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INTRODUCTION

Livestock improvement was practised long before the
ydeve10pment of a science of breeding. Primitive man in )
Vdomesticating the wild animal, most likely retained the most
docile. Naturally he made no distinction between the natural
Aand acquired differences between these animals, believing that
all characters were equally transmissible and that good manage-
- ment was a short cut to livestock improvement. Other beliefs
such as those concerning the injurious effects of mating close
relatives, maternal’impreésions, telegony, and so on, influ-
enced the breeding methods employed. As man galned intelli-
gence the great fact of heredity must have become apparent to
hime The realization of inheritance no doubt led to more
rapid improvement,

Intensive efforts to improve the loecal types of livs-
stock began in England early in the eighteenth century. As
improvement by selection became impossible, breeders, cautiouse—
ly practised inbreeding within their own herds. Robert
Bakewell, generallj_accredited'with_setting the pattern of
modern animal breeding, began his constructive work in the
year 1760, He demonstrated that close andvcontinued inbreed-
ing could be practised effectively to improve livestock.

It was during his time that pedigree breeding became estab-
‘lished. His breeding work was with the old Longhorn cattle,
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‘Leicester sheep, and Shire horses, The Colling brothers,
founders of the Shorthorn breed of cattle, followed Bake-
well's system of mating with great success. Thomas Bates,
a student of the Colling brothers, practised considerable
inbfeeding and developed a highly inbred line of Shorthorns.
Later attempts to improve livestock using close
breeding seemed to meet with such a degree of failure in
the hands of less competent breeders that they discouraged
the practice. However, the superior types of each region
were maintained, and developed into the pure breeds as we
know them today, To maintain the purity of thesé breeds or
types, herdvand flock books were established for the record-
ing of pedigrees, The first such register was the Coates
register of Shorthorns, first publishéd in 1822, Livestock
improvement since the establishment of the breeds has been
slow and mostly through selection from within the pure breeds
or from the grading up of common stock by the continued use
of pure bred sires, It is essentially the system of live-
stock breeding being practised today.

What these breeders accomplished by their breeding
programs is difficult to measure quantitatively. However,
by the study of pedigrees we can discover how much inbreeding
ﬁas practised and the degree of relationship whichAthey main-
tained between animals within a herd or breed., It is of in-
terest to study the breeding methods used since they reveal

the progress in breed improvement. The studies which have




been made portray a general pilcture which is surprisingly

similar for all the breeds, with the exceptlon of the early
Shorthorns. Modern genetics has made it possible to express

the breeding methods used, and what, in consequence, is the

present genetic status of the various breeds.
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REVIEW OF LITERATURE

Methods of Analyses

Thelmodern theory of genetics has made it possible to
produce measures of inbreeding and relationsﬁib; which are
essential for the analysis of the breeding metheds used by -
livestock breeders. Genetlics 1tself may be defined as "the
sclence which seeks to aceount for the resemblances and dif-
ferehces exhibited among organisms related by descent."

| The first attempts to apply seientifiefsfudy to the
phenqmena of variation in inheritance were made late in the
ninetesnth century by Francis Galten, in the field of human
heredity. However, it was not until after the rediscovery
of Mendel's laws in 1900 that a resl science of animal
breeding was established. 7

Pearl (1917) presented his coefficientsof;nbreeding
and relatlonship. This coefficient of inbreeding is based
on the fact that an inbred animal has fewsr different ances-
tors than the maximum possible number. The coefficient of

‘relationship is based on the number of ancestors two individe

uals have in common, as eempared to the maximum number pose
éible. A separate coeffieienp,is obtained for each ancestral
generation for both of gn@se measures. These coefficients

in many cases gave inconsistent results, as they did not

take into account the different systems of mating, and are
now mostly of historical’ interest.

It was not until Wright (1922,1923) gave us his coef=




ficients (of inbreeding and relationship) that accurats meas-

ures of inbreeding and relationship were obtainables Wright
(1922) states: "An inbreeding coefficient to be of most value
should measure as directly as pdssible the effects to be ex-
pected on the average from the system of mating in a given
pedigree. ! The coefficient of inbreeding 1s a relative and
not an absolﬁte measure of the pércentége of homozygosis '
obtained.

'The sire and dem of an inbred individual are connected
by lines of descent from a common ancestor or ancestors.
 The coefficient of inbreeding for the individual in question
1s obtained by a summation of the coefficlents of every line
by which the parents are Qonneétedo Each line is traced back
from the sire to a coﬁmon ancestof and then forward to the
dam, without passing through ény ihdividual more than once
within the given line. It has been shown theoretically
" that this coefficient gives the Eoefficient of correlation
between the uniting egg and é?erm producing the individual
in question. This coefficient measures the percentage reduc-
tion of heterozygous facters that were present in the founda-

tion stocke The formula is‘as follows:

2[(1/2}?1" n' + 107 4 F._zg)]'

where Fx and FA are the coefficlents of the individual (X)
and the common ancestor (4), respectively, and n and n' are
the number of generatlions between the common ancestor and the

sire and dam, respectively. The factor 1/2 conéiders the
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fact that the germ cells which unite to form the individual
are each one half a generation from sire and dam.

The coefficient of relationship measures the degree of

u,,

kinship, or duplication of genes, which exist between two

individuals or groups of individuals related by descent.
The measure, as in the inbreeding coefficient, is a relative

and not an absolute one. The formula showing the coefficient

of relationship between two individuals is as follows:

YlaeP* 2 1+ my)

V(L Fx) (e Fy)

where x and y are the two individuals whose relationship we

wish to measure; n and n' are the number of generations between
the common ancestor and x.and ¥ys respectively; (A) is the com~
mon ancestor, and Fi, FX, and Fy the coefficients of inbreed-
ing of A, x, and y, regpectively. |

The formula for calculating the coefficient of relation-
ship between sire and dam of the individual X is:

' _ 2 Fx
BT T (T 7y

The coefficient of relationship between sire and dam is
twice the coefficient of inbreeding of the brogeny unless the

parents are themselves inbred, in which case a correction is

to be made for that, as shown by the term under the séuare
root signe

Wright and McPhee (1925) developed aﬁ approximate (short )
method by which much of the detail encountered by writing the

complete pedigree and working out the complete coefficients



of inbreeding and relationship may be avoided. It is based

"on the tabulation of random samples of the pedigrees of sire
and dam." The random sampling need be continued only until
a tie occurs between the pedigrees, without considering the
number of generations to the closest common ancestor. In a
two column pedigree the inbreeding coefficient 1s either 50

per cent of O, depending on whether a tie: does or does not

OCGCUT» The short method is of little wvalue for the individual,

but for a group it is almost as accurate as the long method.
Wright's system of designating inbreeding and rela-

tionship: has been used in the genetic analjsis of several

breeds of cattle, two breeds of sheep, two breeds of swine,

and several breeds of horses.

Breed Analyses

Wright (1925) himself conduéted a genetic analysis
of the Duchess family of Shorthorns as bred by Thomas Bates.
He states that the Duchess family as established from
Colling-bréd stock was already 40 per cent inbred. Through
his entire breeding career of about 40 years, eight genera-
'tions,‘Bates maintained the same level of inbreeding by in-
troducing just the right amount of "blood" to keep the per-
centage from rising above 40 per cent. The bulls were about
40 per cent inbred, whether bred by Bates or others. Thié
~level of inbreeding 1s approximatély equal to two genera-
tions of straight brother-sister mating, a little higher
than foﬁr generations of Half brother-sister mating, and six

generations of double first cousin mating.




Wright found that a 60 per cent relationship had been

kept between the animals mated whether bred by Bates or others.
This relationship is higher than that existing between the
average brother and sister. A high relationship was main-
tained to Charles Colling's famous bull, Favorite. This
fell graduslly from 76 per cent to 57 per cent during the
eight generations of breeding studiled,

McPhee and Wright (1925) made a rather complete genetic

analysls of the Shorthorn breed of cattle as recorded in Coates!

Herd Book. Using Wright's formula (1922) for inbreeding they
report a rise from zero in 1790 to about 17 per cent inbreeding
in 1810 and by 1825 the inbreeding had risen to 20 per cent.
This figure had changed very little until 1920,when it was 26 é
per cent. The authors believe that the'high figure for 1810Vis |
probably due to the fact that in the first volume of the
Coates! Herd Book,published in 1822,only the "best" bred ani-
mals were recordsd. The sharp increase in inbreeding reached

in the perilod 1810 to 1825,was no doubt due to the Colling

brothers'! herds. By 1850 the inbreeding had dropped to 18 per

cent,revealing a diffusion of the "better" bred herds through
the breed. The sudden rise from 18 per cent inbreeding in 1850

to 27.4 per cent inbreeding by 1875 indlcated a renewed tenden-

¢y toward famlly breeding. These families were based largely on
Bates and Booth bred stock. A slight drop in inbreeding between
‘the years 1875 and 1900 was probabiy due to the diffusion of
the blood of Champion of England,owned by Amos Cruickshanks.
Agein the slight rise in inbreeding from 1900 to 1920 may also




be credited to Champion of England, as his blood became more

concentrated within the breed. The inbreeding coefficient
of 26 per cent for the breed as a whole in 1920 means that the
breed was 26 per cent more homozygous than the original stock,
and almost the ssme as if the entire breed had descended from a
single palr of animals chosen at random from the foundation
stocka
|  The inter se relatiénship showed a steady rise from
22 per cent in 1810 to 39 per cent in’l1920 with the most rapld
rise occurring bafore_lsso. This rise was in agreement with
the rise in the coefficient of 1nbreéding; The high correlas-
tion (nearly’.40) between random animals, the praétieal iden-
tity of the observed inbreeding and that due to random mating
for 1900 and 1920, indicated that the breed was then a rather
homogeneous unlte
McPhee and Wright reported that the two famous sires,

Favorlte and Champion of England,lshowed a relationship of
55 per cent and 46 per eent, fespéctivély, to the Shorthofn‘
breed as a wholee _

| The partial genetic analysis of the 20 leading American
prize winning sires as taken from Malin (1923) further indi-
cates the homogeneity of the Shorthorn breed. _The.differenees
between the coefficients of Inbreeding and relationship of
these sires and those for the entire breed were found to be
insignifiéant. The average relationship between these sires

and the breed of 1920 was 30 per cent, while the relationship
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of Champlion of England and Favorite to these prize winning
sires was found to be 47 per cent and 45 per cent, respectively.
McPhee and Wright (1926) made a Mendellan analysis
of the British Dairy Shorthorns with the purpose of comparing
the inbreeding of high-producing and average-producing cows,
and their relationship to Champion of England and Favorite.
They reported that the coefficients of inbreeding and rela-
tionship between these two groups and those for the entire
| breed in 1920 revealed an insignificant'difference, indicating
that there had been very-little inbreeding practised among
dairy Shorthorns. McPhee and Wright assume "that the dairy
Shorthorn group is based on as great a diversity of blood lines
as a random sample of the breed." PFurthermore, these authors
elaim that due to the large probable error it would be unsafe
490 attach any significance to the differences betwsen the rela-
tionship of Favorite and Champion of England as compared with
their average relationship to the breed as a whole, in 1920,
Brockelbank and Winters (1931) made a study of the
méthods of breeding the so-called "elite" of the Shorthorns,
comparing the Present Day Show Winners with Random Selected
Individuals. The 100 Random Selected Individuals were chosen
from the same volumes of the herd book in which the Present
Day Show Winners were recorded. Brockelbank and WinterS re~-
port that the Present Day Show Winners had an inbreéding co-
efficient of 2.064 per cent, while that of.the Random Selected
Individuals was 1,028 per cent. These authors state that the
results of this study show a slight rise in inbreeding since |
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1920 which was similar to that for the entire breed since
1900, as reported by McPhee and Wright (1925). Inbreeding
apparently has not been practised extensively in the produc=
- tion of the Present Day Show Winnerse. The junior author,in
e similar study with Hereford sires, found the samé general
trend, indicating that inbreeding had not been a great factor
in the production of recent leading Hereford sires.

| According to this study the Present Day Show Winners
are probably more homozygous for desirable characters than the
Rendom Seledted Individuals. In a comparison the former had
14 per cent more show winners in the fifst generation and slightly
more than 10 per cent in the second generation;' The margin
gradually narrowed down to 1,57 per cent in the sixth generation,

In view of the results obtalined, Brocke}bgnk and Winters

conclude that selection in the broad sense of the term, consid-.
ering individuality, breeding performance, and pedigree, has
"been the tool used by Shorthorn breeders In the production of
show winners. Furthermore, the higher coefficients of ihbreed-
ing revealed by the Present Day Show Winners as compared with
their sires and dams, igdieates that outerossing has not been
practised by breeders in the production of show winners.
However, they state that this doses not prove that inbreeding
could not be used éffectively for the production of breeding
animais and outcrossing for the production of show anhmais.
. The study further indicated that the degree of inbreeding for

the breed as a whole is lncreasing gradually.
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Fowler (1932) in his genetic study of the Ayrshire
Breed of cattle, found that the coefficlent of inbreeding for
the entire breed as calculated by Wright's "Approximate Method"
showed a progressive increase from zero in 1827 to an average
value of 5.5 per cent in 1927. No inbreeding was revealed un-
til 1892. Fowler attributes the lack of inbfeéding before
this period to the wvery incomplete ﬁedigrees, some tracing only
to sire and dem. The author reports a distinet fall in 1917
and a cqrreéponding_rise in 1922 which he believes a possible
result of the war periode. A special register was kept for
heifer calves dﬁring this perlod. These had to produce calves
before being admitted into the later volumese. No difference
in inbreeding was found between registered bulls and cows.
A large proportion of the inbreeding was traced to two founda-
tion sires, Burnhouses and Hover-a-Blink of Drumjoan. Using
Wright's "Long Method" Fowler reports that the high producing
cows had an inbreeding coefficient that was considerably lower
~than that for the breed.average. However, inbreeding apparent=
1y had no harmful "effect on the milk yield when the cosffi-
clent of high milk yielding cows (over 1000 gallons) was com-
pared with thét of cows glving average yields (undsr 800
gallons)i¥

The foundation sire, Hover-a-Blink of Drumjoan, and

the Drumjoan herd as a whole, had exerted an extreme influence
on the genetic construction of the breed. Fowler reports that
in 1923, 39 per cent of the inbreeding ties of high milk pro-

ducing cpws could be traced to the Drumjoan herd, as compared
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with the next highest of only 6.37 per cent, The Drumjoan

herd contributed 18,36 per cent of tﬁe total coefficient of
inbreeding, while that of the next highest herd was 8,35 per
cent, Animals related to Hover~a-B1ink of Drumjoan_were
résponsible for almost 50 per cent of these ties,

| Lush, Holbert, and Willham (1936) made a genetic study
of the Holstein-Friesian cattle in'the United Stétes.‘ They
report a rise of a little over h.per'cent of inbreeding in the
ten generations from 1881 to 1928 or 1931, The average inter
se relationship had risen to 3.l per cent during'the»same period,
Had 81l the inbreeding resulted from random mating, considering
the fact that all the members of the same breed are related to
each other, the inter se relationship coefficient would have
been nearly twice és.large:as the observed inbreeding coef-
ficient, However, in all six s§mples the observed ihbreeding
éoefficient came out more than twice as large as was to be ex-
pected from the average degree of relationship. The authors
state that this is statistically significant showing a tendency
toward family.formation. Neveftheless,‘this separation into
families is not carried far, presuming that fhe more popular
families are soon uséd'for'top-crbssihg on other families.,
In this way the average reiationship of the breed increases
as the degree of inbreeding dées. If, however, the:degree of-
inbreeding increased without a'correspbnding increase in inter
se relationship, the indication would be a distinct'tendency
toward family formation, showing that breeders ﬁere averse to

making even mild outcrosses,
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The high producers énd the outstanding show specimens
of thevbreed differed only slightly from the breed average in
their inbreeding and relationship to remote ancestors. Iush
et al further report that these special groups did show a
higher relationship to a few recent ancestors, this being es-
pecially tfue of show Winners.v‘These results maj stem as
maich from the fact that only a limited number of herds com-

-~ pete in the show ring as from anybbiological basis.

The cow, De Kol 2nd, is almost a great grandmother
of the entire breed. She contributed about one;tenth of
the genes of the breed today and exerted more influence on
the breed than any other individual.v |

| . The average interval between generations was about

four and one-half years.

Yoder and Iush (1937) in their genetic analysis of the

Brown Swiss cattle in the United States found that there was
only a slight difference between the inbreeding and relatlon-
.ship coefficiénts of the breed as a whole, and the Register

of Production Class,and the Show Group. Using the Short
Method as developed by Wright and McPhee (1925) they found

the coefficients of inbreeding and relationship for the inter-
val between 1909 and 1929. They report that the inbreeding co-
efficients of the entire breed for the three samples for the
years 1909,1919, and 1929 came out 5.4 per cent, 4;0 per cent,
and 3.8 per cent, respectively, ﬁhile the inbreeding coeffi-
cient for the Register of Productlon sample was found to be

4.4 per cent,and that for the Show Group sample 4,7 per cent.
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Yoder and Lush state that the inbreeding found was equivalent
to the loss of about one-half of ohe per cent of the remaining
heterozygosis per generation which compares favourably with
- that found in other breeds of livestock.

The intér 8e relationship coefficients for the same -
years and samples or groups were found to be 3.6 per cent, 2.9
per cent, and 4.3 per cent, for the whole breed, respectively,
and 2.2 per cent, for the Registér of Produetion'sample, and

7+4 per cent. for the Show Group. ‘According to the inter se

relationship found, the observed inbreeding shows a small but
significaht excess over what would have happened if the mating
had been truly random with respect to relationship between
mates. This would seem to indicate a slight tendency to family - .
formation, which, however, rarely goes far.

Yoder and Lush further report that the Register of
Production group does not reveal any tendency to be a distinct
family within the breed as they are composed of relatively un-
related animals. However, the Show Group, being more closely

interrelated, shows a slight tendency to be different from the

breed average in its relationship to a few recent ancestors.
This study revealed that no one animal ever dominated
the whole Brown Swiss breed in the United Statese The Show

-Group showed the highest relationship coefficients between in-

dividual animals and whole groups. Sires had values as high
as 14.9 per cent and 14.2 per cent, and cows had values of
13.5 per cent. and 9.5 per cent. Single animals in the general
breed samples showed relationship coefficients only as high i
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as 942 per cent (William Tell in 1909), and 9.1 per cent
(College Boy in 1929).

The average interval between generations was found
to be 5.4 years.

Willham (1937) in a genetic study of the Hereford
‘cattle in the ﬁnited States used 1860 as the base date in

sampling intervals of 10 years. He reports a rise in the

inbfeedingvcoefficient for the entire breed from l.2 per
cent in 1860 to 8.1 per cent in 1930 (12.9 generations).

A slight decrease in 1900 and 1920 might be attributed to
sampling errors alone except that this drop occurred just
after prices had begun to rise and péri@ds of profitable

' expansion were on the waye An increase in exchange of breed-
ing stock would have led to the intercrossing of families
whiéh had been beginning to separaté from each other during
the peéiods of less active trade. Another factor responsi-
ble for the lower dégree of inbreeding found in the 1920
sample might have been the ineréasing popularity of the

Gudgell and Simpson cattle. Willham assumes that by 1920
many herds were in their first or second top~crossing stage
with the Gudgell and Simpson cattle on foundation stock
that had come from other families. The sharp increase in

the degree of inbreeding from 1920 to 1930 had preﬁably re-
sulted from the increased popularity of the "stréight-bred"
breeding during that period. The special samples of Prize

Winners and the Register of Merit animals revealed a higher

degree of inbreeding than the corresponding random samplese
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These special groups also showed é higher rela-
~tlonshlp to the famous sire, Anxiety 4th, and his descen~
dants. The inbreeding and inter se relationship ratio was
vfound to be simllar to that found in the random samples,
indicating the same sligh%‘tgndeﬁcy,to family formation in
the speeial groups. |

The bﬁlls in the regulér samples showed a slightly
higher,but insignificant, degree of inbreeding than the

- cows,except ih 1880, However, the bulls in the Register
of Merit revealed an inbreeding coefficient of 7.6 per
cent. higher than that of the cowse Willham suggests
that this might bé an argument for the use of inbred sires,
as this group is supposed to represent the very best
breeding animals of the breed in reéent yearse.

Willhem states that the inbreeding coefficient
of the Hereford breed in 1930 is higher than that found
in the Holstein-Friesian, Ayrshire, Jersey, or Brown

Swiss breeds, but that the base date for the ngefords '

was earlier. He suggests that had the base dates of the
Herefords or‘Shorthorns been chosen to correspond to the
base dates used in other cattle studies, the amount of

inbreeding found might also have been very nearly the same.

The inter se relationship for the breed in 1930
was found to be 8.8 per cent. This would be responsible
for only 4.6 per cent pf the 8.1 per cent of the inbreéd-

ing actually found, had random mating been practised in
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the group, indicating a tendency to the formation of separate

families. ‘
Anxiety 4th and his grandson Beau Brommel showed

- the highest relationship to the breed in 1930 (18.5 per cent

and 24.6 per cent, respectively). Nearly all the animals
showing exceptionally high relationships to the breed at
the various periods were either ancestors, descendants, or
mates of Anxiety 4th.

The average interval between generations in this

study of Hereford cattle was found to be 5.4 years.

Stonaker (1943) in his study of the breeding struc-
ture of the Aberdeen-Angus breed in the United States found
that the degree of inbreeding was equivalent to about one
generation of half brother-sister mating. The average in-
breeding percentages of the five samples of animals born
in 1900, 1910, 1920, 1930, and 1939 were found to be 8.9,
12.7, 10.8, 14.2, and 1l.3,respectively. Short time fluc-

tuations in inbreeding revealed a similarity in the Angus,

Hereford,. and Holstein breeds._ Suggestions have been made
that these shifts reflect the effect of economic conditions
on the population breeding structure. However, the causes

of these shifts are not fully understood. Stonaker suggests

that the slightly higher shift in inbreeding found in the
Angus breed as compared with that found in any other breed
of livestock yet studied (except the Shorthorns) might be

partly duse to the earlier base period used. Had the base
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date been 1860 instead of 1850 the inbreeding would have
come out 9.8 per cent rather than 14.2 per cent in 193C.
According to Stonaker this 9.8 per cent compares favourably
~with the 8.1 per cent in the Herefords in 1930, relative |
to their ancestors in 1860.

The fluctuations from sample to sample were found
to be significant and parallel to the fluctuations in inter
se relationship, as revealed by the inter se relationship
in each of the five samples of 9.4, 1643, 12.2, 6.1, and
13.3 per cent, respectively. The intef se relationship
accounts for only 62 per cent of the inbreeding actually

found, thﬁs indicating a slight tendency for closer rela=-
tionship between mates than if matlng had been entirely
random‘withArespect to pedigree. Stonaker fyrther states
that about 1@+ per cent of the average 0.3 per cent rise

in inbreeding per generaﬁidn was apparantly due to thebpar~
tial isolation of herds on account of distance. |

Black Prince of Tillyfour was found to be thezm
most prominent ancestor of the breed. His relationship of
24.1 per cent to the breed is practically equivalent to

| having been a grahdsire of the whole breed. Numerous less
important ancestors could be mentioned. Stonaker suggesté
that over 60 per cent of the genes in the breed probably
came through foundation animals bred in only five herds,
of which the Hugh Watson herd was the most important.

The average Intgrval between generations was
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nearly 5.4 yearse. This compares favourably with that found
in other breeds studieds The apparent breeding systems
used as a whcle,‘for the Aberdeen-Angus breed in the United
States were found to bse very simlilar to those used in other
breeds of cattle.

Dickson and Iush (1932) in their study of inbreed-
ing and genetic history of the Rambouillet sheep in Aﬁerica,

report that the inbreeding‘coefficient rose to 5.5 per cent

in the 34 years (8 generations) ending in'1926., The coeffici-

ents of inbreeding for the years 1896, 1906, 1916, and 1926
were 2,2, 3.8, 3.7, 5.5 per cent, respectively. The inter
se relationship coefficients for the séme samples were
found té be, 542, le5, 2.7, and 2.6 per cent,respectively.
The degree of 1nbreéding.found in 1896 was the same as it
would have been had the mating been entirely at random.
Dickson and Lush suggest that in view of the fact that the
breed ﬁas relatively new in the United Sfates, with only a
small number of breeders and a few sheep, a considerable
interchange of breEding stock must have taken place between
breeders. All these factors would have a tendency to make
the breed a unified group with all animals related to each
other. The inter se relationship of 5.2 per cent in 1896

| indicates that such a situation existed;'_Also the relﬁtion—

ship between any two animals picked at random came out almost

the same as that between animals having one grandparent in

common and no other relationship. The sudden decline in
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inter se relationship after 1896 was believed to be due to
the uneven distribution of the imported animals between the
breeders. Some breeders sought anxiously for‘ﬁnported sheep
while others were more interested in animals whose ancestors
had been in the breed before 1896. Dickson and ILush state
~that the slight rise in the average inter se relationship
since 1906 "is a natural consequence of the cessations of
importations and of the fget that the different branches of
the breed were not kept entirely isolated from each other."
However, partial isolation is reported evident as the inter
se'relationéhip didvnot rise as fast as the inbreeding coef-
ficient. Furthermors, the average relationship between ény
two lambs in 1926 was reported only half as close as the
inter se relatianship'in 1896.> This was concluded from the
fact that the‘average relationshlp between any two lambs in
1926 was a little 1e§s than 1f one had been tﬁe-grandson and
the other the great grandson of the same ram but otherwise un=-
relatedo |

| No one animal, as rsported, had ever dominéted the
entire breed. The highest relationship between any individ-
val and the whole breed had not risen much abéve 14 per cent.
The average'interval from generation to generation was about
4.2 years.

Carter (1940) reported that the inbreeding coeffi-

clent for the Hampshire breed of sheep since 1t was brought
to the United Stateé had risen from l.4 per cent in 1925 to
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2.9 per cent in 1935. This loss of 0.7 to 0.9 per cent
df the existing heterozygosis per generation during the =
period studied was much the same as that found in similar
"studies of other breeds of livestock.
o The inter se relationship had risen from zero in
1925 to 0.5 per cent in 1935, which did not account for all
- the inbreeding found. The higher dégree of inbreeding indi-
cated that some separation into families had taken place.
_Carte? suggests that such sepérétion might have been from
geographic location rather than a deliberate atﬁempt of the
breeders to keep famiiieS'erm interbreeding with each other.
This study revealed that no one animal or family
. had ever daminated the Hampshire breed of sheep. Only two
animals showed a relationship of over 2 per cent to the
entire breed. |
The average interval between generations was 3.9
apd 3.8 years in the two samples. Carter states that a
shorter interval is to be expected in a rapidly expanding
. breed than that found in a breed relatively stable in num-
bers. Carter further suggests that the ldnger interval be-
tween generations (4.2 years) found in the Rembouillet
sheep was probably due to the fact that 1t approached a
numerical equilibrium at an earlier date than the‘Hampshire.
Steele (1944) made a genetic.study of Thoroughbreds,

Standardbreds, and American Saddle Horses in the United
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States. In a comparison between stake winning (8takes)

and poor performing (Poors) Thoroughbreds, Steele reports
inbreeding coefficlents of 8.5 per cent for both, while the
inbreeding coefficient fér 50 leading money winners came
out 10.2 per cent.. A perfect sample of Standardbreds

showed an iﬁbreeding coefficient of 4.0 per cent. The in-

- breeding found in both, the Thoroughbreds and the Standard-

breds, accounted for about a 0.6 per cent loss of hetero-

zygosis per generation. The American Saddle Horses repre-

sented by one Show sample and two Random samples revealed
average inbreeding coefficients of 4.0 per cent for the
Show sample and 3.2 per cent for the Rahdam samples. This
showed an increase in inbreeding of l.4 per cent and 1.l
per cent per genération, respectively.

The average inter:se relationship for the "Stakes"

.and "Poors" were found to be 16.3 per cent and 14.1‘per cents

respectively, while that of a sample of inter class of

"Stakes-Poors" came out 16.8 per cent. The sample of Lead-

ing Money Winners had an inter se relationship of 13.9 per
cent, the Show sample showed one of 1l4.l1 per cent, while
that of the average Randdm samples came out 6.0 per cent.
Steele states that the small difference in the
average relationship between the "Stakes" and the "Poors”
is statistically insignificant. Furthermore, comparisons
between these two groups showed that they were as closely

related as wers individuals within the groupse. The Lsading
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Money Winners revealed a similar degree of relationship'
as the other samples. Homogeneéilty in the Saddle Horses

-seems to be increasing more rapidly thsha in the other

breeds.

_ In view of the inbreeding per generation in the
samples studied, Steele suggests that the breeders of
Saddle Horses made a slightly greater use of inbreeding
than did the breeders of Thoroughbred and Standardbred.

Inbreeding apparently has played a minor part in the mod-
ification of thése Light Horses. Breeders seem* to have
depended more on selection in fixing the standards of these
breeds. In this respéct the breeding practices of all
major breeds of livestock studied seem to be quite similar.
Steelevfeports some tendency toward family formation and
'believés that geographical isolation is only a minor factor
in Light Horses because of'greéter breed mobility, particu-
larly in the Thoroughbreds and Standardbreds.

Of the ten famous remote ancestors, Steele reports

that three sires were responsible_for about one third of
the genes of the modern American Thoroughbred. As for the
American Saddle Horses only one sire out of nineteen famous -

ancestors contributed more than 10 per cent of the genes

of the whole breed. Apparently no immediate ancestors
. have shown any great influence on the breeds.

Steele states that in simllar studies of Scotch
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Clydesdales, as carried out Ey Calder (i927), 1little in-
‘breeding had been found in the forﬁative perliod of the
breed. However, the inbreeding had risen to about 6.5
per cent in a little over sixty years. Caldef assumed,
however, that ththomozygosity of the Clydesdale was
similar to that of other breeds showing more intense
inbreeding.

- Fletcher (1945) using-éampletegfo&r.genefation
peitigrees, made a genetic sﬁudy of the American Quarter
Horsgse. The three representative samples of the breed
designated, "Before 1930, "1935", and "1940-41" showed
inbreeding coefficients of 0.86, 1.64, and 1l.75 per cent,
respectively. = The séldct "Stailions" sample in spite of
the high préportion of King=-Ranch~Bred animals, differed
.only slightlyvfrbm the breed average, revealing an inbreed-
-ing coeffieient of 1.7 per cent. Fletcher believes that
1.7 per cent is probably.the}proper inbreeding coefficient
for the breed. The lower figure of 0.86 per cent might be
due to the relatively greater number of inbred lines in
these pediérees. With the excepfion of the "Before 1930"
sample,.the actual inbreeding is greater than the expected
inbreeding. However, this difference is not significant
- énough to indlcate any planned inbreeding. The inbreed-
ing per generation compares favorably with that of other
breeds.

The inter se relationship for the representative
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samples was found to range from 6.98 per cent to 3.02 per
"cent. The small amount of inter se relationship could not
account for the inbreeding of the corresponding samples,
indicating a slight tendency to family formation in the an-
 ima1s giving rise tovthe Stud Book of the Quafter Horse
breed.

A sample of animals'bred‘by the King Ranch showed an
appreciable diffevence from the breed as a whole., Fletcher
found an inbreeding coefficient of l;.89 per cent, and an
inter se relationship coefficient of 20.11 per- cent.

The sire, Peter McCue, was shown as the most frequently
occurriﬁg ancestor in the samples as a whole, The average
interval between genérationsjwas 8.99 years,

A comparison between the Holstein-Friesian cattle and
the Quarter Horse indicated a more extensive use of a few
sires in the Quarter Horse than has been the practice in
Holstein-Friesian cattle,

Rhoad and Kleberg (196) conducted a study of the
Quarter Horse breeding at the King Ranch. Their studies
were based on the pedigrees.of 77 of 0ld Sorrelt!s inbred
 descendants of the 1941 and 1942 crop of foals scheduled
to come up for registration as two year olds, After Old
Sprrel had proved to be an outstanding sire, he had been
mated repeatedly to Thoroughbreds, Quarter Horses, and to
crossbred mares of these two breeds, Of the 77 peéigrees

of this study, L1 trace back to foundation mares of these
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three types, bred to 0ld Sorrel, 35 pedigrses trace back to
foundatlion mares of similar breeding which had been introduce
ed into the line for the use on sons and grandsons of 0ld

Sorrel, and one Arabian mare was reported aé appearing in

several of the pedilgrees. Thoroughbred breeding had been
kept at a high level by the use of sons of 0ld Sorrel out
of Thoroughbred mareso/.The high percentage of inbreeding

‘obtained was reported as belng mainly due to four sires.

Rhoad and Kleberg report that since the beginning
of this experiment, nearly twenty yéars ago, ten stallions
and approximately 400 mares have been useds. All of the
stallions and about ten per cent of the mares were found to
© be descendants'of 0l1d Sorrel. The family of 0ld Sorrel is
»reported as having developed into a prepotant strain,_méde
up of'superier individﬁals in ﬁhysique and iﬁtelligence to
any other horses produced oh the King Randﬁ.

Fletcher (1946) reports that the average inbreeding

coefficients of the five samples of the Tennessee Walking

Horse was found to be relatively low. The five samples
consisting of, "Foundation" group, "1924-25", "1930","1935",
and "1940" groups revealed'inbreeding coefficienﬁs of 1424,
1.39, 2449, 3.14, and 3.62 per cert, respectively. Fletcher

believes that much of the incresse In the more recent enw=
tries is.probaﬁly due to the more complete information
regarding their ancestry. Hence he assumes that the in-
breeding of 3.62 per cent for the 1940 group is probably




88

fairly representative of the breed as a whole. Furthermore,
Fletcher compares this figure with the slightly lower average
inbreeding of 2.8 per cent reported by Steele for a sslected
group of 42 stake winning American Seddle Horses in 1940.
Also, similarly selective samples of Thofoughbreds and Standard-
breds; a8 reported by Steele, revealed materially lower coef=-
ficients of l.4 per cent, and 1.6 per cent- inbreeding,respect-
ively. | , |

The inter se relationshipvfor-the several samples
WasS, 2496, 3.12, 6430, 6.45, and 5.80 per cent, regpectively.
Fletcher assumes that the relationship of 2.96 per cent as
compared with that of 2.8 per cent reported by Steels for stake
‘Winning saddle horses of 1940, means that the Walking Horse
like the other breeds studied has sprung from a relatively
heterogeneous foundation as compared with the cattle breeds
where inter se relationship-coefficients of 8 per cent are
reported. Fletcher further believes that, according to the
* 548 per cent relationship of the 1940 sample, the Walking .
. Horse breed might be a somewhat closer knilt unit than the
other breeds of light horses. |

The two most important ancestors of the breed
were Allan F-1l, and Roan Allen F-38. They showed’ﬁcrelétion-'
ship of 16.48 per cent, and 19.44 per cent, respectively, to
the 1940 groupe. The influence of the Standardbred had in-
creased In the 1940 group, while that of the American Saddle

Horses:. had decreased.
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The average interval between generations of 10.02
years was almost the same as that reported by Fletcher (1945)
- for the Quartér Horse and élightly lower than that reported

by Steels for the Thoroughbreds and Standardbreds. Fletcher

doubts that any significance could be attached to these dif-

ferences. ‘

Imsh and Anderson (1939) made a genetic étudy of
the Poland-China breed of swine in the Unlted States. They
: report that'the average rate of inbreeding from 1886 to
1929 was enough to lose about sik-tenths of oneféer gent of
the exlsting heterozgygosis per genération. The four‘samplés
of the years, 1900, 19210, 192C, and 1929 showed inbreeding
coefficients of, 2.0 per cent, 5.6 péf cent, 6f8 per cent,

- and 9.8 per cent, respectively, indicating little change in
the average inbreeding rate, even though the inbreeding

policles underwent wide‘changes at that time.

- The average inter se relationship for the comparable

samples was: found to be 3.2 per cent, 6.4 per cent, 8.9 per
cent, and 14.2 per cent, respectively. These relationship
coefficiénts"could not account for all the Inbreeding found
indicating some tendency to&ard distinet family formatione.
~ Only three ancestors 6ontributed more than 12 per

cent of the genes of the breed, and one of these was thé
ancestor of the others. Iush and Anderson state that the
principal breeding plan seems to have been selection and

the extensive use of the sons and daughters and grandsons
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and granddaughters of currently most famous sires and dams.
The spotlight of this current fame apparently shifted from
one animal to another not very closely related to the reign-

ing favorite that it displaced. The authors further report

that most of the inbreeding was incldental to thise The in-
terval from one generation to the next Was about two and one-
half years. ‘

Iush and Anderson (1939) report that Malin in a
similar study of the Poland-China bregd of swine found similar

rasults, However, he 1ntérpreted his findings as showingaggre
inbreeding and also more distinctvsplitting into families,

- This, according to Lush and Anderson, is due to the fact that
Malin‘used "percentage of blood" which is fairly accurate for
expressing relationship between anceétor and descendant but
makes:the intensity of inbreeding see@ higher than it actu-
ally is. c

Lush and Anderson (1939) also show that the results
obtained in.a similar study of the Danish Landrace, as brought

forward by Rottensten (1937), compare favorably with those

found in the Poland-China. Robttensten.in his one sample of
animals averaging 1930 for birth date, found that the in-

breeding coefficient had risen to 6.9 + ;7 per cent from

1897 to 1930, showing a loss of about one-half per cent of
the remaining heﬁerozygosis per generation. This was even
less than was expected from the average inter se reiation—
ship coefficient (16.0 + 1.7 per cent), thus indicating the

tendency of Danibh breseders to avoid even mild inbreedinge.
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The highest relationship of any one animal to the whole breed
was 12 per cente. The average interval between generations
was 2.2 years.

In the story of the origin and develepmentvof our
préasent farm animals the evolution of the several breeds of
swine are fairly well represented by the Yorkshire breed which
was one of the first to be developed in Europe (Fig.l)e. Ac-
cording to the evolutionary tree the first differentiation of
pigelike animals began in the late Eocene or early Oligocene
pefiod. Lydekker (1894) reports that these pig-like animals
branched off Into three families, the Pigs or Suldae, the
Psccaries or Dicotyllidae, and the Hippopotami or Hipp0pota-v
midaes The Plg family consists of three generic types of -
which only Sus, the true plg, is involved in the development
of the modern hoge Two species, the European (Sus scrofa)
and the Asiatic (Sus vittatus or sometimes called Sus indicus)

being typical representatives of this genus,; are mainly res-

ponsible for the domestic pig. Lydekker further states that

the young of all the wild species are marked with longitudi-
nal stripes. He also mentions . the fact that 1f domesticated
pigs are turned loose they will revert more or less complete-
ly to the wild type, some even producing striped young.

The earliest domestication of the pig probably took
place in China as long ago as 3000 B.C., Domestication of |
pigs in Wéstern Europe and more especially in the British

Isles probably occurred at a later date and independent of
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of the Orientgl achievement. The European wild pig, of wild
boar, was formerly abundant throughout the British Isles and
probably furnished the base stock from which most of the
British breeds originatedes |

In the development of the modern hog, as reprecsent-
ed in North America and the British Isles, the Asiatic as well
as the Buropean strains were used extensively., The ancestry
of most modern breeds of swine trace baekrto.both spéeies.
It is generally believed that the European influence predom-
inates in the bacon breeds, whiie the Asiafic Influence is‘
strdnger in the pigs, classified as pork, lard, or butther
type.
| With the advent of the Industrial Revolution, modern
breeding methods werse develeped.ﬁith.the purpose Qf producing
farm animals that were better suited to satisfy the demands
of the ever increasing numbers of industrial workerss The
Yorkshire was one of the first breeds of swine to undergo
intensive efforts toward improvement. According to Vaughan
(1931) and Plumb (1920),/the breed originated in Yorkshire
and fhe adjoining counties in northern England, having des~
cended almost directly from the large, coarse-boned, leggy
white pigs native to northern England. Vaughan (1931) be-
- lleves that these were later erossed with the Leicester.
white plgs which Robert Bakewell had improved by selective
breeding. The Bakewell strain most likely originated from
a cross between the White Chinese and Yorkshire bred pigs
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and was used for refinement. vFurther improvement was made
by seléction and careful breedinge. It is saild that some
Middle White and Small Yorkshire crosses were made to meet
the demand for neater heads. The lmprovement of the breed
has resulted in some reduction in size.
The most marked'improvement in the Yorkshire pigs

‘began about 1850, to meet economic needs. The exhibition of
a sow at thé Royal Agricultural Show in 1851 drew attention
to the improved Yorkshire strain. Vaughan (1931) states
that the National Plg Breederd' Assoclation, which was organ-
ized for the pramotion'and registry of Large'White swine in
 Great Britain, was founded in 1884. It was incorporated in
1886 and also registered Berkshires, Tamworths, Middle White,
and Wessex Saddlebacks.

| There seems tojbe Same doubt as to when the first
Yorkshire pigs were brought to Canadas vHewe#er, according to
MacEwan (1941) a certain John Miller (Scottish immigrant)
brought a pair of pigs, so describéd to Canada (Markham,
Ontario) in 1835, but‘the improved type did not appear until
"about 1886. In the early herdbooks of Canada the breed was
known as the "Improved Yorkshiretﬂ In the United States the
Yorkshires were known prior to 1840 but the improved type was
not introduced until 1893, according to Vaughan (1931). The
Yorkshire breed, however, has made greater progress in Canada
ﬁhan in the United States and is well represented in every

province in Canada. Canada's bacon-export business with
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England was responsible for putting the Yorkshire breed fore-
most améng the breeds in Canada. Of the pure bred pigs re=
corded in the Canadian Swine Breeders' Record in 1949, about

88 per cent were Yorkshires.
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OBJECTS OF THIS STUDY

~ The objects of this study were: (1) To find how
much inbreeding has been used in the dgvelopment of the
Yorkshire breed of swine in Canada as it existed in the
iatest available issue of the herdbook (Volume 60).
(2) To learn whether the breed has developed as a single
homogeneous group of related animals, Qrvwhether there

has been any tendency for the breed to be separated into

“distinct families,
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METHODS USED

In the present study a representative sample of
171 animals (1 per cent) was selected systematically from
volume 60 of fhe Canadian National Records for Swine. This
sample consisted of 114 sows and 57 boars. The method of
selecting the pedigrees was to determine the approximate
isow-boar ratio of the herdbook. This ratio was obtained by
baking several samples of twenty pages each,chosen at randoms
- The sows and boars 6n each page were counted and the calcu=-
lated ratlo was found to be approximately 2 sows: 1 boar.
To obtain the correct‘number of females and males the first
listed animal of the correct sex on regularly spaced pages
of the herdbook was chosen, with every third animal Being a
males Complete five generation pedigrees were used.
Slevinsky (1950) found that the average birth date of the
sample animals was 1948,while the average birth date of the
animals five geherations back_(conéidered foundation animals)
was 1936. |

The inbreeding was calculated after the formula
developed by Wright (1922, 1923) and used by him in the
genetic analysis of the Duchess family of Shorthorns as bred
by Thomas Bates (1923). Calder (1927) applied them to the
Clydesdale horse in Scotland, Smith (1926) to the Jersey
cattle in England, Steele (1944) to the Thoroughbreds .Stan=

dardbreds, and American Saddle Horses in the Uhited States,
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Fletcher (1945) to the American Quarter Horse, Fletcher
(1946) to the Tennessee Walking Horsee Figure 2, and Table
1, shows an example of the application of the inbreeding
formula to a sample pedigree.

The average inter se relationship is an estimate
~of the existing relationship between animels chosen at random
fram the breed. It is measured by matchling a random line
from one pedigree against a line from another pedigree to

find the frequency with which common ancestors appear in a

pair of such lines. Any random line is only used once in
~ such matching. If mating were entirely random within a
breed in which all the énimals are reiated to each ofher;
the inter se relationship would be nearly twice as large as
the observed inbreeding coefficient. The formula for cal-
cuiating the expeeted inbreeding (F) from the average inter

se relationship (R) is, F = R/(2 - R).
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Fig, 2. Pedigree of ‘Ranche Leader 81D, an illustration of inbreeding and linebreeding.
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Table 1. Deriving the Coefficient of Inbreeding
of the Yorkshire Boar Ranche Leader
81D 365605

Common Ancestors

Individual of Sire and Dam F, nn' (1/2)** nt + 1(1+3A)
Ranche Leader Ranche Duke C 22 3.12

81D 365606 33Y 290149

Ranche Duks 0O 383 0.78

13T 202150 0 43 0439 |
0 43 0.39 §~
0 43 0439 |
0 43 0439

Renche Queen 0 3 0439

2747 2150853 0 43 0,539
O 44 0,19

6443
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ANALYSIS

Inbreeding

The inbreeding coefficient measures the similarity
of the gefm cells which united to produce the individual in
question, "relative to the similarity of random germ eells

from the foundatlon stock’ M Slevinsky (1950) found that the

five generations studied covered a period from 1936 to 1948,
During this period the average inbreeding coefficient had
risen to 2.06 per cent, which represents a decrease in hetero=

zygosis of gbout 0.51 per cent per generations The decrease

in hetér0zyg031s per generation was calculated by dividing
the total inbreeding coefficieht by the number of generations
less one. "The one generation was deducted since it is im-
possible among bi-sexual animals for any inbreeding to be

visible in pedigrees traced only one generation."

Inter se Relationship

The average inter se relationship coefficient was
1.04 per cent. This would have producéd an inbreeding coef-
ficient of about 0.52 per cent, had mating been entirely at

random. The observed inbreeding of 2.06 per cent is almost
four times greater than this, indicating a tendency for the
formation of dlstinct families. The small degree of inbreed-
ing, however, indicates a reluctance to practise intense

linebreeding.
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DISCUSSION

Selection, inbreeding, and crossbreeding are the
three tools with which the breeder may change the heredlity
of his animalse. The purpose of selection and inbreeding is
primerily to bulld up desirable genotypes, whereas cross-
-breeding is of particular use 1n the building of demirable
phenotypes. Crossbreeding at first incfeases the uniform-
ity of the breed but hampers further progress in breed im=-
provement because 1t prevents the formation.of'separate and
distinct families. Inbreeding and crossbreeding ére general-
ly accompanied by some éegree of selection.

Selection 1s theé simplest and most often used tool
of the livestock breeders but its effects.on genetic improve-
ment are limited. It is most effective Wheh the population
is highly heterozygous and its effectiveness‘dgcreases pro=
portionately as the undesirable genes become less frequent.
-quinance, enyironméﬁt, and epistasis may cause the breeder
to make mistakes,‘ﬁhus decreésing the progress that could
have been made had he known the génotypes perfectly. Selec-
éion alone is unable to bring about complete fixation of de~
sirable genes. As the undesiréble gene becomes rare even
slight mutation rates will offset the effectivenesslofvse-
lection. Progress by selection alone is a rather slow pfé-.

cess because most characters sought in animal breeding ;:n
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are affected by several factors. However, combining some in-
breeding with selection will remedy some of the weaknesses of
selection.

Inbreeding automatically promotes the purity of the
stock produced by increasing the number of homozygous gene
pairs. In the process of inbreeding many undesirable genes
are uncovered which would otherwise be concealed by their
daminant<aileles. Since dominant'genes, as a rule, promote
vigor, the uncovering of these recessive genes would bring
previously unrecognized and uhdesirable traits to lighte In-
- breeding in the absence of selection for vigor usually leads
to some average decrease in vigor. The loss in vigor will
vary according to the rate of inbreeding and the genetic con-
stitutlon of the foundatlion stock. The purpose of an in-
breeding program is to enable the breeder to purify lines or
families for the more desirable genes.

Figure 3 shows some fegular systems of inbreeding.
It is of interest to note the differences between the most in- .
tense éystems theoretically possible and some of the milder
ones that might be practised more safely with farm animals.
Even the milder inbreeding systems can bring the population
to a high degree of homozygosis if continued long enough in
an entirely closed populatione. The degree of homozygosis
obtainable in terms of one breeder's lifetime can be seen by
multiplying the number of generations by two and one~half

years in the case of swine, four or five years in the case of
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cattle and sheep, and ten or more years in the case of
horses.

Figure 4 shows the variation in relatlonship be-
tween full brothers under the same inbreeding systems. In-
" breeding is apt to cause unrelated famllies to‘drift farthér
apart than they would under random mating. However, each
separate and distinet family tends to become more uniform
withih itself. In a one-sire herd where no outside female
blood is introduced and each new sire is unrelated to the
nerd the average relationship between herd mates wild never
rise above 551/5 per cent. By contraét a one-sire herd
where no new blood is introduced and there is no overlapping
of generations will reach an average relationship of 39 per
cent between mates in the first generation and will.pass
50 per cent in the next generation. This wlll make the herd
more uniform than if all members were full sibs.
| Tush (1934, 1949) describes and illustrates an
actual ezample of a purebred Shorthorn herd in which the
only new genetic material added in twenty years was from
the purchase of a singlé sire. "In essence 1t was “ .
‘first almost a one-sire herd, then a two-sire herd, and
then a one-sire herd again.” To conserve the good quali-
ties‘of the sire, Sultan Banner, his descendants wefe bred
together without too much close inbreedinge. After tﬁenty
years the relationship of the herd to this sire remained
&t 42 per cent, but was less than twenty per cent to any

other foundation animale The average inbreeding was only
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jous systems of mating, (After Wright in Genetics,
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RELATIONSHIP BETWEEN FULL BROTHERS

‘ GENERATION
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Genetici, 6:170, and Iush in Animal Breeding Plans,
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16.9 per cent, while the maximum inbreeding for any indi-
vidual was 31.5 per cent. Genetically, the whole herd was

nearly as like each other as full sisters and still main-

tained a reasonable high average of individual merit.

The Yorkshire breed of swine may be considered
as a closed population as the herdbook is entirely closed
to the pegdétrétion of any but purebred Yorkshires. Some

probably belisve that this fact and the small number of

foundation stock might account for the inbreeding and re-
lationship found. Wright (1951) gives the following ap=-
proximate formula for calculating the amount of heterozy- %
gosis lost per generaﬁion for a closed population mating at
random:

1/8Nm + 1/8Nf, where Nm is the effective number
of breeding malesvand Nf is the effective number of breed-
ing females in each generation. In animal breeding Nf is
‘usually 80 much larger than Nm that the term involving Nf

may be omitted without much error. The use of 24 sires

within the Yorkshire breed of swine would have produced an
inbreeding coefficient of 0.51 per cent per generation, as

found in the Yorkshire, if random mating had prevailed with~

in the breeds The inter se relationship, however, shows
that some separation into families has taken place. The
inter se relationship of 1.04 per cent ﬁould have resulted
from an Nm of about 96, with random mating for five gener-

ations, in a closed populations Calculating the expected
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inbreeding from the inter se relationship of 1.04 per cent
by applying the formula, F = R/(2 - R), gives am inbreed-
ing coefficient of 0.52 per cent. Substituting the inbreed-
ing of 0.13 pér cent (0.0013) per generation in the formula
'1/8Nm, results in an effective number of 96 males reaching
breeding age in each generation.

| -A study of the pedigrees shows that there are
-far more than'96 boars in breeding use per generation, but
most of these have no sons or daughters that are used in
| purebred herds, and therefore their influence on the breed
is guickly diluted. By contrast, some are of noted merit
or are used in prominent herds and they have several sons
and daughters that go to purebred herds, which brings about
a certain amount of inbreedinge. This indication of mild
linebreeding is verified in the study by Slevinéky (1950) .
He.found that ten ancestors were responsible for approxi-
mately 27 per cent of the genes of the breed today, with
no one individual showing a relationship much above 4 per
dent to the breed as a whole. Figure 2 shows an example of
one of the more intensive systems‘of linebreeding. Deliber-
ate and intensive inbreeding has been practised~only rarely.
Out of the 171 pedigrees used in this study only 94 showed
any inbreeding, and only one revealed an inbreeding coef-
ficlent as high as 25 per dent, which was the result of one
generation of brother-sister mating. There is always a

‘1little more perpetuation of a few currently prominent sires

by using their sons, than the term "random breeding" implies.
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The decrease in heterozygosis of approximately |
O0.51 per cent per generation in the Yorkshire breed of :
swine is very much the same as that found in similar
studies In other breeds of livestock. In the Danish
Landrace (1937) and the Poland-China (1939) breeds, the
only other two breeds of swine studied, the decrease in

heterozygosis was about 0.5 per cent, and 0.6 per cent,

respectively.

Winters et al (1943) suggest a certain procedure
which should bring about improvement much faster than pre-
sent breéding methods. These authors report that in five
Poland-China lines the inbreeding coeffigient was increased
about 30 per cent in four or five generations wiﬁhout loss
of vigor and with some possible increasé in pérformance.
Theée results indicate that more definite inbreeding might
be used to advantage in breed improvement. Several such

herds producing breeding stock to head other herds should

advance the improvement of the breed considerably. It is
difficult to say just how much inbreeding is required in

livestock. 1In deciding the proper amount of inbreeding to

émploy much depends upon the goal, the genetic material
being used, and the bresders ability to recognize and pre-
vent the fixation of undesirable génes in his stock. There
is also a probability that different lines will show con-

siderable variation in their optimum cdeffieients of in-
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breeding. Winters (1948)‘reports that lines developed from
other inbred lines seem to be able to withstand a faster
rate of inbreeding. Furthermore, crossing studies in
livestock "indicate that superior inbred lines and superior
individuals on the average produce the best crossbreds."
These indications are supported in studies of corn by Hayes
and Johnson (1939) and Johnson and Hayes (1940). However,
as inbreeding is gensrally accompanied‘by loss of vigor it
_is well to keep 1ts level at the miniﬁum necessary, coupled
with persistent‘seléction, to fix the genetlc characteris-
' tics desired. The more effective selection is, the more
inbreeding can be practised with some degree of safety.

The amount of inbreeding or linebreeding practised
in the Yorkshire breed of swine was enough to bring about a
fixation of approximately 051 per cent, of the remgining
hetér0zygous:gene palrs, per generation. This prééress is
extremely mlld as compared with the inbreedihg coefficients
- per generation, for inbreeding systems commonly found as
shown in Table 26 At the present rate of fixation only"
~about 20 per cent of the remaining heterozygosis would be
lost in another hundred years. Evidence, Lush (1948), Lush
(1934), Winters et al (1943), and Wright (1923), indicates
that the present rate of fixation could be accomplished in
a much shorter time without any real risk of fixing undes-

irable traits in the whole breed.
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Table 2. Inbreeding or Line Breeding Matings Commonly Found:
(After Iush,Jay L. Iowa Expt.Sta.Bul.301:348)

Kinds of Matings

Full brother and sister (first generation)
Full brother and sister (second generation)
Full brother and sister (third generation)

Parent and offspring (first generation).
Parent and offspring' (second geheration)
Half brother and sister

. Grandparent and grandson or granddaughter

Double first cousins (4 grandparents in
common )

Full uncle sand niece

Full aunt and nephew

i S S L L VL L Y

"Full brother and sister in blood"(i.e.
by the same sire and out of full sisters

"Three quarter brother and sister in bloog"

(i.esby the same sire and out of half sisters)3l.25

First cousins (two grandparents in common)
Half uncle and nilece
Half aunt and nephew

Half first cousins (one grandparent in
common )

Per Cent
Relatlion  Inbreeding
of mates of
to sach offspring

.other
50,00 25.00
60,00 37 « 50
73.00 . 50.00
50400 25,00
67,00 37 .50
25.00 12.50
3750 18.75

)
)
)
)
)

12.50

625

15,625

6425

3125
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SUMMARY

The recent genetlc status of the Yorkshire swine
in Canadae was ‘studied by the use of one sample derived
from volume 60 of the Canadian National Records for Swine.
Complete five generation:pedigrees were used; The findings,
using the formulae for inbreeding and relationship as de-
~ veloped by Wright (1922, 1923) are summarized as follows:

ls The average coefficient of inbreeding for the
breed has risen to 2,06 pef.cent, in the fiye generafions
from 1936 to 1948, This was enoﬁgh to lose approximately
0.51 per éent, of the remaining heretozygosis, pér
generationo | |

2. In the same period the'average coefficlent of
| inter se relationshlp has risen to 1.04 per cent. This
accounts for gbout one-quafter of the ihbreeding_fouﬁd,
indicgting a tendency for the formation of separate and

distinet familiese.
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