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CHAFTER 1

INTRODICTION

Since 1950,when the New Zealand Dairy Board assumed resporiaibility
for the campercial development of Artificial Breeding, there has been a
tremandous increase in Artificial Breeding usags. Whereas in 1950,0. 2% of the
total cow population was artificially insemimted, the correspanding figure

for 1960 was 2674,

In any Artificial Breeding schems there are dangsrs of inbreeding
through the use of & limited number of sires, and if the young sires selected
for the scheme are laxrgely the sans of the best sires already in the schene,

then the darngsrs of inbrecding are increased.

Inbreeding tc high levels is undssimmtle because it generull ,
reduces the mean level of all characters closely comnected with fitnhess in
animals and leads in consequence to loss of general vigour and fertility.
Since most characters of economic value in dame:tic animmls are aspecta of
vigour or fertility, indbreeding is generelly asleterious. The genetic basis
of this inbreeding degeneration is not completely clear. Another harmful
efiect of inbreeding is the possitulity that it may fix undesirable genes in

the homozygous state.

In view of the known facts, it ssemed of interest to investigate
ths effects of this wide expansion of Artificial Breeding on tir
structural changes within the industry, especially with regard to its effect
on inbreeding levels resulting fram the bull sslection policy of the NRew
Zealand Dairy Board Artificial Breeding schems.



To the animal geneticist tlis is extremely important as itan

supply answers to the following types of question,

1. With the expansion of Artificial Breeding on the lines at
present being followed, how repidly mey we expect inbreeding coefficients

to reach levels gemerally thought to be dangerous?

2e Is Artificial Breeding tending to segregate ths breed into
particular struins or groups within the breed?

Je Are we utilizing the most effisient system in procuring and

proving young bulls?

be Does inbreeding have any significant effects on production?
CHAPTER I : Introduction and Rxplanatory.
CHAPTER 1I ¢t A Review of the literature relevant to this particular
study.
CHAPTER III : The Metlpd of Treatment of the Data,
CHAPTFR IV ¢ Results and Discussion,
CHAPTER V : Summary and Conclusion.



OFFRATION CF ARTIFICIAL BREEDIRG SCHFME IR [FLATICN
TO PROELEM & SCOFE OF STUIX

Until 1951, practically all the bulis purdhased for use at the
Artificial Breeding centre (Newatead) were slready proven. Thay were
selected on their sire survey results under natural mating oanditions.
At this stage, lowsver, it was considered deaireble to purchase each
year a team of yvarling bulls in addition to the proven bulls. These
tulls were to be proven under Artificial Breeding with the object of
increasing the supply of proven bullis in future years., This type of
proof, based on a minimuen of LO=-5C daughters in different herds, wae
considered to be a more reliable one than car te obtained when the bulls’
daughtexrs have teen dested in ane herd only. Thdis is because, although
the envirvmments of ths daughters of any one btull my vary widely, the
average snvirommsnt for each of the daughter groups is about the same,
Thus it was hoped that any envirormental effects wiich might bias the
ogeny teat would be best sliminated.

'The semmn from each of the young bulls, during his first season
at the centre, was used to insaminate appraximtely 50 cows, thus ensuring
a sufficisntly large first crop of artificially bred daughters.

The great majority of the unprown btulls were all soms of proven
bulls similar in standatd to tlo= selected for the proven bull team out
of cows widch had either qualifisd as "Zlite ilerit” ty pxoduoing 4000 1b,
butterfat in not more tlan 10 ysars, or, in tle case of youncer cows, ty

moducing at a comgmrable leval.
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The standard for selection of the unproven tulls was such that
in 1955 (M,7.0.B.K, ) less than 15% of the surveyed tulls reached the
required standard,

One of the results of the growth of Axrtificial Breeding is &
decline in the number of maturaully proven bulls available both to meet
the exrension and to mmke good losses due to infertility, disease and

accident,

The use of yearling bulls to the extent necessary to obtain
reliable Artificial Breeding proofs frum their Gaugiters and in sufficient
numbers to emahle adequate selection when proven has been the main method
of overcoming the shortage of naturally proven bulls. The most important
aspect of the problem of meintzining the high standyd of the proven tull
team was to obtain sufficient matings to cach yrarling bull to ensure a

sufficient numter of identified and tested dsughters,

To obtain increased usage from young tulls, the BHerd Improvemsnut
Council of the New Zealand Dairy Board decidsd timat farmers using the
normal commercial Artificial Breading service on geda cows must accept
ane insemination in four from young unproven btulls. PFMurther, to emourage
the rearing, identification and testing of daughters of these btulls, the
New Zealand Dairy Board pnid a bonus of £5 for all identified tested two
year old daughters frum such tulls.

Sinoe the beglming of the 1961-62 sesscn, there has cows into
being the "Sire Proving Scheme”. Under this scheme certain hard owners
have agreed to use nothing tut unprowen btull semsn wiich is sypplisd free.

Under the scheame, herds using this servioce were ohliged to test
all the daughters of these bulls. Thus, fewer inssmimtions per unproven
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bull, or fewer daughters are hw necessary o gel o reliatle surwey. Only

25 daughters are now consldersd a reliable survey far s tull,

Thua, in an effort to increase the proven bull team, a large
mumber of unprovan bulls, sons of a small nucleus of proven tulls, has
been ussd. It is interesting to compute the inbreeding coefficients andi
relationship of theca young tulls used in Artificial Breeding and to compare
these with tlhose for Bulls about their own ages mot used in Artificial

Breeding which could be regarded as alternatiwes,

These young unproven bulls will, in the futixre, have an increasing
apount of influence on the breed and, if they are closely relatea, the

greater will be inbreeding of their progeny.



CHAPTER 1I

KEVIEY CF LITERATURE

A. Measurement of Inbreeding and Rels tionship

Inbreeding is essentially the mating to,ether of individuals
that are related to each other bLy ancestry. Its major consequences
are a loss of heterozygosis and an increase in homozygosis (Luah 1948).
Inbreeding splits the porulation into a number of inbred lines with
decreasing genetic variance within the lines and increasing genetic

variance hetween the lines (see e.z Lermer 1950 and Robertson 1952).

Various workers have attacked the problem of measuring the
¥endelian conseqjuences of inbreeding. The rate of decrease of
heterczygosis in systems of mating, which were more complicated than
self fertilization, was first worked out fram the recurrence relation
between successive gensrations indspendently by Jernnings (1914) and
Fish (1914) for brothaysister mating, and by Jennings (1916) for some
othsras. Honever, the metlod used by Jemings and Pish veames too
cumbersome to be racticable in aystems much more complicated than
mating of brother and sister, and prectically imjossitle to follow in
the irregular indbreeding wiich ococurs with farm livestock,

Wright, in 1921, published a generalised explamation of the
consequances of milder forms of regular and irregilar intweds. In 1931,
this author geperalised his results still further to estatlish the
identity of the inbreeding effect, and the generalized consequances of
finite population sise.



Wright's method was essentially tased on Path coefficients

( standardized Partial Regression cefiicients).

The ob;)ec.t was to assess the correlation between the genetic
values of the uniting gametss, This correlation Wright called the
Inbreeding Coefficient "FP", 1t was proposed originally as giving the
departure from the amount of homozygosis under rmndom meting towards
complete lomozygosis (Wright 1922a). Using the metlod of Path
coefficients, Wright deduced the gencml expression for the inbreeding

coefficient of an individual as:

Fx = é[(,})"- +Hy 1 (1+fu):,

where n, and n, are the mumber of generaticns between eire and dam to
ancestor a ; fa 4is the indbreeding coefficient of the comwon ancestor
(if inbred;. If an individual is intred, his sire and dam are connected
in the pedigree by lines of descent {r.a a2 common a.;xoestor or ancestors,
The coefficient of inbreeding is obtained by a summation of coefiicienta
for every line by which the parents are connzcted, each line tmoing

back from the sire to a comon ancestor and thence forward to the dam and

not passing through any individial more than once.

¥hen inlreeding coefficients are computed in this way, it is
Decessary to define the base population to which the present inbreeding
is referred. The base population might be the individmls from which an
experimant was started or a herd founded, or it might he those btorn bvefore
a certain date. The desigmation of an individual as belonging to the base
ropulation meens that it will have zero Inbreeding coefficient.

Wright looked on the correlation between the genetic walue
of two individusls as measuring the coefficient of Relationahip

(dce. r,, ). Looked on in amother way it is essentially the probability
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that the two related individuals will have duplicate genes because

they are related by descent. Wright's foruwula is:

b &

Xy = $)" (1+m)

V(1 4 Fx) (1 + Fy)

where RXN = Relationship between animals X and Y.

Barlett & Haldane (1934) considerelly extended Jemnings and
¥ish's original metlod (1914) by using matrix algesbma. The retes of
decrease of heterozygpeis indicated by this method have agreed in all
comparatle cases with those obtained by meuns of Path Coefficients
(cef. Haldane 1930, 1936, 1937, 1949; %right 19358). More recently,
Kempthorne (1954 ) has extended Haldane's mstrix met}od which gives a
ruther complete aocmunt of the listing of the populstion in all respects.
However, for the irregular systems involved in farm livestock this would
require matrices with enormous num ers of elements, Malecot (1948) has
also slown how the general forrula for "F”, given by the method of Path
Coefficients,can also be demcnstrated directly fram the Theory of
Probatility (c.f. also Haldane 1949). However, this coefficient has the
defect, as Pearl himself pointed out that it msy have the sams walue for

systems of mating tilat give the most diverse results experimentally.

Other useful measures of inbreeding that have been proposed,

are either identiosl with "F" (Bermstem's 19 }3 or are related to in a

Y
fairly simple way (e.g. Fiachere 1950).

The methods mantiomesd so far for the camputation of "F",
particularly Wright's Path Coefficient Msthod or Wright's Long Method,
as it is somstimes callsd, is of extreme Aapnrtamme in enalysing the



genetic comsequences within breeds, However, when pedigrees are long

and complicated, the amount of work emtailed becomes prohibitive,

A sufficiently accurate estimate can be got by sampling a
limited number of lines of descent (Wright and McPhee 1925). The method
usually called Wright's Short or Apiroximate Method consists of tracing
back one line of a pedigree from both the sire and the dam of every
animl in the sample. The choice of whether in any particular case
to draw a line through a male or female is decided by tossing a coin
or consulting a tatle of random numbers. It is necessary that the
sample lines be chosen at randam, for cammon amcestors are more likely
to be mnles than females in livestock breeding. Thus, direct male or
female lines are unsatisfactory, as also is a sgystem of altemating
male and female ancestors in any one line. If the same animal appears
in both the sire's line and the dam's line (cemmonly cal led a Tie), then

the animal is inbred.

Of urse, in a second sample, the ancestry of the same
animal would probably not show the same sequencies of sires and dams,
Thus a single sample of this sort is of practically no value as an
indication of the inbreeding of an individual. But the average obtained
from a large number of such samples should not differ appreciably from

the trus valus.

The inbreeding, due to a common ancestor A and removed n,
generations from the sire and ny gemerations from the dam is
(3) % *ng *' (14 7,), whore P, s the inbreeding coefficient of

the common ancestor (Wright 1922),



The sire has Zns ancestors in the nth

dam 2™ ancestors in the nd"'h gensration, The sample pair of lines

genermtion and the

is thus only one asong s + M possidble pairs going back as far as
the common ancestor. If the single mir of lines is a fair sample of
the total, its cantribution must be multiplied by 2 ™ + Pad to obtain
an estimute of ths inbreeding of the whole pedigree. On carrying out

this multiplicationm, n, and n, disappear, and the coefficient takes the

a
simple form 2 ( 1 + FA)' It is thus unnecessary to comnt the numter
of generations to the closest common ancestor, but merely to note whether

there is a tie aml which animal is responsible for it,

By determining the proportion of all such tiee in a
sufficiently large randam sample of a family or a txreed, a measure of
the averege degree of inbreeding for that family or breed, can be obtained
to as high a degree of accumcy as desired. If, for example, 60 pedigrees
stow a tie and 40 do not, then the avera,p inbreeding is 3Q% ( 60 x e.5),

i.e. neglecting the term ( 1 + PA)'

Wright and McPhee (1925) recommended that where ancestors are
responsible for a larges mumber of ties their inbreeding coefficierts
slould be calculated accurately so that all of the expression # ( 1 + rA)
is used. For those widch occur infrequently it is usually sufficient to
asaums an average dsgree of inbreeding equal to that of the txreed as a

winle at that time.

Coeffioients of Relationahip may also be calculated from these
randa smples of pedigzees s0 that estimates may be made of direct
relationship betwesn a large group of animals anmd a partioular amimal (A).



In this case the general formula for the coefficient of relationahip

1
%n-o»n (1+FA)

s
\/ (1 4!‘x) (1« FX)

(vhere Fy 2nd Py are the mefficients of inbreeding of two individuals
1

X and Y; l’A is that of the cammn anceator and n and n~ are the
number of gencrations from X and Y to this camon ancestor along the

lines in the question)

+
5 (1+FA)

becomss RA =

(1 +F) (1+Fy)
Since Y could have 2 ancestors in the generution in which A appears,
if the aingle random line is a fair sanple, its contribution must te
multipiied by 2" to obtain an estim:te of relstionship botween A and Y.

Thus RA is estimated by (14 FA) if a single rundom line

) 4
is drawn, \/ (1+7,) (14 ’x)

If two random pedigree lines are drawn from the descendent and Y appears

in cne of them, then R is estimnted by

%(1*:43
-
V(14F) (147

in the case of four line pedigrees by

%(1+PA)

Vr(1 + P‘) (1« P!)
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In so far as Y is a samrle of the population an estimmte
of the relationahip btetween A and the ropulation is provided by the
atove coefficient. By taking a large sample of Y's ths easgiiry errors
are reduced and a reliable estimate of the relationship between a

particular individual and the population (RAPOP) is obtained.

When assessing the relationship of a large group to a
particular animel the inbreeding coefficient (FA) of tmt animel should
bte calculated accurately. Unless these inbiveding ccefficlents are of

reasopatle dimensions, however, little error is introduced if they are

nsglected. For example if ¥, = 105 end FPDP = % then the expression
14 FA would reduce to _1 » .10 = 1,10 = 1.02.

‘4 (14 FA) (19 FI) 4 (3 + .10) (1 +.05) 1.15

Clearly the error introduced by neglecting 1 « F, will be

v (1 +F) (1 ’Frop)

srall if inbreeding coefficlenta are low. As Wright and Mcrhee (1925)
pointed out the metiod can be extended to determine the relationship
between random individimls of a population or between two sections of a

breed and so on,

Lush (1932) applied the above metlod of ¥cPhee and %right to a
study of the Rambouillet breed of sheep. He found the method about as
accurate as its theoretical probable errors indiate, if all sources of
systemtic errom wiich might prevent the lines from truly random
are carefully avoided, Iush, thus, warms workers using the metlod to

be ocontimially on guard against such systemmtic errors.
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Robertson and Asker, 1951 state that since the accurecy of the
various estimetes (using McPhee and Wright's (1925) metlod) dspends on
the total number of ties observed, any metiod of increasing the ypoesible

numdber of ties with the same amounmt of labour is advantageous.

This can be done by drawing out more tian two lines for each
anamal., If the pedigree is dr=wn cut completely to 8 grandparents and
a line is drawn at mandom from each cf them, then there are 4 x 4 = 16
possible inbreeding ties (the same arcestor on both sire and the dam's
side) 50 that there are two possible ties per line drewn compared with
1 a tie per line drswn in the 2 line method, The percentags inbreeding

in hoth cases is 1 the actual ties divided by the possible ties,

Fowler (1933) in comparing the Wright's Long Metlpd versus his
Short Method, concluded that in breeds of relatively recent origin the

former is more reliatle,

SUMNXARY:

The choice of a suitable metlod seems to be dependent on the
inbreeding system. For the irregular inbreeding system encountered with
in livestock breeding, wright's lLong Method which involves the tabulation
of complete pedigrees is most desirable. However,when pedigrees are long
and complicated, his Short or Approximate Kethod cen give a sufticiently

accurate ocoefficient.
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B. Effects of on auc rfo

There huve been numerous obesrwationa on the effects of
inbreading in many species. This has been especially true of Foultry
Populations were it is quite ecasy to run up fairly high inbreeding
coefficients. The picture that has emerged from these observations

has bean one of great complexdty.

As far as dairy cattle go this asubject bhas been extensively
reviewed by Robertson 1943. In gsneral, one may sy that the type of
experiments and the results they have yilelded in an attempt to solve
the protlem have ot been at all impressive. Experimenis have been

of two types:

(a) those specially designed to get infommetion on tiis,
and other aspects of inbreeding.

(b) analysis of records from closed herds.

Most of the programmes of deliberate inbreeding were not
started simply to investigate the efiects of the breeding aysten,
but mther to try and produoe superior inbred stook. The degree of
inbreeding obtained from the analysis of records of closed herds has

not been high in moat cases.

Size, Vigour and Nortality

There was a sigrnifiocant decrease in birth weight among
Friesians which were inbred (F = 0.50) as against cutbreds,
(foodward and Graves 1933). This decline was fram an averags of

80 = 85 1bs. for outbred animls to 65=70 lbs. for inrreds.
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Nortality was hizher (157 for all inbreds versus 8% for all
outbreds ).

little effect of indbreeding on birth weight was found for
Jerseys, but rether more for Friesians ( 84 1lbs. versus 70 lbs. for P
more than 0,375). 1n tlia same experiment also, a decrease in sime at
all dsgrees of indbreeding was found., There was no significant difference
hetvean outbred and inbred anismlas, provided that the coefficient of
inbreeding did not exceed 204 (Bartlett et al 1939). In his analysis
of severel Friesian herds, Dicker=on (1940) states that celves averaging
F = 0,1€ vere 107 less in birth weight than outbred calves by the same

sires,

Kilk and Fat Production

The greatest inbreeding effect on pioductivity is the depression
in total milk yield (laben et al, 195,). These workears &lao came to the
general oconclusion that, although production declines with Anbreeding,
the shape of the lactation curve vas not greatly influenced Ly intzxeeding,
The tine interval from ths start of milking their Holstein - Friesian
herd, to the mxisun production, did not change significantly with
inbreeding. Theore was a decline of 0,32 per cent of milk yisld for
each parcent inorease in ths inhrecding coefficiant for Britiah Friesians
(Robertson 1954).

For camperison,some of the results obtainsd by various studies
are exiressed as a percentage change in yield for each peroemnt increase

in P in Table I
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IABLE 1:
Author Effect of Inbreeding el 3"2“3.120
Davis and Plum (1952) - 0.25 29
laben and Herman (1950) - 0.60 20
Nelson and Lush (1950) - 1.00 ?
Tyler,Chapmn, Dickersan (1949) - C.59 1,
Robertson (1954) - 0.32 82

The effect of inbreeding on fat percentage is not clear. Some
experiments show slight increases with increases in F, others slight
dscreasecs, others mo effect. There wes a significant increase in butterfat
test of + 0.008 per cent per degree increase in inbreeding. (Tyler,
Dickerson et al 1955)., Whether this rise in test is dus to the true
negative relationships betwecen milk production and test or a concentration

of genes for higher test is nct known,

As far as other species go, the sams general depression is found
and las been studied in sheep (Ioney 1958); pigs (MaPhee et al 1931); amd
quite extensively in poultry (Schofiner 1948; Schorfner and Sloan, 1948;
Sterhenson 1953 ).

In gencrul, as far as cattle go, the following points are

relevant.

(1) There is not mich good data and the work that has bteen dme

leaves much to bte desired.
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(2) In most studies done there has been great variability between
and witldn breeds as to the true mature of the effect. It ahould be
carefully noted here, howover, that there is no reason why inbreeding
should have the sams effect in differemt situatioras, eapecially between
breeds, since they ray be genetically distinct entities. Genetio
separation with allied migration of new genes and aleo the dffering
aims of various breeders can make the zenetic situation different under

differing conditions,

(3) ¥ost investigators agree in finding a reduction in the phenotypic
msan of a character especially with those closely coonected with fitness,
but the linemrity of the demwssion, the inbtresding level at which the
depreass.on starts, end the magnitude of the depression in absolute terms

48 still clouded in Aoubt,

Sare 1nvestigators are cf the opdlnion thet deiry cattle may be
successflly indbred up t0 an inbrecding coefficlert <f atout 2Q%
(Roberteon 1949),as animnls up to this intensity of inbreeding were
generally equal in slze aad productive capscity to cutbreds. There 1s
also evidenoe that inbreeding may have a scmewhat lessexr effeact on
production in ranges up t0o ¥ = 0.20 then in remges above P = C.25 (leben, Cupps,
Bead apd Regan 1955 ).

As regards linearity, the effect of intrecding or [roducticn
has been shown in one experimsnt with poultry to be non-linear for
intreeding coefficients unier 29K, tut was essentially linear over 2%
(Stephmnacn et al 1955). ‘Whetder this same picture of linsarity holds
for cattle populatians is not Xnowm,

With the progeny testing scheme in practice now in the United



Kingdom there would be a decline in yield of ubout 1/10th of the expected
gains per year if the lowest sstimntes of inbreeding's effect of
production are assumed and about 3rd of the expacted gains Af the highest

estimntes of P on production are accepted {Rotertson 1954).

Robertson is, however, assuming complete limsarity of eifect over

the winle of F's runge here, widoh may not be necessarily so.

inbresding and Deleterious Recessive Genes

Many recessive genes become fixed in the lomozygous state during
the inbreeding process. Known genss with undesirahle effects 2:1e wore
comcn in the recessive state, so it is rot alarming then to find many
undesirable recessives (both lethals cnd ncn-lethals) cropping up in most
cases of inow. inbreeding, There lx.: Leen extenalve documentation of these
undesiratle recessives {lemer 1944, Donald, Deas & ¥ilson 1952, Neads et al
1946).

Iwenty six lethals have been reported, and the undesiratle non-
ietlels reported are protabtly more nuwmerous, although there has dbeen no
compilation of tham (Lerper 1944).

S U AR X:

There is complete agreemsat by most workers that indbresding
adverssly affects production, The sagnmitude and other structuml aspscts
of these effects are, lowever, in doubt. In addition, thsre has been
reported various recessive ganes with undeairable effects cropping up in
inbreeding experimmnts.
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C. tud of C. ) ves t

Studies oconcemed with clanges: in genetic makeup of particular
bmeds with time have been rumerocus. Cne must, however, be careful in
comparing results of varicus studies. x8 the genetic situation in one
particular sitwation may be quite different from apother., This is true
between and #1ithin breeds, at different times, and at different places.
Genetic analyses of vardous breeds and studies aimed at elucidating the
breed structure are most comman (¥rd ht 1925%; Lobertsan end Asker 1951;
Fowler 1933; Brockletanck and Winters 15)1; Stonaker 1943; ¥Willlam 1937;
Yoder and Lush 1937; Donald 1S45; Robertson 1954; Wiemer 1953; Wiemer
and Yao 1952; Barker 1947, 1960). The nearcst epmoach to this preseat
study nas been & domperison beiween the inbreeding and relat ionship
ooefficienta for HhWwils of artificisl insemin:ticn and natural mating for

Germmn Frieaian Cattle (langlet and Gravert 1961),

A suamary of sose of these astudies are siwwn in Jable 2.



IABLE 2:
Inbre wi various Livestock Preeds
v [roer to Lnbreeding
Breed studied ' hP Author
computed Total Rise per
generation

Britiah Shorthorns 1920 26,0 0.6 McFhee & Wright 1925
Ayrahires (Gt.Britain) 1927 53 0.5 Fowlee 1933
Holstein Frieaian (U.S.A.) | 1934 4 O Osls Lush et al 1936
Brown Swiss (U.S.4.) 1929 3.8 0.5 Yoder et al 1937
Herefords (U.S. A, ) 1930 8.1 0.6 Willlem ot al 1937
Aberdsen Angus (U,S.A.) 1939 1.3 0.3 Stonaker 1943
Jersays (Gt.Britain) 1925 3.9 0.2 Smith 1926
Telemark (Norway) 7.0 0.5 Berge 1930
Brown Swiss (Switszerland) 1927 1.0 0.2 Soinchettd 1935
Priesian (Gt.Britain) 1945 1.29 G2 Robertson et al 1959
Red Manish (Denma rk) 1951 1.2 1.6 Robertson & Mason 1954
Folled Hereford (Australia)| 1950 1.8 0.3 Barker & Davy 1960

From this table it can be seen that the increase per generation with

one exception is remarkably uniform in view of the diversity of species and

regions represemted, Great variability exists between studies for total
inbreeding, although this is partly due to pedigrees being traceable to more

remote dates in som breeds than in others.

Jost of the studies agree with

Lush (1946) that pure breeds of livestock lose, on the average, about O.9%




of their heterozygosis per generation fraa inbreeding alone.

r
The temm -5 —= (where r 1is the aversge relationship between random

membears of the breed), is a sufficiently accumte estimate of the Inbreeding
expected under conditions of random mating, and finite population size (Lush
1946).

Inbreeding Found
Inbreeding Expected

Subdivision" (Lush 194,6) gives an estimate of the tandemcy of a breed to

The ratio somotimes called ths "Index of
subdivide into partially isolated groups or tamilies, From the atove studies,

only a noderate ‘endency is shown for treeds to isolate in tlkis smnner,

Langlet and Gravert (1961) calculated intwesding and relaticnahip
coefficients for 356 bulls of Artificisl Insemination and for 159 bull~ af
natural meting for German Friesian cattle. They were deziring to see whether
with the great increase in Artificial Breeding which occurred betweem 1943 to
1960 ( 1% - 66% of all cows inseminated), whethcr the breed was being split

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

TABLE 3:
Inbreeding and Relationship for bulls of
Artificial Insemination and Natural Mating in German Friesian
Cattle
Inbreeding Relationship

Bulls of Artificial

Insemination 2.46% 3+ 39%
Bulls of Natural Sexvice 0. 78% 3¢ 355

The above authors concluded from these results that "inbreeding and
relationship can be regardsd as unimmortant in all cases and do not slow an
undemirable mrrowing of the blood lines”,



As far as New Zealand is oconcermsed various workers bhave
investigated structural and genetic changes of the Jersey Breed with

time. (Jhala 1952; Pahimuddin 1952; Stewart 1952,195%, 1951).

Jhala( 1952 )and Stewart( 1954 )amalysed the treed at 5 yearly
interwals from 1905-1950, Total inbreeding relative to 1895 as sero

was divided into three parts:

(1 Current Inbreeding:- due to relationship in the Purental

and Crapdarental genemtions. ( Sib or Parent offspring

Mating).

(2) Long term inbreeding:- due to relationship of important
animls to the wiole breed wrich are likely to ajpear beyond

the grand parental genemtion in both the top and bottom halves

of the pedigrees.

(3) The inbreeding dus to the sepsration of the breed into strains -

Strain inbreeding,

Estimatesof Current Inbreeding were calculated fromeight line
pedigrees of animals drewn at random from the herd book. Non-Current
Inbreeding (comprising Long Term Inbreeding and Strein Inbreeding) was
made from the eight line padigrees ufter omission of the Current Inbreeding
in them. This was estimated by the modifimmtion of Wright's Short Method
as expleined by Kobertson and Asker (1951). Long Term Inbreeding was
estimated bty the use of ths formula ;—f—; (lush 1946) where r 4s tie
average relationship between animmls drawn at randca from the breed.
Subtrection of long Term Inbreeding from Non-Current Inbreeding gives an
estimate of Strain Inbreeding.
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These authors showed where Total Inbhreeding referred to 1895 as
gero has remained uniform at about 2%  If one takes the genemtion
interval for New Zealand cows as atout 5 years (Fahimudiin 1952), then
this is equiwvalent to an increass per generution of about 0.2 - Us % in
the Inbreeding Coeffioient. Prior to 1920, Long Tem Intreeding, due to
the relationship of individal animals %0 the breed wes the most important
component of Total Inbreeding, Between 1920 and 1930, Current Inbreeding,
dus to relationship An the parental and grandparental generstions, has been

the most important.

The Jersey Breed in New Zeeland is divided into several sirata
(Fahimuddin 1952; Stewart 1952). The top stratum conslsts of a small self
contained graup of herds supplying sires to each other and to herds in any
stratum below it. The second stratum obtains sires from the top stratum
only, but supplies sires to herds in any stratum below it. The third
stratum obtains sirvs from either of the top two strata and supplies sires
to herds in any atratum below it. These authors thus picture the wlole
Jersey Breed being gruded up to the top stratum, and differences between
herds in the top and lower strata are largely determmined by the number of
strata tlrough which genes have passed.

This functaonal stratification is mot peculiar to the New Zealand
Jersey Brecd and is reported elsevhere in the literature (Luah 1946;

Wiener 1953 ) for other breeds.

8U MMARIX:

Inbreeding and Relationship coefficients reported in most studies
have been generelly saall. The inorease in inbreeding coefficients per
generation has also been relatively unifurm and amall in most studies. The

New Zealand Jersey Breed does not appear to be peculiar in these respects.
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CHAPTER 11X

MATFRIALS AND METHODS

Source of

The data used in this study bave becn collected from two

sources,

(a) Unproven Bulls used in Artificial Breeding
The New Zealand Deiry Board's Artificial Breeding Catalogus

(1960), and its supplement have a complete list of Fedigrees of the
Unproven Jersey Bulls present at Newstead Artificial Breeding centre in
1960. This formed the source of data as far us the campilation of
pedigrees were concerned. Such pedigrees were traced to the great

grandrarental senerations,

There were 25, unproven bulls at the centre in 1960, of
which 151 were in use tlat year - the reminder awaiting proofs, Their

age distribution is siown in Taltle 4.

TABLE 4:

Age Distritbutien of Unproven Jersey Bulls
at Newstead (1960),

Age of Bull Number present

-h

8
19

0N Wn & W N




(v) Young Bulls not used in Artificial Breeding

The sample of youn; bulls not used in Artificial Breeding,
but about the same age distribution as the Artificiel Breeding onss,
was procured by Herd Book sampling, To obtain a satisfactory rendom
sample of bulls which would serve as a sound basis for camparison
with the 25, btulls used at the centre,it seemed the following facts

should be kept in mind,

(1) The sample should be at least equiwalent in numbers.

(2) The age distribution ahould be approximately the same.

Bearing these prezogatives in mind, a total of 250 bulls were
sampled from the herd tooks concermned and their pedigrees traced to the
great grmandparental pgenerations. FPischer und Yates' (1955)

Random Rumber tables were used in thes sampling,

The age distribution of the 250 bulls samrled are ahown in
Table 5.



Age Distribution of the Nom-Artificial Breeding Bulls

Age of Bull Rumber Present

15
18

N U & W N
&

Total: 250

These two samples of bulls were tested for Hamogeneity by the
use of a Contingency Table and Chi-Square distribution bty the metind of
Snedecor (1948). (See Appendix 1 for working)

e / % for 5a.f. = 1.6.50, which wes Non-significant (the ) °

for signifioance at the 5% level teing 11.07).
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This sample, although a ressonably sound one in the 1light of the
abowe requirements, sufiers from the disadvantage that it is ocertainly
not a mndom sample of non- Artificial Breeding bulls being used in the

msw.

Certain herds have a greater impuct on the indistry timn others,
as their sires are used more extensively (Fahimuddin 1952). Hence, for
a sample to be indicative of the tulls teing used in the industry, soms

weight ahould be attached to

(a) The aize of the various studs, and
(v) some quantitative measure of the relative importance of the wariocus
studs in spreading genes throughout the industry.

It was found most difficult to include these prerogatives in
sampling, The use of bull sale catalogues to assess (b) was attempted,
but it was soon realized tlmt probalkly as many or even more bull sales are
riwate as are public. The bias introduced, however, ahould not be a
large one since most of the gemss wdthin the industry are oaming from a
firly smll nuwleus (Stewart 1952), As he states: "There is a top
stratun of pedigree Weeders which consists of a emall self contained
group of herds supplying sires to each other and to herds in any stratum

below”.

The sample of non-Artificial Breeding btulls is, therefore, sufficient
for comparison with the Artificial Breeding cnes, although it msy not
entirely reflect the exact structuml pattern of the non-Artifiocial Breeding
bulls in the industry.
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Methods of Analysis

Coefficients of Inbreeding and Rels tionship have been calculated
back to ths great-grandmarental generation by use of Wright's Long Method
as explained earlier. The Inbreeding Coefiicient of a commxm ancestar
(FA) has been allocated 0.025. This figre ssems reasonable in lieu of
Stewart's 195); Jhala's 1952 figures, These workers slow where the
Inbreeding in the New Zealand Pedigree Jersey Breed relsative to 1895 as
zero has resmeined fairly constant at 2i%, In case an animml has no common
ancestar in his sires and dams pesdigree up to the great-grandparental
generation, the inbreeding coefficient is allocated as zemw. The average
relationship coefficients for the sample are calculsted. The first animml
cn the 1list is checked with, say, 253 others for the 254 animel sample,
the second with 252, and ths third with 251 ,etc. The relationship
coefficient for eachcf the camdinations is added and the result is
divided by the total possihle amount of comblrations to give the avemge
mhtd:onahip of all bulls amongst the group. For example, 25, bulls would
have 32,385 possible cambinetions, amd 250 bulls would have 31,375 possihle

combinations (excluding that of the bull with itself).The two groups are

tested for differences in the distribution of P bty ths use of Chi-square.

(Snedecor 1948).



CHAPTER IV

RESULTS AND DISCUSSION

Inbreeding amongst Unproven Artificial Breeding Bulls

Of the 25, btulls present, only 23 were lnbred with Intweeding
Coefficients ranging from C.(3205 - 0.19218.

Average Inbreeding for 23 = 0,0724

" = " wholes sample = O.(00656.

The number of bulls in the various ranges of F are slown in

TABIE 6:
of Bulls in various renges of F
No. of Bulls / F's Range
8 0.01 - 0.0
10 o.“ - 0010
3 0.11 ot 0015
2 0,16 - 0,20

Trtus appraximately 80% of bulls actually inbred are bvelow P
levels of 108. Only 2 tulle excecded 15% P 1lewl, the higlest being
Fampas Opals' Preatige (Herd Book 24,9505) with an Inbreading Coefficient
of 19% Inbreeding coefiicients of bulls "per se” is of little
significance since Inbreeding is not a hsreditary trait, but careful

examination of low such coefficients arose cen give a rough yardstick
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of gensrul breediry practices and will certainly give some indication of
how inbreeding trends ocould gp in the long run if present breeding rractices
are maintained,

A hghly inbred group of tulls in an isolated set-up will lead

to greater inbreeding of progeny than otherwise.

The eight bulls in Colunn 1 abtove, arose as a result of laving
the same animal as a grandsire and great—grandsire on the sire and dam's
side respectively. Ths tlxee in Column 1 came about by the mating of
Paterel Half Sibs. The last two arose es a result of Patemal Half Sid
mating, plus small contributions due to the first two types being included
as well, Inbreeding due to animmls having common great-grandaires in both
lines, is as freguent as timt dus to animals having the same individual as
grandsires, as well as great-grandsires in ths two lines. Inbreeding, due

to Patemal Half Sib mating, is somewhat amaller.

ree J-Vie) -f cial 8
Of the 250 randomly chosen tulls, 30 were inbred with F values

ranging from 0.,05203 - O,16013,

Average ¥ far the X actually Inbred = 0,07473
" " " " whole sample = 0,00897

Kumber of bulls in the varicus lsvels of F are sahown below

in Tatle 7.
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ITABLE 7:
Number of Bulls in the various renges of P.
No. of Bulls PF's Rangp
11 0,01 = 0.05
10 0.06 = 0. 10
8 0011 - 0. 15
1 0.16 - 0.20

As in the Artificial Breeding sample the largest group has
values less than 10/ F. The average inbreeding ocoefficients for the
two groups are approximately similar, and the types of matings giving
rise to the Inbreeding again show the same trend with the greatest

frequency in the firs{ two columns,

SUMMARY:

There is no great difference between the two groups as regards
irbreeding coefficients and the mamer in which each arvse. Inbreeding
coefficients are, in general, quite low, The tests for differences in the
distritution of X Z valuss for these samples is Non-sigaificant. (4 K s
of 2.4,39 being obtained and one of 5.99 teimg required for significarce at
the 5% level). (See Appendix II). Hemce, as far as inbreeding levels go,

the two groups are rot statistically different.
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Relationship amongst Unproven Artificiasl Breeding Bulls

There were 246 of the 25, tulls or 97% which had relatives
within the groups (i.e. only eight were unrelated %o any others in the

group).

Average Relationship amongat 246 that were Related = 0, 007356

C. 00694

LJ L

for whole sample

Table & shows the intensity of the Relationahip

TABIE 8:
Intensity of Relationship amongst Unproven Artificial
Breeding Bulls
No.of Bulls Related to other Animmls in
Sample

8 Nons

M 1 - 10

101 1 = 20

47 2t - 30

16 31 - 4O
3 Over 40

Cf the 24,6 related bulls, 167 (i.e, 68%) were related to more
than 11 other animals in the group. Only 7% of the 24,6 related animals

ware, however, related to more than 30 others in the group,
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lati ongst Non-artificial B

There were 116 of the 250 bulls or 47% which had relatiwves

within the group.

Ce O04L9
0.000963

Averuge Relaticnship amongst the 116 that were related

1]

= " " whole sumple

The intensity of the Relationahip is slown in Talle 9.

TABLE

Intensity of Relationship amongst Unproven Non-Artificial Breeding Bulls

No, of Bulls Related io other animals in group
13 0
82 1 - 10
8 11 - 20
6 21 - 30
20 31 -

Of the 116 animls, only 34 animels (i.e. 29%) here, as cmpared to
687 in the previous smmpls, were related to more than 11 othar ammals in the
group., 22% of animals were related to over 20 othars as campared with 277 in
previous sample. A greater percentages of the anmimals relatsd to more than 30
others, lowver, exizsts in the ron-Artificial Breeding sample (17% v. 8%).



SUMMAILIX:

There are vast differences in average relaticnships amongst
both samples. The structural makeup of such relationships also differ
to a great extent, These differences are highly statistically significant

(17 level of significance). (See Appemdix III)

Numbers and Sizes of Patermal Half Sib Groups

(a) Artificial Breeding Bulls

Cne Inmdred and ninety-one of the 746 animals tlat were related
in the Artificial Preeding Sample were members of the Half Sib groups.

The numlers and sizes of such are seen in Table 1
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TABIE 10:
Fumbers and Slaes of Patermal Half Sib Groups amongst
Artificial Breeding Bulls
Size of Faternal Half Sib Groups No. of such groups
°2 30
3 10
N
5 N
6 1
7 1
8 1
9 -
10 -
1 1
12 -
13 1
1 -
15 -
16 1
Totals 191 snimals

Abaut 30% of ths unproven Artificial Bresding bulls were aszbers
of Putermal Half 3ib graps - =ize 5 or mare. The groups in prevpraisrance
was that of «ize 2, In addition, 2 animils weze full sibs,

'&mtzmghn!.m-m.



- 36-

(v) Mcn-Artificial Breeding Bulls

There were three groups of two Patermal Half Sibs in the non-

Artificial Breeding group.

The btulls having the greatest number of sons in the Artificial

Breeding scheme are shown in Table 11,

TABLE 11:
Bulls with greatest mumbers of sans in the
Artificial Breeding Scheme
Bull Herd Book Number Ko. of smms
Pampas Mogul 192828 16
Jersey Glem Storm 184,103 13
lamorna Minor 179685 11
Glenmore Royal Guide 202348 8
Sproston Pal's Rnsign 176291 7

The relationahips of these young bulls (i.e. sons of bulls in
Table 11) to the rest of the group are important since,if this relationship
is high, the greater is the protability of an Artificial Breeding bull
being mated to the daughter of a fairly close relative giving rise teo
inbreeding, The average relationship coefficient of a san of the above
different bulls to the winle Artificial Breeding sample is camputed, using
only that part of the relationships caused by the young bulls' sires
(Table 12). Ome is thus able to sece the importance of any one line amongst

young Artdfiacial Breeding Bulls.



TABLE 12:
Artificial Sire Av.Relationship Total No. Size of
Breeding te other A.B. of Animmls Paternal
Bull Bulls in sample Related to 1 Sib
in group group
1, Auchenhove Reward Pampas Mogul 0. 02001 28 16

(Herd Book 25452 ) (Herd Book 210026)

2. Merivale Superior Jersey Glem Stom 0013103 18 13
Storm (Herd Book 184103)
(Herd Book 243460)

3. Mascey Ninors larry Lamorna Vinor 0. 01315 18 1
(Herd Book 235320) (Hexrd Book 179685)

4, Whaka Hiki Viceroy Sproston Pal's 0.01041 b)) 7
(Herd Book 2354,73) Ensign
(Rerd Book 176291)
5. Coldspring: Emperor Glenmre Royal 0. 01525 40 8
(Herd Book 2hA342) Guide

(Herd Book 202348)
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Bulls having the greatest numter of Paterrml Half Siks in the
group are also related to a large number of other animals in the same
group. Trke bull - "Coldswrings Fmperor" (Columm 5) - far example, has
seven Patermal Half Sits in his group., and is related to 34 other tulls

bty other relaticnship rcutes through Puternal connect.ons.

The great-grandmmrental and ;randparental ancestors on the asire’s
side of tiis tull is responsitle fbr nearly =1l of the twenty btulls which

were related to - 40 others in the non - Artificial Breeding group (see

Appendix for jeaagree).

Dunlavin Excellency, his great-gmndsire, and Glermore Royal
Vagabond, his granisire, have been responsible for most relations in the

non-Artificial Breeding group of bulls as well,

Gf the young unproven sirtificial Breeding bulls, abtout 75% have
cne or more Paternal Half Sibs in the group. Only three Patemal Half
Sibs were found in the mmple of non-Artificial Breeding bulls. Artificial
Preeding tulls in the larger Patermal lialf Sit groups were also related to

many other ammals (apart from their Half Sib matea) in the group.
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Relationships of the lnbred Bulls

The relationshipes amongst inbred bulls is important, since if
the ancestors of a particular bull is inbred, then the greater will be
the inbreeding in the prwgeny., It was, therefore, deemed necessary to
see how highly related one particular irbred tull wees tc the rest of

the group, and also how many other inbreds this bull was related to.

(a) Artificial Breeding Group (23 Inbreds)

Tatle 13 shows the relationship between each of the

23 inbred tulls ard the whole sample of bulls in the Artificial Breeding

gXOUup.



TABLE 13:

Relationship of Inbred Bulls to Group as a wiole (Artificial Breeding)

Ko.in A,B. Av,Relationship Inbreeding No.of Animmls RNo. of other Inbreds
Catalogue to the wiple Coefficient Related to in Related to in Sample

eampl e Group
532 0, 00688 0.16015 31 3
558 0. 00068 0.03203 2 N1l
563 0.00012 0. 064,06 Nil
572 Q.01 0.12810 30 2
91 Q, 01420 0.17218 28 2
6 Q. 00942 0. 06406 32 3
606 0. 00658 0. 064,06 17 1
618 0. 00158 0.03203 10 0
624 0. 00751 0. 09609 o 3
655 0. 00669 0. 064,06 17 1
673 0. 00325 0. 035203 1 5
681 0, 00969 0. 06406 3 3
682 0. 00561 0. 03203 30 0
705 M1 0. 012810 N4 o
720 0. 00296 0. 064,06 10 5
6 © 0.00229 0. 064,06 13 5
750 0. 00707 0. 03203 25 5
751 0.00732 0. 03203 27 5
757 Rl 0. 064,06 Nil N1
780 0. 00233 0. 12810 3 2
781 0.00216 0.03203 3 2
82 0. 00277 0. 064,06 15 2
94 0. 00674 0. 064,06 33 7
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In general, from Table 13, most of ths inbred bulls have a
much lower coefficlent of relationship to the other graup of bulls than
does the average bull in the sample (i.e. where r = 0.009). Only two
inbred bulls, No. 572 (Pampas Masterflil) and No.591 (Pampas Crals' Prestige)
show a m.ch greater relationship to the whole group than the average bull

of the sample. The pedigrees of the:e bills are slown in the Appendix.

Cf the 25 Inbred bulls in the Artificial Breeding group, six
were unrel .t~ -c ncne of the other anbreds in the group., Of this 6, two
were alsc umel-tew w the other animals, two were related to a very small
number of sample aname 1s, and two others to a substantial number of sample
animals. All, but two (Nos. 780 and 781), of the remining 17 inbreds were
related to a large mumber cf other animals in the group. Bull Ro.794, "Tane
Phdllipa‘'s Sambo (Herd Book No. 265509 ) was related to 7 other intreds and

to 33 other animnls 1n the group, but the relationship is not high,

Relationships a st Inbred Artificial Bree Bull

Table 14 shows the relationship amongst the inbred bulls when a

relationship does exdst.
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TABLE 14:
Eelationships amon st Lrbred Artiticial Breeding Bulls
Relationshir Between Relationship Coefficient
532/%96 0. 28827
624 0.28416
681 0. 36038
572/591 O L1142
94 0. 1884,
591/ 0. 22756
596/624 0. 37072
681 0.25584
606/655 0. 51607
624,,/651 0.28172
675/720 0.13751
750 C. 06207
746 0.03096
751 0. 015Q,
794 0. 05056
720/746 0. 015Q,
750 0. 03056
751 0.05056
94 0.03056
750/751 0.34139
795 0,03056
751/79% 0.03056
780,/781 0.31169
7682 0. 31886

781/782 0, 30561
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Average Relationship amongst all Artificial Bree 8 = 0.01729 (Inbred)
Average Relationship amongst the 17 that were related = 0.03165 (Inbred)

In geneml, there are two distinct types of relationships amongst

the inbred bulls,

(a) Those which are very highly related when a relationship exists

(i.e« R > 2%%) of which there are eleven.

(t) ‘ose which arc very poorly related when they show :ny relationship

(le€e R = 1,5 = 6% ) of widch there are nine.

The hizhest reluticnship between inbred tulls is that of 44
tetween Pampas Masterful (Herd Book 242666) and Pumpas Opals' Prestige
(Herd Book 2495U3). These are the same inbred bulls having the greatest

relationship to all the other bulls (toth intred and outbred) in the sample,

(B) Non-irtificial Breeding Group (30 Inbreds)

Table 15 shows the rel:tionship of irbred tulls to the group as
a whole (Non-Artificial Breeding) and Tzble 16 shows the relationships

amongst the inbred bulls themselves.



TABLE 15:
Avemge Relationships of Intred Non-Artificial Breeding Bulls
to the Group as a Wiole
Herd Book Av.Relationship Inbresding No.of Animmals No.of other Inbreds
No. to Group as a Coefficlient Related to in Related to in Sample
Wiole Group

22,967 0. 000063 0.12810 1 -
225606 0.00218 0. 064,06 9 2
226614, - 0.012810 - -
226856 0.001104 0. 03203 I 2
227708 0. 00176 0.012810 8 -
230616 0. 000753 0, 064,06 8 -
231588 - 0. 064,06 - &
231696 0, 00038 0.03202 2 -
232188 - 0. 064,06 - -
23596, 0. 00618 0. 06406 32 N
236178 - 0. 03203 - -
236561 0. 0oQy, 0.03203 5 2
236786 0. 0QL69 0.03203 8 1
237042 0. 0010, 0.16013 5 2
237521 - 0.03203 - -
24,0099 - 0. 064,06 ~ -
24,1632 0.00092 0, 064,06 8 3
24,2667 0. 00057 0,06406 7 1
22943 0. 00075 0.03203 IN 2
24633 - 0. 064,06 -

245211 0. 00096 0.12810 9 2
23912, - 0. 12810 - -
253972° - 0, 064,06 - -
254514 Q. 00088 0. 064,06 12 1
255237 0. 00600 0. 06406 33 4
255373 0. 00601, 0.03203 35 IN
24,7152 - 012810 - -
2,7 - 0.12810 - -
2,852, - 0.12810 - -

251221 0, 00600 0.03203 33 4
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TABLE 16:
Relationship amongst Non-Artificial Breeding Inbred Bulls themselves
Relationship Between Relationship

Herd Book No. 225606/236561 0.09167
" v 225606/24,5211 0.17392
"M " 226856/237042 0.14636
" " 226856/24,7843 0.05937
=" v 235964/25L514 C. 01501
" " 23%964/255237 0. 04515
" "om 235964,/255373 0. Q1583

" "o 235064,/251221 0.09167
"M 236561 /24,5211 0. 11874
" 236786/242667 0. 06112
" 237002/242943 0. 20591

" " 241632/255237 0. 06019
"M 241632/255573 C. 03056
mom M 211632/251221 0. 03056
"o, 2,1632/251221 0. 18606
"t 255237/255373 0. 15279
omm 255237/251221 0. 06207

Av,Relationship amongst 30 Non-Artificial Breeding Bulls = 0.003335

A lationsh st the 14 that are = 0. Q14847
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Table 15 and 16 ahows that a large amount of inbred bulls alow a
much greater relation to the other bulls in the sample than the relationship
shown bty the average tull (where r = 0.0009). In some cases, the
relatiaonship of somes of these inbred bulls to the whole sample is as much as

seven times as great as the average bull. Of the 30 inbred bulls =

12 were totally inherited .
4 were Related to other tulls, but not Inbreds.

14 were Related to other bulls, including Inbreds.

Thus, the inbred non-Artificial Breeding bulls seem to be in two distinct
lines - one line with l1little or no interrelationship to the group as a whole,
and amother closely interrelated line, The relaticnship amongst the inbred

bulls themselves are all fairly small from Table 16.

SUMMARY:

Both samples of inbreds are mot closely interrelated. The
Artificial Breeding inbred bulls consist of & subtgroup wi thin which

relationshiys are extremely high, and amother in which relationships are

very low,
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DISCUSS ION OF RibSU LTS

The most important point abtcut the inbreeding and relationship

coefficients for both samples is that they are extremely small.

Stewart (1954) glves a figire of 0,628 for Curremt Inbreeding in
the New Zealand Pedigzree Jerseqy Breed as at 1950, The figures obtained
here suggest that ths rise of inbreeding in this particular breed has beem
extramsly small in the past two goﬁcrations that have elupsed since that

date. o

Artificiel Breeding, as such, does not appesr to be causing

great increeees in the inbreeding levels,

The pattemns of mating giving rise to these imbreeding coefficients
are approximately similar in toth cases. Inbreeding aue to animals having
common great—-grendsires in both lines is as frequemt as that dum to animals
having the same individual as grandsires, as well as grest-grandsires in the
two lines, Inhreeding due to Paternal Half Sib Matings (i.e. common grandsires
in both lines) is somewhat smaller., There is, nowsver, more of this
particular type of inbreeding in the ron-Artificial Breeding group of bulls,
This may indicate that some Pedigree breeders are still following a slight
line breeding policy. This fuct siould not be given too much credence,
howdver, in view of the ssall sise of the samples inwolved, and also due te
the fact that there are more inbreds in the non-Artificial Breedimng group

(30 versus 23).

Although toth samples have small average coefficients of
relationship, the Artificial Breeding Sample shows a much greater coefficient
than the ncn-Artiticial Breeding Sampls,
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The fact that the inbreeding coefficients for both samples show

closer agreement imuediately signifies two possibilitien:-

(a) Non-Artificial Preeding b.lls have within them a group which is

much more closely relatec than the Artificial Breeding ulls.

(v) There are within the ron-Artificial Breeding group certain well
defined lines wiich, although highly intred in themselves, slow

little or no relationship to the reat of the group as a whole,

Both these pcssitdlities seem to exist. By closer examination
of the intensity of relationships (Talles ( and 9), it is seen that the
percentage of Artificial Breeding bulls related to more than 30 others in
the group is less than half of the correspomnding figurc for non-Artificial
Breeding tulls, Cf the thirty inbred bulls witldn the non-Artificia 1
Breeding sample, twelve were totally unrelsted to other animmls in the
sampls. This shows the existence of separate lines within the group and

points out again to the possibility of line breeding.

The two samples of bulls seem to exhibit a definite structuml

pattem. In the non-Artificial Breecing bulls there is:

(a) A completely unrelated subgxoup.
(v) A subgroup in wihich interwediate interrelaticnships exist.
(c) A top group in which interrelationships are higber than ths

corresponding group fr Artificial Breeding bulls.

Group (a) seems to be the largest, amd within this group are
found many indbreds wd ch again points to the fact that some form of line breeding
is taking place amongst ths Pedigree btresdare,
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Artificial Breeding secms to be drawing its bulls mainly from

categories (b) and (c).

This structural pattern resembles closely that of Stewart's (1952).

This author subdivided the breed into warious strata,

(1) A top stratum, consisting of a smll self comtained graup of herds,

supplying sires to each otler, and to herds in any stratum below it.

(2) A second stratum, which ottains sires from the top stratum only,

but supplies sirss to herds in any stratum below it.

(3) A third stmatum, widch obtains sires from either of the top two

strata, and supplies to any telow it and so on,.

In tids way, Stewart envisages the breed as being gmded up to the

tor stratum,

This patterm can te looked upon as a triangle in widch the genes
going in the industry ave to mss through a fairly emall bottleneck, in
which relationships are fairly hizh, At the base, relationships get very
small, The non-Artificial Breeding bulls presumably are mminly to be found
at the base where interrelationships are amall. There is, however, some of
them which are drawing their bulls mainly from the upper reaches of te

triangle where interrelationships are M gher,

Artificially Bred bulls, an the other hand, are being drawn in the
sain from the top reaches of the triangle where interrelationslips are
highest. Thus by ths use of Artificial PFred bulls on herds in the lower
strata, the grading up process is mstaned,
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The fuct that these tulls are being drawn minly fram a comparatively
narrow top stmtum with little genetic diwersity may aause inbreeding probless
in the long run, bhut so far such hms been negligidle. The problea will, lowever,
be intensified when the stage is reached in the Artificial Breeding set-up when
all young tulls are proven within the Artificial Preeding scheme (i.¢. no
Katurally Proven tlls availatle). Since there are now two Artificisl Breeding
centres in New Zealand {Newstead and Awaluri), such a problem could be solved

bty switching bulls from one centrs to ancther,

Approximately §% of all matings resulting in the birth of registered
offsiring in e New Zealand Pedigee Jerssy Breoed (1903-1558) lave been tetween
amnels with a common aire (Stewart 19%,.). Tor this reason, it vas deemed of
great lmporiance to enuire into the exnct mrkeup of the relatd onships amongst
the Artificisl Breeding tulle ss regards Patemal Half 8Sib graups. The larger
the size of the Half Sit gro.ps, the groater is the yossibility for a bull to
te poted to sither ks half sister or tda h»lf brothers' daughter, Table 10
shove that approximately 75% of sll the bulls in the Artificial Rreeding sample
bad =t le2st one relf brother in the sample as well, Those bulls having the
greatest murber of sons within the Artificial Freeding group are also related

to a large number of ether amimls in the group as well (Talle 12),

This is mest important, as these ysung sons can subscribe to
intrezding, both from ths fact timt they are members of a large Falf Sibd
group, but also thsy are well related to other animls, apart from their Half
51b mates as well, The probability of a bull dbeing mated to his Helf Sib
mtes' daughter or other close relative is thus increassd,

At the pressnt time, the clances of thls happening are quite
smll indsed, due to :hs system of proving Young bulls, and the fact tiat
not all Provem bulls are rowen in the Artificial Breeding scheme,
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Bach youmg bull is brought into the Artificial Ereeding scheme, used
1lightly for the first year, and thsn rested until the Artificial Breeding
proofs of hia daughters are available (usually 4 years later).

At the present time, usually abtout 25% (M.Z.D.B.R. 1960) of
the Lnprroven Bulls are takan into the Proven Bull team for extensive
servios. Thus, if 16 Patemal imlf 5ibs were taken in the first year,
only 4 will be used extensiwely (whan proven). The chances of these
being meted to his daughter or lhis matea' daughter out of an inseaimted
cow population of 5C0,C00 (K.Z. D BeFe ) is thus extremaly small. However,
the greater the imitial ampunt of Faterral Half Sits, and the greater the
amount of Unproven Bulls are proven within tle scheme, ths greater the

probability,

The extremely amall nuber of Pater:al Half Sibs in the group
of mon-Artificial Preeding bulls was surprising, in view of ths great
interrelstionship between members of a subgroup in this sample. lHowever,
on closer examimtion of this subgrwiz, it was seen that although there
are many relatives in thie group, the relationship is mainly a weak one,
with great-grandmarental comson ancestors most cammon. Thus it seems
that, although there is a group within the non-irtificial Breeding group
druwing their genve tram higher strata, this strata 1s atill below timt
from which st Artificial Breeding bulls draw thalrs.

The Inbred bulls in the nmon=Artificial Rreeding sample sbowed
very low relationships with each other, but witldn the Artificial Presding
is present a subgroup of inbreds in which relatianalips with each other are
extremely high, This same group of bulls are also related to sarny others
in the sample. It would appear that it is amongst this group of tulls that
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the greatest potential dangers of inbresding lie, since there is the poasitility
of progeny of these bulls having more than che cammrn inbred ance stor. As more
proven tulls are rocured fram the Artificial Breeding scheme tlis danger will
be intensified,
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CHAPTER V

AND QO

Inbreeding and Rela tiansldp Coefficients have been camputed for two
samples of bulls in the New Zealand Pedigree Jersey Breed. One of the samples
was the unproven bulls at the Artificial Breeding Centre in 196Q, whilst the
other was that of bulls of about the same age distribution, but not used in
Artificial Breeding.

The Inbreeding Coefficients for both groups of bulls did not differ
significantly and were very amnll (0,657 and 0.89% for Artificial Breeding and
non=-Artificial Breeding bulls respectively). The memmer in which these Intreeding
Coefficients arose did not appear to differ in the two samplea The higheat
Indbreeding Coefficient found was 195 for an Artificial Breeding tull (Pampas
Opals' Preatige, Herd Book No. 24,9505), but in general most intwred bulls had

Inbreeding Coefficients telow 10%,

Cf the tulls at the Artificial Breeding centre widch were sanpled,
23 or 9% were Inbred, as campered with 30 or 12% in the othar group, but this

difference was not significant.

Coefficients of Relationship for btoth semples are also very low, tut
there is a highly significant difference between relatianaships of the two
samples, The average coefficient of relationships amongst the Artificial
Breeding group of bulls is appraximmtely seven timea that of the mun-Artificial
Breeding bulls in this particular sample. Only eight blls in the Artificial
Breeding aample were totally unrelated (back to the great-grundparental
generation) as cmpared with 116 in this sasple of nop-Artificial Breeding



tulls,

Approximtely 7% of the Artificial BRreeding bulls haves ane or
sore Faternal Half Sitm present in the group with the largest PPtermal Half
S1b group teing 16, Cnly thres groups of two Mternal fnlf Sits eech were
found in the sasyple of non=Artificial Bree=ding bulls. The relationship
amngst inbred tulls in each of the samples is discussed in (ks light that

suon could cast on future inbra=ding levels.

There ia no evidence that the large increase in the use of
Artificial lreeding over the list decade has teen adverszely affecting
intresding levels in the lew lenland Fedigree Jersey Breed at the present
time,

It coes ajpeer, however, thet there is smugh availahble poteitial
for tids to occur later one The chances of this hap ening became
progressivly greater, as the proportion of youmg btulls proven within the
sclsme is increased,
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APPENDIX I

Tests for differences in the Distribution of 22

TABLE 1:
Age distridbution of A cia and Non-Artific
Breedin
Age of Bull Artificial Non=Artificial Totals
Breeding Breeding
&
6 8 (11.6) 15 (11.4) 23
5 19 (17.1) 15 (16.9) 34
IN 22 (»C.2) 18 (19.8) Lo
3 by (ikeoB) 45 (4kee 2) 89
2 e5 L5 80 (81.5) 165
1 76 (77.1; V4 (75.9) 153
Totals: 25, 250 504

* Bracketed figures give the expected values

2 Observed- cted . ‘
- Z m‘cw = 1.1 + .21 + 016 4+ .01‘0 4+ .o” + 0015 +

101‘.- + om + om1 <+ .11

}2 = 1,6990

};2 required for smincdua at 50 level = 11,07. Hence, Non-significant.
7 d
¥, 5 t



APPENDIX 1I

Tests for differences in the Distribution of \3‘2
) £

TABLE 2:
Inbreeding for the two groups of Bulls
P's Rangess Total:
0.01’0.(5 00“-0010 0011-0020
Artificial Breeding 8 10 5 23
Bulls (8.2) (8.6) (6e2)
Non-Artificial 11 10 9 30
Breeding Bulls (10.8) (11.4) (7.8)
Total: 19 20 14 53
12
j‘d= 005 4+ 004 + .78 + 0.2 ¢ 417 + .18
r2 f
= 201!—39
b2

/ a wanted is 5,99. lience, two groups of de bulls are
2t
Nonesignificant as far as Inbreeding trends go.



APPENDIX III

ests for differences in the Distribution of } €
/

TABIE 3:
Relationship amomgst 2 groups of Bulls
Relationships' Range
O. W‘OO 05 Oo 06-00 1 0 0. 1 1-00 512 Tom
Artificial Breeding 51093 m 53 52385
Bulls (31637) (481) (269)

Non-Artificial 31195 168 12
Breeding Bulls (30651) (466) (256) 31375

Totals: €2288 W7 523 63760

Numbers trucked to represent Expected Values

}2 29,35 + o ok
d

2t

The } g neecessary for significance at the 1% lewvel for 2 degrees of
freedom is 9.21, hence, the differences betwsen the two groups is highly

significant,
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