated individuals 

have a common ances tor is that they may both be carrying replicates of  

one of  the genes presen t  in the ances tor and they may pass  on these 

rep lica tes to an offspring . Hence , inbred individuals (resul ting from 

the ma ting) may carry two genes a t  a locus that are replicates of one 

and the same g ene in an earlier genera tion.  

Thus , we need to dis tinguish identity between genes of  two sor ts : 

(a) Genes can be the same in the s ense tha t they are b o th A, or a ,  

o r  A', ·al ike in s tate  o r  function. 

(b) Genes can be the same in the sense that they b o th arose through 

the replication of a gene in an earlier generation . 



Malecot then defined the coefficient o f  inbreeding to be the 

probability that the two genes at any locus in an individual are 

identical by descent. 

Consider the following pedigree : 

�r..._----D �----B �
A x� �---------c� 

I t  is required to f ind the probability that X receives identical 

alleles through P and Q from A . For B and C, the probability that they 

receive identical genes from A (i . e .  repl icates of the same gene) is � 

and the probabili ty of different genes is � . But , if they receive 

different genes , then these could be ident ical because of previous 

inbreeding (prob . FA) .  Thus , the total probability of identity is 

� + � FA = � 0.+ FA} 

Now , the probability that B passes the gene it  received from A D is �. and the probability of D passin g  i t  t o  P is � and from P to  

!.: 2• Similarly for c. 
P (C�Q} = !.: 2 p (Q X) = !.: 2 

Putting all these toge ther gives 

!.: 2 (1 + FA) (�)3+2 . 

or �}nl + n2 + 1 (1 + FA) 

This expression has to be sununed over each conunon ancestor . 

to 

X is  
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Another approach is  sugges ted - working from the past forward to 

the present , computing the inbreeding which will result from the ma tings 

about to take place . As pointed out previously, the inbreeding coefficient of an 

individual depends on the paren ts having a common ances try , i . e .  

the relat ionship between the two parents . Malecot (as noted earlier) 

calls this coefficient de parente,  Falconer coances try , and Kempthorne 

(1969)  coefficient of parentage . It is the p robability that two 

gametes (or genes) , one from each individual are identical by descent . 

Consider , 

Consider coances try of  P and Q .  Let  P have genes a ,  b and Q c ,  d .  

Then , 

fP Q  (i . e .  coefficient o f  coances try between P and Q) 

= \ IP(a+c} + P (a=d) + P (b=c)  + P (b=d) ] 

but  P (a=c) i s  really the coances try of  A and C .  So , 

• • . (3) 

Note that this fpq i s  equal to Fx (i . e .  f pq = Fx) for the possible 

offspring are \(ac) + \ (ad) + \ (be) + \( bd) 

and the probability of identity of these are 
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�P(a=c) + �P (a=d) + �P(b=c) + �P(b=d), 

which is the same as fpq· 

In addition to this, consider the coancestry between individuals 

belonging to different generations, e.g. P and C, P and D .  

Consider fpc 

Let A have genes a, a ,. 

B 11 " b, bt 

c 11 11 c, c' 

p 11 1,1 a, b 

Then, fpc �IP (a=c}.+P (a=c' }+P (b=c)+P (b=c')] 

= �[fAc + fAc + fBc + fBc] 

� [fAc + fBc1 

Similarly, fpo 

now, fpc + fpo 

= 2fpq 

(4 ) 

(5 ) 

or, fpq = � (fpc + fpo) 

Note also fAA 

. . • ( 6 )  

Let A have genes a, b 

N:>w, fAA = �[P(a=a) + P(a=b) + P(b=a) + P (b=b)] 

Remembering that P(a=a) = P (b=b} 1 

and P(a=b) = P (b=a) =FA, by definition 

So . fAA = �(2 + 2FA) 

= �(1 +FA) as shown before, i.e. the probability that 2 

gametes taken at random from A will contain identical alleles. 

· As an example of the use of coancestry for computing inbreeding 

coefficients, see Appendix IV • The method shown can be used to 



keep a current chart of relationship and inbreeding, generation by 

generation. 
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At this juncture, it is appropriate to mention briefly the various 

procedures that have been devised to facilitate the computation of 

inbreeding coefficients. Such procedures are necessary, especially 

when complicated pedigree networks extending over many generations are 

involved. These methods are basically alike and have been reported by 

Cruden (1949 ) ; Emik and Terrill (1949) ; Plum (1954) ; Kudo ( 1962) and 

Willis (1968) . The method described by Dorothy Cruden is of particular 

interest. The reasoning is along similar lines described earlier, as 

it entails the construction of covariance charts involving all the 

animals in a closed population and makes it unnecessary to trace any 

paths once the covariances among the foundation animals have been 

computed. 

Where sex-linked genes are concerned, some modification is necessary 

for calculating the inbreeding coefficients. A solution to this problem 

has been suggested by Kudo and Sakaguchi ( 1963) . 

In randomly�bred closed populations, Lush's (1943)  formula of 

1 + 1 , where M and F are the effective numbers of sires and dams 

8M 8F 

respectively, is a satisfactory measure of the loss of heterozygosity 

per generation. Where the construction of complete pedigrees is 

inconvenient, Robertson and Asker's (1951) modification of the sampling 

technique devised by Wright and Mc Phee (19 25) can be used. This will be 

examined in detail later. 



A. Relationship coefficients between collateral relatives 

Methods of calculating relationships are very similar to those 
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used for calculating inbreeding coefficients, and arrow diagrams are 

again of value in this respect. The formula is as follows: 

Rxy = E[ (�)n (l+FA)] 

J (l+Fx) (l+Fy) 

• • • (7) 

where Rxy is the relationship coefficient between animals X and Y. 

n is the number of arrows connecting individual X with Y through the 

common ancestor for each path. 

Fx is the inbreeding coefficient of animal X .  

Fy is the inbreeding coefficient of animal Y. 

and FA is the inbreeding coefficient of the common ancestor. 

If individuals X and Y and their common ancestor are not inbred, 

the formula reduces to: 

. • . (8) 

B. Direct Relationships 

It is sometimes of interest to know something about the relationship 

between an individual and some outstanding ancestor in the pedigree. 

This is of particular value when linebreeding has been practised, 

although the same procedure may be used for calculating the degree of 

relationship to any particular ancestor. The formula used is 

.llu = E(\)nj l+FA 

l+Fx 

• • • (9) 
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This formula is correct only when the relationship is direct. 

Where there is a conbination of direct and collateral relationships, � 

the general formula must be used. 

IV. THE MEASURE}lliNT OF INBREEDING IN COM PLEX PEDIGREES 

In the analysis of pedigrees going back one or two generations, 

the computation of inbreeding coefficients is relatively straight 

forward, using Wright' s ( 1922) method. However, when pedigrees are 

long and complicated, going, say, 6 or 7 or more generations, the amount 

of work entailed becomes prohibitive. As a solution to this problem, a 

sampling technique was reported by Wright and Mc Phee (19 25) . In this 

procedure, also know as Wright' s Short or Approximate Method, two lines 

of the pedigree are drawn back one from the sire's side and the other 

from the dam, of every animal in the sample. The choice of whether in 

any particular case to draw a line through a male or female is decided by 

consulting a table of random numbers. The pedigrees are then traced 

back either to imported or foundation animals. 

It is necessary that the sample lines be chosen at random, for 

common ancestors are more likely to be males than females in livestock 

breeding. Thus, straight male or female lines are unsatisfactory, as 

also is a system of alternating male and·female ancestors in any one 

line • . If the same ancestor appears in the lines on both the sire's and 

dam's side, then the animal is obviously inbred. This is usually referred 

to as a ' tie'. 

As pointed out earlier, the inbreeding due to a common ancestor A 

removed ns generations from the sire and nD generations from the dam 
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is (�) ns+nn+l (l+FA ),  where FA is the inbreeding coefficient of the 

common ancestor. The sire has 2ns ancestors in the nth generation and 

the dam 2nn ancestors in the nnth generation. The sample pair of 

lines is thus only one among 2ns+nn possible pairs going back as far as 

the common ancestor. If the single pair of lines is a random sample of 

the total, its contribution must be multiplied by 2ns+nD to obtain an 

estimate of the inbreeding of the whole pedigree. On carrying out this 

multiplication, ns and nn disappear, and the coefficient takes the 

simple form � (l+FA ).  Therefore, in calculating the inbreeding indicated 

by a two-column pedigree, it is unnecessary to count the number of 

generations to the closest common ancestor, but merely to note whether 

there is a tie and which animal is responsible for it. 

By determining the proportion of all such ties in a sufficiently 

large random sample of a family or breed, a measuFe of the average 

degree of inbreeding for that family or breed can be obtained to as high 

a degree of accuracy as desired. If, for example, 60 two-column 

pedigrees show a tie and 40 do not, then the average inbreeding is 30% 

(=60x0.5) , i.e., neglecting the term (l+FA ) .  Wright and McPhee (1925) 

also recommendedthatwhere certain ancestors are responsible for a large 

number of ties, their inbreeding coefficients should be calculated 

accurately so that the values for the te�m (l+FA ) can be included to 

obtain the total coefficient. For those which occur infrequently, it 

is usually sufficient to assume an average degree of inbreeding equal 

to that of the breed as a whole at that time. 

Coefficients of relationship may also be calculated from these 

random samples of pedigrees so that estimates may be made of direct 
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relationship between a large group of animals and a particular animal 

(A). In this case the general formula for the coefficient of 

relationship 

Rxy = (�)n (l+FA) 

j (l+Fx) (l+Fy) 

(where, as indicated on Page 18, Fx and Fy are the coefficients of 

inbreeding of two individuals X and Y; FA is that of common ancestor 

and n refers to the total number of Mendelian segregations in the path 

of descent through which X and Y are related ) 

Since Y could have 2n ancestors in the generation in which A appears, 

the contribution of a single random line must be multiplied by 2n to 

obtain an estimate of relationship between A and Y. 

Thus, RAY is estimated by 

if a 

tie is present between single random lines back of the two animals 

considered (A, Y). In the case of four-line pedigrees, R is 

estimated by 

and so on. 

In so far as Y is a sample of the population, an estimate of the 

relationship between A and the population is provided by the above 
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coeff icient . By taking a large sample of  Y' s the sampling errors are 

reduced and a reliable estimate of the relationship between a par t icular 

individual and the population (RA . POP) is obtained . 

When assessing the relationship of  a large group to a particular 

animal the inbreeding ceoffieient (FA) of that animal should be 

calculated accura t ely . Unless these inbreeding coefficients are o f  

reasonable dimensions , however ,  little error i s  introduced i f  they 

are neg1ected . For example , if FA = 10% and Fpop = 5% then the 

expression 

reduce to 

J ( l +FA) (l+Fy) 

1+0 . 10 

J ( 1+0 . 10) ( 1+0 . 05)  

= 1 . 10 

J 1 . 15 

1 . 0 2 

Clearly the error introduced by neglecting 

will  be  

j( l+FA) ( l +Fpop) 

would 

small if inbreeding coeff icients are low .  As Wright and McPhee ( 1925)  

pointed out ,  the method can be extended t o  determine the relationship 

between random individuals of the populat ion or within a specially 

chosen section of the breed , or between two sections of  a breed . 

The above method of Wright and McPhee was applied by Lush ( 1932)  

to a s tudy of the Rambouillet breed o f  sheep . H� concluded that the 

met hod is about as accurate as its theore tical standard errors indicate ,  

if  all  sources o f  sys tematic errors which might prevent the lines f rom 

being truly random are carefully avoided . He further caut ioned that one 

mus t  be on guard against systematic errors which at f irst thought appear 

to be so trifling as no t to be wor thy of at tention , but which under 

•I 



certain circums tances , may creep into the supposedly random tracing of  

the lines . 

Fowler (1932) , in a study of the Ayrshire breed , concluded tha t  

Wrigh t ' s  "Long Method", in comparison wi th h i s  "Shor t Method", gave far 

more reliable results especially when applied to breeds of rela tively 

recent origin .  

V .  THE EFFECTS OF INBREEDING 

The primary gene tic effect of inbreeding is to increase the 

proportion of the loci in the population which are homozygous . This 

results from the fac t  that rela ted mates are more alike in their 

genetic constitution than are mates which are chosen at random. 

Cons equently ,  the uniting gametes will be  alike in more genes and the 

resulting offspring more homozygous than if the parents were unrelated . 

All the o ther effects  of inbreeding , such as the uncovering of recessives 

and the formation of dis tinc t families follow from this primary ef f ec t .  

S ome mention should b e  made at  this juncture o f  the phenomenon 

commonly referred to as inbreeding depress ion. It is well known that 

close inbreeding is nearly always accompanied by lowered f er tility , 

reduc tion of libido , an increase in gametic sterility and embryonic 

mor tality,  as well  as a reduction in the v iability of newborn animals . 

Production is also adversely affected . 

Wright (1922)  explained this decline in vigour on the premise that 

Mendelain factors unfavourable  to vigour in any respec t are more  

frequently recessive than dominant . This situation is a logical 

consequence of  the two ideas that 
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(i) mutations are more  likely to  injure than improve the complex 

adjus tments within an organism and that 

( ii) harmful dominant mutations will be weeded out relatively 

quickly , leaving the recessive ones to accumulate , especially if they 

happen to be linked with f avourable dominant fac trs. 

Knowledg e  of the eff ec ts of inbreeding on productivity is useful 

for two purposes . Firstly , the accuracy of s elec tion can be improved 

by c orrecting for any dif f erences between ind ividuals which resul t from 

variation in their degree of  inbreeding . Secondly , in comparing breeding 

plans , allowance needs to be made for any differences in the rate at 

which they increase inbreeding . 

A .  Evidence of  inbreeding depression in farm animals 

There is a considerable  amount o f  information on this subj ect .  

Evidence presented here , mainly from American s tudies , will be  conf ined 

to dairy cattle . In mos t  cases , the aim has been to try a combination 

of r ela tively mild inbreeding and s election as a method of  breeding in 

dairy cows ra ther than to produce inbred lines for crossing wi th each 

o ther . 

One such s tudy was that by Swett , Mat thews and Fohrman (1949). 

Cows of mixed ancestry wer e  used as foundation f emales and they were 

mat ed to a proven Holstein bull . Their experiment was designed to look 

into the poss ib ilities of building up a high-producing herd by using a 

proven bull and h�s sons, on cows of  average production.  Daughters ,  and 

in s ome cases even granddaughters ,  were back-crossed to the same bull , s o  
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that the progeny ob tained carried 75  and 87 . 5  percent , respec tively , of 

the genic cons titution of their paternal ances tor . 

This intens ive linebreeding was accompanied by rather pronounced 

inbreeding depression symptoms . The number of services required per 

concept ion increased from 2 . 0 for non-inbred cows to 3 . 6 when the 

inbreeding coefficient of the calves reached 0 . 5 .  The mortality of  

inbred calves less than one month old was 15  percent . However , when 

the same bull was mated with unrelated cows , there were no deaths among 

the 43 c alves born;  but , in the ' purebred ' Hols tein herd served at the 

same time , 29 calves died out of  the 300 born (9 . 7  p ercent) . The effect 

of inbreeding on body-weight and produc tion is illus tra ted by the 

relativ e  figures shown below :  

Degree o f  
inbreeding 

non-inbred 
F :  0 . 1 0-0 . 29 

0 . 30-0 . 4 9 
0 . 5 0-0 . 69 

TABLE 3 . 3  

The Effect of inbreeding on Body-weight 

and Milk Yield ( af ter Swett  e t .  al. 1949)  

Bir th Weight of  Cows which completed 
Weight heifers Lac tation 

of  at  18 No . of Weight of  

at  

Calves months ' Cows Pit- Udder* 
uitary 

100 100 22 100 100 
100 . 1  92 . 5  15 96 . 7  9 5 . 1 

95 . 9  89 . 6  27 92 . 2  8 3 . 8  
8 3 . 7  87 . 3  7 80 . 2  5 4 . 1  

leas t one 

Yield of 
Butterfat 

100 
101 . 5  

9 3 . 0  
82 . 6  

* The relative f igures for the udder weights refer to full udders of 
lactating cows which were s laughtered. 
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The inb red animals were smaller at  bir th and grew mor e  slowly than 

the non-inbreds ; they were also lis t less and had coarse coat s , which is 

indicative o f  lowered condition . . The pituitary glands were also smaller . 

Milk and butterfat yield declined with increased inbreeding ; the butter­

fat content of the milk decreased during the first generations of 

inbreeding but the reason for this would appear to be  that the original 

cow popula tion had a relatively high butterfat content ( 4 . 4 3  percent) 

and the mating took p lace with Hols tein bulls . 

Other s tudies of a similar nature have been reported by o ther 

w orkers (Tyler e t .  a l . 1949 ; Rober tson , 1954 ; Von Krosigk and Lush , 

195 8 ;  Hansson e t .  a l . 1961 and Mi e t .  aZ. 1965) . Therefor e ,  from the 

evidence presented , there is hardly any doub t that inbreeding carries· 

with it  reduced fertility ,  lowered viability in the offspring , especially 

in the f ir s t  few weeks af ter bir th , as well  as decreased production. I t  

is reasonable to expect the results  t o  vary from case t o  case , depending 

on the gene tic cons titution of the animals used for inbreeding . Various 

studies have also clearly shown tha t  crosses between different inbred 

lines , wi thin which degeneration symptoms have been evident ,  result in 

increas ed f er tility and viability of the progeny . Indeed , such increases 

in vitality (heteros is) are of ten seen in crosses between different 

pedigree l ines or between breeds, even if no inbreeding of  importance has 

taken place previously . 
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From s tudies on maize, i t  was believed that the increase in vigour , 

which always accompanied crosses between two inbred lines , was due to 

hetero zygosi ty per se . S o ,  in a locus with two alleles say A1 and A2 , 

the heterozygous combina tion A1A2 is superior to either of  the possible 

homozygotes , A1A1 or A2A2 . I t  is thought that the alleles A1 and A2 have 

separate effec ts  (which in this case , may be responsible for crucial 

steps in a biochemical pathway) and the sum of their different produc ts , 

or some interaction product between them, is superior ,  in terms of 

their effects on heterosis than that produced by either allele in the 

homo zygous s tate . 

I t  has also been sugges ted that heterosis may be explained in 

terms of ordinary dominance of genes relatively favourable for vigour 

and the corresponding recessiveness of genes unfavourable for vigour . 

This implies that in crosses between highly homozygous inbred lines the 

dominant and recessive alleles were brought together and the latter 

could not then exert their effec t .  East and Jones (1919)  have also 

s ta ted that  homozygosity for all advantageous genes constituted the 

mos t favourable conditions for growth and reproduct ion . On the contrary , 

Srb , Owen and Edgar ( 1965)  pointed out that no one has succeeded in 

producing , even in maize , a homozygous ·line which exhibits  the same 

viability as the heterozygous crossbreds . I t  was then thought that 

this might be  due to linkage between favourable and unfavourable genes , 

whereby the union of entirely favourable genes was prevented ; but this 

explanation may be somewhat simplistic .  
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Inbreeding depression and its  mirror image ' hybrid vigour ' 

(heterosis)  probably have several causes . Rei terating comments made 

earlier , it  is  cer tain that the inbreeding tends to  increase the 

homozygosity of the offspring , with the following consequences : 

(1 )  Segregation of recessive genes which of ten have unfavourable 

effects in the homozygous cond ition . 

(2}  Reduced frequency of heterozygous gene pairs . In so far as  

favourable interac tion of alleles at  the same locus (over­

dominance) o ccurs , reduced heterozygosity is associa ted wit h  

lowered viab ility . 

(_3 ) Al teration in the gene combinations which , in turn , al ters 

the interac tion between genes at  different loci (epistatic 

effect) . 

All three of these changes probably contribute to the decline in 

fertility and general vigour which invariably follows intense inbreeding 

when it is prac tised for several generations . Breeding populations of  

farm animals are highly heterozygous and , as such , are balanced for  a 

more favourable interac tion between the majo rity of geno types and t heir 

environment .  Increased homozygos ity would d isturb this equilibrium . On 

the o t her hand , one may expect that in many cases , a favourable effect  

should result from further increasing the heterozygosity by crosses 

between populations which have been bred as  separate units for many 

generations . 

To sum up , inbreeding depression and hybrid vigour have , in the 

main , the same basic causes. The heterozygosity and gene interact ion 
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whi ch was los t  by inbreeding can be restored by sui table crosses . 

Ind eed , even as early as 1868 , when animal breeding may be regarded 

as s till in its  infancy , Charles Darwin pointed out that inbreeding 

operates gradually but with accumulated eff ec t , whereas crossing 

usually exhibits full effect  in the first generation . To this day , 

this still retains its validity . 

VI STUDIES OF GENETIC CHANGES IN LIVESTOCK POPULATION$ 

S tudies concerned with the changes in the genetic makeup of 

par ticular breeds wi th t ime have been numerous . One mus t ,  however , be  

cautious about comparing results from various s tudies since the genetic 

si tuation in a par ticular set of circums tances may be quite different 

f rom another . This is true between and within breeds , at  different 

t imes , and a t  different locations . A summary of  these s tudies is 

shown in Table 3 . 4 .  

Inspection of Table 3 . 4 shows that the increase in inbreeding 

seems quite uniform in view of the diversity of  species . Great 

variability exists , however , between s tudies for to tal inbreeding and 

this arises partly from p edigrees being traced to more remo te dates in 

some breeds than in others .  

These  s tudies of b reed histories may be viewed from the standpoint 

of how much they indica te gene frequency to change merely from chance in 

the Mendelian sampling which takes place when one generation replaces 

another . Mos t  of the s t udies show that the pure breeds lose something 

of the order of 0 . 5% of their heterozygosi ty per genera tion from this 



TABLE 3.4 : Inbreetling- a:nd:· -subdi.vi sion of the :pure breeds of livesto ck . 

:Breeds Studied 

-

Ca ttle : 

Shorthorns ( Gt . :Britain) 
Jerseys (Gt . :Britain) 
Ayrshires �Gt . Britain) 
��iesians Gt . Britain) 
Shorthorns (Gt .  Britain) 
Holstein-Friesi�ns ( U . S . A . ) 
:Brawn Swiss ( U. S . A . ) 
HeTefords (U . S . A. )  
Abe rdeen-��g�s ( U . S . A. ) 
Brown Siviss ( Sivi tzerland) 
TeleQ�rk ( Norway) 
Red Danish (Denmark) 
Jers ey (Aus tralia) 
Polled Hereford (Australia) 
Hereford (Australia ) 
Jersey ( New Z ealand) 

Sivim:J : 

Polard-Chi.na (U . S . A . )  
LanQ�ace (Denmark) 

Sheep: 

:Border Leicester (Gt .  :Brit)  
Rambouillet ( U. S. A. ) 
Hampshire ( U. S. A . ) 

Horses : 

Clydesdale ( Scotland) 
Thoroughbreds ) ( U. S. A. ) } Standardbred � 
Saddle horse 

Author 

McPhee ��d Wright ( 1925)  
Smith ( 1 928) · 

Fo v1ler ( 19 32) 
Robertson and Asker ( 1951) 
Clayton ( 1956) 
Lush , Halbert and Wil lham ( 1936 )  
Yoder and Lush ( 1937) 
Wi l lham ( 1937)  
Stonaker ( 1 943) 
Sciuchetti ( 1935)  
Berge ( 1930 ) 

I Robertson �nd Mason ( 1954) 
:Barke r ( 1957) 
:Barker ru1d Davey ( 1960) 
Da7ey ru1d Barke c ( 1963) 
Stewart ( 1954) 

Lush and Anderson ( 1939 )  
Rottensten ( 1 937 )  

Young �1d Purser ( 1962 ) 
Di ckinson and Lush ( 1933)  
Garter ( 1940 ) 

Calder �1927 ) 
Steele 1944) 

Inbre e ding fo1;¥ld CcE,.cent)-a I "Effective number" 
Total Per Generation · of males in the 

in recent years :populationb 
-

26 . 0  0 . 6  21 
3 - 9  0 . 2  62 
5 . 3  0 . 5  25  
1.  2 0 . 2  69 
2 . 6  0 . 2  52  
4 . 0 0 . 4  3 1  
3 . 8  0 . 5  24 
8 . 1  0 . 6  20 

11 . 3  0 . 3  41 
1. 0 0 . 2  75 
7. 0 0 . 5  2 5  

1 1  • 2 1 .  6 8 
4 . 2  0 . 4  30 
1 . 8  0 . 4  31 
2 . 6  0 . 2  54 
2 . 5  0 . 3  50 

9 . 8  0 . 6  20 
6 . 9  0 . 5  27 

5 . 8  0 . 3  39 
5 - 5  0 . 7  18 
2 . 9  0 . 9  14 

6 . 2  1 .  2f 10f 

8 . 3  0 . 6  20 
4 . 0  0 . 6  20 
3 . 2  1 1 11 

Index of 
Subd.ivi sion° 

1 . 0d 

1 . 4  

2 . 3 
1 . 7 
1 . 8 
1 . 6  
0 . 6  

5 . 6  
1 . 7  
1 . 5 
2 . 3  

1 . 3 
0 .8 

1 .  1 
3 . 9 

11. 6e 

1 . 0  
0 . 6  
1 . 0  

\..N 0 

I 
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a .  This is  approximate . Several of the studies  did not state the average number 
of generatio�s involved. In some the figure includes only the changes in 
recent years ; in o thers it includes the foundation period where (generally) 
the inbreeding was more intense . 

b .  These are the figures in the preceding column, converted into the N of the 
1/8 N formula which describes the random sampling variance of gene frequency 
which would occur in a population mating at random , with the probability of 
becoming a parent uniform among the males and also uniform among the females 
but there being far more females than males in the breeding poplllation . N 
is the number of males which , 1Ll1.d.er those conditions 1vould have caused the 
observed rate of increase per generatiot'l in inbreeding. 

c .  This is inbreeding found where the inbreeding expected is R and R is the 
inbreeding expected 2 - R 

average relationship between random members of the breed. 
d. In recent years . It was 1 . 3 at the two earliest dates studied. 

e .  But this is based on a -very small inter se relationship llfhich has a high sampling 
error. 

f. Assuming that the average generation interval is  1 1  years , which might be 
considerably in error here . Steele found it to be nearer 1 2  years in light 
horses .  



cause alone . Selec t ion may either enlarge o r  reduce tha t loss 

while it is conceivable that mutation may make the net t  loss a bit 

less . If the per generation figures (of  Table 3 . 4 ) are mul tiplied 
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by q (-q) /100 , this gives the variance in gene frequency from chance in 

one generation of  breeding . In terms of  s tandard deviations this 

represents about  0 . 02 to 0 . 05 as the standard deviation of the chance 

changes in gene frequency from one generation to the next when q is 

about 0 . 5 ,  but considerably less when it is near extinc tion or complete 

f ixa tion . 

Chance is therefore of considerable importance in determining 

the changes in the composition of a breed from one genera tion to the 

next . I t  is no t ent irely clear as to why the chance changes are so  

much larger than would be expected to  resul t merely from the f inite 

size of  the breed . ·The reason may be tha t only a few contemporary 

animals are famous at any one time and a considerable number of breeders 

make some efforts to head their herds with close relatives of those 

currently famous animals . 

A fur ther feature of  the Table is that in mos t  cases the 

effective numbers of s ires is small - very much smaller than the ac tual 

census number . 
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CHAPTER 4 

METHODS AND MATERIALS 

In s tudies of the genetic his tory of various breeds of domestic 

animals , the complexity of  the pedigree network , especially if traced 

to more remo te ances tors , precludes the use of Wright ' s  Long Method of  

analysis . As pointed out in Chap ter 3 ,  the sampling technique of  

Wright and McPhee (19 25) is the me thod of choice under such circums tances . 

A broad outline of this technique has already been presented . In the 

present s tudy , estima tes of the levels of inbreeding were ob tained by 

a modification of Wright ' s  "Short Me thod" as described by Rober tson 

and Asker (1951) . 

As the ac_curacy of estima tes of the inbreeding coefficient depends 

on the to tal number of ties observed , it is apparen t that any method of 

increas ing the possible number of ties with the same amount of labour 

is advantageous . This can be done by drawing out more t�an two lines 

for each animal . Consider the situation where the pedigree is drawn 

completely to the eight  great-grandparents . From each of them , a line 

is drawn at random unt il it terminates at an impor ted animal . 
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Fig.  4 . 1 -�The 1 6  possible ties in an eight-line pedigree.  
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As indicated in Figure 4 . 1 ,  ties are possible between lines 

1 and 5 ,  6 ,  7 and 8 

2 11 5 , 6 ,  7 and 8 

3 11 5 , 6 ,  7 and 8 

4 11  5, 6 ,  7 and 8 .  · '-. 

Therefore , there are 4x4=16 possible inbreeding ties ( the same 

ancestor on bo th sire and dam ' s  side) so that there are two possible 

ties per line drawn compared with half a t ie per line in the 2-line 

method . The average inbreeding is then one half the ac tual ties divided 
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by the possible ties. 

Referring again to the d iagram � it can be seen that half-sib 

matings would occur if the same animal appeared on the lines 9 and 11  

and lines 10  and 1 2 ;  paternal half sib in the former and maternal 

half-sib in the lat ter . 

An ac tual pedigree drawn out completely to 8 great-grandparents,  

with a line drawn at  random from each of them is  shown in Figure 4 . 2  

(see page 36  } • 

In accordance with convent ion , the sire of  each individual 

is placed at the top half of the pedigree , with the dam a t  the bottom 

half . For example , the sample female (regis tration number 4 2255) 

was sired by 13350 , with . 34313 as the dam; and so for th . Each 

registration number has a herd code denoted by a letter followed by 

a number , e . g . Fl2 ,  Fl4 , G9 , e tc . \fhere an animal is imported it is  

designated by an as terisk (*) ; i t s  herd book number (which may be 

English , Canadian , Aus tralian or American) is followed by its  New 

Zealand Herd Book number (within brackets) . In the four th and 

subsequent generation the letter S or D preceding a number  refers to 

the sex of the ancestor ; S for s ir e  and D for dam. The number after 

the decimal point refers to the year of bir th . For example , an animal 

born in 1950  is denoted as . 50 ;  l ikewise , . 4 3 refers t o  a n  animal 

born in 194 3 ,  and so on . 

As  indicated in the p ed igree , there are four ties altogether, 

one of which is a Current inbreeding  tie , as distinct from the o ther 

three which are Non-current inbreeding ties . Current inbreeding consists  



Figure 4 . 2 : .An actual pedigree drawn according to Robertson and Asker ' s ( 1 951 ) 

modification of Wright ' s  "Short Method" . 

In the pedigree below, the animals responsible for the 3 non-current 
* * 

inbreeding ties are bulls 5469 , 8733 and 1 6891 . There is only one 

current inbreeding tie , the animal responsible being sire 1 1 390 . 



Generation Number J. 

F12 J 1 3350 . 46 

F1 4 ) 
42255 . 50 

Fl4 l 34313 . 46 

2 3 4 

M26 
G9 { 103095 . 38* (87 33)  

11390 . 43, CZZ 
11493 7 . 36* (16891) 
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Hll H11 I { 7596 . 36 Dl0748 . 30 
F12 

2849 7 . 43 P2  
15359 . 36 

M26 

M14 
S5469 . 31 - - - - - -

G9 
{ 103095 . 38* (8733)  

113 90 . 43 C22  
' 11�2}2 ��*= �1��2-l 

Mi4 

P2  { ���" �! 
1 7 848 . 37 P2 

9352 . 28 

Ml4 
D8002 . 26 

M4 
83885 . 24 

5 6 7 8 

M4 M4 M4 M2 
D5133 . 21 D2178 . 16 S 850 . 09 D9 5 7 . 0 2  

M14 M28 
S427  5 .  28  S5231 7 . 2 2* ( 2677 )  

B4  B4  R1 
D4371 . 19 S1061 . 15 S237 7 8 . 03* ( 5 36)  

M4 R2 M2 M2 
D4843 . 20 Dl926 . 14 D958 . 03 D710 . 03 

9 

M2 
D495 . 95 

El 
D507 . 95 

10 " 

M5 
D16 7 5 0 .  90* ( 348) 

T2 
D19940 . 9 2* ( 35 8) 

\..N 0'\ . 
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o f  ma tings involving close relatives such as parents and off spring , 

full or half-sibs ; these ma tings lie completely with the parental or  

grandparental generations . Non-current inbreeding includes the 

inbreeding due to the repetition of more remo te ancestors , part or all 

of  which lie beyond the grandparental generation in both top and bo ttom 

halves of individual pedigrees . 

The number of ties obtained is halved and divided by 16 , this 

being the possible number of ties in an 8-line pedigree , to ob tain 

an es timate of the inbreeding coefficient . As Wright and McPhee (1925)  

pointed out , the resul t so  ob tained means prac tically no thing as far as  

the individual is  concerned , but  by determining the proportion of  ties 

in a sufficiently large random sample of a family or  breed , a measure 

of the average degree of inbreeding of  that family or  breed can be 

ob tained to as high a degree of accuracy as desired . 

The methods of analysis fOr other aspects of this study will be  

outl ined in the results . Those aspec ts  may be regarded as incidental 

to the main topic of inbreeding and such an approach may help to 

maintain continuity from one topic to another . 

II DATA 

Data for the present s tudy was ob tained from the New Zealand 

Aberdeen Angus Herd Book , es tablished in 1917 . Since the study involves 

an analysis of a breed rather than of individuals , i t  is , of course , 

impossible to consider all the animals o f  the breed and the analysis 

mus t  therefore be confined to random samples , 
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I n  the sampling  process , i t  is necessary to decide whether the 

samples should  include bo th male and female  animals . In previous 

studies , as for example McPhee and Wright (1925) ; Dickinson and Lush 

(19 33) ; Lush e t .  a l .  (1936) ; Willham (1937 )  and S tonaker ( 1943) , 

pedigree samples from both sexes were included in the analyses . But 

for this present s tudy , it  was decided to consider only the pedigrees 

of registered females because in most  cases , the number of bulls 

regis tered is always much less than that of females , and the selection 

of bull calves for registration is a potential source o f  bias . Fur ther­

more ,  there is reason to believe that a large propor tion of the heifers 

that live are registered . Therefore , the parents of registered heifers 

may be taken as representative of the breeding stock in use at  tha t time . 

The f irst step in ob taining the random sample has been · to ascer tain 

the number  of pages in the herd b ook occupied by registrations in the 

year in ques tion . A table of random numbers was then used to select the 

sample . In making the select ion , the animal ' s  name , breeder , or owner 

was not taken into consideration . There were altogether 8 samples , taken 

at 10-year intervals , star ting with 1900 and extending t o  1966/6 7 .  The 

modal birth dates of  these samples were therefore 1900 , 1910 , 1920 , 19 30 , 

1940 , 19 5 0 ,  and 1966/ 6 7 . Having chosen the sample females , their 

pedigrees were traced according to the sys tem as outlined at the 

beginning of this chapter . 

The size of each sample relative to the populat ion from which it 

was drawn is shown in Table 4 . 1 .  
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TABLE 4 . 1 

Proportions of the Regis trations 

Included in each Sample 

: 
SAMPLE YEAR Number of  Sample S ize Percent o f  

Heifers Heifers 
Regis tered Regis tered 

1900 44 44 100 

1910 139 70 50 . 4  ( 1  in 2) 

1920 473  82  17 . 3  ( 1  in 6 )  

1930 693  84  12 . 1  ( 1  in 8)  

1940 1 , 603 79 4 . 9  ( 1  in 20) 

1950 1 , 856 93 5 . 0  ( 1  in 20) 

1960 4 , 344 102 2 . 3  ( 1  in 43)  

1966 / 6 7  6 , 981 137 1 . 9  (1  in 51)  

For each s ample year , a fur ther ( larger) sample of pedigrees were 

t raced back to the four grandparents and the extent of close matings 

ob tained . This additional estimate of current inbreeding was added to 

that ob tained f rom the pedigree samples  (corresponding to the same year) 

and subj ected to  the 8-line method of analysis . 



CHAPTER 5 

GENETIC ANALYSIS 

I INFLUENCE OF IMPORTATIONS 

Imported cattle have always played a prominent role in the history 

of the New Zealand Angus breed . Subsequent to the initial importations 

in 1 863  there was a steady , if not large entry of Angus cattle  from 

overseas (Figure 5 . 1 ) .  The United Kingdom has been the main source 

of importations. But ,  as a result of the foot and mouth epidemic during 

the_ mid 1 9 30 ' s ,  quarantine regulations did not permit the direct entry 

of livestock from Britain . Consequently , a number of cattle were imported 

from Canada and the United States of America . 

These imported stock appear to have generally been regarded by 

breeders as superior to New Zealand-bred stock, and as such have tended 

to elevate the herds in which they were used to something akin to a 

nucleus status. The actual importance of these imported animals as 

sources of genetic material in the breed as a whole may now be assessed .  

The completed 8-line pedigrees for the 8 sample years (as indicated 

in Chap ter 4) form the basis of this study. All the lines terminate at 

imported  animals . A list of these �mals was compiletl and the dates of 

importation and country of origin were also noted (see Table 5 . 2  and 

Appendices V and VI) . These animals fell into fairly well-defined groups 
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and the importations were divided into 9 groups according to the ten-year 

period during which they entered New Zealand. Animals imported before 

1 896 were called Foundation Stock for convenience .  The other categories ,  

together with the number of bulls and cows comprising them are shown 

in Table 5. 1 .  

In the eight sets of random eight-line pedigrees , the �roportion 

of lines tracing back to foundation stock and to the groups of imported 

animals may be determined .  This can be expressed as  the percentage of  

genes derived from them and is  shown in Table 5. 3 and Figure 5. 2 .  

TABLE 5 . 1 

Numbers of Angus cattle imported into New Zealand during 

ten-year periods from 1 863 to 1 975 

---·------ -----·-

Group Details :Bulls Cows 

Foundation Animals introduced ·before 1 896 1 7  23 ( 1 s t group ) 
2nd group Animals imported be tween 1 996 - 1 905 9 4 -
3rd group Animals imported between 1 906 - 1 915  1 4  1 0  

4th group Animals imported be tween 1 916  - 1 925 1 3  20 

5th group A.'limals impor ted between 1 926 - 1 935 1 1  1 1  
� 

6th group Animals imported between 1 936 - 1 945 40 25 --
7th group Animals imported between _1 946 - 1 955 53 56 -
8th group A..'limals imported bet\veen 1 956 - 1 965 7 1  57 

·-

9th group Animals imported between 1 966 - 1 975 28 1 3  

TOTAL 256 21 9 -

-



TABLE 5. 2 s Angus importations 1 863=1976 distributed according to count;y _ 

of origin and year of ent;y into New Zealand _ -

Great U . S .A .  Canada Australia 
D:3.te of Britain 

-

43 · 

Totals 

Importation B-u.lls Cows Bulls Cows Bulls Cows Bulls Cows Bulls Cows 

1 863 - 1 899 

1 900 - 1 909 

1 9 1 0  - 1 9 1 9  

1 920 - 1 929 

1 930 - 1 939 

1 940 - 1 949 

1 9 50 ·- 1 959 

1 960 - 1 969 

1---·------·-

1 970 - 1 976 

TOTALS 

1 7  

1 1  

1 3  

1 2  

22 

1 7  

59 

63 

1---
9 -

223 

23 

4 

1 0  

20 

r 2 1  () 

20 

62 

34 

1 

1 80 21  

25 

-

25 5 

5 

- - -

5 

5 

2 5 

5 4 

7 9 

1 7  23  

1 1  4 

1 3  1 0  

1 2  20 

43 36 

1 7  20 

59 62  

65 39 

1 4 5 

256 2 1 9  

-

I 

I 



TABLE 5.3 : The effect of the different importations on the breed at 

ten yearly intervals 

__ Effect of Different Grou-os in Parcenta�ros 5th Scunple 1 st 2nd ,__2,-r_L _ _  _41-� 6th �------�---- -·· 1896::
-

Year Foundatio:1 1 906- 1 91 6- 1 926- 1 936-
1 905 1 9 1 5 1 925 1 9 35 1 945 

1 900 81 . 8  - - - - -

1 91 0  40 . 0  22 . 7  1 .  6 - - -

1 920 24 . 5  31 . 1  1 8 . 9  0 . 2  - -

1 930 2 1  • 1 25 . 6  23 . 9  1 8 . 6  - -

1 940 1 4 . 9  - 20 . 1  2 1 . 5 2 3 . 1  3 . 8  3 . 0  

1 950 1 1 . 4 1 8 . 0  1 5 . 7  22 . 6  4 - 4 1 9 . 2  

1 960 9 . 8  9 - 9 1 0 . 2  1 5 . 9  2 . 9  20 . 8  

1 966/67 6 . 8  8 . 2  6 . 8  1 0 . 9  2 . 5 1 6 . 1 
..___ ___ - -

44 -

-------
7th 8th 

1 946- 195
"6:" 

1 955 1 965 

- -

- -

- -

- -

- -

1 . 6 -

1 7 . 5 0 . 4 

25 . 1  9 . 0 
-
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Table 5 . 3 ) .  
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The contribution of the foundation animals has decreased from 1 00% 

in 1 863 to 6 . 8% in 1 966/67 and the relative effects of subsequent ten­

year periods may be seen from Figure 5 . 2 .  Several features are worthy 

of note : 

(a) The genetic contribution of animals imported in a 1 0-year period 

reaches a maximum in about 20 years ��d then declines . 

(b ) Early importations reach a maximum value more rapidly than later 

importations . This is  due to the relatively few pedigree Angus 

cattle registered during the early years . 

(c ) As would be expected , the effects of large importations are 

greater than small importations . 

(d) It i s  possible that certain individual animals in one period 

were more favoured than those in the other groups , thus accen­

tuating the contribution of a particular period .  

Clearly , the gene complex of  a breed may be  altered fairly rapidly 

even in the absence of artificial insemination . During a period of 87 

years or approximately 1 7  cattle generations later ( that i s ,  in 1 966/67 ) 

more than 93% of the original genes have been replaced. The replacement 

of the foundation genes for the other sample years are : 

1 8 . 2% ( 1 900 ) 

60% ( 1 9 1 0 ) 

7 5 . 5% ( 1 920 ) 

78 . 9% ( 1 930 ) 

85 . 1% ( 1 940 ) 

88 . 6% ( 1 950) 

and 90 . 2% ( 1 960) 
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The rapid rate of replacement of genes in the early years was probably 

the result of deliberate selection for "imported" genes . In the latter 

stages there was probably no deliberate selection against foundation genes 

as few, if any , published pedigrees traced back mora than 30 years . The 

continued replacement of these foundation genes was probably the natural 

consequence of selection in favour of recently imported genes . The way 

in which these rapid changes have been effected may be  appreciated if the 

structure of the breed is taken into consideration . As with other regis­

tered cattle breeds , the breed structure of the Angus i s  pyramidal , 

consisting of various strata (See Chapter 6) . Each stratum obtains its 

sires from those above i t .  The top strata include those  herds which use 

imported sires and these herds in turn supply other pedigree herds with 

sires which in turn supply bulls  to other pedigree herds an� so on . Thus , 

within 2 or 3 generations one imported sire may have hundreds of grandsons 

��d great-grandsons . 

Figure 5 . 2  suggests that the contribution of the foundation animals 

and the different importation groups may not alter greatly in the future . 

With the exception of 1 946- 1 955  and 1 956-1 965 importations , the contribution 

from each period has remained relatively stable during the interval 1 945-

1 966 . This may be indicative of a lessening of the emphasis on imported 

animals as such and a tendency to select animals on performance rather 

than implied superiority due to  "imported blood" . Alternatively, it may 

indicate that certain imported animals may be held in high esteem and that 

in attempting to preserve their excellence , many breeders linebreed to 

them and thus preserve the relative importance of the period during which 

they were imported .  
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In breed s tudies an obvious problem arises from the r ela tionship 

between animals both within and between the d ifferent importations which 

have taken place . For the inbreeding coeff ic ients ob tained to be 

meaningful , it is necessary to def ine the base populat ion to which the 

present inbreeding is referred . An individual belonging to this base 

population will therefore be assumed to have an inbreeding coefficient 

of zero . In the present study it  will be assumed that all impor ted 

animals were neither inbred nor related to each other . Consequently , 

the inbreed ing es t ima tes obtained are lower than their ac tual values . 

The overall inbreeding averaged over the whole popula t ion may 

conveniently be divided into two categories : 

(a) Current inbreeding , and 

(b) Non-current inbreeding , the d i s tinc tion between these two having 

been d iscussed in Chapter 4 .  The non-current inbreeding may be 

subdivided into two parts : 

( i) the long term inbreed ing , due to the relationship of 

important animals to the whole breed ; and 

( ii) d eliberate non-current inbreeding , due to the separation of 

the breed into strains . 

In the actual estima tion of the total inbreeding , d is tinct ion was 

made only between current inbreeding , es timated on a large number of 

matings , and the non-current , es t imated from the eight-line ped igrees 

( involving a smaller sample size)  after omission of the current  

inbreeding in  them . There were sixteen possible ties in each pedigree , 

so that the total number of ties d ivided by Nxl6x2 (N being the sample 



s i ze) gave the non-current inbreeding . Resul ts ob tained are 

indicated in Table  5 . 4 .  

TABLE 5 . 4  

The extent of current inbreeding in eigh t sample 

years for the New Zealand pedigree Angus 

Average birth Matings S ire- Dam- Pat �- Mat �- Current 
year of in d tr son s ib sib inbreeding 

sample females sample ( %) 
* 

1900 44 - - 3 - 0 . 21 

1910 134 2 - - - 0 . 05 

1920 245 - 1 6 - 0 . 089  

1930 257 - - 3 - 0 . 04 

1940 319 1 1 1 2  2 0 . 16 

1950 375  6 - 11  - 0 . 14 

1960 410 1 - 9 - o . os 

1966/67 367 4 6 - 0 . 85 

* The number sampled in each period was arbitrary . 
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There were marked fluc tuations in the current inbreeding in the 

d ifferent periods (Figure 5 . 3) .  Of the to tal of 2 , 151 matings sampled , 

14  were sire-daughter , 50  were pa ternal half-sibs , and there were two 

matings each o f  dam-son and maternal half-sibs. Over this p eriod , 

therefore , abou t  one mating in 150 was sire-daughter , one in 40  was 

be tween half-sibs and the remaining c ategory represented about  one 
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Fig. 5 . 3--Current inbreeding for each of the 8 sample years . 
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mating in 100 . Corresponding f igures for sire  - daught er and half-

sibs in o ther s tudies are ind icated in Table 5 . 5 .  

TABLE 5 . 5  

Extent of  current inbreeding in other 

cattle breeds 

Breed S ire- Half-sib Authors 
daughter mat ings 

. .  

matings 

51 . 

Br itish Friesians 1 in 200 1 in 30 Robertson and Asker , 
1951 

Jerseys 1 in 5 0  1 in 20 S tewar t ,  1954 

Jerseys 1 in 40 1 in 30 Barker , 1957 

Polled Hereford 1 in 200 1 in 20 Barker and Davey , 
1960 

Hereford 1 in 120 1 in 30 Davey and Barker , 
1963  

The non-current and to tal inbreeding are shown in  Table 5 . 6 

and Figure 5 . 4 .  
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. TABLE 5 . 6  

Amount of  to tal inbreeding in eight sample years 

in the pedigree Angus in New Zealand 

Birth year of Current Non-current inbreeding Total inbreeding 
sample inbreed- · 
females ing No . of  Inbreeding % 

(%)  ties (%)  
/ 

1900 0 . 21 64 4 . 55 4 . 76 

1910 0 . 04 7  11 0 . 49 0 . 54 

1920 0 . 08 9  35  1 . 33 1 . 42 

1930 0 . 03 6  59 2 . 19 2 . 23 

1940 0 . 16  76  3 . 01  3 . 16 

1950 0 . 14 96 3 . 2 3  3 . 37 

1960 0 . 07 6  109 3 . 34  3 . 4 2 
. .  

1966/6 7  0 . 08 5  75  1 .  7 1  1 . 80 

The coefficient o f  inbreeding at  4 . 7 6% was highest in 1900 and 

this was followed by a marked decrease in 1910 to 0 . 54% , the lowest  

among the  eight pedigree samples . This rep resents a decrease in the 

inbreeding coefficient of 88 . 7% during the intervening 10 year p er iod . 

The expectation that a small number of foundation animals would lead to 

a fairly h igh degree of inbreeding during the formative years of the 

breed was borne out in this s tudy . The level of inbree�ing in the 1900 
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sample corresponds to a decrease in heterozygos i ty of about 0 . 87%  p er 

generation during the period 1863 to 1 900 , allowing for the fac t  that 

the earliest generation in cattle p edigrees canno t show any inbreeding . 

From 1910 onwards ,  there was a steady increase in the to tal inbreeding , 

reaching a second peak of  3 . 42% in 1960 . This level of inbreed ing is 

no t unexpec ted , bearing in mind the low number o f  impor tations during 

the 1930 ' s  to early 1940 ' s  and the fac t tha t i t  t akes some 15-20 years 

before an impor ted animal exer ts its maximum impac t on the breed . 

The rate of  increase of inbreed ing was highest ( 0 . 93)  from 1930 

to 1940 and could be related to the Depression years when importations 

were  reduced considerably . No doub t the advent of the Second \.Jorld War 

would have hindered mat ters somewhat .  The embargo on importations from 

Bri tain on account of the foo t and mouth ep idemic there proved a fur ther 

obs.tacle to impor tations . The drop in the inbreeding level to 1 .80% in 1966/6 7 

reflects the increased importations from the mid-1940 ' s  onwards . In 

terms of Wright ' s  ( 1931)  approxima te formula of  l/8M for the frac tion 

of the remaining heterozygosity lost per generation in a population of 

limited size , this inbreed ing is about the same as if there were only 

about 125 bulls per generation in the whole breed actively and equal ly 

taking part in reporducing the breed , but mating at random with a much 

larger number of cows . Of course , these abs trac t conditions are no t 

entirely reali zed . At  all  times many more than 1 25 bulls are actual ly 

in use in purebred herds , but they are by no means used equally . In 

practice , far less than 125 take so active a par t that  they have a 

distinct influence on the breed for more than a generation or two aft er 

their death . In fac t ,  there is some slight tendency ( to be d iscussed 



next)  for breeding within f amily lines instead of ent irely random 

mat ing with respect to pedigree relationship . 

55 . 

In  many instances , far more than 125  are used only a little or 

have mos t  of their descendants go to grade herds where their genes 

are l o s t  to the pure breed . For example , showring successes may cause 

many breeders to seek sons or grandsons of the f ew currently famous 

sires to head their herds in each generation . Yet , the mos t  famous sire 

next  y ear or in the next genera tion will sometimes no t be a son or a 

grandson or even a close rela t ive of the mos t  famous recent sire . 

Henc e ,  this keeps shif ting the emphasis of breeders ' select ions from 

one spo t to ano ther within the pedigree s truc ture of the breed . 
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Ill  THE HOMOGENEITY OF THE BREED 

A very important ques tion associated with a breed concerns its 

degree of homogeneity.  For exampl e ,  is mating more or less at random 

over the breed as a who le or does it comprise a collect io n  of diverse 

families? The coeff icient of inbreeding does not answer this ques tion . 

A breed might become split up into several such families o r  strains 

each inbred within i tself but having lit tle relationship to each o ther . 

Indeed , such an assemblage might well show a high coefficient of inbreeding . 

To take an extreme example , a group of pedigrees picked a t  random from the 

herdbooks of various breeds of domestic animals might yield a high 

coefficient of inbreeding with no homogeneity whatsoever . Fur thermore , 

even if prominent animals have high coefficients of relat ionship to the 

breed they belong to and thereby , providing some indication ·of breed 

homogeneity , the answer is far from complete.  

This problem may be resolved by considering the inter se relationship 

(r)  which gives an estima te of the average relationship existing at a 

par ticular period between any two animals chosen at random from the breed . 

The inter se relationship is ob tained by ma tching the random lines from the 

sire ' s  half of one pedigree agains t the dam ' s half from ano ther pedigree to 

see how of ten ties are found in such comparisons . No random lines are 

used a second time in such matching . 

Within each of the eight samp les , the actual number o f  ties divided 

by the possible ties gave the inter se relationship . For example , in 

the 1900 sample (which consis ts of  44 pedigrees) the number of possib le 

comparisons are 44x39 = 1 , 892 .  As there are 16 possible ties in each 

comparison , involving 4 random l ines from the sire and 4 f rom the dam, the 

total possible . ties are (44x43xl6 )  = 30 , 27 2 .  The 1 , 889 t ies in the 1900 
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sample , divided by (44x4 3xl6) gave an i nter se relationship o f  0 . 06 3 .  

Having estimated this  relationship the extent o f  the separation 

of  the breed into strains (or alterna t ively , the degree of breed 

homogeneity) may be determined . The inbreeding ( F) expec ted ( that 

is , long- term inbreeding) is one-half the inter se relationship (r)  

or  more exactly r j ( 2-r) . Sub trac ting the expected long-term 

inbreeding from the non-current inbreeding previously ob tained gives 

the strain inbreeding . 

Ideally, the sample 's·ize. c.li.osen for studying th e  inter se relationship 

should correspond to that used in the estimation of non-current inbreed­

ing (See Table 4 � 1 ,  sec tion on ' Da ta ' ) . However , tha t would involve 

a to tal of 63 , 988  possible comparisons . Because of the lack of  a 

sui table computer programme to process this data , it was decided to 

reduce the sample size wi thin each time period . As a result  of  this 

sub-sampling the number of  comparisons over the 8 sample years amounts 

to  28 , 988 . The resul ts obtained by this proportionate sampling me thod 

would not deviate a great deal from tha t based on the original sample 

size (fo,.  L .  Rae , personal conununication). . The subdivision of  the non­

current inbreeding into long-term and s train inbreeding is shown in 

Table  5 . 7 .  



TABLE . 5 . 7  

Inter se Relationship and Non-current Inbreeding 

Subdivided into Long-term and S train Inbreeding 

in Eight Sample Years for the New Zealand Pedigree Angus 

Average 

-

birth 
year of  
sample 
females-

1900 

1910 

1920 

1930 

1940 

1950 - .  
1960 

1966/67 . -

No . of !Inter se 
random relat-
matings ions hip 

% 

1892 6 . 27 . .  
4830 1 . 9 3  

6642 2 . 30 

3080 3 . 25 

2652 3 . 45 

3782  4 . 23 

2450 3 . 2 2  

3660 1 . 8 9  . . . .  

Resul tant Non-Current S train Index 
expected inbreeding inbreeding o f  Sub-
long term division 
inbreed ing 

% % 

3 . 24 4 . 55 1 . 31 1 . 40 

0 . 98 0 . 49 - 0 . 50 

1 . 16 1 . 33 0 . 17 1 . 15 

1 . 65 2 . 19 0 . 54 1 . 33 

1 .  7 6  3 . 01 1 .  25 1 . 7 1  

2 . 16 3 . 23 1 . 06 1 . 4 9  

1 . 64 3 . 34  1 .  70 2 . 04 

0 . 95 1 . 7 1  0 .  7 6  1 .  7 9  

58 . 
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I t  is evident that  the level of s train inbreeding waxes and 

wanes and this trend is more no ticeable in Figure 5 . 4  (Page 52) . With the 

exception of 1910 , the observed coefficient of inbreeding was more 

than the expec ted in every other sample , the d if f erence being mos t  

pronounced i n  1960 . The s train inbreeding ( tha t  is , the excess of 

the ac tual over the expec ted inbreeding) was 1 . 31% in 1900 and dropped 

to 0 in 1910 . This was followed by a slight increase to 0 . 17% in 

1 9 20 and a fur ther increment to 0 . 54% ten years later . A second peak 

of 1 . 25% was recorded in 1940 . From a value of 1 . 06% in 195 0 ,  the 

level of strain inbreeding peaked again in 1960 ( 1 . 7 0%) and if the 

present level ( 1hat � � . 7 6% in 1966/67)  is any indica tion , the trend 

appears to be towards a fur ther decrease in the level of s train 

inbreeding . 

As mentioned previously , the non-current inbreeding consists of  

the long-term inbreeding and the inbreeding due  to  the separation of  

the breed into strains ; the long- term inbreeding referred to here is 

derived from the rela tionship of important animals to the whole breed . 

Therefore , if the long- term inbreeding is low relative to the non-current 

inbreeding , it  implies that the �mpor tant animal s  have no t spread their 

inf luence over the whole breed and consequently , the breed is to some 

extent subdivided into several strains . The results from the present 

s tudy would sugges t a tendency towards family f ormation in the breed . 

However ,  this tendency is  rarely , if ever , carr ied so far that families are 

kept distinct for several generations . Presumably the more successful , or 

highly es teemed of these incipient families are used for top crossing . 
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on o ther families and are blended into the breed as a whole . 

An al ternative way of looking at  the same problem was sugges ted 

by Lush (1946) who derived an index of subdivis ion which is calculated 

as : 

Ac tual nonccurrent inbreeding 

Expec ted long-term inbreeding 

In the idealized case ,  the ratio approaches unity implying tha t mating 

is entirely a t  random and there is no separation of the breed into 

families . Depar ture from this ratio provides some evidence of s train 

formation . This parameter , c alculated for the eigh t sample years used 

in the present s tudy , is presented in Table 5 . 7 .  

That there is li ttle eff ec tive subdivision of the Angus breed into 

separa te s trains seems plausible as dis tance is cer tainly not a maj or 

hindrance towards stock movement wi thin New Zealand . While some 

breeders tend -to  use sires bred near their own locali ties , many of them 

travel fur ther afield for their sires . For example , a considerable 

number of s tock transfers be tween herds , and also bailments (as recorded 

in the New Zealand Angus Herd Book) . take p lace every year . Geographical 

isola t ion is therefore not a maj or· contributing fac tor in family format­

ion in  the New Zealand contex t . This fac tor , however , assumes greater 

significance especially in countries like Aus tralia , U . S .A .  or Canada . 

where dis tance alone may prevent mating from being entirely random within 

a breed , thereby leading to some par tial isolation , even though there 

are no absolute barriers to the exchange of breeding s tock . 



61 . 

An analysis of the animals contributing to the non�current 

inbreeding and inter se relationship ties provides a fur ther indication 

of the emphasis placed on imported animals in the development of this 

breed (Table  5 . 8) .  In each sample , the mos t  of ten appearing imported 

animal contributed more ties than all animal s  of the mos t  impor tant 

New Zealand herd (Jable 5 . 9 ) .  As might be expected , the mos t  of ten 

appearing New Zealand herds in each sample are the mos t  important ,  as 

shown in Table 5 . 13 ,  while the mos t  of ten appearing impor ted animals 

are the impor tant imported animals shown in Table 5 . 1 7 . 
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TABLE . 5 . 8  

Contributions by Imported Animals to the 

Non-current Inbreeding and In ter se 

Rela tionship ties in the New Zealand Pedigree Angus 

Sample Year 

1900 
. . .  . .  

1910 
' . . .  

1920 
. . . . . .  

1930 

1940 

1950 

1960 

1966/67 
. .  

� .. . 

. . . 

Non-Current Inbreeding Ties 

TOTAL 

57  

11 

31 

56 

-

75 

96 

102 

75  

Number contributed 
by impor ted animals 

. . .  

. . .  

34 

9 

25 

31 

25 

30 

44 

39 

Inter se Rela tionship ties 

TOTAL Number contributed 
by impor ted animals 

1899  1165 

1494 1277  

2445 2063 

1603 917  

1465 7 5 2  

2563 12 79  

1263  7 3 9  

1104 591  



TABLE 5.9 
Numbers of inter se relationship ties contributed by the seven most often appearing imported 

animals and the three mos t often appearing New Zealand herds in eight sample years for the 

New Zealand Pedigree Angus 

Imported animals 

New Zealand 
animals and 
herds* 

1 900 

Blackleg 387 
\va terside Eric 248 
Bella 1 s t of Waimea1 62 
Megg Dodds 
Solomon 
Lancer of Advie 
Robin Hood 

Black Duke of} · · 
Killara 
I1cKinley a 

Nelson 
Noss Rose 

59 
57 
57 
37 

20 3 

85  
31  
30 

Solomon !I } 7 3  
Blair Athole 32 
Ore ti · b 32 
Beatrice 28 
Jamie of Ki llara 23 

SM'IPLE YEAR 
1 9 1 0  

Lancer of Advie 2 5 5  
Baron Arradoul 2 5 2  
Fashion ' s  Prince 205 
Mis tral 1 94 
Kathleen 2nd of Drummuir 62 
Que tta 5 1  
Celandine o f  Drummuir 41  

Alberta } c 49 
Amber 7 
Gri sette } 2 2  

Harainanga 
John . Bull 20 
Sheila of Gwavas 1 4 

1 920 

Fashion ' s  Prince 283 
Eblis of Ballindalloch 265 
Mi s tral 256 
B . B . B .  2 2 5  
Ralph o f  Carestin 1 8 1  
Baron Arradoul 1 74 
Lancer of Advie 1 58 

Alberta-Bred by John· 5 3  
Ellio t ,Middlemarsh , 
Otago . 

Engineer } 5 1  
Que tta 3rd Gladbrook 2 5  
Helen 1 9  
Nason 1 9  
Dean of Ben Lomond 1 7 

1 930 

Ralph of Cares ton 1 62 
J:IIis tral 1 1 8 
Lancer of Advie 6 2  
Heathen 59 
The Quai l 58 
Fashion ' s  Prince 5 6  
Moose 2nd 4 1  

Baron o f  Ben Lomond 1 48 
Dean of Ben Lomond 68 
Duke of Argy le } I 66 

Gladbrook 
Fame 

· I 4 1 
Flower of Annadale 59 

-- --·· -----------·--- - --·- -

* In the 1 900 sample , only 2 herds can be listed; there are no contributions from o ther New Zealand herds . 
a Bred by Matthew Holmes , Cas tlerock , Southland . 
b New Zealand and Aus tralian Land Company . 
c Bred by John Elliot ,  }li ddlemarsh ,  Otago . 

0'\ I...N 
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TABLE 5.9 ( Cont ' d . ) 

SAr·LPLE YEAR 
1 940 1 950 

Imported animals Fashion ' s  Prince 69 Hays ton Elmore 360 
Hays ton Bri ght Print 69 Eland of Bl�aton 261  
Eland of Bleaton 68 Hays ton Bright Print 95 
Moose 2nd 64 B . B . B .  78 
Lancer of Advie 64 J1ulben Elbow 53 
Mistral 46 Fashion ' s  Prince 45 
Eblis of Ballindalloch 38 Ni. s tral 34 

New Zealand Roderick Dhu(Turihaua) 54 Ossian of Waiterenui 95  
animals and Sentry of Akit�o 52 Baron of Ben Lomond 45 
herds Acute of Aki tio 26 Twig of Ben Lomond 39 

Baron of Ben Lomond 32 Acute of Akitio 76 

1 960 

Hays ton Elmore 386 
Emperor Elect of Douneside 56 
Eland of Bleaton 53 
Eul ijago of Ki lham 41  
Etheridge of Tillyrie 2 1  
The Q.uail 1 8  
Celandine o f  Drummuir 1 2  

Roderick Dhu (Turihaua) 54 
Embassy 5th of r1anga toro 54 
Embassy 1 1 th of Mangatoro 24 
President of I1angatoro 2 2  
Ossian o f  Wai terenui 1 8  
Nelson of Waiterenui 1 8  

1 966/67 

Hays ton Elmore 2 1 9 
Bruce of 79 
Greenyards 58 
Eland of Bleaton 23 
Emperor El ect of 2 3  
Doune side 
Lanc er of Advie 2 3  
Etheridge o f  Tillyrie 2 3 
Eulijago of Kilham 2 2  

Roderick Dhu } Tu " h 45 r� aua 
Celia 2 2  
Ossian o f  Wai terenui 43 
Duke of Argyle 26 

Quetta 3rd }Gladb�o�� 

0'\ � . 



IV GENERATION LENGTH 

The average interval between one generation and the next is of 

considerable practical importance . For example , a breeder may wish to 

perpetuate the influence of a prominent animal by some system of 

linebreeding and a knowledge of the generation length will therefore 

enable him to estimate what he can accomplish . Also , it is useful in 

assessing what has been achieved in the past by the breeding systems actually 

followed. Furthermore , this information has an economic bearing as it 

allows a rough estimate of the probable replacement rate for breeding 

stock and the average number of offspring one may expect from animals 

actually retained for breeding purposes . 

The data used were the birth dates of the sample animals and of the 

foundation animals in which the random ancestral lines terminated and a 

record of the number of intervening generations . The results are summarised 

in the table below. 

TABLE 5� 10  

Average length of interval between generations 

- --
Year Average generation Number of Generation Intervals 

interval (in years ) on Which This Average is Based 

1 900 5 . 1 6  962 

1 9 1 0  5 . 39 1 1 04 

1 920 5 . 82 1 755  

1 930 5 . 64 1 767 

1 940 5 . 81 2054 

1 950 5 . 66 2831 

1 960 5 . 22 2331 

1 966/67 5 . 2 1 2821  
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Although the generation interval for the 1 966/67 sample has only 

increased  slightly compared to the estimate obtained in 1 900 , there were 

fluctuations during that intervening period. The generation intervals 

have tended to lengbhen from 1 900 onwards , reaching a maximum of 5 . 82 

years in 1 920 .  A slight decrease followed in 1 930 and a decade later, 

the interval was estimated at 5 . 81 years . From then onwards , there has 

been a tendency towards shorter generation lengths . 

Normally , in a breed which is approaching an eQuilibrium in numbers , 

the generation intervals would tend to lengthen. However , the data 

obtained for the period 1 900- 1 940 cannot be explained on this premise . 

Given the economic climate during the Depression , and the advent of the 

Second World War , breed expansion was curtailed and conseQuently led to 

a lengthening of the generation length . The post-war years "Yrere followed 

by an upsurge in cattle numbers and this was paralleled by a gradual 

decrease in the generation interval , as borne out by the data. 

The generation length , while of some use , is not as informative as 

its separate components ;  that i s ,  the sire-son , sire-daughter, dam-son 

and dam-daughter intervals . Such intervals are calculated from the 

female samples in the eight sample years . As male samples were not used 

in this study , the four paths of the parent-offspring intervals could 

only be obtained by going back one generation in the pedigree samples .  

The b irth dates of  the sire and dam, along with their grandsires and 

granddams were tabulated .  The mean of  the four paths of  the generation 

interval is the effective generation length, which i s  defined as the 

average age of the parents at the birth of their offspring. Distribution 

of parent-offspring intervals were obtained by taking the age of each 



parent , in years , at the birth of its  offspring. The results are summarised 

in Table 5 .  1 1  • 

TABLE 5. 1 1  

Parent-offspring intervals and average generation length 

for pedigree Angus cattle in New Zealand 

Interval (years ) 
Parent-offspring 

1 920 ' 1 930 1 966/67 R•�la tionship 1 900 1 9 1 0  1 940 1 950 1 960 
Saxnple Sample Sample I Sample Sample Sample Sample Sample 

Sire-son intervaJ 5 . 05 3 . 8 1  6 . 03  � . •  42 5 . 30 3 . 9 1 4 . 05 4 . 26 

Sire-daughter 5 . 06 5 . 08 5 . 0 1  5 . 40 5 . 04 4 · 79 4 . 66 5 . 62 
inter-val 

Dam-son interval 4 . 5 1  8 .  3 1  6 . 70 5 . 62 7 . 37 7 . 08 6 . 1 4  5 . 85 

Darn-da�.1ghter 5 . 85 6 . 32 7 . 63 6 . 1 5  6 . 26 6 . 54 6 . 43 6 . 73 
interval 

Average Generati< :n 
Length 5 . 1 2  5 . 88 6 . 34 5 . 39 5 . 99 5 . 58 5 . 32 5 . 62 

The generation length has shown similar trends as that in Table 5 . 1 0 

and has increased by 0 . 5  years over the intervening 66-year period . Except 

for the 1 900 sample ,  the dams of the _registered males and females are older 

than the sires of registered males and females . The dam-daughter interval 

for each of  the eight samples i s  considerably longer than the average 

generation length . 

The distributions of the parent-offspring intervals Lor eaoh : of the 

samples are shown in Figures 5 . 5  and 5 . 6 .  Differences between the various 

parent-offspring intervals are· given in Table 5 . 1 2 . In general , sires of 

both bull and heifer registrations are younger than their mates .  The 

difference s  between the average ages of the parents of registered bull 
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Fig. 5 . 5--Distribution of the sire-son and sire-daughter 
intervals in the New Zealand pedigree .Angus 

for the 8 sample years . 

------- Sires of registered males 

···· · · · · · · ··· Sires of registered females 

(See Appendix VII) 

Fig. 5 . 6--Distribution of the dam-son and dam-daughter 
intervals in the New Zealand pedigree .Angus 

for the 8 sample years . 

------�Dams of registered males 

· · ······ · · · ····Dams of registered females  
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TABLE 5. 1 2  

Differences between the various parent-offspring intervals (years) 

for pedigree Angus cattle in New Zealand 

Parent-offspring 1 900 1 91 0  1 920 1 930 1 940 1 950 1 960 1 966/67 Relationship 

Sire-son and sire-daughter 0 . 01 1 .  27 1 . 02 0 . 98 0 . 26 0 . 88 0 . 6 1 1 . 36 

Dam-son and da.'ll-daughter 1 . 34 1 . 99 0 . 93 0 . 53 1 . 1 1  0 . 54 0 . 29 0 . 88 

Sire-son and d��-son 0 . 54 4 . 50 0 . 67 1 . 20 2 . 07 3 . 1 7  2 . 09 1 . 59 

Sire-da�.1ghter a..>d dam- 0 . 79 1 . 24 2 . 62 0 . 75 1 . 22 1 .  75 1 .  77 1 • 1 1  daughter 
-
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calves for the 8 samples are 0 . 54 ,  4 . 50 ,  0 . 67 ,  1 . 20 ,  2 . 07 , 3 . 1 7 ,  2 . 09 

and 1 . 59 years respectively( the difference of 0 . 54 years in the 1 900 

sample was caused by the longer sire-son interval) .  Between the parents 

of registered heifer calves ,  the corresponding differences are 0 . 79 , 1 . 24 , 

2 . 62 ,  0 . 75 ,  1 . 22 , 1 . 7 5 ,  1 . 77 and 1 . 1 1  years ; these differences may be 

partly accounted for by the longer breeding life of female stock. There 

are also substantial differencea between the sire-son and sire-daughter 

intervals for all samples except  that of 1 900 and 1 940 ;  in two samples 

( 1 920 and 1 940) the differences  were contributed by a longer sire-son 

interval . 

The differences between dam-son and dam-daughter intervals were small 

only for the 1 960 sample . The big differences in the o ther samples would 

indicate a general policy of registering bull calves from dams with 

potentially more performance records than those from which registered 

heifer calves are saved. 

The distr�butions of the parent-offspring intervals show that the 

sires were used as 2-to 6-year olds . Thus , in general , breeders are using 

bulls for about 4 years and then replacing them . Sires ranging from 8 

to 20 years-old are also found in the distribution . Presumably, these 

animals were retained for longer periods in the herds because of their 

proven genetic merit .  The same remark is  equally applicable to the dams ; 

they are used mainly from 2 to 8 years old and older . 

About 50-56% of the 1 966/67 sample animals were sired by bulls  4 

years old and younger, while just over 75% were sired by bulls 5 years 

and younger. The equivalent figures for dams 4 years or 5 years old 

are approximately 38% and 50% respectively . Therefore , at least half 
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the breeding animals are used before there could be even a subjective 

evaluation of  their progeny and at the age when this information might 

be available , most of the animals are discarded .  
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V IMPORTANT HERDS 

To determine the important herds , the procedure as outlined by 

Weiner ( 1 953) was adopted ,  using pedigrees from the eight sample years , 

traced completely to four generations . Only the last four generations 

were considered because herds almost always have a limited duration and 

those herds that were of immediate importance to the breed in 1 966/67 as 

bull-breeding herds \vere of relatively minor importance fifteen to twenty 

years previously . Because fe1ver herds breed bulls than breed cows only 

herds represented by males in these pedigrees were considered .  Tnree 

methods were used : 

( 1 )  The total number of appearances of each herd in any of the 1 5  

male positions . 

( 2 )  The total score of these male appeara.'1ces .  This score was 

calculated on the basis of an appearance in one generation being 

given twice the weight of an appearance in a preceding generation; 

an appearance in the parental generation (Generation 1 )  scored 8 ;  

an appeara.�ce in the grandparental generation (Generation 2 )  scored 

4; a.n.d so on . 

( 3) The total number of appearances  of each herd in the sires-of-sires 

line only . 

In this study, only 3 sample years were considered ,  that is , 1 900 , 

1 930 and 1 966/67 .  These three samples are spaced some 30 years apart and 

it  was felt that such a choice of samples would enable some comparison to 

be made regarding the changes in the importance (with res�ect to ranking) 
of certain herds with time . 

For convenience of comparison the appearances or scores may be 

converted to percentages of the total possible appearances or scores . For 

example , in the 1 900 sample 1 98 Imported sires appeared in the 44 pedigrees . 



'· 
76 . 

As there are 1 5  males in each pedigree , the percentage of Imported sires 

appearing equals ( 1 98/660)  X 1 00 = 30 . 0 .  The results calculated in this 

way are shown in Tap le 5·. 1 3 . 

In the 1 900 sample , there is  pretty close agreement , with respect 

to ranking of the herds , using three different approaches .  However , in 

the other two samples , the correspondence is  not as close , especially 

after the fourth or fifth most important herd . Davey and Barker ( 1 9 63)  

have . suggested that the importance of a herd is best demonstrated by 

the total score ( that is , method 2) and so this will be the criterion 

adopted in this study . 

In all three samples ;  Imported is consi stently most important , but 

the importance of the New Zealand herds has changed considerably from 

one sample to another ,  with some herds gaining ascendancy while others 

have decreased in importance or dispersed. For example , in the 1 900 

sample , Gwavas was the seventh most important herd and by 1 930 it was 

fourth in importance ;  however , it was dispersed in 1 934 . Opua (ranked 

fifth) and Tomoana (ranked sixth) , both of which appeared in the 1 900 

sample were dispersed in 1 920 and 1 907 respectively. Of the three 

samples , only one herd (Gladbrook) has persisted , from 1 900 through to 

1 966/67 .  However , it should be pointed out that this herd ( established 

in 1 884 and dispersed in 1 91 8 )  differs from Gladbrook 2 as the latter herd 

was founded by the grandson of the original owner(Mr . John Roberts ) in 

1 936 , after a lapse of 1 8  years . Some idea of the duration of the more 

important herds may be  obtained from Table 5 . 1 4 .  

In the 1 930 sample , Ben Lomond was second in importance , followed 

by Turihaua . Since then , Ben Lomond had dispersed while Turihaua has 

lagged behind and ranks fifteenth in 1 969 . 



TABLE 5. 13 ;. Herds · in order of im�ortance for each of the three methods of analysis used to determine. tne 

important herds of the New Zealand pedigree Angus 

Per cent Per cent 

Herd of total Herd of total Herd number SGore of 
of males males 

19·J0 Sample : 

Imported 30 Imported 26 . 1  Imported 
N .Z . & Australia� Land Co . 1 3 . 8  Matthew Holmes 1 9  .. 2 Matthew Holmes 
Matthew Holmes 1 2 . 7  N. Z .  & Australian Land Co . 1 6 .8  N . Z .  & Australian Land Co . 
Gladbrook ( 1 )  2 . 4 Gladbrook ( 1 st )  S . 8  Opua 
Opua 1 . 5 Opua 4 . 3 To::noa:.r1a } Tomoa...YJ.a 0 . 9  Tomoa...YJ.a 2 . 0  Gwavas 
Gv1avas 0 . 3  Gwava.s ( 1 ) 0 . 6  
Maraina..'1ga 0 . 2  l'1arai na..'lga 0 . 6  

13_20 Sa;nnle : 

Imported 29 . 4 Imported 2 3 . 13  Imported Be; Lomond 9 . 4  Ben Lomond 8 . 8  Ben Lomond 
Glad'::lrook ( 1 ) 5 . 95 Turihaua 6 . 1  Turihaua 
'furihaua 4 . 6  G'll'3. vas ( 1 ) 5 . 6  Gwavas 
G•11avas 3 . 7  Aki tio 5 . 5  Mangatoro 
. Akitio 2 . 7  Gladbrook ( 1 st)  5 . 1  Gladbrook 
Gladbrook ( 2 )  1 . 98 Waiterenui 3 . 2  Akitio 
Marainanga 1 . 7 Ma.11ga toro 2 . 7  Waiterenui 
�1ount Royal 1 . 5 Koiro 2 . 4 Koiro 
Ma..�gatoro 1 . 3 Springfield } 1 .  6 Fairfield } Waiterenui 1 . 3 Tautane Ma.tapihi 
vloodla�ds 1 . 26 Omarunui 1 . 5 Manganui 
Fairfield 0 . 95 Woodlands } 1 . 4 Symes } Koiro 0 . 8  Gladbrook ( 2nd) Omarunui 
Tautane } Matapihi 1 • 3 Woodlands } Matapihi G . 5  } 

Gladbroo
.
k ( 2nd) 

Springfield Fairfield 0 . 89 Omarunui Mount Royal 
Bywell 0 . 3  :Sywell 0 . 82 

Per cent of 
number of males 
in sires-of-sires 
line 

34 . 1  
29 . 5  
20 . 4 
5 . 7  

2 . 3  
: '  

1 8 . 5  
1 4 . 9  
9 . 5  
8 . 3  
7 . 7  
7 . 1  
5 . 4  
4 . 8  
3 . 6  

1 . 8 

1 . 2 

0 . 6  

- --- -----
-.; 
-.; 
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TABLE 5._1_3_( continued) 

Per cent Per cent Per cent of 

Herd 
of total Herd of total Herd number of males  
number score of in sires-of-sires  
of  males males line 

1966/6]_ Sanmle :  

Imported 1 9 . 0  Im:ported 1 8 . 9  Imported 22 . 4  
Ma.>J.ga toro 1 1 . 8 Mangatoro 1 1  • 1 Mangatoro 1 2 . 5  
PtLl<e tutu 5 - 5 Puketutu 6 . 1  Puketutu 6 . 98 
Totaraz1ui 3 · 3  Totaranui 4 . 8  Totara:..rmi 5 . 5 
Ngawa...l<a ( 1 st) 3 . 1  Waiterenui 2 . 3  Waiterenui } 2 . 94 Waiterenui 1 . 9 Ngawaka ( 1 st ) 2 . 1  Brookfields 
Brookla..."l'lds 1 . 4 Heathfield 1 . 9 Waiwhero 2 . 5  
Heathfield 1 . 3 Brookfields 1 . 5 Gladbrook } 2 . 2  
Matapihi 1 .  2 Balfour 1 . 4 Balfour 
Balfour 1 . o  Cricklewood 1 . 3 Brooklru"lds } 1 . 8  
Cricklewood 1 . 0 Gladbrook ( 2nd) 1 . 26 Kal1ika 
Turihaua 0 . 98 Brookla:..'lds 1 .  2 H<�a thi'ield } 1 . 47 Glad brook 0 . 88 Waiwhero - 1 . 03 Cricklewood 
Mangatu } 0 . 83 

Tautane 1 . 0 1  Ngawaka ( 1 st ) } Burford Turihaua 0 . 98 Tu.rihaua 
1 .  1 

.Alci tic 0 . 78 Brackenfield 0 . 9  Brackenfield } 0 . 73 Brackenfield 0 . 73  Kahika } 0 . 87 Ribbonwood 
Ri.bbonwood } 0 . 68 Matapihi l''Ianga:naire } 0 . 37 . Tautane Ribbonwood 0 . 75 Matua 

Brookfields } 0 . 63 
Aki tio 0 . 53 

Waiwhero Matua } Kahika 0 . 58 Burford. 0 . 4 

Manga.maire } 0 . 53 Manga:naire 0 . 36 
Matua Mangatu 0 . 34 I -- -------- ----

/ 

-
0 . 
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TABLE 5. 14 : Years of origin and dispersal of the most important pedigree Angus 

herds in New Zealand in 1900, 1930 and 1966/67 

Herd 

�tant herds - 1900 

Gladbrook 1 

O;ma 

Tomoana 

Gwavas 

Marainanga 

Imnort��t herds -
+------ 1930 

Ben Lomond 
Turiha.Yla 

Gwavas 

.A_1Q tio 

Gladbrook 1 

Waiterenui 

Ma."lgatoro 

ImDorta.11.t herds : ... :1.9_Ei§&I 
Mangatoro 

Puketutu 

Totaranui 
Waiterenui 

Nga•,.,ra2-ca ( 2 )  

Heathfield 

Brooklands 

-----

---------
Dispersal I Year of Origin Year of 

1 884 1 9 1 8  

1 893 1 920 

1 895 1 907 

1 888 1034 

1 886 1 908 

1 905 1 925 

1 906 -

1 888 1 934 

1 908 -

1 884 1 91 8  

1 9 1 5  -

1 920 -

1 93'7 -

1 927 -

1 942 -

1 91 5  -

1 960 -

1 938 -

1 9 1 9  -
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In more recent years , Mangatoro has occupied a position second only 

to Imported .  Indeed,  many prize winners have been bred at Mangatoro , and 

also , many herds have been established and s trengthened with Mangatoro 

females , both in New Zealand and Australia. Some of its stock have even 

been exported to America. Following behind Mangatoro are Puketutu , Totaranui 

and Waiterenui (Table 5 . 1 3 ) .  All four were apparently increasing in importance 

at this time , with the most significant increase being made by Totaranui 

and Mangatoro , who , in 1 930 lagged behind Waiterenui in importance . In 

the breed structure analysis , Totaranui ( established in 1 942 ) was found 

to be B .H . ( 1 b) , but its  bulls were used widely and it probably will become 

a B .H . ( 1 a) herd. 

It i s  interesting that over the three samples , there has been no 

concentration of imported males in the sires-of-sires line . However ,  over 

the period studied,  the importance of Imported has been steadily decreasing. 

In the 1 900 sample , the percentage of total score is less than the percentage 

of total number, implying that the usage of imported bulls declined over 

the generations prior to 1 900 . Since the percentage of total score , as a 

proportion of percentage of total number for Imported in 1 930 (viz .  0 . 81 ) 

i s  less than this proportion for 1 900 (viz . 0 . 87 ) , the trend apparently 

increased over this period. Presumably ,  this was largely due to the reduced 

number of  importations -- the early 1 920 ' s  were not entirely a happy time 

for the farming community. 

A similar analysis  for the period from 1 930 to 1 966/67 showed a 

reversal of the trend, that is , there was an increase in the use of imported 

bulls . There was also a tendency to register more sons of imported bulls 

as 22 . 4  per cent of males in the sires-of-sires line were Imported in 
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1 966/67 , compared wi th 1 8 . 5  p e r  c ent in 1 9 30 .  

The distribution of herds supplying the sires in the four-generation 

pedi gre e s  of the three samples are shown in Table 5 . 1 5 .  About 9 . 1% of 

the herds app earing in the 1 900 s ample supp l i e d  27 . 5% of all the s ire s 

in the p e di gre e s . On the other hand , the same percentage of herds have 

appeare d only onc e . From 1 930 to 1 966/67 , the percentage of sires supp l i e d  

b y  Imported de creas e d  from 1 4 . 3 to 1 1 . 1 ;  further decreas es can b e  expected 

as a re sul t of the re c ent decline in importations . Al so , in the 1 966/67 

sample , 45 . 6% of all the herds supplied one bull each . Thi s  five-fo l d  

increase over the period samp l e d  i s  indi c ative o f  the gro-vrth o f  the bre e d ,  

e spe cial ly i n  re c ent years , a s  thi s group supplying one bull per herd 

cons i s t s  mainly of re c ently e s tabl ished herds . 

The average numb e r  of time s that Imported bulls \vere used in the se 

p e digre e s  can be calculated from Table 5 . 1 5 .  For example , in the 1 900 

sample , Imported appe ared 1 46 t imes , but only 1 4  bulls were us e d .  That 

is , Imported bulls were us e d  an average of 1 0 . 4 time s each in the 1 900 

sampl e . The corre sponding figure s for the 1 930 and 1 966/67 samp l e s  are 

7 . 7  and 4 . 5  re sp e c tively , whi ch refle c t  the greater numbers and avai l ab i l i ty 

of importe d bull s  in more recent time s . 
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TABLE 5. 15  

Distribution of  herds supplying the sires in the four-generation 

pedigrees of samples of females born in 1 900 , 1 9 30 and 1 966/67 

Total No . 1 900 1 9 30 1 969/67 . 

of 
Appearance s  

per Number of Number of Number of :Number of Number of Number of 
Herd Herds Bull s  Herds Bulls  Herds Bulls  

1 1 1 1 4  1 4  72 72 

2-4 5 6 . 1 1  25  45 1 02 

5-9 3 1 4  1 6  74 

10- 1 9 2 8 6 41 1 4  1 35 

20-29 2 1 2  4 57 

30-39 1 2 1  2 40 

46 1 1 8  

62 1 1 7  

65 1 1 3  

68 1 43 

75 1 9 

77 1 22 

92 1 1 3  

1 1 4 1 54 

1 1 9 1 31  

1 46 1 1 4  Imp . *  

232  1 107 

277 1 36 Imp . *  

395 1 87 Imp . *  
� - -

Total 1 1  5 1  42 251  1 58 784 
-

Percentage 
of animals 
supplied 27 . 5  1 4 . 3 1 1  • 1 

by 
Imported  

* Imp . ,  imported 



A.  Genetic Coatribution of  important herds 

As the appearance of a herd in the pedigree is frequently dependent 

on a previous appearru1ce of that herd in the s��e pedigree , the total 

number  of appearances is not necessarily a true indication of a herd ' s  

importance in the breed structure . For the same reason, a herd ' s  

genetic con�tribution to the breed cannot be estimated in this \·laY . In 

order to calculate the contribution for the ten major herds to the 

1 966/67 sample , the method of  Weiner ( 1 953)  was used. Animals appearing 

in the eight-line pedigrees described previously were coded to sho;., 

the herds in which they were bred. At each of the 30 positions in 

the four-generation pedigrees , the number of' appearances of a herd 

independent of an earlier appearance of that herd was counted.  Thus , 

if a herd appeared in one pos ition in generation 3 ,  and in the same 

line in generation 4 ,  the appearance in generation 3 w.:>uld be counted 

while that in generation 4 would not .  The contribution of each herd 

therefore depends on the nlli�ber of independent occurrences in each 

pedigree and the generation in which each occurs . F.:>r example , in a 

sample of 1 00 heifers , one occurrence of a herd in the parental 

generation will mean that the herd has contributed 1/200 of the genes 

in the sample or one half of  one per cent . Should one of this animal ' s  

parents be born in the same herd , the herd will also appear in the 

grandparental generation, but since its appearance is not independent · 

of its occurrence in the parental generation , the herd makes no further 

contribution. Should the o ther grandparent in the same half of the 

pedigree be bo�n in a second herd, this herd ' s  contribution to the 

sample \.,rill be 1/400 . or one quarter of one per cent , and so on. The 



genetic contribution of both sires and dams in each generation was 

then calculated and the results sUlliiiled to give the total genetic 

contribution of the herd to the female sample , which is taken as the 

contribution to the breed in 1 969 . 

The results obtained for the 1 0  major herds separately ,  and 

together with and without Imported ,  are given in Table 5 . 1 6 .  Only 

contributions made during the last  four generations were considered 

because herds almost always have a .limited duration and those herds 

that were of immediate Lnportance to the breed in 1 966/67 as bull­

breeding herds were of relatively minor importance fifteen to twenty 

years previously. A further reason is that the contribution of herds 

that were important several generations previously becomes greater 

further back in the pedigrees .  If the latter herds were included ,  

as would b e  the case if many more than four generations were · considered, 

the total genetic contribution made by all the selected herds could 

be considerably in excess of 1 00% of the genes existing in the 1 966/67 

sample . Tnerefore , the effect of ta�ing ma11Y generations into con­

sideration would be  to give the relative importru�ce of berds during 

the period for which authentic pedigree details were available , whereas 

interest  is centred more on the absolute contributions of individual 

herds at a particular time . 

From the table , the change in genetic contribution for successive 

generations is indicative of the gain or loss  of importance by a herd . 

Thus ·, Imported has been steadily declini"Qg in importance .  Mangatoro , 

which is  second only to L:nporte d ,  showed a very substantial drop in 

genetic contribution. Other herds showing a decline include Waiterenui. 



TABLE 5 . 16 

Genetic contribution of Impor ted and the nine maj or herds to a sample of p ed igree 

Angus females born 1966/67  

To tal I Genetic contribution (%)  

Genetic 
HERD Contrib- Generation 1 Generation 2 .  Generation 3 Generation 4 

ut  ion 
% Males Females Males Female�: Males Females Males Females 

Imported 4 2 . 4  5 . 8  0 . 0  11 . 1  1 . 1  12 . 7  2 . 1  7 . 9  1 . 7  

Mangatoro 21 . 9  4 . 4  0 . 0  6 . 4  0 . 9  4 . 6  0 . 3  5 . 1  0 . 4  

Puketutu . 8 .  7 2  3 . 3  1 . 5  2 . 0  0 . 6  0 . 6  0 . 6  0 . 09 0 . 05 

To taranui 8 . 70  3 . 7  0 . 7  1 . 8  0 . 6  1 . 0  0 . 4  0 . 5  0 . 1  

Waiterenui 4 .  7 0 . 7  0 . 7  1 . 1 0 . 7  0 . 5  0 . 3  0 . 4  0 . 3  

Ngawaka 3 69 0 . 0  0 . 0  0 . 6  0 . 4  1 . 5  0 . 1  1 . 1  0 . 1  

Heathfield 3 . 9 7 1 . 5  0 . 0  0 . 7  0 . 6  0 . 6  0 . 3  0 . 3 0 . 1  

Brookf ields · 4 . 6  1 . 5  1 . 8  1 . 1  0 . 2  0 . 1 0 . 0  0 . 0  0 . 0  

Balfour 3 . 5  1 . 1  0 . 4  1 . 1  0 . 0  0 . 6  0 . 0  0 . 3  0 . 0  

Crick1ewood 2 . 1  0 . 7  0 . 0  0 . 6  0 . 2  0 . 4  0 . 0  0 . 3  0 . 1  

Import ed + nine herds 66 . 1  3 . 6  4 . 1  15 . 9  4 . 1  13 . 5  3 . 2  9 . 6  2 . 2 

Nine herds 44 . 0  1 . 2 4 . 5  10 . 2  3 . 6  6 . 6  1 . 7  5 . 4  0 . 9  

I I i 
I ! 
! ! 
I I 

I 

! 
' 

a> V1 . 
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�1d Ngaw�<a while Cricklewood has remained stationary . The remaining 

herds listed have been increasing in importance ,  with Puke-Gutu showing 

the most pronounced increase .  

The 1 0  major herds had a total combined genetic contribution of 

66 . 1  per cent to the breed in 1 969 , most  of which was contributed by 

Impor ted, followed by Mangatoro . · The contribution of Imported ,  

independent of  the other nine important herds , is  only 2�fo, wllich implies 

that the majority of  Imported genes in the sample have been introduced 

through these herds . The importance of Mangatoro to the breed i s  

apparent from the fact that about 22  per  cent of the genes in the sample 

have come through this herd in the last four generations . It will be 

appreciated that the genetic contribution of the 9 major herds plus 

Imported combined ( 66 . 1%) is not the same as the sum of their individual 

contributions ( 1 04 . 3%) , since to some extent the bulls bred  in these 

herds are used by one or Jnore of the other eight herds . 
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B .  Important A.11.imals 

The system of pedigree sampling adopted in this study provides an 

objective measure of the importance of various ancestors to the breed . 

This is  determined by noting the proportion of  lines which pass through 

or terminate at the animal in each sample . A.YJ. ancestor which has an 

important influence on the breed would therefore be expected to appear 

in many of the random lines and consequently , has a good chance of 

scattering its genes throughout the breed. 

The estimate obtained actually gives the direct relationship to the 

female sample , which i s  assumed to be representative of the breed at that 

time . If an animal with a high direct relationship also has sibs or other 

collateral relatives which contributed much to the inherit�11.ce of the 

breed, then the total relationship of such an animal to the whole breed 

would be higher than the results shown . 

Table 5 . 1 7  shows those animals whose direct relationship to the breed 

was at least 3 . 9  per cent in two or more of the samples studied• As 

expected,  the list is  dominated  by imported animals .  The average time 

from year of birth to the year in which an animal has its highest 

relationship is  about 22 years , but this ·varies from 1 0  years ( Quetta) 

to 40 years (Megg Dodds ) . 

The highest direct relationship of an individual animal to the breed 

at any one sampling date was that of Blackleg, imported from Britain in 

1 875 . This bull was almost a great-grandsire to the breed in 1 900 ; the 

heifer sample in that year derived about one ninth of their genes from 

this sire . With such a high direct relationship ( 1 1 . 65%) it would be 

expected to have a considerable influence in subsequent years . However,  



T.ABL."S 5. 17 

Percentage direct relationship for animals important to the breed 

in eight sample years 

Registration Percentage Direct Relationship 
Name of Animal Year of Herd Number Birth 

1 900 

SIRES 
95 Oreti c . 1 872  Matthew Holmes 3 - 1 3  

94 McKinley c . 1 872 Matthew Holmes · 5 · 97 

946* Robin Hood c . 1 874 N .Z . & Australian 
3 . 98 Land Company 

68* Blackleg 1 874 N. Z .  & A'lS tralian 1 1 . 65 Land Company 

97-* Knight of the Thistle 1 879 Matthew Holmes 3 . 41 

7* Waterside Eri.c 1 881  N. Z .  A�ricultural 8 . 8 1  Company 

99 Nelson 1 882 Matthew Holmes 4 . 26 

2349* Solomon c . 1 883 N . Z .  & Australian 5 . 68 Land Compa':ly 
71  Blair Athole 1 884 N. Z .  & A'1stralian 

3 . 41 Land. Company 

2 1  Solomon II  1 885 N . Z .  & Australian 5 . 68 Land Compa."Tly ·, 

1 0 1  Black Duke o f  Kil1ara 1 887 Matthew Holmes 7 . 95 

1 80* Baron Arradoul 1 890 Glad.brook 3 . 69 

1 8 1 *  Lancer o f  Advie 1 892 Gladbrook 5 . 1 1  

376* Fashion ' s Prince 
I 

1 899 Gladbrook -

429* Mistral 1 899 Gladbrook -

* Denotes imported stock 

1 9 10  1 920 1 930 1 940 

- - - -

0 . 36 - - -

1 .  25 0 . 61 0 .45 -

1 . 07 0 . 46 0 . 30 -

0 . 36 - - 0 . 1 6  
. . 

1 . 43 0 . 30 0 . 45 0 . 1 6  

0 . 89 - - -

1 .  61  1 . 07 0 . 45 -

0 . 1 8 0 . 1 5  0 . 45 -

1 .  25 0 . 61 0 . 45 -

1 .  25  - - -

5 . 89 4 - 1 2  2 . 08 1 .  27 

6 . 79 3 . 96 3 . 42 3 . 96 

5 . 1 8  5 . 34 3 . 1 3  2 . 85  

5 . 1 8 5 . 03  4 . 32 2 . 85 

---·---- --- - --- ---· -- - ·--

1 950 1 960 

- -

- -

- 0 . 1 2  

0 . 1 3  0 . 37 

- -

- -

- -

0 . 1 3  o .  1 2  

- -

- -

- -

1 . 88 0 . 49 

2 . 28 0 . 98 

2 . 69 1 . 47 

4 .03 2 . 21 

1 966/67 

-

-

0 . 1 0 

-

-

-

-

0 . 36 

-

.0 . 41 

-

0 . 1 8 

1 . 55 

1 .  28 

1 . 28 

• I 
i 

(l) (l) 
• 



Registration Name of Animal 
Number 

SIRES 
428* Ralph of Careston 

. 535* B .B . B  • 

526* �)lis of Ballindalloch 

525* Heathen 

675 Baron of Ben Lomond 

689 Duke of .A:rgyle 

850 De�� of Ben Lomond 

955* Moose 2nd 

1 060 Roderick Dhu 

22 1 6* Hayston Bright Print 

2648 Sentry of Akitio 

2677* Eland of Bleaton 

4303 Acute of Akitio 

4607 Ossian of Wai terenui 
8733* Hayston Elmore 

9524 Embassy 5th of I1angatoro 

1 4304* . Eu.lijago of Kilham 

1 71 08* Bruce of Greenyards 

--- - -----

TABLE 5 . 17  (Continued) 

Year of Herd 
Birth 

1 900 1 9 1 0  

1 899 Gladbrook - 2 . 68 

. 1 903 Marainang-d. - 2 . 50 

1 904 Gladbrook - 2 . 86 

1 904 Gladbrook - 1 . 07 

1 907 Ben Lomond - -
1 907 Gwavas - -
1 909 Ben Lomond - -
1 9 1 4  Akitio - -
1 9 1 4  Ben Lomond - -
1 920 Al:citio - -
1 922 Al:citio - -
1 922 \'loodla.nds - -
1 928 Akitio - -
1 929 Waiterenui - -

. 1 9 38 Akitio - -
1 940 Mangatoro - -
1 947 Mang-cl. toro - -
1 953  Mangatoro -

Percentage Direct Relationship 

1 920 1 9 30 1 940 1 950 1 960 

) . 1 8  5 . 06 3 . 0 1  2 . 42 1 . 47 

4 - 7 3  2 . 98 2 . 53 3 . 63 2 . 2 1 

5 . 03 3 . 1 3  4 - 43 1 .  2 1  0 . 86 

2 . 29 3 . 87 2 . 37 2 . 1 5  0 . 98 

1 . 07 6 . 25 2 . 89 2 . 82 2 . 45 

0 . 92 5 . 1 3  1 .  68 3 . 2 3 2 . 70 

1 .  37 4 . 9 1  1 . 44 1 .  41 1 . 72  

0 . 46 3 . 27 3 . 96 2 . 1 5  1 . 47 

0 . 30 3 · 35 3 . 61 4 . 84 4 . 1 7  

- 3 . 1 3  3 . 48 3 - 36 2 . 33 

- - 3 - 85 3 - 63 0 . 98 

- 0 . 45 3 . 80 6 . 59 4 . 78 

- - 2 . 89 3 . 63 -
- - 2 . 40 4 - 0 3  2 . 94 
- - - 9 . 27 9 - 31 
- - - 1 .  2 1  3 . 92 

- - - - 3 . 92 

- - - - . 1 . 35 

1 966/67 

1 . 09 

1 .  73  

0 . 82 

1 . 09 

1 . 84 

2 . 05 

1 . 03  

0 . 64 

2 . 87  

1 . 46 

1 . 64 

4 . 20 

1 . 64 

3 . 07 

7 · 94 

1 . 03  

3 . 1 0 

3 - 47 

CO \,() . 

! 
' 



TABLE 5. 17 (Continued) 

Registration Name of Animal Year of 
Number. :Birth Herd 

1 900 1 91 0  

DAMS 
1P* Meg D:>dds c .  1 860 N . Z .  & Australian 3 . 98 0 . 1 8 Land Compa':ly 

67 :Beatrice 1 879 N . Z .  & Australian 3 . 1 3  1 . 07 Land Company 

209 Moss  Rose 1 879 Matthew Holmes 3 . 1 3  -
7563* :Sella 1 st of Waimea 1 882 N . Z .  Agricultural 6 . 82 0 . 36 Coml)a.:-:J.y 

348* Quetta 1 890 Gladbrook 3 . 1 3  2 . 50 

360 Alberta 1 894 Middlemarsh - 3 . 04 

495 Quetta 3rd 1 895 Gladbrook 2 . 27 0 . 54 

727 Fame 1 902 Gladbrook - -
957 Flower 1 902 Gladbrook - 0 . 1 8  

Percentage Direct Relationship 

1 920 

-
-
-
-

1 . 8 3  

2 . 29 

1 .  68 

0 . 46 

1 .  22 

1 930 

-

0 . 45 

-
o .  1 5  

2 . 08 

1 .  79 

3 . 80 

3 . 1 3  

4 . 24 

---- -

1 940 1 950 1 960 

- - -
- - -
- - -
- 0 . 1 3  0 . 25 

0 . 95 1 . 88 1 .  72  

1 . 44 1 • 2 1  0 . 49 

1 .  92  2 . 42 1 . 23  

1 .  68 1 . 0 1  1 . 96 

2 . 89 3 · 43 2 . 2 1 

-----

! 

1 966/67 1 

-
-
-
-

0 . 64 
-

1 . 64 

0 . 82 

1 . 84 . 

'-0 0 . 
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its influence declined sharply in 1 91 0 .  Further decreases followed and 

in 1 940 , not a single line could be traced to Blackleg. Its direct 

relationship to the breed increased slightly in 1 950 (0 . 1 3%) and 1 960 

(0 . 37%) but thereafter , fell to zero in 1 966/67 . 

Overall , the most important animal to the breed over the period 

1 900-1 966/67 was L�Dcer of Advie which was imported from Britain in 1 89 3 ·  

In fact ,  the relatively large contributions of importations during the 

period 1 863-1 896 is  due mainly to the importance of Lancer of Advie . 

This bull has , however , declined steadily in importance after reaching 

a peak in 1 91 0 . In 1 966/67 the direct relationship of this sire to the 

breed was established at 1 . 55%. In other words , about 1 in every 70 

genes in the breed is probably derived from Lancer of Advie . Clearly , 

individual animals had more opportunity to become important . in the breed 

during the early years when the breed was small in numbers . Relatively 

few of the later importations attain a direct relationship of 3% to the 

breed and these include Eulijago of Kilham and Bruce of Greenyards .  

Owing to fewer offspring, cows do not have the same chance as bulls 

to attain high direct relationships .  The most important cow was Bella 

1 st of Waimea ( imported 1 882 ) with a direct relationship to the breed 

of 6 . 82% in 1 900 . 
·
Other important cows include Quetta ( imported 1 892 ) , 

Quetta 3rd , Flower and Alberta. It is  significant that fewer cows appear 

in Table 5 . 1 7  despite the relatively large numbers of females imported 

during the early phase of the breed ' s  development in this country. The 

list of important dams was dominated by animals imported or born between 

1 863 and 1 902 . The cows in subsequent importations did not have as much 
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influence on the breed as did their predecessors . 

A number of the dams listed owe their individual importance to 

popular descendants rather than their own popularity . For example , Fame 

is important becrulse her son Baron of Ben Lomond was popular; a large 

proportion of the lines trace back to Fame through Baron of Ben Lomond . 

Similarly, Flower owes her importance to the popularity of her son , 

Dean of Ben Lomond . Indeed , many of the animals appearing in the upper 

part of Table 5 . 1 7  are ancestors of those in the lower half.  



CHAPTER 6 

BREED STRUCTURE 

I t  may be surmised from wha t has been written (Lush , 1943 , 1946)  

tha t some form of ' funct ional s tratification ' of  pure-bred herds 

exists in mos t  breeds of domes tic livestock . The theoretical implications 

of  this are summari zed oy Lush , who s tates that 

"the reduc tion in eff ective size of the population which 
such s tratification causes , will largely increase the 
chance changes in gene frequency ins tead of the sys tematic 
changes caused by selec tion , al though there will be some 
o f  the lat ter to the extent that stratification is based 
on the apparent meri t  of the animals in the herds . "  

The me thod of  analysis adop ted in the present study was that 

outlined by Wiener ( 1953 )  and later modified by Barker (1957) . I t  

involves following back the pedigrees o f  registered animals t o  find out 

in which herds ances tors have been bred . · Data for this study were 

abs tracted from Volume 6 1  (which includes all New Zealand herds 

registering from 30th July 1968 to 31st  July 1969) of  the New Zealand 

Aberdeen Angus Herd Book . All herds regis tering in this year were 

listed by their s tud pref ixes , toge ther with. the numbers of bulls and 

heifers regis terea by each , as well as the s tud prefixes of the bulls 

used in each . 

From these data were ob tained the number of  herds that regis tered 

(i) females only 

( ii) males and f emales and 

(iii) the occasional male and no females ; this last group is small 
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and usually contains small herdg or ones recently dispersed . A 

further classif ica tion is used which to some extent cuts  across the 

division of herds made above . Here the fate of the animals bred is 

the criterion . The two maj or categories of  herds which result  are : 

( a) Breeders '  Herds - herds which have bred bulls appearing 

as sires in o ther pedigree herds in the data analysed . 

(b)  Multipliers ' Herds - herds whose bulls  have no t appeared as  

sires in other pedigree herds in the data analysed . Bulls 

bred by these herds may have been used in the herd in which 

they were bred and have been used , presumably , in grade 

herds . 

The only real diff erence among the categories ( to be discussed 

shor tly) forming the latter group is tha t the mul tiplication process 

diff ers in intensity . The herds in each of  the two maj or categories 

of pedigree herds can be placed into a number of  strata depending on 

their impor tance as a source of  breeding material for the rest of the 

breed and also on their regis tration prac tices . For example , the 

Breeders '  Herds can be subd ivided into four strata . B . H . (l )  are 

thos e_  at  the top of  the struc ture , . B . H . ( 2) and B .H .  ( 3) are intermediate 

strata and B . H .  (_4) are those  tha t did no t have their bulls used in o ther 

Breed ers ' Herds but whose bulls were used by Multipl iers ' Herds . 

On the basis of the two categories as defined earlier , the 483 

herds ( in the 1969 Herd Book) can be subdivided into 105 Breeders ' Herds 

(comprising the 4 categories outlined above) and 3 7 8  Mul tipliers ' Herds . 

Of the 105 Breeders ' Herds , 80 of  them did not have their bulls 
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appearing as sires in o ther Breeders ' Herds . However , these 80 herds 

d id contribu te sires to the Multipliers ' Herds . These 80 herds comprise 

the B . H .  (4)  stratum. The remaining 25 herds were analysed to find in 

which other Breeders ' Herds (within that group of  25) their bulls had 

been used . I t  was found that 11 of  these herds had their s ires used 

by o ther Breeders ' Herds . Hence , 14 herds were assigned to B .H .  ( 3) . The 

same process was repeated on the remaining 11 herds to ob tain the herds in 

the two higher s trata , B .H .  (1 )  and B .H .  ( 2) (see Figure 6 . 1 ) . B . H .  ( 1 )  

was fur ther subdivided into two sections : B . H .  (la) , the maj or breeders ' 

herds , and B . H .  (lb)  - herds in this category d iffer from those of 

B . H .  (la) in tha t their bulls were no t used in the next stratum B .H .  ( 2) . 

There was ,  however , some reliance by B .H .  (lb) on B . H .  (la)  herds for 

sires . 

The subclassif ications of  the Multiplier Herds (378 altogether) are 

more arbitrary and are based mainly on regis tra tion prac tices . They 

are as follows : 

(_i) M . H .  (H) - herds that registered males , but whose bulls were used 

onl;r in the herd in \vhich they were bred , and presumably , in grade herds . 

(ii) M . H .  (N) - herds that regis tered males , but whose  bulls did not 

appear as sires in any pedigree herd , thus distinguishing them from the 

B . H .  and M . H (}I) classifications . 

( iiil M . H .  (S l - herds that did no t register males , and that did no t 

appear among the B . H .  OR M . H . (H) . 

( iv )  M . H . (M) - herds that regis tered males only . 

Except for the home-bred bulls used in M . H . (H) , the sires used in 

the Mul tiplier ' s  Herds were bulls  purchased from one or more of the 



FIGURE 6 . 1  

Diagramma tic representation o f  breed s truc ture based 

on regis tration data in volume 61 of the New Zealand 

Aberdeen Angus Herdbook . 

The figures in each block are the number o f  herds in that 

s tratum that registered animals in the volume analysed . The 

top s tratum is B .H .  (la) and B .H .  (lb ) , the second is B .H .  ( 2) , 

e tc . The f igures on  the lines from Impor ted sires are the 

numbers of herds in each s tratum using these  s ires . 
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Breeders ' Herds . Sires used in the Breeders ' Herds were home-bred or 

purchased from ano ther Breeders ' Herd in the same or a higher stratum . 

The breed struc ture ob tained is shown in Figure 6 . 1 .  Briefly ,  the 

top stratum consis ts of a small self-contained group of herds supplying 

sires to each o ther and to herds in any stratum below it . The second 

s tratum ob tains sires from the top s tratum only , but supplies sires to 

herds in any stratum below i t .  Likewise , the third stratum ob tains 

sires from ei ther of the top two s trata and supplies to any below i t ,  

and so on.  Differences between herds in the top and lower s trata are 

largely determined by the number of s trata through which genes have 

passed . Many breeders of grade ca ttle purchase their sires from the 

top group of herds and this  shor t-circui ting may well resul t in many of  

the bulls in  high grade herds being genetically superior to  many of those  

born in herds in  the lower pedigree s trata . Because of changes over 

time , it is unlikely that the ac tual struc ture of the breed is as rigid 

as the diagram sugges ts ; in fac t ,  there are some herds which would 

be difficult to place exac tly . Therefore , ' s tratification ' of herds in 

the Angus breed should no t be visualized as a hard and fas t division , 

but rather as several func tional stages within the one population.  

I t  should be stressed that the breed s tructure as indicated in no 

way reflects  the ac tual genetic differences between herds . For example , 

the s tra tum into which any herd falls will depend on whether the breeder 

is able (or prepared) to turn his herd into a '"breeders '  herd ' . I t  mus t  

also depend o n  the willingness o f  o ther breeder s to recognize the 

superiority ,  real or imagined , of one or more o f  their contemporaries . 
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S ince many sires are bought from other herds and little improvement 

is possible by culling females , it follows that the great maj ority o f  

breeders are relying o n  somebody else t o  d o  the j ob f o r  them . So , each 

s tra tum depends on those above i t  to effect  genetic impr ovement and 

the whole breed is therefore graded to the top stratum .  Consequently , 

unles� the top herds are cons tantly improving , whatever genetic 

superior i ty they may possess at any time is being continually reduced by 

the use of their bulls in the lower strata . 
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CHAPTER 7 

REGISTRATION PRACTICES  

In  a rapidly expanding breed such as this , it would b e  expected 

tha t prac tically all females reared would be registered . This is not  

the case for  males , and there is s ome selec tive regis tra tion of  bull 

calves which is essen tially culling of males from the pedigree breed . 

Over the period of time considered obj ective measures were seldom, if  

ever , employed by pedigree breeders in the selec tion of  breeding animals . 

Moreover , the selec tion of males f or regis tration would have largely 

been subj ec tive , determined by conformi ty with breed type . Never theless , 

it does represent selec tion being applied by the breeders ; animals 

considered of insuff icient desirability being eliminated f rom the 

pedigree sec tion of the breed . The ratio of females /males regis tered 

is then a direc t measure of the degree of this selec tive registration 

of males . 

The registration prac tices o f  the various strata are shown in 

Table 7 . 1 .  The average number o f  females registered per herd is an 

indication of herd size , as mos t  f emales born probably will be registered . 

The mos t  impor tant herds (B .H . ( la) l are also , on the average , the larges t 

herds ,  and average herd size decreases in order of decreasing importance 

of the s tra ta . In the breed as a whole , over nine- tenths of  the males 

born are not regis tered . The ra tio of females to males registered is 

lowes t for  B .H .  ( la)  herds , which implies that these herds can d ispose 

of �os t  of their male progeny as registered animals .  This is to be 



TABLE 7 . 1 

Herd types and regis tration practices of  herds regis tering in volume 61 of the New Zealand 

Aberdeen Angus Herd Book 

i Type of Herd Herds Males Regis tered Females Regis tered Average No . Average No I 
of males of females 
regis tered regis tered �o .  % of No.  regis ter- No . (%)  No . (%)  per herd per herd 

total ing females 
only 

Breeders ' Herds (la) 2 0 . 41 4 2  -- 6 . 9 2 114 1 . 7 7  21 57 . 0  
Breeders '  Herds ( lb )  4 0 . 83 22  3 . 6 2 133 2 . 07 5 . 5  33 . 3  --

Breeders ' Herds (1)  6 1 . 24 64 10 . 54 247 3 . 84 10 . 7  41 . 2  --

Breeders ' Herds ( 2) 5 1 . 04 26 4 . 28 1 24 1 .  9 3  5 . 2  24 . 8  --

Breeders ' Herds ( 3) 14 2 . 90 48 7 . 91 243 3 . 7 8  3 . 4  17 . 4  --

Breeders ' Herds (4)  80 1 6 . 56 1 ' 277  4 5 . 6 3 1568 24 . 40 3 . 5  19 . 6  

Mul tiplier Herds (H) 4 0 . 8 3 5 0 . 8 2 5 5  0 . 86 1 . 3  13 . 8  --

Multiplier Herds (N) 78 16 . 15 178 29 . 3 2 1094 17 . 03 2 . 3  14 . 0  --

Mul tiplier Herds ( S )  290 60 . 04 290 3094 48 . 16 10 . 7  - -- --

Mul tiplier Herds (M) 6 1 . 24 9 1 . 48  0 0 1 . 5  -- --

Total 483 100 291 607 100 6425 lOO 

Average 1 . 3 1 3 . 3 
-- -

Ratio 
females/ 
males 
registered 

2 . 7  
6 . 0  

3 . 9  

4 . 8 

5 . 1 

5 . 7  

11 . 0  

6 . 1  

--

--

10  . 6  

I I 

' 

_. 
0 0 . 
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expec ted as these are the maj or herds , that is , they are the mos t  

popular herds , and consequently their animals are sought af ter by o ther 

pedigree breeders .  The average ratio increases wi th decreasing order of 

impor tance among the breeder s '  herds , except for B . H .  (lb) which has the 

highes t ratio . Over all s trata , the highes t ratio is shown by M . H . (H) . 

The M . H . (S)  herds , regis tering no males , are mainly small herds no t 

cons idered of impor tance by o ther breeders . Presumably ,  they sell bulls 

to commercial herds , and do no t consider it wor thwhile to regis ter these 

animals .  

I · HERD SIZE 

The B . H .  �) , (2) , ( 3 )  and (4)  are analyzed in detail in Table 7 . 2 ,  

us ing the number of  female registra tions per herd as an ind ication of 

herd size . Some allowance mus t  of course be made for year- to-year 

fluc tuations in numbers regis tered and for the fac t that herds 

significant some years ago may have been dispersed or become less 

fashionable or popular by 1969-the year to which the las t  two tables 

refer . The impor tance of the 105 breeders ' herds ( 21 . 7  per cent of all 

herds) is shown by the fac t that they regis tered 68 . 5% of  all males and 

34 . 0% of all females . The distribu tion o f  herd sizes is also no t very 

different from that shown in previous analyses of pedigree cat tle breeds . 

In the present s tudy the maj ority of herds have been shown to fall wi thin 

the limi tations of 1-20 cows (representing 13 . 6% of total breeders ' herds ) . 

A disconcert ing feature among those herds regis tering 10 or  less 

aniwals is the low ratio ( 2 . 2) of heifers to bulls registered . There 



TABLE 7 . 2  

Analysis of  Breeders ' Herds (1) , ( 2) , (3 ) , and (4)  by numbers of  females 

registered in volume 61 of  the New Zealand Aberdeen Angus Herd Book 

Average Average 
Female Herds No . of  No . of · No . of males No . of females 
regis tra tions males regis tered Females registered regis tered registered per 
per herd No . % o f  and per cent and per cent per herd herd 

to tal 

51 and over 8 1 . 7  88 (14 . 5 ) 625 ( 9 . 7 )  11 . 0  78 . 1  

4 1-50 2 0 . 4  1 3  ( 2 . 1 ) 98  (1 . 5 ) 6 . 5  4 9 . 0  

31-40 6 1 . 2  17 ( 2 . 8 ) 211 ( 3 . 3) 2 . 8 35 . 2  

21-30 23 4 . 8  84 ( 1 3 . 8) 568 (8 . 8 ) 3 . 7  24 . 7  

11-20 34 7 . 0 135 ( 2 2 . 2) 513 ( 7 .  9) 3 . 9  15 . 1  
' 

0-10 3 2  6 . 6  7 9  (13 . 0) 171  ( 2 . 7 ) 2 . 5  5 . 3  

Total 105 21 . 7  416 (68 . 5 ) 2186 ( 34 . 0) 

Average 3 - 9 20 . 8  

Ratio 
females /males 
regis tered 

7 . 1 

7 . 5  

12 . 4  

6 . 8 

3 . 8  

2 . 2  

5 - 3 

I 

I 

I 

! 
I 
! 
i 

...... 
0 I\) 
. 
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are two possible reasons for these small breeders regis tering such 

a h igh proportion of bulls  to heifers . Many small herds belong to "new" 

breeders who endeavour to recover investments in their founda tion 

ped igree stock as quickly as possible by the sale of pure bred bulls . 

O ther small herds may belong to breeders of long s tanding , but they 

need to sell as many bulls as possible because o f  the high co st  of their 

herd sires . The small breeder ' s  selec tion difficulties are thus 

accentua ted by financial considerations . 

Donald and I triby (1945) , in discussing the significance of herd 

size in cat tle , point out that small herds are ser iously hindered in 

cons tructive breeding . The impor tance of random gene frequency 

fluc tua tions - one of the maj or difficul ties in selective breeding 

varies inversely as the number of  breeding animals .  Moreover , the 

smaller the herd , the more difficul t it becomes to progeny test  and to 

use the informa tion ob tained to bes t advantage . In one or two sire herds , 

as is of ten the case in the maj ority of  pedigree herds , it is also hardly 

possible to discriminate promptly agains t an unsuccessful sire by 

disposing of all his progeny . So , it .  is clear that the maj ority o f  

pedigree herds in New Zealand cannot follow any consistent breeding policy 

o f  their own , but act as mul tipliers of bulls bought from a very few impor tant 

herds - multiplication being a necessary funct ion of a propor tion o f  herds 

in any breed of  animals with a low reproduct ive rate . 

I t  mus t also be realized that '"hen the breed is struc tured into so  

many very small herds , and where A . I .  is  not prac tised , then a great ly 

increased number o f  bulls is needed for purebreeding with a consequent 
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reduct ion in the ir quality (by whatever criterion quality i s  j udged) . 

While the exis tence of many small multiplier herds (they compr ise 

some 78% of total herds in the 1969 registrations ) , each with its own 

bull , does not reduce the rate of genet ic progress in the breed , it does 

lower the average quality of those sold by increasing the improvement lag 

within the breed (Bichard , 1971) . 

Within the smaller herds ( those regis tering 30  or  less females) 

shown in Table 7 . 2 ,  it was found that selective regis tration increases 

as herd size increases . However , the relationship be tween herd size and 

the ra tio females /males regis tered is no t as simple for the larger herds 

( those register ing 31 or more females ) .  These herds have a ratio of  7 . 9 ,  

so tha t they are selectively regis tering only about one-eighth of the 

males born . In contrast to the smaller herds selec tive regis tration here 

decreases as herd size increases . Of the 16 herds comprising this la t ter 

group , the B . H .  (la) and B . H .  (lb) s trata each has one herd , 2 are B .H .  ( 2) , 

one is  B . H .  (3) and the remaining 11 are B . H .  (4) . The ratios for these 

s trata are respec tively 3 . 0 ,  6 . 7 ,  11 . 9 ,  4 . 8  and 11 . 1 .  The evidence here 

would suggest  that within the top two strata of the Breeders ' Herds , those 

lower in the breed struc ture are prac t ising more selec tive regis tration . 

A s imilar trend persis ts , traversing from B . H .  ( 3 )  and B .H .  ( 4 ) . 

The smaller herds (registering up to 30 females ) show a quite 

different pattern . The ratios for the different strata are B .H .  (la) 1 . 8 ,  

B .H .  ( lb )  4 . 7 ,  B . H .  (2}  2 . 2 , B .H .  ( 3) 5 . 1 ,  and B . H .  (4) 4 . 3 . As indicated 

ear l ier (Table 7 . 1} the four B . H .  (lb) herds show a h igh degree of select ive 

registration , but among these smaller herds , the B .H .  ( 3 )  also show this 
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trend and may simply mean that they have no t the market f o r  regis tered 

males . 

II THE USE OF IMPORTED STOCK BY NE�v ZEALAND HERDS 

The p ercentage of herds in each s tratum using imported animals 

is shown in Table 7 . 3 .  All the B . H .  (la) herds use impor ted sires . In 

comparison , there is  less emphasis  by B .H .  (lb) and B .H .  ( 2) ( 25% and 

40% respec tively) on impor ted sires . However , little value can be 

placed on the figures ob tained for these 3 strata since there are very few 

herds wi thin each o f  these 3 ca tegories . The herds in both the B . H .  (la)  

and ( lb )  s trata share the same emphasis wi th regard to the use of  

imported dams . The breeders ' herds in  the remaining s trata are 

apparently concentrating more on imported sires to increase their 

popular i ty since only a small percentage of herds in these s trata use 

impor ted dams . Overall , the New Zealand Pedigree Angus is  s till depending 

very largely on impor ted animals for its development , as 20 . 5% of all 

herds use imported sires . 

The ratio of  f emales /males regis tered has been analyzed for 

B . H .  ( 1 ) , (2 ) , ( 3) and (4) herds , classified according to whe ther or 

not they used imported sires . For all these herds ,  the ratios are 4 . 4  

and 6 . 2  r espec tively . For the s eparate s trata , the ratios for herds 

using imported sires are : 2 for B .H .  ( lb ) , 2 . 5  for B .H .  ( 2 ) , 4 for 

B . H .  ( 3 )  and 5 . 4  for B .H .  (4 ) . Again , there is a general tendency 

among these herds for those lower in the s truc ture to show increased 

selec tive registration of males . The ratios for herds  no t using impor ted 

sires are B . H .  (lb)  6 . 9 ,  B .H .  ( 2 )  10 . 9 ,  B . H .  ( 3 )  6 . 0  and B .H .  ( 4 )  5 . 9 .  
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TABLE 7 . 3  

Numbers and percentages of herds in each stratum 

using impor ted sires and darns 

Breed No . of Herds using impor ted sires Herds using imported darns 
s truc ture herds 
c1assific-

No . % No . % 
a t ion 

B .H .  ( la)  2 2 100 . 0  1 so 

B . H .  (1b)  4 1 2S . O  2 so 

B . H .  ( 2) s 2 40 . 0  1 20 

B . H .  ( 3 )  14 4 28 . 6  1 7 . 1  

B . H .  (4 )  80  32  40  11  13 . 8  

H . H .  (H) 4 1 2S 0 0 .  
' 

H . H .  (N) 78 IS  19 . 2  3 3 . 8 

M . H .  (S )  290 3 9  13 . 4  1 0 . 3  

M . H .  (M) 6 - 0 0 0 

All herds 483 99 20 . S  21 4 . 3  
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Among these herds ,  B .H .  ( 2 )  show the highest degree of selective 

registration of males . In general , the trend is towards a smaller 

ratio , or lower degree of  selective regis tration , in those herds using 

impor ted animals . This could mean tha t such herds can more readily 

sell males as regis tered animals and consequently their importance 

is likely to increase . 

III  THE USE OF  BULLS FROM PROMINENT NEW ZEALAND HERDS 

The numbers of herds in each s tra tum using bulls from B . H .  (1) 

herds are shown in Table 7 . 4 .  Manga toro and Puketutu are the herds 

having the mos t  influence on the breed . Bulls from B . H .  (1)  herds are 

used in herds at all levels of the s truc ture so that the gene tic differ­

ences between herds and the time taken for any genetic changes being 

made in B .H .  (1) herds to be passed down through the breed will be less 

than in a classical hierarchy where breeders purchase animals only from 

o ther herds in their own s tratum , or from the next highes t one . Genetic 

differences be tween herds may be even less than one might expec t ,  

because of the very extensive movement o f  animals from herd to herd . 

This has been analysed from the random sample animals (as d iscussed 

'iri Chapter 4 · ) in terms of  the percentages of sires and dams bred in 

herds other than the one in which they are used . The resul ts  are given 

in Table 7 . 5 .  
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TABLE 7 . 4 

Numbers of  herd s in each stratum us ing bulls from B . H .  (1)  herds 

Herd Name 

. -

B . H .  ( la) herds 

Mangatoro _ 

Puketutu . . . 

B . H .  ( lb )  herds 

Purunui 

're Ohu 

. - -

Turihaua . -

Woodl ey 
- -

-

Numbers of herds 

B . H . ( la) 

1 . . 

. . . .  

. - .  

� 

-

-

-

. - .  

B . H .  ( lb) 

1 

-

-

-

-

-

in which . bulls have been used 

B . H .  ( 2 )  B . H . (3 )  B . H . (4 )  M .H  . To tal 

1 2 17 68 90 

1 - 5 30 3 6  

- 1 2 2 5 

- - - 2 2 

- 1 - 5 6 

- - 1 1 2 



TABLE 7 . 5 

Percentages of s ires  and dams bred in herds  other than the 

one in which they were used , in eight samples of the pedigree 

Angus breed in New Zealand . 

Sample Year 

. 1900 

1910 

1920 . 

. 1930 

1940 . . .  

1950 

1960 . .  

1966/67  
. . 

Per cent of 

59 . 1  

8 2 . 5 . 

7 0 . 7  

71 . 4  

7 5 . 9  

8 1 . 7 

81 . 4  

80 . 3  
. .  

Sires Per cent of  dams 

9 . 1  

68 . 6  

34 . 1  

41 . 7  

3 6 . 7 

24 . 7  

43 . 1  

3 6 . 5  

These figures for  sires are generally comparable with previous 
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s.tudies (Rober tson and Asker , 1951 ; Barker , 1957 ; Barker and Davey , 

1960 and Davey and Barker , 1963}  while those for dams are intermediate 

hetween those found in studies of the Jersey and Polled Hereford breeds 

in Aus tralia (Barker , 1957 ; Barker and Davey , 1960) . 
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Because cattle reproduce slowly r elative to the working life of a 

breeder , time is obviously a factor of maj or impor tance . A s tudy has 

therefore been made of the dura tion of breeding effor t of the New 

Zealand pedigree Angus breeder s .  T\vO methods of  approach have been 

adopted . The first consisted in obtaining a list  of herds which were 

established during fixed p eriods of time and then de termining how long 

each herd las ted . The second involves working backwards from herds in 

existence in 1969 to determine how long ago each of them had been founded . 

Inspec tion of Table 7 . 6 shows tha t about two-thirds (as compared to 

7 3 %  in the defunc t herds) of the breeders in the 1969 Herd Book had been 

breed ing stock for 15 years or less . I t  could well be that a considerabl e  

propor tion of these herds may consist o f  animals which have either been 

purchased r elatively rec ently or whose parents have been purchased . Thus , 

there has been insuff icient time to develop and carry out a breeding 

programme . 

Of the present herd s , only 13 have been in exis tence for 46 or mor e  

years . The fact that a h erd has been established for a long time is , of  

c ours e ,  no guarantee that any cons tructive breed ing has been done . For 

example , it is expec ted that the progress made by individual breeders 

would be maintained and added to by their successor s .  But in prac tice , 

of  the several individual efforts , successes may well be largely counter­

balanced by failures . This is because a change of herd ownership may b e  

accompanied by a change in selec tion obj ec tives so that whatever improve­

ment there may have been may be negated by the effor ts of the new owner . 

I t  is  tnerefore reasonable to surmise that few breeders can hope to build 
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TABLE 7. 6 Percentage distribution of Angus breeders distributed 

according to duration of breeding effort . 

Duration Herds now defunct Present Herds 

(years ) Number of Per cent Number of ·Per cent 
Herds of total Herds of total 

1 - 5 25 20 . 2  

6 - 1 0  43 34 . 7  188 34 · 5  

1 1  - 1 5  23 1 8 . 5  1 7 3  31 . 7  

1 6  - 20 1 0  8 . 1  50 9 . 2  

2 1  - 2 5  1 6  1 2 . 9  40 7 - 3 

26 - 30 4 3 . 2  25  4 . 6  

3 1  - 35 1 0 . 8  39 7 . 2  

36 - 40 9 1 . 7 

41 - 45 8 1 . 5 

46 - 50 2 1 .  6 3 0 . 6  

5 1  - 55  5 0 . 9 

56 - 60 1 0 . 2  

61 - 63 ' 4 0 . 7  

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

TOTAL 1 24 1 00 . 0 ' 545 1 00 . 0 . 

AVERAGE HERD 1 2  years 1 6 . 5  years DURATION 
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up and maintain genuinely superior herds in the face of the obs tacles 

presented by small numbers (as pointed out in a previous s ection) and 

short herd-duration . 



' 

CHAPTER 8 

DISCUSS ION 

As this study refers to a breed rather than individuals , i t  follows 

that the results ob tained , and hence the pic ture presented of the 

entire breed , is to some extent dependent on the sampling process 

involved . Therefore , this is a fac tor to bear in mind for inter­

pretations and conclus ions to be in their proper perspec tive . Even 

in the mos t  carefully conduc ted breed association , errors do creep 

into their pedigree records . Such errors would affect the conclusions 

from a s tudy like this  in different ways according to whe ther they were 

errors resul ting either from carelessness or from fraudulent regis trat­

ion . However , few ,  if  any , breeders today would fraudulently alter 

the pedigrees of their s tock whereas errors in the records resul ting 

from carelessness or neglect are much more common and are greatly 

increased if regis tration of animals is long delayed af ter their 

bir th . S uch errors would , for ins tance , tend to make prominent 

ances tors appear less prominent than they really were , merely because 

the prominent ances tors are few and the al ternatives which may resul t 

from a clerical or typographical error " are many . In the same way , 

such errors would tend to minimize the inbreeding and inter se � 

relationship coeffic ients . 

Errors arising f rom false regis tration would tend to affect the 

conclusions in the opposite direction since , wherever false s tatements 

were made it is likely that the registration numbers of  popular s ires 
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o r  dams would b e  subs tituted . The effect of these two kinds o f  

errors are in opposite directions , although it  i s  unlikely tha t they 

are of equal magnitude . At any rate this study of the Angus b reed 

has shown little  influence even by the most  prominent sires and only 

a moderate amount of inbreeding . If  there were very many fraudulent 

registrations then the true situation must  be that these individual 

animals have had even less influence than the figures indicate and 

tha t the ac tual amount of inbreeding in the breed is even less than 

was found . 

The present  study has shown tha t the New Zealand Angus breed is 

rapidly increas ing in numbers and that one consequence of this is a 

somewhat diffuse but dynamic breed s tructure . The bas ic pat tern of  a 

s truc ture similar to that found in o ther breed s tudies ( Robertson and 

Asker , 195 1 ;  S tewart ,  195 2 ;  S tewar t ,  1955 ; Barker , 195 7 ;  Barker and 

Davey , 1960 , and Davey and Barker , 1963 )  has already developed , but 

there are a large number of multiplier herds regis tering females only , 

designated as M . H .  ( S ) . Some of these are newly es tablished herds that 

have yet to find their level in " '\ struc ture . Fur ther ,. the analysis 

of important herds (Table 5 . 13) s .  \\ that these herds have changed 
"' 

their importance from one sample to · �ext . These changes in the 

relative ranking of herds and the numbe •f herds in each s tratum will 

presumably not affect the pattern of  th� truc ture . 

The high ratio of  females to males re� � tered (Tab le 7 . 1) means 

that overall there is considerable selective � ·istration o f  males . 

I t  has also been shown that there is a variation the degree of this 

selective regis tration in different herd types . 



' 

1 1 5 .  

Because o f  the breed s tructure and the use of bulls from B . H . (l)  

herds a t  all  levels o f  this s tructure (Table 7 . 4) and because of  the 

high p ercentages of s ires and dams bred in herds other than the one 

in which they were used , it does no t appear likely that much of the 

variation between herds would be genetic . I t  may also be surmised 

that genetic dif ferences between herds in beef production charac ters , 

as for example , growth rate , may even be less than might be expected 

because among pedigree breeders ,  whatever selection that has been 

prac tised is based largely on subj ective rather than obj ective 

criteria . 

I t  is shown (Table 7 . 3) that the impo rtant herds in the breed 

s tructure have all used impor ted sires ; 20 . 5% of all herds used such 

sires , and 4 . 3% used imported dams . This emphasis is further 

exemplified by the numbers of non-current inbreeding and inter se 

relationship ties contributed by such animals (Table 5 . 8) ,  and in the 

analysis of the important herds of the breed . The lat ter suggest s , 

however ,  that this reliance on imported breeding stock has been 

delcining steadily for some years (Table 5 . 13) . In view of the 

cons iderable reduct ion in importations in recent years , breeders 

will now have to rely on the genetic material already available here -

indeed , there should be a considerable gene pool by now to serve the 

needs of breed improvement in New Zealand . Besides , a policy of  

continued importation is , in  a sense , a confession of  failure on  the 

part of the New Zealand breeder . 

Some of the periods of impor tation c learly owe their importance in 

par t to a few individual animals .  This is particularly so in the case 

of the Foundation S tock and Lancer of Advie , Mistral , Fashion ' s  Prince , 
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Ralph of Cares ton and Baron Arradoul . However with the expansion o f  

the breed i t  becomes difficult o r  even impossible for any one s ire t o  

secure such a pre-eminent reputation a s  it  would have i n  a smaller 

breed . Hence , the inb reeding resulting from a general desire of many 

breeders to seek sons o f  particular sires to head their herds also 

falls off in amount .  Partially oppos ing these two tendencies is the 

increased practice of  deliberate l ine-breeding which many breeders 

undertake ; this may perhaps occur to a greater extent in future owing 

to the decline in impor tations . 

The prominent animals in the New Zealand pedigree Angus breed have 

direct relationships that are lower than that repor ted overseas (see 

Appendix VIII)  and clear ly demons trates the lack of influence of  any 

particular outs tanding individual in the breed . The high rate of 

importation no doubt helped to prevent the development of high 

r elationships as no one animal appears to have been singled out for 

l ine-breeding . This would be in marked contras t to , for ins tance , the 

Shorthorns (as reported by McPhee and Wright , 19 25)  where the rela tion­

ship of the breed to the bull Favourite ,  rose to over 44% some 17 years 

af ter he was born and to  50% by the time the f irst herd book was 

published . The Shorthorn breed also · had a relationship to the bull 

Champion of  England , o f  about 45% by 19 20 . 

That so many o f  the pedigress trace back to so few individuals in 

this and o ther studies is  no evidence in i tself that any particular 

foundation animal confers more merit upon his later descendants than 

any other . Nor is the fact that the apparently outstanding animals ,  

with a marked influence in the breeds , are frequently males any direct 
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evidence that the male has a greater influence than the female . As 

individuals the males have greater numbers of offspring and can be 

culled more heavily than the females .  I t  is usually only when a dam 

has several sons that become widely used (e . g .  the Holstein-Friesian 

cow De Kol 2nd - Lush , Halbert and Willham , 1936)  that she can have 

any appreciable influence as shown by her frequency in the pedigrees 

of far-off descendants . 

The levels of inbreeding found in the present s tudy are about the 

same as in other breeds (see Table 3 . 4 ) of livestock , especially when 

considered as the average amount per generation (the general increase 

in homozygosity aris ing from inbreeding is about 0 . 5% per generation) . 

The expectation that the relatively small number of foundation animals 

would lead to an unusually high amount  of inbreeding was not borne out 

by the data . However , inbreeding was found to have been more intensive 

during the formative period of the breed than later . This could be 

the result of a tendency among the early breeders to linebreed to 

certain animals and this may also have been greatly facilitated by 

the relatively small number of herds present at that time . Furthermore , 

dis tance between herds would partially prevent completely random 

mat ing in the breed . 

At present , the inbreeding coefficient is only 1 . 8% (1966/67 )  which 

is s omewhat lower than estimates from o ther s tudies . I t  is  reasonabl e 

to  assume that if the base data for this study had been chosen to  

correspond to  that in o ther studies , the amount of inbreeding found 

migh t have been nearly the same . This 1 . 8% inbreeding represents a 

decrease in heterozygosity of only 0 . 1% per generation during the 103 
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years from 1863 to 1966/6 7 .  This  amount o f  inbreeding per generation 

is extremely mild and to put i t  into perspective , it may be contras ted 

with the 12 . 5% loss of heterozygos ity per generation to be expected 

under half brother-sis ter mating . At the present rate , it will take 

some 600 years to change homo zygosity as much as it would be changed 

by one generation of half bro ther-sister mating ! Therefore , the rate 

of inbreeding found would be a powerful force if it occurred in nature 

over the long stretches of geologic time , but within the active l ife­

time of an average breeder , would accompl ish very lit tle . 

I t  has previo usly been estimated (Chapter 5 ,  Sect ion II)  tha t if 

mating was entirely at random , only about 125 bulls would have been 

needed to cause an increase of . inbreeding at the rate found in the 

breed today (see Table 5 . 6 ) . In practice , far less than 125 take so 

active a part that they exert a dis tinc t influence on the breed even 

some generations after their death . In many ins tances (especially in 

pedigree breeding) particular s ires may be favoured because of show­

ring performance , successful breeding history or any o ther whims and 

fancies of the day . This leads to a further reduction in the 

effect ive number of males .  I t  i s  o f  interest to reflect on the 

consequences of such a reduc t ion . 

Apart from i ts relation to reduction in heterozygosity , res tricting 

the numbers of  breeding animals may have an insidious effec t . The 

effect ive size of  a breeding population , N (Wright , 1931)  is not j ust  

a matter  of the number breeding at any t ime , but is  also  related to the 

number o f  present animals whose descendants will make up the breed or 

population in the future . In a small isolated herd o r  breed for instance , 
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the future population might be descended exclusively from only very 
• 

few of the animals now breeding , s o  that the future gene tic situation 

would be derived from only a very small sample of the present one . 

Consequently , the opportunities for future selec tion would then be 

res tric ted ; the populat ion gene frequency would tend to drif t 

purely as a resul t of random gene sampling and any deliberate  selec tion 

would be less effec tive . Whether any of the small breeds present 

today have reached such a state is a matter for concern , as also is 

the number which might be  approaching this dilemma . 

To sum up , it  is clear tha t impor tations have made a considerable 

contribution towards the es tablishment and improvement of the Angus 

breed in New Zealand . In  fac t ,  the maj or emphas is in breeding policy 

in this breed has been on the use of impor ted animals ,  their genetic 

contribution to the 1966/67  sample being 85 . 4% .  , This is par ticularly 

s triking , as impor ted bulls comprise only 0 . 80% of all male regis trat-

ions since 1 86 3 ,  and impor ted cows 0 . 1 3 % of all  female registrations . 

However ,  i t  is doub tful whether there is much more to be  �ained from 

further importations . In the 1969 registrations for example , the 

percentage of genes d erived from importations since 1955 amounts to 

only 9% . 

Another aspect to  consider concerns the breed s truc ture . I t  

should b e  such as t o  allow rapid dissemination throughout the breed 

of any gene tic progress made in the maj or breeders ' herds . This 

requirement is met , p rovided that progress is being made in these 

herds . Since the maj or breeders ' herds have in the pas t depended on 

impor ted animals , the ab ility of  these herds to effect  genetic 
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improvement in the breed will depend on whe ther those impor ted 

animals are gene tically superior to New Zealand s tock . It  is ques tion­

able whether they are because the rate of impor tation and dissemination 

of imported genes has been such that the New Zealand-bred Angus ca ttle  

would have been graded up to the level of  imported stock . 

As brought out in previous discussion (Tables 7 . 2  and 7 . 6 ) bo th 

the size and duration of mos t  pedigree herds are ill-adapted to the 

task of cons truc tive breeding . This therefore represents an obs tacle 

to genetic progress .  With regard to the genetic mer it  of the New Zealand 

pedigree AnRUS herds , it mus t be remembered that the scope of the 

present study does no t allow any defini te statements to be made . To 

date , some 43% of New Zealand pedigree Angus herds (C . A .  Morris , 

personal communica tion) have enrolled in Beefplan . I t  will be possible 

to ascribe some meaningful estimates of gene tic differences to these herds 

and relate them to the breed structure classification already out-

lined , if they could be persuaded to use some common reference sires 

through AB . Gene tic herd differences would be es timated by comparing 

the progeny of home sires with those of the reference sires (using 

balanced groups of cows as ma tes for each bull) . Use of reference 

sires would also show up unregis tered bulls of high gene tic merit . 

Perhaps i t  may also be possible then to draw pedigree breeders ' 

attention to the fact that  there is considerable meri t  in having open 

ra ther than the closed herd books which are typical of mos t  breeds in 

New Zealand . I t  is encouraging to note that many breed societ ies in 

Europe have open herd books which no t only allow the entry of animals 

of  superior performance , but also the culling of animals of  below 



1 21 . 

average merit . At wors t ,  open books may allow a small possibility 

of undes irable genes being introduced . However ,  their chief effec t is 

to permi t favourable genes to be admit ted through the high grades 

qualifying for entry . Furthermore , selec tive registration demanding 

superior qualifica tions on the part of the grades approaching admis sion 

would form a useful f ilter . 

In the New Zealand context ,  having open herd books would enable 

the as yet untapped genetic po tential of  the non-regis tered cat tle  

popula tion to  be  exp loi ted . This in fact is essentially the 

rationale behind group breeding schemes now in operation . 
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APPENDIX I : Number of male and female registrations in each volume 

of the New Zealand An��s Herd Book 

Volume Males Females Total Volume Males Females Total 

1 20 47 67 35 593 1 584 2 1 77 

2 1 0 3  206 309 36 567 1 763 2330 

3 1 09 1 60 269 37 644 1 737 2381 

4 1 00 1 48 248 38 604 2007 261 1 

5 1 92 2 1 2  404 39 693 2054 274'7 

6 1 45 270 4 1 5 40 599 2 1 72 277 1 

7 1 1 9 1 8 1 300 4 1  564 1 945 2509 

8 97 1 75 272 42 583 2 1 64 2747 

9 69 228 297 43 487 1 888 2375 

1 0  97 337 434 44 5 30 2 1 22 2652 

1 1  342 1 459 1 90 1  45 559 1 88 1  2440 

1 2  507 594 1 1  :) 1  46 606 247 1 3077 

1 3 293 450 743 47 632 261 6 3248 

1 4  1 83 390 573  48 581  2398 2979 

1 5  1 75 5 1 7  692 49 808 2849 3657 

1 6  1 87 408 595 50 872 331 5 4187 

1 7  224 5 1 0  7 34 5 1  777 341 8  4 195  

1 8  2 39 5 24 763 52 823 4226 5049 

1 9  276 599 875 53  799 3658 4457 

20 358 557 9 1 5 54 727 4344 507 1 

2 1  3 1 9  632 951  55 761 4643 5404 

22 397 791  1 1 88 56 792 4999 5791 

23 367 7 1 3 1 0·90 57 705 5009 57 1 4  

24 308 605 9 1 3 58 77 1  3961 4732 

25 2 1 6  604 820 59 642 5947 6589 

26 1 96 856 1 052  60 546 6401 6947 

27 325 753  1 078 61  6 1 8  6580 7 1 98 

28 487 1 1 50 1 63'7 . 62 570 6847 741 7 

29 484 1 1 1 9  1 60 3  63 741 7063 7804 

30 520 1 272 1 792  64 639 6922 7561  

3 1  661 1 505 2 1 66 65 633  7235 7868 

32 709 1 436  2 1 45 66 684 7908 8592 

33 528 1 330 1 858 67 55 1  8 1 92 8743 

34 526 1 647 2 1 73  68 587 8370 8957 



Number of females 
registered 

Number of herds 

APPENDIX II : Number of female registrations and number of herds in each 

of the eight 1 0-year periods (1900-1970) . 

1 900 1 9 1 0  1 920 1 930 1 940 1 950 

44 1 39 473 693 1 603  1 979 

8 1 6  41 57 1 1 8 1 77 

1 960 

4291 

465 

1 970 

7476 

545 

� 
1\) \.0 
. 
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APPENDIX Ill 

An example of the use of Wright ' s  (1922) formula (s ee Page 9 ) 

for the computa tion of the coefficient of inbreeding . 

Cons ider the pedigree below : 

I t  is assumed tha t the inbreeding coef ficient of  individual E 

is FE = l f s . In the analysis below ,  common ancestors are underlined . 

Inbreeding coeff icients of ind ividuals other than common anc es tors 

need not be considered . 

A-E-C-B (�) 4 ( l+l fs ) 

A-E-D-B (�) 4 (1+1/ s ) 

A-E-F-D-B (�) 5 = 

Inbreeding coeff icient of X ,  

- ·------ - - - ---

i . e . Fx 

9/128 

91128 

lf32  
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APPENDIX IV 

An example of the use of coancestry for computing 

inbreed ing coefficients . 

Consider the ped igree below (which is the same as that shown 

in Appendix III ) : 

I t  is assumed that individual F is not inbred and the inbreeding 

coefficient o f  E is 1;8 . An individual not appearing in the figure 

and unrelated to its mate is denoted by 0 .  

From the discuss ion on Page 1 5 ,  

_
}FF � ( l+Fp) = � 

fEE = � ( l+FE) = �( 1+1/8) = 9 /16  

Individual E is an  offspring of  F .  Therefore , 

fEF = fpo . F  = � (fop + fFF) = � s ince fop = o . 
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NOTE : fFO .F  symbolises the coancestry coefficient between an offspring 

of the mat ing FxO and one of the parents , that is , F .  The 

coances try coefficient between parent and offspring equals the 

average of the coefficient of the parent i tself (fFF) and the 

coefficient of coancestry between the two parents ( fF0) .  Individual 

D is an offspring of E and F .  Therefore , 

Hence , us ing this approach , coefficients of coances try for the 

whole pedigree can be compiled as shown in the table below:  

Coeff icients of coancestry 

A B c D E F 

A k: ll; 64  
9 /64 

21 9 I 32 
1; 8 2 . h2s 

B 7 5h28  45 f128 5 31128 11 1 32 29 1128 

c k: 2 13;64 
9 1 32 !.: 4 

D 5/s l3f 32 3/ s 

E 9 f 16 !.: 4 

F � 

Us ing the coefficient of coances try of an individual wi th i tself , 

the inbreed ing coefficient can be es t imat ed , as for example , 

fnn � ( l+Fn) 

o r  Fn = 2fnn -1 = 2 (5 /s) -1 = � 
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S impler still is es timating inbreeding from the coances try 

coefficient of the parents of the individual . For ins tance , 

k 4 

or Fx 11/64 (which is the same answer ob tained by the 

application of Wright ' s  formula , as demons trated in Appendix Ill) . 



APPENDIX V : Number of male and female pedigree Angus cattle 

imported into New Zealand since 1 863 
1 34 · 

fu.te of BULLS cows 
Importation Number Country of Origin Number Country of Origin 

1 863 3 Great Britain 2 Great Britain 

1 875 2 " 3 " 

1 880 2 " 

1 882  5 " 10  " 

1 883 1 " 

1 -992 3 " 8 " 

113 93 1 " 

1 900 3 11 

1 905 6 " 4 " 

1 906 1 " 

1 908 1 11 

1 9 1 0  3 " 2 " 

1 9 1 1 1 " 

1 9 1 2  2 " 

1 9 1 3 2 " 

1 9 1 4  1 " 5 " 

1 9 1 5 3 " 3 " 

1 9 1 7  1 " 

1 920 1 1  " 1 1  " 

1 92 1  8 " 

1 923 1 " 1 " 

1 930 3 Canada 5 Canada 

1 932 2 " 

1 934 3 Great Britain 

1 935 3 U. S . A. 6 u. s . A. 

1 936 1 5 } 1 6 from Great Britain 9 11 

fro.:n U . S . A. I 
1 937 6 } 1 from Great Britain 8 " 

5 from U . S . A. I 
1 938 5 } 2 from Great Britain 7 }� from U . S . A. 

3 from U. S .A .  from Great Britair 

1 939 1 1  Great Britain 1 Great Britain 

1 940 3 " 

1 946 4 " 

1 947 3 " 

1 948 2 " 10 " 

1 949 5 " 10  " 

1 95 1  6 " 4 " 

1 952  4 " 7 " 

1 953  1 2  " 5 " 



APPENDIX V (Continued) 
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�a.te of BULLS cows �mportation Number Country of Origin Number Country of Origin 

1 954 8 Great Britain 9 Great Britain 

1 955  9 " 1 1  " 

1 956 1 " 6 " 

1 957 8 " 1 0  " 

1 958 8 " 4 " 

1 959 3 11 6 11 

1 960 9 " 3 11 

1 961  4 1 1  1 11 

1 962 1 6  11 5 1 1  

1 963 5 11 1 11 

1 964 4 11 1 1  11 

1 965 1 3  } 2 from Australia 1 0  } 5 from k.1s tralia 
1 1  from Great Britain 5 from Great Britain 

1 966 6 Great Britain 4 Great Britain 

1 967 2 1 1  

1 969 6 " 4 1 1  

1 970 4 } 1 from A•.ls tralia 3 k.1stralia 
3 from Great Britain 

1 97 1  2 Great Britain 

1 972  3 11 

1 973 5 } 1 from Great Britain 
4 from Aus tralia 

1 974 2 } 1 from A:l.s tralia 
1 from Great Britain 



APPENDIX VI 

List of Importations ( 1 863-1976) 

Date of Name of Bull N . Z .  Herd Book Country of Name of Importing Stud 
Importation Number Origin 

1 863  Druid 67 Britain Australian & N . Z .  Land Co . 
1 863 Imported Bull 69 Britain Australian & N . Z .  Land Co . 
1 863 Imported Bull 70 Britain Australi�� & N . Z .  Land Co . 
1 875 Robin Hood - Britain Australian & N . Z .  Land Co . 
1 875 Blackleg 68 Britain Australian & N . Z .  Land Co . 
1 883 Solomon - Britain Australi�� & N . Z .  Land Co . 
1 882 Solomon II 21 Britain N . Z .  Agricultural Co . 
1 882 Baron Formatine 8 Britain N . Z .  Agricultural Co . 
1 882 Knight of Fyvie 9 Britain N. Z .  Agricultural Co . 
1 882 Canny Chiel of Waimea 1 0  Britain N . Z .  Agricultural Co . 
1 882 Young E:ric of Waimea 1 1  Britain N . Z .  Agricultural Co . 
1 880 Glenbarry 96 Britain Hon . Matthew Holmes 
1 880 Knight of the Thistle 97 Britain Hon . Matthew Holmes 
1 892 Baron Arradoul 1 80 Britain . Gladbrook 
1892 Jove 1 90 Britain Marainanga 
1 892 . Hansard of Byres 1 89 Britain Marainanga 
1 893  Lancer of  Advie 1 81 Britain Gladbrook 
1 900 Ralph of Careston 428 Britain Gladbrook 
1 900 Mistral 429 Britain Gladbrook 
1 900 Fashion ' s  Prince 376 Britain Glad brook 
1 905 B . B . B .  535  Britain Marainanga 
1 905 Protector of Auchterarder 536 Britain Marainanga 
1 905 Esmond of Dalmeny 664 Britain Kereone 
1 905 Pope Boniface 609 Britain Annandale 
1 905 Heathen 525 Britain Gladbrook 

. 1 905 Eblis of Ballindalloch· 526 Britain Gladbrook 
1 906 Justice of Hursley 647 Britain Thorsby 
1 908 King of Stal'l.den 763 Britain Gwavas 
1 91 0  Escovedo . 804 Britain Gladbrook 
1 9 1 0  Idric 805 Britain Gladbrook I ...... 

\.>j 0'\ . 



APPENDIX VI (Continued) 

Date of Name of Bull N . Z .  Herd Book Country of Name of Importing Stud 
Importation Number Origin 

1 9 10  Bengal Light 948 Britain Gwavas 
1 91 1  Darwin of Claverdon 889 Br.:ltain Mount Royal 
1 9 1 2  Estro of M�isemore 892 Britain Turihaua 
1 9 1 2  Premier of Dalmeny 887 Britain Thorsby 
1 9 1 3  Prince Burnish of Ballindalloch 953 Britain Gladbrook 
1 91 3  British Mark 954 Britain Gladbrook 
1 9 1 4  Moose 2nd 955 Britain Akitio 
1 9 1 5 Elato 1 0 1 9  Britain Mo1mt Royal 
1 9 1 5  Quality of Maisemore 1 0 1 2 Britain Gwavas 
1 9 1 5  Ermitano 1 05 1  Britain Woodlands 
1 9 1 7  R�ample of Maisemore 1063 Britain Ben Lomond 
1 920 Quality of Frampton 2 1 61  Britain Turihaua 
1 920 Mulben Elbow 2041 Britain Waiterenui 

. 1 920 Moyness Punch 2031 Britain Glenelg 
1 920 Nyanga 2030 Britain Bywell 
1 920 Victor of R�richie 2 1 30 Britain Mangatoro 
1 920 Evron of ·Ruthven 221 4 Britain Akitio 
1 920 Evistic of Ruthven 221 5 Britain Akitio 
. 1 920 Hayston Bright Print 221 6 Britain Akitio 
1 920 Plato of Ruthven 2371  Britain Koiro 
1 920 Evereldo of Ruthven 2372 Britain · Koiro 
1 920 Eddy of Ruthven 2373 Britain Koiro 
1 923 Eland of Bleaton 2677 Britain Woodlands 
1 930 Glencarnock King 3rd 4567 Canada Ngawaka 
1 930 Burgess of Glencarnock 8th 4570 Canada Tautane 
1 930 Qual a tum of Ray dale 457 1 Canada Tautane 
1 932 Northlane of Blaok Marshall 531 9 Canada W .  Clark 
1 932 Elton Glencarnock 5320 Canada W. Clark 
1 934 Juror Eric 5728 Britain Waiterenui 
1 934 Bachelor of Derculich 5783 Britain Nga.waka 

. .  1 934 · Jerdin Eric 581 9  Britain Tautane 
1 935 Black Marshall Earl 61 97 U. S .A .  Kaiwaka I ..... 

\.>J 
-..J . :1 I L 
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Date of Name of Bull 
Importation 

1 935 Energy Barkley 
1 935 Barmar Quality 
1 936 Barmar Quality Again 
1 936 Brigandine of Banks 
1 936 Gaffer Elvin 
1 936 Blason 
1 936 Epistos Barmar 
1 936 Eric Bar� 2nd 
1 936 DJuble Revolution 6th 
1 936 Barmar Escort 
1 936 Quality Barmar 
1 936 Eston Bar 
1 936 Prizemere 37 1 st 
1 936 Blackcap Eeho Quality 
1 936 Queenmere 232nd 
1 936 Euxidor 7th 
1 936 Event of F-..coxfield 
1 937 Quality Bar 
1 937 Jerldn Eric 
1 937 Barson Quality 
1937 Epistos Quality 

• 1 937 Enchanter Barmar 
1 937 Black Rex of Bordulac 
1 938 Briarcliff Bardo 
1 938 B·3 s tman Quality 
1 938 Baron Ensign 2nd 
1 938 Jimmie Jinks 
1 938 Etheridge of Tillyrie 
1 939 Blackman Quality 2nd 
1 939 Enterprise Master 
1 939 Blackman . Quality 
1 939 Jeddo Eric 
1 939 Embelesco 
1 939 Event of Gallowhill 
1 939 Pericles of Gallowhill 

APPENDIX VI (Continued) 

N . Z . Herd Book Country of 
Number Origin 

6206 U . S . A .  
6295 U . S .A .  
6546 U . S  • .A .  
6595 Britain 
6596 Britain 
6597 Britain 
661 9 U . S  • .A .  
6620 U . S .A .  
6621 U . S .A .  
6623 U . S . A .  
6740 . U . S . A .  
6933 U . S .A .  
6934 U . S .A .  
6898 U . S . A .  
6622 U . S . A .  
6840 Britain 
6841 Britain 
6936 U . S . A .  
6954 Britain 
7269 U . S .A .  
7270 U . S .A.  
7434 U . S .A .  
7445 U . S .A .  
7456 U . S . A .  
7459 U . S .A .  
7597 U . S .A .  
77 33 Britain 
7735 Britain 
81 37 U . S .A .  
8 1 51  U . S .A .  
8 1 52 .U . S .A . 
8 1 84 Britain 
81 85 Britain 
8 1 86 Britain · 
8 187 Britain 

Name of Importing Stud 

Turihaua 
Beachlea 
Turihaua 
W. Clark 
W .  Clark 

· W.  Clark 
Mangamaire 
Turihaua 
Tu.rihaua 
Springfield 
Matapihi 
Tarangower 
Tarangower 
Tauwhare 
Tautane 
A-l(i tio 
Akitio 
Moetohunga 
Woodlands 
Turihaua 

· Matapihi 
New bury 
Taheke 
Motuotaria 
Tarangower 
C .  Blake 
Mangatoro 
Ngawaka 
Heathfield 
Waitoru 
Waitoru 
Taumangi 
Taumangi 
Makaretu 
Glen Aros 

_. 
VI a> 
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APPENDIX VI (Continued) 

Date of Name of Bull N .Z . Herd Book Countr.r of Name of Importing Stud 
Importation Number Origin 

1 939 Eulogist 2nd of Kilham 8 1 88 Britain Waiterenui 
1 939 Hayston Elmore 8442 Britain Akitio 
1 939 Mulben :Elnbassy 87 33 Britain Mangatoro 
1 939 Belgrafton 8834 Britain Moetohunga 
1 940 Enrique 891 7 Britain W. Clark 
1 940 Elorkin of Dalmeny 8949 Britain Gladbrook 
1 940 Justice of Bywell 9352 Britain Tautane 
1 946 Jogetcil of Dalmeny 1 2 3 10  Britain Gladbrook 
1 946 Evillaron of Dalmeny 1 231 1 Britain Tauta:ae 
1 946 Elland of ��agulzion 1 231 2 Britain Matapihi 
1 946 Racate of DJuneside 1 2308 Britain Te Wha:n.ga 
1 947 Paddy of Broadleys 1 2495 Britain A..ki tio 
1 947 Hayston Primo 1 2496 Britain Akitio 
1 947 Emperor Elect of Douneside 1 2733 Britain Mangatoro 
1 948 Peteris  of Dalmeny 1 379 3 Britain Te Whanga 
1 948 E"oelum of Les.lie 1 4070 Britain Ribbo!lwood 
1 949 Wavell of Haymount 1 4278 Britain Heathfield 
1 949 European of Bruceton 1 4303 Britain Mangatoro 
1 949 Euli jago of Kilham 1 4304 Britain Mangatoro 
1 949 Eaclid of Incheoch 1 4626 Britain Gladbrook 
1 949 Matthew of Strathkinness 1 4698 Britain Tautane 
1 951  Junalier of Dalmeny 1 5297 Britain Crlcklewood 
1 95 1  Prince Powerful of  Hampton Lucy 1 5298 Britain Cricklewood 

I I 1 95 1  Empire of  Incheoch 1 5298A Britain Cricklewood 
1 95 1  Ja:nesslier of  Dalmeny 1 5653 Britain Gladbrook 
1 95 1  Euliwilly of  Kilham 1 57 1 2 Britain Tauta:ne 
1 95 1  Baronet of  Rannagulzion 1 5728 Britain Te Mania 
1 952 Bernard of Beaufort 1 6096 Britain 0:1.iaroa 
1 952 Baron Bethoc 1 6053  Britain Ribbonwood 
1 952 Parotia:n of Fordhouse 1 6105  Britain New bury 
1 952 Espuril of Fordhouse 1 61 06 Britain Newbury 
1 953  Erreth of Harviestoun 1 65 1 4  Bri tairt Heathfield I � 
1 953  Newhouse Pera:nza 1 6569 Britain Totaranui VI \.0 . 



: APPEN.Di:X VI (Continued) 
I I I Date of Name of Bull N . Z .  Herd Book Countr.r of Name of Importing Stud ' 
l 

Importation Number Origin J 

1 953 Blizzard of Orchardlands 1 6864 Britain Te Aratipi 
1 953 Jason of Barnoldby 1 6 330 Britain Akitio 
1 953 Blucher of Little Dean 1 6783 Britain Kahika 
1 953 Brose of Broomhill 1 63 1 5 Britain Iloone 
1 953 Evabor of Hampton Lucy 1 6427 Britain Whakapirau 
1 953 Batma.'1. of Thorn 1 651 3 · Britain Heathfield 
1 953 Eriebon of Spittal 1 6763 Britain Broo�dands 
1 953 Balgour Purdy 1 6764 Britain Brookla.YJ.ds 
1 95 3  Proud Eric o f  Manorhill 1 6765 Britain Brooklands 
1 953 Jamie Eric of Westdrums 1 6865 Britain Te Aratipi 
1 954 Black Idol of Barnoldby 1 7002 Britain Cricklewood 
1 954 Eldesco of Haymount 1 7446 Britain Gladbrook 
1 954 Gilt  of Ballintomb 1 692 3  Britain Parera 
1 954 Bruce of Greenyards 1 7 1 08 Britain Mangatoro 
1 954 Kronin of Lindertis 1 7 1 07 Britain Mangatoro 
1 954 Esam of Ballintomb 1 7 3 1 2 Britain ThornJ_"lill 
1 954 Newhouse Jewvill Eric 1 6994 Britain Balfour 
1 954 Prince Mandor of Hampton Lucy 1 7502 Britain Tautane 
1 955 Euro of Bleaton 1 7907 Britain Waiterenui 
1 955 Proof of Maisemore 1 7909 Britain Waiterenui 
1 955 Balgour fudor 1 7908 Britain Waiterenui 
1 955 Engleberg of Haymou.:."lt 1 8013 3 Britain Tataramoa 
1 955 Prince Paul of Charterhouse 1 8044 Britain Te Aratipi 
1 955 Baron Balfe 1 7789 Britain Ribbonwood 
1 955 Erario of Fordhouse 1 7729 Britain Newbury 
1 955 Prince Malan of H��pton Lucy 1 7823 Britain Craigburn 
1 955 Exponent of Leckaway 1 7864 Britain Mangawhero 
1 956 · Evangelist of Westdrums 1 869 1 Britain Mote re 
1 957 Elcomus of Leckaway 19509 Britain Thornhill 
1 957 Stype Playboy 1 9055 Britain Balfour 
1 957 Stype Gambol 1 8 1 25 Britain Parera 
1 957 Jasper Eric of Westdrums 1 9920 . Britain Glenmark 
1 957 Erisert of Harviestoun 1 9298 Britain Ribbonwoo d  I _, 

� . 



APPENDIX VI (continued) 

Date of Name of Bull 
N. Z .  H·erd Book Country of Name of Importing Stud 

Importation Number Origin 

1 957 Georgic of Haymount 1 9066 Britain Cricklewood 
1 957 Prince Pilot of Bywell 1 9283 Britain Totaranui 
1 957 Ethelred 2nd of Spi ttal 1 9284 Britain Totaranui 
1 958 Kelite of Lindertis 1 9842 Britain Balfour 
1 958 Elegance of Charterhouse 20026 Britain Mangatoro 
1 958 · Stype Guardian 20027 Britain Mangatoro 
1 958 Eskimo of _Little De�� 20361 :Britain Kahika 
1 958 IDnorman of Haymount 20440 Britain Gladbrook 
1 958 Black Bandit of Barnoldby 20558 Britain Tu.rihaua 
1 958 Eregli of Harviestoun 1 9991  Britain Heathfield 
1 958 " Stype Master :Brian 20298 :Britain Waiterenui 
1 959 Balgour Jumbo Eric 20762 Britain :Brackenfield 
1 959 Prince of Movement 2 1 323 Britain Totara Hills 
1 959 Bard of Crookland.s 20909 Britain Totaranui 
1 960 Baron Barrister of Harviestoun 220 1 9  Britain Sefton 

. 1 960 Kilmundie Erasmort 2207 1  Britain Glen Garth 
1 960 Black :Banner . of Struthers 22080 Britain Fuschia Creek 
1 960 :Borodin of Fordhouse 2 1 947 :Britain :Brooklands 
1 960. ; . . Euripus of Wych Cross 2 1 564 Britain Heathfield 
1 960 Barometer of Cullisse 2 1 563 Britain Heathfield 
1 960 Ergo of Tisted 22342 Britain Heathfield 
1 960 Kilmundie Embask 221 2 1  Britain Tataramoa 
1 960' Elfont of Gloagburn 2271 3 :Britain Tataramoa 
1 961 Gold Standard of Fordhouse 22 1 22 Britain Kahika 
1 961 Proctor of Westdrums 22437 Britain Totaranui 
1 961  Ebony Master of Rowley 22653 Britain Thornhill 
1 961 Newhouse E1win Elric 222 1 6  Britain Balfour 
1 962 Edwin of Hungerford 23630 Britain Waiterenui 
1 962 Erquand of Kinerrnony 22971  :Britain Cricklewood 
1 962 . Gladhand of Kinerrnony 22972 Britain Cricklewood 

. 1 962 Purist of Fordhouse 23 143 Britain Craigburn 
1 962 Wizard · of Balhary · · 2301 5  Britain Valhalla 
1 962 President of Tofts 23520 Britain Glen Fruin ...... 

� ...... 
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Date of Name of Bull N . Z .  Herd Book · Country of Name of Importing Stud Importation Number Origin 
--

1 962 Islab��k Joy Eric 23221  Britain Zenith 
1 962 Eulihunter of Kilham 235 1 8  Britain . Tawhara and Turiroa 
1 962 Kilmundie Peyote 23853 Britain Elgin 
1 962 Erotic of Fordhouse 241 39 Britain Brooklands 
1 962 Janetic Eric of Tangier 241 40 Britain Brooklands 
1 962 Edwin Era of Balmyle 24295 Britain Gladbrook 
1 962 Stype Dollar 24870 Britain Ornakere 
1 962 Everclad of Maisemore 24642 Britain Glenmark 
1 963 Envoice of Incheoch 24245 Britain Karaka 
1 963 Electronic of Lindertis 23857 Britain Brackenfield 
1 963 Eustace of Dzrculich 231 46 Britain Mangatoro 
1 963 Newhouse Excelsior 2441 9 Britain Waiterenui 
1 963 Newhouse Ellerman 23775  Britain Overshiels 
1 963 Emulator of Haymount 25030 Britain Tata.ramoa 
1 964 Escalator of Gloagburn 24484 Britain Par era 
1 964 Jarryl Eric of Broadleys 24594 Britain Dalby Partnership 
1 964 Jave Eric of C��dacraig 24595 Britain D-3.1 by Partnership 
1 964 Parando of Fordhouse 24599 Britain Delta Station 
1 964 Black Mark of Parkbeg 2461 7 Britain Waihihi 
1 964 Islabank Major B-8naud 24672 Britain Hazeldell 
1 964 Evron of Wandel ' 24702 Britain Holden Stud Ltd. 
1 964' Evrecom of Kinermony 24736 Britain Korakonui 
1 964 Probard of Shawbury 24737 Britain Korakonui 
1 964 Junyor Eric of Candacraig 248 10  Britain Rawhiti 
1 964 Jurotic Eric of Thorn 24871 Britain Omakere 
1 964 Estort of Graden 24900 Britain Woodley 
1 964 Balgour Perry 24932 Britain Tarangower 
1 964 Newhouse Emeritus 24995 Britain Winchester 
1 964 Elector of Burnton 2501 3 Britain Aria 
1 964 E21anate of Haymount 25050 Britain Waiterenui 
1 964 Error of Tangier 25077 Britain Te Mania 
1 964 Elate of Tangier 26361 Britain Moerangi 
1 964 Newhouse Perinthian 26362 Britain Moerangi I � 

� 1\) 



Date of 
Importation 

1 965 
1 965 . 
1 965 

' 1 965 
1 965 
1 965 
1 965 
1 965 
1 965 
1 965 
1 965 
1 965 

. 1 966 
1 966 
1 966 
1 966 
1 966 
1 966 
1 965 
1 967 
1 969 
1 969 
1 969 
1 969 
1 969 
1 969 
1 970 
1 970 . 
1 970 
1 970 

. 1 971  
1 97 1  

* 

Name of Bull 

Princibet of Kinermony 
Jeweltion Eric of Selden 
Erast of Wych Cross 
Eudaron of Candacraig 
Jox Eric of Candacraig 
Erasmus J .  of Tangier 
Black Bollard of Barnoldby 
Ero of Wych Cross 
Newhouse Edwin Eminent 
Native Point Bruce 31 st 
Native Point Bruce 23rd 
Julius of Renmure 
Lindertis Evidence 
Eric of Selden 
Purser of Eastfield 
Elomest of Kinermony 
Elsinore of Belladrum 
Pampador of Haymount 
Exigent of Leckaway 
Newhouse Jeweros Eric * 

Gaffer Defiance of Banks 
Janko Eric of Candacraig 
Jerry Eric of L�wnie 
Jomogen Eric of Kinemony 
Bassador of Greenyards 
Black Ben of Kinchurdy 
Newhouse Jewdax Eric 
Cherry Bow of Peebles 
Jandic Eric of Buchaam 
Connorville Dauntless 

· Pronomac of Kinermony 
Jesenedus Eric of Douneside 

For A . I .  service only 

APPENDIX VI (Continued) 

N . Z .  Herd Book 
Number 

25431 
25206 
2521 7 
25331 
25352 
25360 
25462 
25530 
25790 
261 36 
261 37 
26749 
25956 
25961 
26075  
261 1 5 
263 10  
27304 
27865 
281 7 3  
2781 5 
27862 
27866 
27898 
28043 
28085 
23506 
28646 
23462 
28925 
291 53  
291 93  

Country of 
Origin 

Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Australia 
A1.1stralia 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain · 
Britain 
Britain 
Britain . 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
A:1stralia . 
.Britain 
Britain 

Name of Importing Stud 

Taimate 
Balfour 
Barkla Downs 
Brackenfield 
Stern 
Heathfield 
Puketutu 
Totara Park 
Gladbrook 
Aga.dar 
Agadar 
Puketutu 
Kings clear 
Atahua 
Elgin 
Mangatoro 
Thornhill 
Craigburn 
Mangatoro 
Gladorook 
Oaklea 
Craigburn 
Mangatoro 
Totaranui 
Strathyre 
T:O.ornhill 
Braeside 
Kai Iwi 
Oaklea 
Waitepipi 
Brackenfield 
Braeside ..... 

+>­\.N . 



Date of 
Importation 

1 972 
1 972 
1 972 
1 973  
1 973  
1 973 
1 973  
1 973  

Name of  Bull 

Ermine of Peebles 
1remplehall Prince Powerfull 
Black Night of Tangier 
Victoree Abaridy 1 52nd 
Ethnarch of Idvies 
Delegate Quarter-Master 
Barwidgee Potter 
Connorville Duke 1 0th 

APP��DIX VI (Continued) 

N . Z .  Herd Book Country of 
Num"Jer Origin 

29954 Britain 
29990 Britain 
29991 Britain 
30733 Australia 
31 1 88 Britain 
31 206 Australia 
31 239 Australia 
31 5 1 4  Australia 

( See next page for list of imported cows ) 

Name of Importing Stud 

Dunearn 
Matua 
Matua 
OJnakere 
To tara.11.ui 
Puketutu 
Akitio 
Tu:rihaua 

...... 
..J::>. ..J::>. . 



Date of 
Importation 

1 863 
1 863 
1 875 
1 875 . 
1 875 
1 882 
1 882 
1 882 
1 882 
1 882 
1 882  
1 882  
1 882  
1 882 
1 882  
1 892 
1 892 
1 892 
1 892 
1 892 
1 892 
1 892 
1 892 
1 905 
1 905 
1 905 
1 905 
1 91 0  
1 91 0  
1 91 4  
1 91 4  
1 91 4  
1 91 4 . 

Name of Cow 

Minerva 
Sm1beam 
Nancy of East Mains 
Sweet Grapes 
Tillyfour Lass 
Bella 2nd of Greystone 
Bella 5th of Greystone 
Bella 1 st of Waimea 
Mabel 
Waterside Milkmaid 
Joan of Thomastown 
Lily 4th of Thomastown 
Lily 5th of Thomastown 
Lily 1 st of Waimea 
Victoria 1 st of Waimea 
Eelypta 
Merry Maiden of Byres 
Quetta 
Jolliment 
Kathleen 2nd of n�uir 
Cel�ndine of Drummuir 
Rosella of Advie 
Vivacious 
Ericia 
Ermine of Pitpointie 
Pearl 2nd of Ballintomb 
Kindness of Ballintomb 
Dear Diana 
Jipsey Rose Bloom 
Pure Pride of Dalmeny 
Eunice of Harviestoun 
El,ja 2nd 
El�gia . 

A?PENDIX VI (Continued) 

N . Z .  Herd Book 
Number 

1 58 
1 57 
52 
54 

1 60 
1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 9  
1 8  
20 

347 
349 
348 
358 
357 
404 
405 
403 
788 
789 
774 
775 

1 598 
1 599 
1 768 
1 766 
1 767 
1 782 

Country of 
Origin 

Britain 
Britain 
Britain 
Britain 
Britain . 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 
Britain 

Name of Importing Stud 

Australian & N . Z .  L��d Co . 
AQstralian & N . Z .  Land Co . 
Australian & N . Z .  Land Co . 
Australian & N . Z .  Land Co . 
A'lS tralian & N .  Z .  Land Co . 
N . Z .  Agricultural Co . 
N . Z .  Agricultural Co . 
N. Z .  Agcicultural Co . 
N . Z . Agricultural Co . 
N . Z .  Agricultural Co . 
N . Z .  Agricultural Co . 
N. Z .  Agricultural Co . 
N. Z .  Agricultural Co . 
N . Z . Agricultural Co . 
N .  Z .  Agricultural Co • . 

Gladbrook 
Glad.brook 
Gladbrook 
Gla:lbrook 
Gladbrook 
Maraina..l'lga 
Mara.inanga 
Marainanga 
Maraina:nga. · 

Marainanga 
Glad':)rook 
Glad brook 
Mount Royal 
Mouil t Royal 
Gwavas 
Gwavas 
Gwavaa 
Mount Royal ..... 

.p.. \.11 . 



APPENDIX VI (Continued} 

Date of Na'Ile of Cow N.Z . HBrd Book Country of Nrune of Importing Stud Importation Number Origin 

1 91 4 Pride of Kyle 1 781  Britain Mount Royal 
1 91 5 Pride of M�lben 44th 1 961 Bri tain Wood.lands 
1 9 1 5 . Pride of Aberdeen 532nd 1 962 Bri tain Woodlands 
1 91 5 Proud Peggie 1 963 Britain Woodlands 
1 920 Country Lass 4368 :Sritain Mangatoro 
1 920 Ettie 8th of Dalvey 4369 Britain Mangatoro 
1 920 Erica of Clochie 4304 Britain Mangatoro · 
1 920 Par�1ead fu1th 2nd 4302 Bri tain Mangatoro 
1 920 Pride 3 1 s t  of D�lvey 5301 Britain Ma.ngatoro 
1 920 ?Qrity of Dalvey 4305 Britain Mangatoro 
1 920 Q.ueenly of Balli:'ntomb · .. 4370 " Britain Mang-e�. toro 
1 920 Ruth 2nd of Congash 4367 Britain Mangatoro 
1 920 Eerie 4580 Bri tain Ma"1.gatoro 
1 920 Pride of Dallas 4581 B:ritain Mangatoro 
1 920 Erma of I1oyness 3rd 4582 Britain I1a21ga toro 

. 1 92 1  Black Jilt of  Philorth 4497 Britain Al<:itio 
1 92 1  Patricia of  D�noon 4496 Britain A.."ki tio 
1 921  Evelauna of Ruthven 4499 Britain Akitio 
1 921  Ern11a of Ruthven 4500 Bri tain A..l.ci tio 
1 921  Elcynet ta of Ballindalloch 4793  Bri tain Koiro 
1 92 1  �1genie of  Den�on 4794 Britain Koiro 
1 92 1  Ermla of  Ruthven 4795 Bri tain Koiro 
1 92 1  Eleanor of , Thunside 4796 Britain Koiro 
1 92 3  Bunty of Mulben 5620 Britain Woodlands 
1 930 Kara11a of Glencarnock 6th 941 7 Ca..11ada Nga<vaka 
1 9 30 Blackbird of Glencarnock 33rd 941 8 Canada Ngawaka 
1 930 Elba of Glencarnock 32nd 941 9 Canada Ngawaka 
1 930 Elba of Page 4th 9422 Canada Tautane 
1 935 Blackcap M .,K . 1 5th 1.3449 U . S .A.  B·2achlea 
1 935· Blackcap Carmen M.K .  5th 1 3450 U . S .A .  Beachlea 
1 930 Blackbird Glencarnock 32nd 9423 Canada Ta·:1tane 
1 935 Blackcap ·Ernpress I1 .K .  1 5th 1 3451 U . S .A .  Beachlea 
1 935 Elba M .K .  7 th 1 3452 U . S .A .  Beachlea --" 

..p. "" . 



Date of Name of Cow Importation 

1 935 Blackcap M.K. 1 2th 
1 935 Queens Viola 4th 
1 936 · · AIDes Plantation Pnloretta · 

1 936 Ames Plantation Bernalda 
1 936 Rrica Evergreen 2nd 
1 936 Briarcliff Jessie 9th 
1 936 ' Briarcliff Ebba 43rd 
1 936 Briarcliff Pride 35th 
1 936 Elgarnere 
1 936 Elgarnere 2nd 
1 936 Black Sophronelite 
1 937 Elwoods Elba 
1 937 Blackcap McHenry 465th 
1 937 Elbaress Quality 
1 937 Miss Burgess Hopley 6th 
1 9 37 Bethel Blackbird 1 26th 
1 937 Barbird Miss 
1 937 Bethel Primrose ·24th 
1 937 Escora Marlene 
1 938 Bannar Quality Lass 2nd 
1 938 Beta Quality 3�d 
1 938 Ma·iris of Bywell 
1 938 Rvelutine of Eallindalloch 
19 38 Perdi ta of Jardine 
19 38 Genista of Jardine 
1 938 Permita of Jardine 
1 939 Blackbird 1 2-Gh of Dalvey 
1 948 • �1ropa 1 8th of Dalmeny 
1 948 Petronella 1 3th of D�lmeny 
1 948 Kindly Pride of Leylodge 
1 948 Peahen of Tullyraw 
1 948 Print of Glen Farg 
1 948 Eugene of Myreton 

APPENDI X VI (Continued) 

N . Z .  Herd Book Country of 
Number Origin 

1 3453 U . S .A .  
1 3454 U . S .A .  
1 4369 U . S . A .  
1 4370 U . S .A .  
14368 U . S .  A.  
1 437 1 U . S . A  •. 

1 4372 U. S .A .  
14373  U .  S .  A. 
1 4374 U . S .A .  
1 43'75 U . S .A .  
1 4376 U . S .A .  
1 5762 U . S .A .  
1 5761 U . S . A .  
1 5951 U . S . A. 
1 6004 U . S . A .  
1 6005 U . S .A .  
1 6086 · u . s . A . 
1 6 1 47 U . S .A .  
1 6407 . U . S .A .  
1 6498 U . S . A.  
1 6680 U . S . A .  
1 6880 E:ritain 
1 6889 Britain 
1 6890 Britain 
1 91 93 Britain 
1 6892 Britain 
341 64 Britain 
341 65 Britain 
341 66 Britain 
341 67 Britain 
341 68 Britain 
341 69 Britain 
35299 Britain 

Name of Importing Stud 

Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 
Beachlea 

Beachlea 

Turihaua 
Turihaua 
Beachlea 
Moetohunga 
Mo e tohunga 

Moetohunga . 
Dunira 
Taheke 
Green bank 
Greenba:nk 
Burford 

Mangatoro 
Ma:1gatoro 
Mangatoro 
Mangatoro 
Mangatoro 
Te Whang-a. 
Te Whanga. 
Beachlea 
Beachlea 
Beachlea 
Beachlea _.. 

� -.J . 



APPEr:JDIX VI {Continuedl 

Date of Name of Cow 
N . Z .  Herd Book Country of Name of Importing Stud 

Importation Number Origin 

1 948 Etala of Fordhouse 35301  Britain Ribbonwood 
1 948 RQsota of Fordhouse 35300 Britain Ribbonwood 
1 948 Elenco 2nd of Balfron 35302 Britain Ribbonwood 
1 948 Eridema of Balfron 361 49 Britain Ribbonwood 
1 949 �1lima 54th of Kilham 36 1 50 Britain Glenmark 
1 949 Bo��cing Maid of Gallowhill 361 50 Britain Glenmark 
1 949 Jusk Erica of Eynsham 361 73  Britain Craigburn 
1 949 �ranna of Ballindalloch 361 74 Britain Craigburn 
1 949 Pride of Mulben 1 41 st 361 75 Britain Craigburn 
1 949 Easy of D�rculich 361 90 Britain Mangatoro 
1 949 Betty Black of Gaidrew 361 91 Britain Mangatoro 
1 949 Paola of Gaidrew 36 1 92 Britain Mangatoro 
1 949 Erodie of Harviestoun 36367 Britain Ribbonwood 
1 949 Jeffica E:rica 36368 Britain Ribbonwood 
1 951 B-:=aving Naid 4th of Dalmeny 39320 Britain Ribbomvood 
1 95 1  Erotoa of  Dalmeny 3):321 Britain Ribbonwood 
1 951 Barajara 8th of Dalmeny 4 14 10  Britain Glad.orook 
1 951 Black Melda of Bywell 41 547 Britain Tautane 
1 952 Pride 8th of Golford 42074 Britain West burn 
1 952 Jilt 38th of Maisemore 42695 Britain New bury 
1 952 Estelle 30th of Maisemore · 42699 Britain New bury 
1 952 Pride of I1aisemore 1 2 1 st 4269.8 Britain Newbur.f 
1 952 E-vaka of Harviestoun 43302 Britain Gladbrook 
1 952 Pride of Maisemore 1 1 9th 42697 Britain Newbur-.f 
1 952 Es telle 25th of Ma.isemore 42696 Britain Newbux-.r 
1 953 E-ceena of Harviesto�� 44562 Britain Ribbon'llOOd 
1 953 Ethana of Harviestoun 44561  Britain Ribbonwood 
1 953 Pandora of Fordhouse 44244 Britain Heathfield 
1 953 Poplin 5th of Tisted 45857 Britain . Te Aratipi 
1 953  Blackeyes of  Gaidrew 43854 Britain Tunlli 
1 954 Pepita of Dalmeny 46369 Britain Cricklewood 
1 954 Pearl of Da.lmeny 46368 Britain Cricklewood 
1 954 Beta Maid of Bankhead 46952 Britain . .  Strathyre l ...... 

� 
1 954 . · Belle Maid of Fordhouse 46307 Britain Balfour ():) . 



APPENDIX VI (Continued) 

Date of Na:ne of Cow N . Z .  Herd Book Country of Name of Importing Stud Importation Number Origin 
-

1 954 Glenys of Menzies 46308 Britain Balfour 
1 954 Eudocia of Incheoch 46309 Britain Balfour 
1 954 Black Ruby of Broomhall 461 87 Britain Do One 
1 954 Ergana of Harviestoun 48226 Britain Gladbrook 
1 954 Joyeda Erica 48227 Britain Gladbrook 
1 955 Puree Purnell of Charterh0use 50379 Britain Te Aratipi 
1 955 Erma of Dalmeny 5027 1 Britain Waiterenui 
1 955 Pretty Pride of D�lmeny 50272 Britain Waiterenui 
1 955 Pride of Majority 49450 Britain Mangawhero 
1 955 Ernette of Shampston 5001 2 Britain Mangawhero 
1 955 Bashful 2nd of Aske 5001 3 Britain Manga\bero 
1 955 Ebony Kira of Rowley 5 1 526 Britain Forres 
1 955 Primwell of Balfron 5 1 363 Britain Balfour 
1 955 Kay Pride of Balfron 5 1 364 Britain Balfour 
1 955 Elpa 3rd of Balfron 5 1 991  Britain Glenmark 
1 955 Pomara of Fordhouse 49831 Britain New "bury 
1 956 Eroba of Gloagbv,;rn . .  5201 1 Britain Craigburn 
1 956 Georgenta of Cullaird 52565 Britain Strathyre 
1 956 Poppet of Balfron 52567 Britain Greenbank 
1 956 Jasmi Erica 5201 2 Britain Craigbur.a 
1 956 Primrose of Rannagulzion 52023  Britain Mangatoro 
1 956 Pearlband of Ran�agulzion 52024 Britain · Mangatoro 
1 957 Enamorate of Gloagburn 54989 Britain Craigburn 
1 957 ' . Bosky of Broomhall 55367 Bri tain Hingaia 
1 957 Josie Erica of Westdrums 55241 Britain Ribbonwood 
1 957 · Winnow of Haymount 55242 Britain Ribbonwood 
1 957 Elisabeth of Balfron 55009 Britain Ma.':lga toro 
1 957 Princess Patricia of Spittal 550 10  Britain Mangatoro 
1 957 Bycora Maid of Advie 55226 Britain Totaranui 
1 957 Jovie Erica of Bywell 55227 Britain Totaranui 
1 957 Ethelreal of Spittal 55228 Britain Totaranui 
1 957 Jolina Erica 55229 Britain Totaranui 
1 958 Kind Princess  of Ballindalloch 58580 Britain Zenith 

_. 
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APPEllDIX VI (Continued} 

Date of Name of Cow 
N . Z .  Herd Book Country of Name of Importing Stud 

Importation Number Origin 

1 958 Eurekie of Canda�raig 59495 Britain Kanka 
1 958 Petronial 7th of Dalmeny 60295 B-ritain Aria 
1 958 Bvilina 1 1 th of Dalmeny 60296 Britain Aria 
1 959 Bengin Maid of Westdrums 6031 7 Britain Te .Aratipi 
1 959 Erinova of Broadleys 625 1 6  Britain Scotdale 
1 959 Edwiveena 27th of Charterhouse 61 542 Britain Brackenfield 
1 959 Prijeta of Kinermony 620 1 0  Britain To tara."lui 
1 959 · Barina Maid �f Broadleys 61 845 Britain Strathspey 
1 959 Black Bess of Kilh�n 61 970 Britain Taimate 
1 960 Gammer Euda 68289 Britain Totara Hills 

. 1 960 Entranina of Kinermony 68288 Britain Totara Hills 
1 960 Aclurya Evatwin 66020 Britain Heathfield 
1 96 1  Brbeta of  Harvies toun 68780 Britain Balfour 
1 962 Eland.ia 2nd of Calward 80558 Britain Brooklands 
1 963  Pandura of  Haymount 78588 Britain Brackenfield 
1 962 Parma of Coulna.l.cyle 80871 Britain Woodley 
1 962 Evilira of 11anorhill 80870 Britain Woodley 
1 962 Heather Petal of Kinnud.ie 80972 Bri tain Woodley 
1 962 · Junita Rrica of Wych Cross 84256 Britain Totaranui 
1 964 Bride of Westmains 82958 Britain Tunui 
1 964 Eurekar 2nd of Candacraig · 82972 · Britain Sterling 
1 964 Stype Edwiveena 1 1 th 83999 Britain Craigturn . 1 964 Stype Ellerena 1 1 th 83993 Britain Craigturn 
1 964 Esperanza of Murdosto�� 841 98 Britain Taimate 
1 964 Ellebet of Islabank 841 99 :Britain Taimate 
1 964 Jinty Erica of Wes tdrums 84339 Britain Holden Stud Ltd. 
1 964 Erotessa of Broadleys 8481 5 Britain Matua 
1 964 Elincomo of Kinermony 848 1 6  Britain Matua 
1 964 Eve of Selden 8670'3 Britain Aria 
1 964 Jungab Erica of Candacraig 86747 Britain Te Ohu 
1 965 Black Bettina of BarnQldby 89 1 46 Britain Puketutu 
1 965 Pridellie of Bywell 891 47 Britain Puketutu 
1 965 Korosa of Manorhill 891 48 Britain Puketutu 
1 965 Proud Girl of Coulnakyle 91 033 Britain Aria I _,. 

Vl 0 



Date of Name of Cow Importation 

1 965 Mesena Pride of Tangier 
1 965 Sarum Gaiety 5th 
1 965 Native Point Dell 3rd 
1 965 Native Point Even 5th 
1 965 Native Point Netta 4th 
1 965 Native Point Estelle 6th 
1 966 . Prosy of Westdrums 
1 966 Eroika of Wes tdrums 
1 966 Jessone Erica of Westdrums 
1 966 Jessena Erica of Westdrums 
1 969 . Maurvesa of Bywell 
1 969 Even Girl 2nd of Kilham 
1 969 Joppatty Erica of Candacraig 
1 969 Junember Rrica of Islabank 
1.970 . Connorville Queen 8th 
1 970 Connorville Sally 4th 
1 970 Connorville. Jess 6th 
1 974 Carisbrook Faithful 
1 974 Purpuss of ·Eastfield 

APPEI)JDIX VI {Continued� 

N . Z .  Herd Book Country of 
Number Origin 

91 061 Britain 
9331 8 Australia 
9331 9 Australia 
93320 Australia 
93321 Australia 
93322 Australia 
93257 Britain 
93258 Britain 
97 1 92 Britain 
97 1 93  Britain 

1 1 1 799 Britain 
1 1 2770 Britain 
1 1 5291 Britain 
1 30252 Britain 
1 22991 Australia 
1 22992 . Australia 
1 22993. Australia 
1 48782 Australia 
1 48883 :Sri tain 

Name of Importing Stud 

Te o:·m 
Agadar 
Agadar 
Agadar 
Agadar 
Agadar 
Craigburn 
Craigburn 
Balmoral 
Balmoral 
Oaklea 
Totaranui 
Moerangi 
Aria 
Waitepipi 
Waitepipi 
Waitepipi 
Glenbourke 
Mangatoro 

..... 
\J1 ..... 
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APPENDIX VII 

Parent-offspr ing intervals of the New Zealand Ped igree Angus 

for eigh t  sample years 

1900 

Length No . of % No . of % No . of  % No . of % 
of in- sire- sire- dam-son dam-
terval · son in- daughter intervals daughter 
(years )  tervals intervals intervals 

., 3 8 . 3  1 2 . 5  L 

3 10 25 . 6  7 19 . 4  16 37 . 2  7 17 . 5  

4 10 2 5 . 6  10 27 . 8  12  27 . 9  8 20 . 0  

5 3 7 . 7  4 11 . 1  6 14 . 0  7 17 . 5  

6 8 20 . 5  5 13 . 9  3 7 . 0  3 7 . 5  

7 3 8 . 3  2 4 . 7  3 7 . 5  

8 8 20 . 5 2 5 . 6  4 10 . 0  

9 2 5 . 6  4 9 ;3 3 7 . 5  

10 1 2 . 5  

11 1 2 . 5 

14 1 2 . 5  

17 1 2 . 5  

Total No . . 39 36 43  40  
of  Intervals 

I 



1 53 -

1910 

Leng th No . of % No . of sire- % No . of % No . of % 
o f  in- s ire- d aughter dam-son dam-
terval son in- intervals intervals daughter 
(years) tervals intervais 

2 11 30 . 6  2 3 . 4  

3 11 30 . 6 16  27 . 1  4 11 . 1  5 9 . 6  

4 3 8 . 3  11 18 . 6  1 2 . 8  11 2 1 . 2 

5 12  20 . 3  7 19 . 4  11 2 1 . 2 

6 10 27 . 8  4 6 . 8  2 5 . 6  7 13 . 5  

7 4 6 . 8  6 11 . 5 

8 2 3 . 4  7 19 . 4  2 3 . 8  
-

9 5 8 . 5  

10 1 2 . 8  2 3 . 4  6 11 . 5  

11 1 1 . 7  

12 1 5  41 . 7  2 3 . 8  

13 1 1 . 9 

15 1 1 . 9  

Total No . 
o f  
Intervals 36  59  36  5 2  



1 54 . 

1920 

Length No . of  % No . o f  sire- % No . of darn- % No . of % 
of in- sire- daughter son interva s dam-
terval son in- intervals daughter 

tervals intervals 

2 3 4 . 5  4 5 . 6  2 3 . 3  

3 5 7 . 5  20 28 . 0  9 14 . 8  9 13 . 9 

4 18 26 . 9  9 12 . 5  6 9 . 8  6 9 . 2 

5 9 13 . 4  14 19 . 4  14 2 3 . 0 7 10 . 8  

6 12 17 . 9  9 12 . 5  4 6 . 6 1 1 . 5 

7 1 1 . 5 5 6 . 9  10 16 . 4  4 6 . 2 

8 9 13 . 4  6 8 . 3  1 1 . 6 13 20 . 0 

9 3 4 . 5 3 4 . 2  7 10 . 8  

10  1 1 0 5 1 1 . 4  5 8 . 2 8 �2 .  3 

11  3 4 . 5  2 3 . 3 4 6 . 2 
-

1 2  1 1 . 5  2 3 . 1 

1 3  1 1 . 5 3 4 . 9  

14  1 1 . 4  3 4 . 9  2 3 . 1 

15  1 1 . 6 1 1 . 5 

18  1 1 . 6 1 1 . 5 

20  1 1 . 5  

Total No . 
of 

Intervals 6 7  7 2  61  6 5  



1 55 .  

1930 

Leng th of No . of % No . of % No . of  dam- % No of % 
interval s ire- sire- son inter- dam-
(years)  son  in daughter vals daughter 

tervalE intervals intervals 

2 1 2 . 2 2 3 . 7 1 1 . 9  

3 18 40 . 0  9 16 . 7  10 20 . 4  9 16 . 7  

4 12 2 6 . 7 12 2 2 . 2 10 20 . 4  12 22 . 2  

5 6 13 . 3  14 25 . 9  8 16 . 3  5 9 . 3  

6 4 7 . 4  8 16 . 3  4 7 . 4  

7 2 4 . 4  3 5 . 6 3 6 . 1  10 18 . 5  

8 4 8 . 9  3 5 . 6 3 6 . 1 3 5 . 6  

9 1 2 . 2 1 1 . 9  2 4 . 1  5 9 . 3  

10 1 2 . 2 2 3 .  7 4 8 . 2  

11 3 5 . 6  1 1 . 9 
-

12 1 1 . 9  

13 1 1 . 9  

14 2 3 . 7 

15 1 2 . 0  1 1 . 9  

Total No . 
of Inter-

49  54  vals 45 54  



1 56 .  

1940 

Leng th of No . of  % No . of si)e- % No . of daL- % No . of  % 
I 

Interval sire- daughter son inter- dam-
(years) son in- intervals vals daughter 

tervals intervals 

�- 2 2 4 . 7  3 5 . 9  3 6 . 9  1 2 . 0  

3 10 2 3 . 3 15 29 . 4  5 11 . 6  5 1 0 . 0 

4 7 16 . 3 7 13 . 7  7 16 . 3  9 18 . 0  

5 5 11 . 6  5 9 . 8  5 11 . 6  4 8 . 0  

6 9 20 . 9  6 1 1 . 8 9 18 . 0  

7 2 4 . 7  6 11 . 8  1 2 . 3  8 16 . 0  

8 2 4 . 7  1 1 . 9 3 6 . 9  5 10 . 0  

9 5 11 . 6  6 11 . 8  3 6 . 9  3 6 . 0  

10 1 1 . 9  5 11 . 6  3 6 . 0  

11  5 11 . 6  1 2 . 0  

12  1 2 . 3  2 4 . 7  1 2 . 0  

1 3  3 6 . 9  

14  1 1 . 9  1 2 . 0  

15  1 2 . 3  

Total No . 
of Inter-
val s  4 3  5 1  43  5 0  



' 

1950 

Length of No . of .l % No . of s irl- % No . of  daJ- % No . of daL- % 
interval s ire-son daughter son inter- daugh ter 
(years ) intervals intervals vals intervals 

2 14 24 . 6  9 15 . 3  1 1 . 6  3 5 . 1  

3 18 31 . 6  11 18 . 6  1 3  21 . 3  8 13 . 6 

4 10 17 . 5  8 13 . 6 5 8 . 2  9 15 . 3  

5 8 14 . 0  10 16 . 9  7 11 . 5  8 1 3 . 6 

6 2 3 . 5  9 15 . 3  3 4 . 9  3 5 . 1  

7 1 1 . 8  5 8 . 5  9 14 . 8  7 11 . 9  

8 1 1 . 8  4 6 . 8  4 6 . 6  7 11 . 9  

9 1 1 . 8  1 1 . 7  4 6 . 6  7 11 . • 9 

10 1 1 . 8  2 3 . 4  6 9 . 8  

11 2 3 . 4  

12 2 3 . 3  

13 1 1 . 6 2 3 . 4  

14 3 4 . 9  1 1 . 7 

15 1 1 . 8  1 1 . 6  

16 1 1 . 6 2 3 . 4  

17  1 1 . 6  

To tal No . 
o f  Inter-
vals 57  59  61  5 9  



1 58 .  

1960 

Leng th of No . of % No . of sire- % No . of  daml_ % No . of % 
intervals sire-son daughter son inter- dam-
(years)  intervals intervals vals daughter 

intervals 

2 13 31 . 0  5 10 . 6  2 4 . 1  

3 10 23 . 8  10 21 . 3  11  28 . 2  6 1 2 . 2 

4 4 9 . 5  12 25 . 5  8 20 . 5  10 20 . 4  

5 6 14 . 3  5 10 . 6  3 7 . 7  3 6 . 1 

6 3 7 . 1 5 10 . 6  1 2 . 6  5 10 . 2  

7 1 2 . 4  6 12 . 8  7 17 . 9  9 18 . 4  

8 3 7 . 1  2 4 . 3  4 8 . 2  

9 1 2 . 4  2 4 . 3  3 7 . 7 3 6 . 1 

10 1 2 . 4  3 7 . 7 2 4 . 1  

1 1  1 2 . 6  1 2 . 0  

12  1 2 . 6  1 2 . 0  

1 3  1 2 . 0  

1 5  1 2 . 6  2 4 . 1  

Total No . 
of intervals 4 2  47 3 9  4 9  

I 



1 59 . 

1966/67  

Leng th of  No . of  % No . of  sirel % No . of daml % No . of dal- % 
interval s ire- daughter son inter- d aughter 
(years) son in- intervals vals intervals 

t ervals 

2 10 18 . 9  8 1 3 . 1 2 3 . 7  1 1 . 7 

3 11 20 . 8  11 18 . 0  1 3  24 . 1  12 20 . 0  

4 10 18 . 9  12 19 . 7  8 14 . 8  9 15 . 0  

5 10 18 . 9  3 4 . 9  5 9 . 3  9 15 . 0  

6 7 13 . 2  7 11 . 5  7 13 . 0  5 8 . 3  

7 1 1 . 9  3 4 . 9  4 7 . 4 3 5 . 0  

8 1 1 . 9 5 8 . 2  4 7 . 4  2 3 . 3 

9 3 5 . 7 1 1 . 6  3 5 . 6  5 8 . 3  

10 7 11 . 5  3 5 . 6  3 5 . 0  

11 3 5 . 6  3 5 . 0  

12 3 4 . 9  2 3 . 7 2 3 . 3 

13 1 1 . 6 1 1 . 7 

14 2 3 . 3 

15 3 5 . 0  

To tal No . 
of ·• 53 61 54  60  

Intervals 



APPEimi X VIII 

Prominent Animals From Studies of Various Cattle Breeds 

Country Breed Author Important Animals 

. U . S .A .  Shorthorn (Beef) McPhee and Wright ( 1 925)  0 Fav·ourite ( 252 ) 

0 Champion of England 

U . S .A .  Holstein-Friesian Lush , Holbert and Willham � ( 1 936) De Kol 2nd 
. U . S .A .  Brown Swiss Yoder and Lush ( 1 937) 0 William Tell 

0 Junker 
U . S .A .  Hereford Willham ( 1 937 )  0 Beau Brwnmel 

0 Don Carlos 

6 Anxiety 

U . S .A .  Aberdeen-Angus Stonaker ( 1 943)  0 Black Prince of Tillyfour 

6 Grey Breasted Jock 

c) Ha:1ton 

Great Britain Friesian Robertson �"':1d Asker ( 1 951 )  6 Albert 1 306H 

d Ceres 4497 

. Denmark Red Danish Robertsori and Mason ( 1 954) 0 Eske Brangs trup 

d H,ijager 

Australia Jersey Barker ( 1 957 ) d Lord Twylish 

Australia Polled Hereford Barker and Davey (1 960)  0 Woodrow 1 st 

Australia Hereford Davey and Barker ( 1 963) d F-..cee Town Di.rec.tor 

New Zealand Jersey Stewart ( 1 952)  c }: . c .B .  

------
-

----------------.. ---------

Highest Recorded 
Direct 

Relationship 
to Breed 

(%) 

55 . 2  

45 . 5  

1 2 . 2  

9 - 4 

7 . 6  

24 . 6  

22 . 6  

1 8 . 5  

29 . 1  

26 . 6  

2 3 . 4  

8 . 5  

7 . 4 

26 . 5  

1 8 . 0 

7 . 0 

9 . 3  

9 . 2  

8 . 0  

Year Studied 

1 920 . 

1 920 

1 928 

1 909 

1 929 

1 930 

1 930 

1 930 

1 91 0  

1 91 0  

1 930 

1 931 

1 938 

1 950 

1 950 

1 9 37 

1 949 

1 949 

1 950 

-

--

--

--
-- -

--
----

I 

I 

:...... 
0'\ 0 . 
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