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I, IBTRODUCTION

Most of our livestock improvement of today is due to the use by
breeders of the principles of lilvestock breeding evolved and practiced
early in the history of the breeds, For around two hundred years the
principles and effects of inbreeding, cross breeding, line breeding and
outbreeding have been successfully employed to originate and improve
the various pure breeds of livestock. A present day study of animal
breeding must necessarily start with a study of the methods used in the
development of the most successful of such herds and an expression, in
terms of modern genetics, of what these methods accomplished. The dis.
senination of the methods which have given the best results will add
much t0 the wide-spread improvement of livestock, The ultimate objec-
tive in animal husbandry is, according to ¥Winters, 1945, (19) the econ-
omical production of meats, dairy produce, wool, furs, working power,
and other animal products useful to man, The field of animal husbandry
is divided into three parts: (1) breeding, (2) feeding and mansgement,
and (3) marketing and servicing for consumption,

Animal breeding is the first step im the production of livestock,
The problems of reproduction and improvement are in reality the begin-
ning; it is the first step with wvhich the breeder of either market or
breeding animals has to contend; it is, therefor, fundsmental in live-
stock production, The general principle in livestock breeding that
flike begets like" has been known to some practically as far back as the
records of domestic herds are known. Just how early shepherds and herds-
men came t0 a realization of the great facts of heredity for the con-
scious molding of animal forms and functions toward their own needs is

unknown, The first improvement of the wild types of animals which they



domesticated was made long before the science of breeding had been dis-
covered or worked out,

Winters, (19), states that the improvement of livestock by control-
ling the parentage undoubtedly goes back beyond the time of Prince
Mehenwetre of Bgypt, who reigned sbout 2100 B.C. In 1919 a chamber,
previously overleocoked, in the tomd of this prince was discnvered and
opened for the first time since it was closed by the Egyptiane 4000
years before. This chamber contained models of Sgyptian 1ife, more
nearly perfect than any that had up to that time been discovered, It
‘was the Egyptians' custom to bury with the deceased his tools and weso-
ong; and if he was wealthy they included many additional articles, in-
cluding miniature models of the many and varied possessions of the
deceased. In this particular chamber were found models of cattle, barns,
a brewery, a bskery, an sbattoir, and meny other illustrations of their
daily life,

The largest of these models showed the prince counting his ecattle
as they passed by. The census, which was found, disclosed that he owned
835 long-horned eattle, 220 polled eattle, 750 donkeys, 974 sheep, and
2,234 goats, Apparently the Lgyptians took some note of the arts of
animal breeding, as one of the models illustrated the difference in type
between the wild animals and the improved ones. As mentioned above,
polled cattle also existed at this early time, and it is also quite
certain that there were different beef breeds, each of which had its
partisans,

It is very likely that none of these early people was as efficient
in either the art or the practical understanding of animal breeding as

they have often been described., From the writings of the Roman,



Columella, and the Greek, Aristotle, we find many evidences that they
knew little of the principles of animal bdreeding., They thought brood-
mares were conceived by the wind unless brought to the stallions in the
breeding season only, that if rain falls after the act of intercourse it
must be repeated, and that lambs are white or black according as the
veins beneath the tongues of the rams are white or black,

From about 1800 B,C. we get from the Bible the story of Laban and
Jacodb as recorded in the 30th chapter of Genesis, Laban hired Jacod to
manage his flocks and herds and as his hire agreed to give him all the
spotted, striped, bdlack, or ring-straked born in the flock. To increase
his wage, Jacodb mated the females of the species to males that showed
these colors. Thie indicates some knowledge of heritability but we also
read that Jacob took rods of green poplar, hazel and chestnut and pilled
white strakes in them and then set these rods before the flocks in the
watering troughs when the flocks came to drink, that they should conceive
when they came to drink, The report is that the cattle so conceived
came forth the desired colors, 5o we see that the Hebrews were much like
some of our present day onli:ghtonld farmer-breeders who use late scientif-
ic principles but also plant in the proper phase of the moon to be safe,

Iuring the several thousand years that animals were handled by the
ancients, improvemente in the animals' temperament snd form were made
graduslly. It is very clear, however, that the amount of improvement
made within any given period was rather smell, The first rather definite
step taken toward the improvement of animals was initiated by the British
royalty. Henry VIII had laws enacted regarding horse breeding, imported
horses and maintained a royal stud, James I established the race course

and gave special attention to horse breeding. Charles I and Charles II



gave it even more attention., This led to the establishment and develop-
ment of the Thoroughbred horse, During this same period the earls and
dukes of Hngland were making some improvements in their cattle and sheep,
mostly through crussing snd selection,

The development of modern breeding, however, dates from 1760 4.1
when Robert Bakewell assumed the management of the estate om which both
his father and grandifather had resided at Dishley Grange, in Leicester-
shire, England. He became known as the "Father of ILivestock Husbandry"
through his achievements as a breeder and improver of Shire horses,
Longhorn cattle, and Leicester sheep. He gave more careful and serious
study to livestock breeding and lmprovement than anyone who had preceded
him and established certain principles and methods of breeding which be-
came popular in Bngland and paved the way for the development of most
of our modera breeds of livestock., According to Vaughan, 1931, (16),
Bakewell's success seems to revolve about the practice of mating close
relatives, He inbred extensively and demonstrated that inbrseding ac-
companied by careful selection is a great power for good in livestock
improvement.

It was not until the latter part of the nineteenth century - 1865,
wvhen CGregor Mendel, an Austrian monk, experimented with peas and dis-
covered some definite principles of heredity, %that a sclentific basis
for snimal breeding wae kuown, The Mendelian principles were ignored,
however, until Correns of Cermany, DeVries of Holland, and Tschermak of
Austria, working independently, re-discovered the Mendelian prineciples
and established them among scientists, The Mendelian principles nay
generally be accepted as the regular mode of inheritance of all charac-

teristics in all organisms,



With accurate knowledge of heredity much new interest in the field
of breeding was inspired. IExtensive research in the fields of histology,
eytology, physiology and other related sclences have added much informa-
tion to that supplied by Mendel. ZRather extensive experimental breed-
ing, carried on primarily with smaller forms of 1ife because of the time
and expense elements involved, has added materially to the practical ap-
plication of Mendelien principles.

The application of statistical methods to the Mendelian theory of
closebreeding and crossbreeding has given a definite measuring stick for
interpreting and evaluating the methods used in the development of the
modern breeds and herds of livestock, Since there are a large number of
herds of livestock of outstanding merit which can be studied statisti-
ecally instead of experimentally, and the same kind of information can be
obtained, it seems logical that more of this type of work ehould be done,

When studies of this kind are made and the proper conclusions ob-
tained, the prssent day breeders can have a much more reliable basis up-
on which to base their breeding practices. It will then no longer be so
much of an experimental method of breeding as has been the case in so
many of the herds of the past. Much of the faseination in livestock
breeding, however, is due to the faet that each breeders situation is
slightly different and a different course of procedure is advisable in
each man's case.

In this study, the Hereford cattle herd of the Oklahoma A, & M,
College of Stillwater, Oklshoma was selected. This is not one of the
nation's outstanding Hereford herds dbut it is one with wvhich hundreds
of our coming livestock men of the state are trained each year., It is

important that these coming agricultiural leaders become familiar with



the genotype as well as the phenotype of the animals with which they
are working.

The main objects of this study were: first, to find what breed-
ing methods were used in the establishment of the herd; second, to
determine whether the herd has evolved as the result of a continuous
line of breeding or has been influenced by currently popular families;
third, to find what part line breeding snd inbreeding has played in its
development; fourth, to see whether the herd was developed a2s a homo-
geneous unit of related animals or wvhether it is split into definite
families or groups; fifth, to find which animals were most widely used
in founding the herd; sixth, to see which sires have contributed most to
the herd up to and including the calf crop of 1945,



II, REVIEV OF LITERATURE

A, DBreeds end Herds That Have Been Analyszed.

The methods used in this study were developed by Wright and McPhes

(23) and Wright (20).

Table I gives a sumeary of the several breeds of

livestock that have been analysed by similar methods according to a com-

pilation made by Click (3) with additions by the writer,

TABLE I

INBRESDING POUND IN VARIOUS BREZDS AND HERDS 1
b f
Total Increase per
Breed Studied Interval Studled Increase Generation
_ Percent
Shorthorn Cattle 1730 %o 1810 1 3.57
in 1810 to 1325 2:3 94

Great Britain 1825 to 1920 1 .Zz
1790 to 1920 26.0 .8

British Deiry Shorthora 1790 to 1925 271.5 .89

Clydesdale Horses 1865 to 1925 6.2

in Scotland

Rambouillet Sheep in the 1890 to 1926 6.0 .70

United States

Holstein-Friesian Cattle 1881 to 1928 L7 R

in the United States

Ayrshire Cattle in 1877 to 1927 b3 .39

Secotland

Brown Swiss Cattle in 1884 to 1929 3.8 N7

the United States

Jersey Cattle in BEngland 1876 to 1916 3.9 Al

Poland China Hogs in the 1900 to 1929 5.8 .48

United States

Hereford Cattle 1870 to 1880 1.7 .92
1880 to 1890 .5 .27

in the 1890 %o 1900 drop oF - .38

1900 to 1910 2.2 1.19

United States* 1910 to 1920  drop .3 - .16
1920 to 1930 3.5 1.89
1860 to 1930 8.1 .61

Hereford Cattle in 1904 to 191k 4.6 2.y

Gudgell & Simpson Herd

Hereford Cattle in the 1900 to 1936 7.3 1.15

Haglett Herd

Aberdeen~Angus Cattle 1920 to 1942 6.68 1.62

in the Fullertom Herd

¢ The average length of each generation used here is 5. 4 years,



B. The Duchess Family of Shorthorns as Bred by Thomas Bates.

The first and most complete analysis of a herd of livestock was
made by ¥right, 1923, (22) on the Duchess family of Shorthoras as bred
by Thomas Bates., Thus it should be of value to review the history of
the Bates herd and the results obtained by ¥Wright in his genetic analysis
of it. The foundation for the herd was laid by Charles Collings of
Ketton farm, who had made a long study of Bakewell's methods at DIishley
and in 1784 bought, among other cattle, a massive, short-legged, wide-
backed cow named Duchess, who became the progenitress of the family we
are to study. Meanwhile Robert Collings purchased the bull Hubback, the
best Shorthorn bull of his time, One of his grandsons was the noted
bull, Foljambe, with whom the Collings were so impressed that they start-
ed an intense inbreeding program to him, A daughter, Phoenix, was bred
to a son, Bolingbroke, and produced im 1793 the great bull, Favourite,
Favourite was 19.2 percent imbred, not only through Foljambe but through
his granddams, one of which was the dam of the other. Mr. Collings was
s0 satisfied with Favourite that he began breeding him to his daughters
and granddaughters, in some cases for even five or six generations,

At the dispersion of the Charles Collings herd in 1810 (one year
after the death of Favourite) one of the bidders was a young breeder,
Thomas Bates, who had made a careful study of cattle pedigrees. He pur-
chased a rather "shabby" cow called Young Duchess, largely it appears,
on the strength of her pedigree, her top sires being Comet, Favourite,
Deisy Bull (a son of Favourite), Favourite again, and Hubback, She was
a descendant in the straight female line of the cow, Duchess, mentioned
first in this article. Following the custom of naming families by the

female line, Bates developed a Duchess family from this cow, which he



renamed Duchess I. Up to the time of his death in 1349 he had bred
sixty-three cows in the family which he named Duchess 2 to Duchess 6,
Two other females are recorded as having died. TForty-five males are re-
corded as dropped by Duchess cows, twenty-nine of which were named. The
family was not & prolific one, They won, however, an extraordinary rep-
utation in both England and America,

After Bates death, a line of Duchesses was maintained without out-
crossing, They became the aristocrats of the cattle world, Never a
prolific family, it became inecreasingly difficult to maintain as a pure
strain. This lack of fertility enhanced their value due to their scarci-
ty. The climax came in a sale of New York Mille im 1873, %he “pure”
lines of Duchesses had run out in Xngland and all in America were owned
by one man, 7This brought international competition for the pure Men.
One cow sold for $40,600, The average of the eleven cows was $21,705,
that for three bulls was $7,866,

In ¥Wrights study all pedigrees have been traced to the beginning of
the Coates herd books, It is shown that at the start the Duchess family
esme from Collings bred stock already about 40 percent inbred. During
the eight generations which Bates bred them (about forty years) he main-
tained substantially the same level of inbreeding by constantly intro-
duecing just the right amount of fresh blood to keep the percentage from
rising above 40 percent, He used bulls, wvhether of his own or other
breeding, which averaged about 40 percent inbreeding. The general opin-
ion is that Bates began his career with very intense inbreeding and on
encountering deterioration was obliged to make outerosses, Darwin states,
"for thirteen years he bred most closely in-and-in; but during the next

seventeen years, al though he had the most exalted notion of his own stoek,



he thrice infused fresh blood into hie herd; it is said he did this not
to improve the form of the animals, but on account of their lessened
fertility.®

At the start Bates herd was 76 percent related to Favourite, but
this had reached 57 percent at the end of eight generations, These
figures can be compared t0 a coefficient of 50 percent between random
bred brothers and lhtcn. or parent and offspring. This shows, that
through eight generations, he maintained in his herd a closer resemblance
to Favourite than exists between parent and offspring in random bred
stock, Bates maintained from the beginning to the end of his breeding
career a certain average degree of relationship between the animals he
mated (about 60 percent), a degree distinctly higher than that between
an ordinary brother and sister,

It is suggested that these levels of inbreeding and relationship
yielded the proper bslance between the extreme plasticity of the original
heterogeneous Shorthorn stock and the more complete fixation of charac-
ters which would have resulted from any closer inbreeding, to enable
Bates, with his great skill as a Jjudge of cattle to maintain a high de-
gree of vigor snd to mold a new type according to his ideals on the
basis of the type represented by Charles Collings bull, Favourite. It
is interesting to note that his breeding practices throughout were very
uiform, He did not conceantrate the blood of one dull for a few genera-
tions and then turn wholly to a different line, WNeither did he inbreed
at the closest possible rate for a few generations and then make violent
outcrosses, Of course he did not face the curse of modern breeders in
having the temptation to change every few years to a currently popular
new blood line as liil Duchess family was the outstanding popular blood

10



for the entire period,
TABLE II

A summary by generations (female line) of the coefficients of in-
breeding and relationship for the 64 Duchesses, including Dachess I, bred
by Charles Collings and purchased by Bates and the eight generations bred
by Bates.

H H Belationship
Generation : No,: Indi-
from ¢t of tvidual Sire Dam :Sire and To Favourite
Duchess I :Cows: _bam Individual Sire Dem
O (Duchess I) 1  %0.8 47,1 3.5 58,7 76.3 80.5 72.7
1 (Bates) 4 435 21,6 40,8 5%0 68.6 62.5 76.
Bk . 10 4¥7.1 434 37.1  BT.0 69.2 72.1 69,
?; . 1k 8.0 439 60,2 67.9 b7.8 63.7
. i ﬁ.é 43.7  SW7 66.8 4.9 67.2
- C 9 aﬁ.T .9 N5 518 67.3 64,7 67.
6 " 10 % 3».5 339 ek 620 6l.7 66.2
g 7 3.4 332 3 56. 7 56.7 57.9
g " v e ¢

E
2
4 -
E
-

Total 64 40,9

9
wn
8
o~
&
o
&
A
>




€. A fenetic Study of the British Shorthorn ZBreed.

Fhe nreeeding paner precsented the results of a detailed study of
the btreeding of a partleular noted strain of Shorthorn cattle, Bates
Dachase fanily, in tsrms interpretaile on g Vendelian basise., It should
Lo said, however, that while this family hes been of great imporiance
in the development of the breed, it should not be considered as typiesl.
in order to get a nreper perspective it is nsces§ary to learn the situa-
tien in the bresd ns » whole.

This brief of the study usde dy 4ePhee and Wright, 1928, (12],
Zives in broad sutline the history of the British Shorthorns with
respeet to the use of inbreeding, the influence of particular sires,
snd the degree of homogeneity of the breed. 'This Shorthorn study is
node more aceurzte because the first herd book publiched in 1822 con-
tains meny nedigrees sxtending back through the forty years that the
C2llings had been carrying on thelr breeding orogrem before the herd-
book wes published. All but sbout three percent of lines of ancestry
of modern animals, chosen at rendom, <szn be traced back through this
pra-herd bock period.

The methods of anmlysic wore esgentlislly those deseribved im ths
Duchess study. The practicsl difference in the two studies is elemen-
tal. The Iurchess study wes a complete trscing of the pedigree of esch
individu=l to the foundstlon spimsls and thus esliminsted the vagarieé
of random ssmmling, The British Shorthern study 1s an englysis of fhe
broed rathsy then the individusls 1a it., Tue to the very large number
of snimels involved it wes impossible to conslder g1l the animals of
the breed and the analysis was confined b0 a strictly random sample,

Samplings vere made for the ys=srs of 1810, 1825, 18%0, 1875, 1900 ané



1920 with fifty cows and fifty bulls being used in each sampling with the
sxception of the first., The 1810 sample included seventy-five bulls and
eishtyp-five cows and included all the registered bulls and eows of the
years 1809, 1810 and 1811 since the number born in 1810 was too small
for the purpose of the study.

Bistoricslly, the best products of the earlier, formative breeders
of cattle which later formed ths Shorthorn breed, seem to have been
brought together in the herds of Charles and Bobert Colling sbeut 1780,
Probably the greatest individual product of their breeding was the famous
bull Favourite 252 dropped in 1793, His ancestry was given in section
3., (The Duchess Farily)., The Collings bred him to his daughters genera-
tion after generation with notzdble success., Such families as the
Iuchesses were founded largely on his blood, 'Through the efforts of
Fhomas Bates (1775-1849), the Booths, and many others, his blood becsme
diffused to such an extent that he may slmost be said to have sired the
antire breed,

“hat may be designated se a second period of breed improvement has
been the development of the so-called Scotsh type of Shorthorns, based
in general on the herd of Amos Cruickshank {1308-18G5) at Sittyton, Aber-
deen, Scotland, and especially on his noted bdull, Champion of Zngland
17%26, dropped in 1859, The herd had its origin in animals seleeted
without regard to bloed lineg but with particular attention to vigor,
early maturity, compactness, short legs and abllity to lay on flesh
rapidly. Shis contfasted.with the earlier breeders, such ss 3ates, in
which milk production was given cosnsiderable attention., The Seotch type
predoninates the Shorthorn breed todsy.

The widespread use of these twe bulls and their inbred descendants

13



accounbs rather directly for the various chenges in the coefficient of
inbreeding of the bBreed in the various periods sampled. Prior to 1810
herds with an intense concentration of the bBlood of Faveurite were built
up by the Collings. OUthers followed this ssme polley to 2 lesser sxtent
#o that they reised the whole breed to such a point that there came to
be = genersl resémhlance to Favourite egusl $o that between parents and
offenring in the féunﬂaﬁien stock, and & ecerrelation betveen random in-
dividusls as zZreat a5 hetween hrlf brothers in that stoek, This brought
by 182% an elimination of 15 to 20 percent of the heterozygosis origi-
nally oresent. By_lﬁﬁﬁ the breed was a fairly homogensous unit, with
the blood of Favourite uniformly diffused, Burihg this 25 year neriod
there was even & slight drop in the inbreeding coefficient.

There then followed snother periocd of inbreeding in vparticular
lines, as the dates =nd Booth stock, HMesnwhile tke blood of Champion of
dnglend, equal to the average of the breed in heredity and relationship
to Favourite, but olherwise somewhat spart from the dbreed as a whole, was
belng concentrated by Cruickshank. His vlood diffusion throush the breed
between 1375 and 1900, heving slightly the effect of a eross, brought
down the inbreeding. ‘Ihe homogeneity of the brzed as messursed by the re-
lationshin of rondom animals remained praciically stationary as Chamaion
of Englsnd Dlood, inereasing in smount, gradeslly dlsslazced Bates and
Booth blood, The increase in relationshin to Chamoion of England has
gone on to the present, until in 1520, the ccefficlert of LD percent is
20 nerecent greater than the originel relationship to this bull and ap-
proaches the present relationship to Faveurite of 55 percent, The rels-
tionship of random animals to ench other, however, apnproaches L0 percent.

The present coefficient of inbreeding of 256 percent indicates an elimination
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of mors than ons-fourth of the heterozygosis of the foundstlon stock,

The indiecations are that the breed is practically in eouilibrium
in all of these respects, an sguilibriws which can only be disturbed by
the formation amrd 4iffusion of the iafluence of a new, closely-bred fam-
ily based on the excellence of a2 pew Favourite or a mew Chamnion of
Sngland, Yhe increased sise of the breoed makes the difficulty of exertw
ing an influence comparsble to that of these earlier bulle snormously
grester even than 1t was in Urulckehack's time,

Table 111 zives some interesting figures on the coefficients of
inbreeding =2nd relationshin of the Shorthorn breed during the six indi-
eated sampling @eiimds.

TABLE 11X

*

Dbserved H Cocfiielents of Relationshis
imte Coefficient : dBreed to 3reed to Breed

of Inbreeding & Favourite Chamnion of Snglend Inter Se
1810 16,6 bl 3 6.3 22,0
1828 13.9 51,3 29,9 6.8
1850 18.0 - 50,1 26.1 33,9
1875 27. 4 57.6 32.9 37.8
1500 22.59 He, 1 33,2 3.3
15206 26,0 55 2 45, 5 39.5




I, %he Aderdesn~Angus Uattle as Bred by 5. €, Fullerion,

Habry, 1546, {10) made 2 study of the herd of Aberdesn-Angus cattle
bred by 5. €, Pullerton of Hioml, Uklshoma, This is the oubstanding
Angus herd of the stabte sad one of the osulstanding herds of the United
States. Its etudy is included in order that we get an ides of some of
the results obtained ond methodes used in all three of the leading beef
breeds, This herd was established sbout 1920 snd the base dste wsed in
the study is 1880, The study covers g period of 22 years amtil 1342,

The herd has been built sround the aoted Angus bull, YHarl Mershell,
and the blood of his descendznts, ::111 Pershall wss bors in 1913 and
wes in active service until some time in 1926, the year of his death,

Hr, Pullerton hasz operated through the 22 years of the study and wp
to the present itime onr a comprehesusive, long-timse breeding plan baced on
two points: first, $o develon and malnlain the highest possible relation-
ship of the herd %o Sarl Marshall and consaouently a fairly high Inter Se
relationghin in the herd; second, %o avoid close inbreedinz as mudh as
vossible and thus maintsin the relalionships indieated in item 1.

That he has besn eminently successful in this plan is attested by
the fact that the 1942 statisties shouws the following: first, s rele~
tionship coefficlent bo Harl Harshall of 24, 65 psreent snd 2 relaticn-
gship coefficient of 11, 37 nercent to the bull, Black Peer of 5t. Albans;
second, an inbreeding coefficient of 0.68 percent 4+ 1.03 percent =s com-
pzred with an expected inbreeding coeflficient of 7,57 percent; and thirg,
an Intsr Se relstionship coefficient of 14,08 percent.

In addition to belang successful in holdinms to his adopted breeding
plan, Fullerton has proven it practieal by the foet that his herd is one
of the leading show herds of the nation in the variocus atate, regloaal,

and nationsl exhibitions,
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B. A Brief Semetic History of the Hereford Breed of Cattle in the
United Stztes,

Inasmuch ag this study conceras asn individual herd of Hereford
cabtle it is well to zive here a brief review of the genetic history of
Eereford ecattle in the United States., Such a history was compiled in a
study by Willham, 1937, (17) snd is used in nreference to an ordinary
breed history becausé it is showing the breed in & genetic analysis, It
also containg some regular historic background so that we may become
reasonably famillar with this phase of the breeds! develonment,

The Hereford breed orizinated ia and around Herefordshire, Hngland,
from stock a nart of vhich may have come from Holland, Herefordshire
was given credit for heving better than aversge cattle as early as 1627.
The early breeders seemed to comnsider thelr systems of breeding as part
of their trade secrets and very few racords‘have been preserved, TYhe
Tomltins family, one of the earliest improvers of the breed, and their
sucésasor, Price, used inbreeding in their herds, Tomitine and Price to-
gether bred o ¢losed herd for 70 years with 1o 11l effects, Hower, ane
other early improver, kept five farilies or strains in his herd so that
he could produse blls for his own nse and still not inbreed too much,
dpparently vhen early breeders were unable to sseure good bulls unrelated
to their cows, they used inbreeding. It is likely that the early Here-
ford breedsrs used the contemporarily famous Bskewell syster of breeding,
but records ars top fragmentary to meagure the smount of inbreeding that
agbuzlly took place then.

The first importastion cf'KérefOr&s to the Unlited Stotes was in 1217
znd the first herd established about 1340 near Albany, Few York, Some

200 snimals were imported up to 1880 with zbout 3,500 imported from 1830
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to 1886, No importations from 1836 to 1893 and 1,109 snimale imported
from $hen until 1918. ‘the British herdbook was established in 1846 ang
the &meriean Heroford Heeord in 1879. By Janwary 1, 13535 the grand total
of znimsls recorded in the Hereford Reeord was 2, 328,895,

“he moest important early hér& in the United Stztes so far ss effect
on the breed 1s concerned was that of Gudgell and Slmpsen and we omit
that pert of Willham's review =s it is covered in the next discussion in
the present study.

In E‘Filllham‘s study samples were used st ten yezr intervals sterting
with 1870 and ending with 1930, Zach sample except 1870 consisted of
250 cows and 280 bulls chosen from the recorded cslves borm in the year
in question. In the 1870 sample all &5 recorded bulls born in 1870 were
used and 65 cows born in the same yesr chesen at rzndom, The base date
to vhich pedigrees wers to be traced was set at 1860. Two line random
pedigrees were used in sll the larger semples and complete pedigrees used
in the 1870 sample, The average coefficients of inbreeding and inter se
relationshin found in the Hereford breed at the various periods are
shown in Table IV a%.the ead of this dlscussion. The coefficlients of ine
breeding in the table represent the percentage of those genes for which
the bresd wss hetercazygous in 1860 for waich the breed would be expected
to become homozygous sines then beesnuse of the inbreeding practiced.

The ecosfficient of inbreeding increased gradually from 1860 to 1930
with the exception of slight decresses in 1300 and 1920, ‘These slight
dgereases in ixﬁ)ra*eding cccurred just after prits_es had begur o rise and
an era of profitable expansion was under way. 1% seens remsonable to ms-
sume that such an increase in exchange of breeding stock would have led

te the imtercrossing of families which had been beginnlng to separate



from sach other during the previous pericd of more stagnant itrade. Hore-
over there was a large incresse in popularity of the Gudgell and Simpson
cattle from 1910 to 1920 and thers must have deen in 1920 2 very large
nunbsr of herds which were practiecally ia the stage of making their first
or sseond top eross with Gudgell and Simpson bulls on foundation stock
which come from other familfes. Heacs the lower inbreeding in 1900 and
19?@, although not statistieslly imporiant, seems logisal in view of the
general breed history.

The rise in the pereentage of inbreeding from 1920 to 1930 was
faster than durlng the other periods, %hislwas.no doubt the result of
the ineresnssd nopularity of the %gtraightabred® breeding during the speri-
ed. The B8.1 percent inbrecding for the bresd in 1930 reprosents a de-
eraase in beterozygnsis of only O.08 percent per gemeration during the
pariod from 1860 te 1930. The extreme mildness of the 0,63 percent ine
breading per gensrstion actually nracticed may bYe made more vivid by con-
trasting 1t with the 19 percent loss of heterczygosis per gensration 0
be expected uwader bfather-aistar mating or the 11 percent per gencration
1o be empected in 2 herd 2ntirely ciosed to putside Blood sud conslating

of one nale and many females in eanch gensration.

2

Phere has basn a gradusl increase in the inter se relatioaship from
1860 to 1970. The inter se releticaship is an estimate of the relatione
shinp thst existed 2% the partleular periocd between a2ny two animals chosen
at random from the sample. Ia Table IV are showm tho csefficientiz of ine
wrzeding which would be expecied with rendom nating in o population with
the sverage inter se relntionshis which was found in the particular
sample. In every c¢zse the observed eveffielent of inbreeding was more

than the eszpected. This means thet on the average there was a closer
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relationshin between the sires and dams than between contemporary anlmals
taken at random. The difference betyeen the expected and the actuzl in-
breeding was most pronownced in 1890, 1910 end 1930 and lesst pronounced
in 1900 and 1920, Apﬁarently the breed 1s always tending, at least &
1ittle, %0 separzte into slightiy related families, However the tendsii-
¢y toward family formation in the Dreed seems never to progress very fer
before the incipient families zre used for top-erossing and are blended
inte the bdreed as a wihole. The Inter =ze relationghip in the breed was
8.8 pvercent in 193G ss comnared with sn inbreeding coefficlent of about
k, & percent if random wsting had been practiced.

Yearly all the animels which hzd unustally high relationghins to
the bresd at the various perieds vere either the ancestors, descendants
or mates of Anxlety Uth, The breed was 13.5 percent related to Anxlety
Yth in 1970, Bean Brummel, s grandson of Anxiety Uth, hod the highest
relationshin to the:breed.of any of the animals in the study, He was

24,5 pereent reiated fo the breed in 1930, Beau Brummel lived long znd
sired 186 bulls snd 221 helfers vhich were recorded in the Ameriean Here-
ford Record. Don Carlos 33734, the sire of Beau Brummel, was nearly a
grandsire to the breed im 1930, He wzs the most important som of
Anxiety Bth snd was used extensively in concentrsting the blood of
Anxisty Hth, The fuect that Don Csrlos had seven full brothers and
sisters used extensively helped to ineresse hig relationship to the breed
whigh in 1930 was 22,6 percent. Other animals wmentiomed which had a high
relationshie to the breed iacluded:- Horth Fole 8946, = contemporary of
Anxiety bBth; Sir Thomas 20, vho sppesrs in the pedigrees of Aaxiety 4th,
Yorth Pole, Dowager bth, and many other subssguently important animals;

Lamplighter 5183k, s thres-guarter brother of Beau Brummel;



Beau Donald 58996, a son of Beau Brummel out of a full sister to the sire
of Beau Brummel; Dowager 6th 6932, approximately a grandmother to the
breed in 1930 as dam of eight animals (all sired by Anxiety Uth) which
included the bulls Don Carlos and Don Quixote and the cow, Donna; Belle
24629, dam of Beau Brummel; and Gayless 9905, dam of Aaxiety Uth,

Other interesting genetic breed data included the following:-

The average interval between generation was 5, 4 years which agrees
well with the 5.3 years generation interval found by Lush and Lacy.

A special group of prize winners and the Reglster of Merit animals
had higher coefficients of inbreeding and inter se relationship than the
contemporary random samples and were also more highly related to Anxiety
4th and his descendants,

One hundred and two foundation animals were responsidble for the ends
of 84 percent of the ancestral limes im 1930.

Twenty Znglish breeders were respongible for the breeding of the
foundation animals in vhich ended over 80 percent of the random ances-
tral lines traced in Willham's study. Three of them bred 38 percent of
the foundation animals (1930 sample).

TABLE IV
INBREZDING AND INTER SE RELATIONSHIP COSFFICIENTS

¢ Number of : reeds Coef ent :
Year: Pedigrees ¢ Actually Expected from Inter : Inter Se

: led i Pound Se Relationship : Relationship
1870 130 S.2 0.7 1.
1880 500 2.9 % 2,1
1890 500 3.4 1.2 2.6
1900 500 2.7 2. 5.2
1910 500 4.9 2.7 5.3
1920 500 4.6 g. 17 7.1
1930 500 8.1 .6 8.8




F. A Brief History of the Hereford Cattle as Bred by Gudgell and Simpson,

In 1877, the Gudgell and Simpson herd of Herefords was founded at
Independence, Missouri, This was destined to be one of the greatest, if
not the greatest, Hereford breeding establishments ever known in America,
This herd, which continued until 1916, had, according to Willham (17), =
more profound influence than any others on the breed, especially during
the decade of 1920 to 1930 which terminated his study.

The beginning of this herd, according to Click, 1939, (3) consisted
of the bull, Picture, bred by ¥, W. Stone, the great Canadian breeder,
and sired by imported Portrait 3rd snd out of imported Peach, With
Picture he also secured eight selected females. ﬁ- made other purchases
about this time from Chio breeders and in 1878 he returned to Stone and
this time bought the excellent bull, Governor 4th and a number of females.
Prior to 1880 Charles and James Gudgell had the herd but in that year
formed the firm with T, A, Simpson, The new firm immediately began im-
portation of breeding stock from England. In 1880 they brought in about
sixty head, all but one of them being females. They went baa& in 1881
and brought about 100 head of which 75 were females for the breeding herd.
In this importation ceme the two yearling bulls, Anxiety 4th 9904 and
North Pole 8946, destined to revolutionize Hereford breeding in the states,

¥hen Mr. Simpson wae leaving for this second importation, Gudgell's
parting instructions were that he find and buy a bull with thick, heavy
hindguarters, a point in which the Hereford cattle of that day were no-
ticeably deficient., Anxiety 4th was the bull he bought for this purpose.
Horth Pole was of a different pattern, being somewhat upstanding and
more stylish, but not so well gquartered as Anxiety Lth. North Pole was

particularly good in the heart girth, which was the weakest point in
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Anxiety Uth, The heifers sired by North Pole were good but the dulls
were t00 legzy. Both the bulls and heifers by Anxiety 4th were good
ones, particularly the ones out of daughters of North Pole. The union
of the blood of Anxiety 4th and North Pole proved to be one of the most
successful "nicks" in American cattle history.

0f all the cattle imported by Gudgell and Simpson, Anxiety Nth was
easily the outstanding animal. He was used extensively in the herd un-
til his death, and after that date his sons and grandsons were at the
head of the herd. For years the herd was the headquartere for Anxiety
cattle and increased in size up to about 500 breeding cows.

Barly American breeders, according to Vaughn, 1931, (16) did not
favor the practice of inbreeding, and Gudgell and Simpson first tried
various outcrosses with the Anxiety 4th blood., But these outerosses re-
sulted in lowering rather than raising the excellence of the herd, and
it was therefor decided to pile up the bdlood of Anxiety Uth by inbreed-
ing. Perheps this decision was due to the fact that Anxiety Uth was
himself the result of inbreeding. Both his sire and dam were out of cows
sired by De Cote 2243, and both his sire and dam traced to granddams
gired by Counsellor 2264, In other words the sire and dam of Anxiety 4th
had over 75 percent of blood in common,

According to Hazelton, 1935 (6) Cudgell and Simpson selected a
grand lot of matrons from the harems of Aaxiety 4th and North Pole, They
represented the best blood of the breed in Zngland and America in the
last quarter of the nineteenth century. They had plenty of size and
scale but not at the expense of quality. Dowager 6th, dem of Don Carlos,
Don Pedro and Don Quixote, snd several important females, was imported by

Gudgell and Simpson., She figures extensively in many of the present day



pedigrees and was @asily the outstanding female used ia founding this
great herd,

$17teen sone of Anziety YMth were used in the herd to s greater or
less extent, The one that showsd the best results, snd the one through
waieh the blood of his sire sppesred to come with the zreatest potency
was Don Carlos 33734, Don Jusn and Ton Quixote were great sires of fe-
malas snd through their ‘égughters, contributed much to the herd's great-
ness, Anxiety Uth was used constantly in the herd until his death in
1890, The herd book c¢ontains the names of 71 of his sons and 102 of his
davghters,

¥rom Don Unrlos the blood of Anxiety Bth spresrs to have passed
with greater poteney to Beau Brummel 51817 than to any other of his
grandsons. It received a fresh infusirm of the blood of 5ir David
through the dam of Don Carlos, Lamplighter 5183@, another grest son of
. Don Carlos, wae used extensively in the herd as were a nmber of his sons,
chief of which was Paladia 126248, Beau Brummel was used more freely
than any other bull and the herd book records 186 of his sons and 221 of
his dsughters. He was the sire of ten very imporitant animels of vhich
four were females,

Farther proof that the Gudgell and Simpson herd of Herefords was
one of the most cubtstanding in history is shown in the study made by
t111hem, (17). Of the twenty-four bulls which appesred most frequently
in the study of the breed, seven of them were bdbred by Gudgell and Simpson,
two were imported and used by them, and sight were ancestors of animals
used by them. In the same study ten outstanding cows were listed and of
these four were bred by Gadgell and Simpson, one was imported and used

by them, sund five vere important ancestors of animals used by them,
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The superiority of this herd and the popularity it emjoyed can par-
tially be appreciated by the fact that in 1930 Beau Brummel 51817 main-
tained a coefficient of relationship of nearly 25 percent to the Hereford
breed and Anxiety lth 9904 was still 18,5 percent related to the breed,
Further indication of the general acceptance of the herd was the fact
that a majority of the bulls bred by them were sold to the western range
and they were a powerful influence in building up the great commercial
herds of the weet, That thousands of the descendants of the fudgell and
Simpson herd rendersd good accounts of themselves on the open range in
the hands of practical cattle growers is ample proof not only of their
prepotency dbut is also convinecing evidence that the inbreeding in this
instance had not impaired the vitality of the Hereford.

Soon after the World War there developed in the Texas Panhandle a
demand for “straight bred" Herefords which breeders defined as animals
in which all the top lines of the pedigree traced to Anxiety Uith or
Horth Pole., This movement was responsidle for the further concentration
of the bdlood of the Gudgell and Simpson herd which itself was the pro-
duet of quite a bit of inbreeding.

The average coefficients of inbreeding and relationship for the
Gudgell and Simpson for the two years in which samples were taken, ac-
cording to Click (3) is shown in Table V,
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TABLE V
INBREEDING AND INTER SE RELATIONSHIPS

: : Inbree Coef % :
Year: : i Expected from : :

: Pedigrees : Actually ¢ Inter Se : Excess of : Inter Se

: Sempled : Found : Relationship ! Expected : Relationship
1904 259 1C.07 14,68 4, 61 25,61
1914 277 14,59 19. 45 k.86 32,57

If the average generation length of 5.4 years, Willham (17) can be
applied to the Gudgell and Simpson herd, an increase of about 2, 44 per-
cent in the gene homozygosity of this herd would be indicated per genera-
tion for the period studied. The table also reveals that throughout the
period studied the actual inbreeding found was considerably less than
the expected inbreeding. This indicated that there was no appreciable
segregation or grouping in the herd. It also showed a higher relation-
ship between parents matched at random than between the actual eires and
dams, This shows that they were avoiding inbreeding as much as possible
through the use of a large number of sires,

Beau Brummel was nearly 36 percent related to all the animals of
the herd born in 1914, This means he was almost half way between a sire
and a grandsire to the herd at that time. Don Carlos was almost 28 per-
cent directly related to the 1914 group of calves which means he was
more than a grandsire to them, Anxiety 4th had a relationship of 24 per-
cent, approximately that of a grandsire, North Pole was dowa %o 15.5
percent or just a little closer than a great-grandsire. This study
measured only the direct relationship between the herd and these impor-
tant individuals., ¥%ith the addition of collateral relationship these
figures would increase. It is safe to say that the herd im 1914 was as
much as 45 percent related to Beau Brummel, had the collateral relation-

ship been considered, which is almost equivalent to that of a sire,



{radgell and Slmpson demonstrated in thelr herd that the concentra~
tion of the charsctere of oubtstending sires by mesns of selection and
iine bresding combined is an excellent way to produce superior dbeef

estile,



G, A 3rief History of the Hereford Cattle as Breéi%y Aooert H, ?1"821@*5‘3;.‘

Anong the several men who have carried on the fGudgell and Simpson
breeding, and probably the most prominent and successful, was Xobert K,
Zazlett of Hl Dorado, Kansas. It is felt that s review of the breeding
done by Gudgell snd Simnson znd by Hazlett is well included in this PEL~
ticular study since & later discussion will revezl 2 close coanection be-
tweon the herd to be studied and the above listed herds througn the
medlum of the Jurner Hereford Aanch of Sulphur, Uklshomn.! The study of
the Hazford Flace Herefords made by “inchester, 1938, (18) contains the
basic material of this review but o few other references will be includa
eﬁ.\‘g The herd was started in 1898 with the purchase of a small herd of
Herefords bred by #H. H., Grover nesr 41 Dorado,

Of ths sixteen animsls bought, fourteen were cows and heifers, the
mejority toﬁ young b0 breed. There were two bull eslves both sired by
W14 Besu 56099, Dy Bsau Real, by snxiety Hth, %The dem of one of these
ealvas, Kajor Beau Reazl, wae Lou 2nd, then in the herd. She was by
Stone Mason, by Besu Real, thus giving s strong concentration of Anxiety
4th blood in the eslf, Hajor Beau Hesl., For two yesrs dazlett used the
bullse, Major Besu Beal, and Bernadotte 2nd, bred by Gudgell snd Simpson.
The latter bull, except for one grasndsire, was of close Anxiety bth
breeding,

About this time he became influenced by older breeders that it
would nnt be safe Lo continue such cloge line breeding further and that
an oubk-cross was necessary., In the next two years he bought three dif-
ferent bulls (a1l étrai@t out-crosses and good individuals of very nopu~
ler breeding). All of these were used with very disappointing results,

From 211 the heifers sired by the three bulls, only one was kept in the



herd. Hazlett had by this time devoted a lot of thought and study to
the science of braesding, The results of close breeding, a® he had
followed before trying the out-cross exzperiments, had been very satis-
factory. He had a greater pergeat of good to outstending eslves., He
then decided o go back to ths i&zﬁety Blood lines and use, st far as
possible, nothing but sonz of Beauw BErummel for the nesr Puture, znd fol-~
1oy that line of breeding imdefinitely unless he learned, from esperience,
that closs hrea&ing. would injure er Jdestroy the usefulness of the herd.

in his private Herd atelogue, Hazlott, 1925, (7) shows that he
used after that 3sau Brummel 10th, Jeau Beauty, Printer and 3eau Santos,
all good sons of Besn Brumasl. Pollowlng these sons of Seau Zrummel, he
uged aldo 2ad by Printer, Beau Ssltiwors by Jeau Besnty, Paragon 12th
o was & very close aaxlety ik bred bull, and Publican by Palsdin by
Lamplighter by Don Uarlos, As Bean Srummel was by Don Carlos, =zll the
herd bulls he used, excepl Pajor 3ezu Beal, trace to Don larlos,
Hr, Gudgell, of Gudgell and Sluwpeon, always felt that lon Carlos did not
receive his share of the credit for the excallence of their herd,

lr, Hazlett felt that the mstter of selectlon was as lesst zs ime
portant as wlood lines, whether a herd was comnoged of close bdbred cows,
or cows promiscnonsly bred. He was always qulte riglé iam his policy of
neither breeding or sellisg for breeding purposes any asimal of zny line
of breeding which kad any sericus fanlt or weakness in conformation,
qunlity or breed character. He continually practiced striet culling and
these eulls were always marketed as beef znd not sold as second grade
brzeders. He believed that this was uwol only good businese, bub the
right thing for tha good of the breed. The valus of Mr, Hazlett's system

of breeding 2and rigld selection has been passed on by practicslly every



proninent Hereford judge in America during his show ring carser extend-
ing from 191% to 1936. His long 1ist of winnings cannot be given here
but his top honor probably was the winnlng of the grand champlon bull
award at the Intsreatisnal in (hieage four different gears, The winners
were Bocaldo 6th in 1916, Bocsldo Tons in 1026, %ate Rupert in 1933, and

Hazford Rupert Slet in 1938, The 1636 Internstionzl, which wzs hia lsst,

£

plso saw & Haglett covw, Ponits %ato, nomed grand champion femsle whlch
was s fitbting climsx te gn illustrions reeord,

In the Hereford Reglster of Wsrit {a= of 1933) thers are four bulls
nrodueed at Fasford ‘Pl&ce; 0f the eighty cows in this reglaster, twelve
of them were zgwrm.uca& thers, Oans, Izatone, 13 the highest ranking fe-
nale in the entizre register,

Following Vr, Eazlett's docth in 1937 the eniire hord vas dlspersed
ab auction. The chief buyer =t this sale wes the firm of Harper and
Purner of Sulphur, Oklshoma, They bought ten head vhich wers being fit-
ted for the fall shows as well zsz b5 other animals, 4moag the latter
were Hazford Tone TOth, one of the chief Fogford Place sirés:. #nd Razford
Tone Tuth, formerly one of Hazlett's shew bulls aad latsr a nopulayr sire,

. §he average coefficients of iabreeding and relationshiln for the
Hgzlett herd for the slx years in vhich samplos were taken is presented

in Zable ¥I, “inchester, { 1?’5,
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TABLE V1
INBREEZDING AND INTER SE RELATIONSHIPS

: : b efficients :
Year: : : lizpcctcd from : Excess of @

t Pedigrees ¢ Actually : Inter Se : Bxpected : Inter Se

: Samples : Tound : Relationshi :0nr Actunl: Relationship
1900 13 7.7 £1.6 30, 4 46,1 +2.9
1908 63 11,0 £ 0.8 13.5 2.5 23.5 +%3
1915 67 9.7 0.8 19.9 10.2 32.8 +3.8
1922 121 11.2 0,6 173 5.9 28.9 +2.7
1929 89 14,6 +0.8 18.9 b3 3.5 =40
1936 227 15.0 £ 0,5 7.2 2,2 2.1 _+20

The coefficient of inbreeding for the 1900 group was 7.7 percent
which ie about 5 percent greater than for the breed as a whole at that
time, This means that the foundation animals of the Hazlett herd were
approximately 5 percent less heterozygous than the average Herefords of
the United States at that time,

There was an increase in the coefficient from 1900 to 1936 of 7.3
percent in the herd. This represents a decrease in heterozygosis of
about 1.15 percent per generation wvhen we apply the generation interval
of 5.4 years, Willham,(17). The coefficient of inbreeding for the Here-
ford breed as a whole in 1900 was only 2.7 percent, and from 1900 to
1930 it increased to 3.1 percent representing about 1.0 percent decrease
in heteroszygosis per generation., Thus the rate of gene fixation which
took place in the Hazlett herd was only slightly above that of the entire
breed during those periods. The difference in the final percentage of
inbreeding for the Hazlett herd and for the Hereford breed during that
period is due primarily to the difference in the inbreeding of the foun-
dation animals which he used.

The coefficient of inbreeding observed was well below that expect-
ed from the coefficient of inter se relationship which was maintained

rather constantly at about 29 percent. This indicated that the herd was



& somewhalt homogenous unit of related animals rather thsn belng divided
inso familles ér groups between which there was little relationship., The
difference between the oObserved inbreeding snd that expected indicated
that inbreeding in genersl was aveided. ‘e find {hat thece zame princi-
nles of breeding held true in the herd of fGudgell and Simpson from which
1% largely sprang. This ia significant in that it represents slmost a
continuous herd with a2 contlinusd constant breeding poliey for z period
of some sixly years because of the very close association of foundabion
stock, breeding policy and high idesls maintained successively by Gudgell
and Bimpson and by Hobert H, Hazlstt. It was also fortunate for the
brecd as o whole in thus maintaining a2 constant source of comparatively
pure blood of Anxiety 4th,

The Hazlett herd in 1936 was sbout 25 percent directly relé;tec‘x to
Seau Brummel 51817 =nd to Boesldo 6th LELE26, In other words, they are
s little more c¢losely related to thisg group than grandsires. 7The herd
in 1936 was & little more than 17 percent directly related to Hasford Tone

1033542, Don Usrloe 33734 and Auxiety Lth 990,



B, & Brief History of the Hereford Cattle as Bred by Uklghomn & & ¥,

Collese. | .'

- The Hereford herd nt Clshoms A, & M. College had its beginning
gometine bhefore May Y4, 1200 s#p this ie the date of calving of the first
auinal registered by the College in the American Hereford Reeord, Ia
Herdbook lp, 23 the Lollege registered two bull cslves vhich were bred
by J. Y. Curtiece of Keneass City, Migeouri, They were feme Heslod 1144562
and College Hesiod 120045 vith the former beingz calved Hey ¥, 1900 sné
the latter July 14, 1900, The College purchased two cows, Gen Vasbing-
ton 72848 =znd Cherry Yesiod 50993, both of whom were with calf by the
service of the bull, Hesiod 50tk T6L40., The rosulte of these metings
were the two bull ecalves mentioned zbove,

tr., Ourtice’s bull, Feslod %0tk T6MUD, carried some excentionnlly
ponular Hereford blwé of the ern. He was by Eséiod 204 40673, by the
imported bull Hesiod 11925, by the grest sire, The Grove Ird 2430,
Fosiod §0th wes out of the cow, Fern 51625, whose sire was Don Darlos
%3734 and vhose dam was Petuna Ird 2THL7 by Anxiety Lth 9904, ‘e give
bis breeding becauwse his ron, Gems Heslod 1152, was later used zs o
Golisge berd bull,

The two cows, Gem Usshingion snd Cherry Hegiod, were used for
several years ig the herd. %em tashington 72848 traees back to Lord
#ilton 5739 twice on her doms side in three and four generations respec-
tively but otherwlse her brasding ie rather common., Cherry Eesiod 80998
wes by Relisnce 5915E by Hesiod 2nd 40679 by Hesiocd 11525 by The Grove
3rd 2420 but otherwise shows no particular line of breeding. Zsch of
these cows produced five calves registered by the ’Gall.ege in the Here-

ford Hord dooks,



The five enlves produced by Therry Hesiod included four bull calves,
nnne of whom ars sh:awn ne usaed later in the colleze herd, However, the
one deuzhter, College Cherry 1UZHGT, wms used for a number of years in
the herd and produced seversl calves which were registered by the cullege,
Yhe five oalves nroduced by Sem Yashiagton also lucluded four dulls and

on

W

heifer. Tha heifer, Marths Gzshiagton 231334, was used in the herd
vith spnarently zond resulte for several vears,
Bame Besind 114462, out of Gme Washiagton and the first registered

Eavsford czlved on the $ollege faras, was uneed later as a herd sire, He

was nated with Cherry Hesiod 306933 aud her deughter, College Cherry
1hehbT,  Tnds ‘}.i:aé breeding resulted in a c3lf in the first case that
was 03185 Linbred to Hesiod #nd UGETY and in the second case that was
.015625 inbred to Yesiod Zad HOSTS.

For = perlod of alme yemvs no other females were brought into the
hord and all the offesring vere oubl of these two foundation cows and
the tup daﬁ;&tars.mntiamﬁ. The two airés used slmost exglusively were
Cene Hesiod 11BUG2 and Cadet 2021TH., ‘“hen in 1909 two more cows wers
purchased., Une of these wns Lonna Anna 28th 303395 fram the Hudgell
snd Simnson herd and bred to the famous Domine £64259, She bore & bull
ealf, Dominion 369932. who was kept for a herd sire The other coy was
Vaxine 255540 nurchased as & bred cow from Wm, dntcheon of Bolchow,
Hiseouri,

From 1909 uatil 191h therz was so partionlar activity indieated
by the Hereford Record booke. <Then ia 1914 the Collese went bsgk to
4, M. Curtiee ab iﬁan sas Uity and purchased seven bred cows and practi.
eally 211 of these brought heifsr ecalves, Fhres of thess eows, Loura

Perfect 3122163, Vlss Perfeect 19th 240832, and Ldna Champion 234053 wvere

34
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bmﬁ' 30 Feawn Eﬁ’ssrfect Fr 362129, The other four cows, Hascod }35353,
Tonns Perfect 5ik 3865079, Donnn Perfoct lth 386502?, and Zem Perfect
225EL, wers bred to Don Perfeet MDOODO0, A1) seven cows dropned calves
durlng the monthe of Juns snd July 1014,

From the beginning of the herd until the year 1917 it was main.
talned o a rother small serle nz ie indiezted by the numbar of resistra-
tione made doring the first sizteen years which totalled only twenby-
five, This included 211 aninmals omed by the college at ealving time of
wiich 2 2ood nusher were asebtuslly brad by others, The vesr of 1917 saw
the start of the establidhment of a breeding herd of larger nroportions
=nd the records shotr thet 19 anlmnls were registered that year. % to
Hardy 1329 there weore ons hundred fifty.thres animals reglistered in the
aane of the oolliegze in the Hereford Record, Humbere for the last seven-
tesu yeare are ot svailabls as ao copler of the Reenrd beyond Yolume 76
ares available in the Tollege 1ivrary.

In defonse of the commearntively small swmber of enimals repistered

i)

spavelly ve ehowld stode hore thot 1t has bosa the nolley of the IJepart-

i

mont of saieal Rugdandry at Wlehoms A, & ¥, CGollegz for many years o
use the oollege Hersford hord orimavily for the nroductien of steers fo
ha fitted later for compotition ss fot acimszls,  For most of the forty-
iz yenrsz of ite existonce this proctice has been followed wery success-
fully s ies shown by ths consistent vimninge of the {ollege in the steer
shows of the aation, This aase nelicy hes had a tendeney to diseourage
zuch 1ine breeding or continuity of Yresding alonz the lines of any par-

theular family,
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Boginnipg with the period direetly after the First Yorld Ysr and cone

tinalng to the present time we find {he following suecession of main herd

siregs

Besubys Boealds 17th

Pone TH51L04,

2f then

-

Siighmend of the Yurasy Nereford hevrd $n the stzte,

sazie and $ie esgh
there hag been g rather preaviweerli Srend to the use of auimals wibtn
gither faglett or durner blese lp the eolisgs Hereford herd., Iuring
et btime all herd sires hueve Seen of thie Dreeding sud & conslidersbis

.

poaber of femsles of thess bleod lines have slso Doen purchassd, In
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sddition 3¢ gesus %o have besn the 0lidy 1o keep for bresding snimals

zinost exelagively the femals progeay of cows of this bresedlag,  Unis

az g winole thers le sb pressnt culy s very small remusat of

the blood linzs that were estuhlls

woin the herd ab its origla or ig-

he firszt thirty years of its exisisznes,
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It is zvident that the history of Yhe college
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o
P

herd ie eszsentially

e of Sudgell snd Siupson znd of Robert H.

iy
c»rv;l
"'5
&
e
<
)
*i
e
et
o
[
3
&
e
[+
/3
&

Hazlett, Io toth of these herds, whilch were voeviewed egrlise, the
nisteory of the herd was in reulily & osisture of 2 long $ise breeding

pian reflsched divectliy in the cempusition of the hrne&iﬂg herd ab every

poriod of itg iife. 1In combrust, the hiwgbery of the Cklshomn A, &

Uollicge Hereford nerd is simply & picture of the chasses ia the bherd end
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111, S5 TUVESTISARIGH
4, Hethod of Procedare
1., GCoefficient of inbreeding,

the methods used in this study were develoned by Wright, 1G22, (2n)
and Wright snd FePhee, 1928, (230, |

The eoefficlent of inbreeding developed by “right, 13922, (20},
peasures the spproxinate perasatsyze of genes that have chonged from o
heterozyzous stale in the foundsiion stock to a homozygous siate in‘ the
offepring as 2 resvlt of inbreeding, Since it is based wpon the statis-
tical laws of probability, it is subjecet to the errors inherent therein,
Tharefor, it is not an absoluie, bub a relative messure of the inbresd-
ing of an animal, It measures the probable similarity betwsen the egg
and sperm cells whtich uanite to forp the Individusl in guestion, relstive
to the similarity of rondom gern cells from the foundation stoclk,

A pedigres to show inbreeding must have the seme animal appearing
in one or more lines back of both the éire and the dam, %he c¢loser the
animal respongible for the inbreeding is to the sire and dam the greater
will be his comtribution to the imbreeding of the snimal. 3Iikewise,
gregcter will be the probability that the gaﬁes-' contributed through the
sire and through the dam will be similar, thus establishing s sizte eof
honozygosity in the offspring for the characters ia guestion. In the
event the animal responsible for the inbreeding in & pedigree ig him-
golf inbred, even g;matar will be the probability that the gones he
transuits to an offenring, through the sire and dam, will be similar,
Thus, a method for computing inbreeding must stiasch 2 value to sueh o

conuon ancestor which is proportionste to his degres of inbreeding,

38



Zhe formula for computing the coefficlent of inbreeding developed

by Yright is as follows:
o= L@t o)

In this formula, Jy is the required coefficlent, and ¥y is & similar co-
efficient for any common ancestor thai makes the closest connecting link
between & line of .ﬁnc&sﬁryb trzeing back from the sire and one tracing
back from the dam. The factor (1 + Ti’&} takes eare of the comtribution
usde by any comuon ancestor who is himself inbred. The Greek letter )
means "the sum of%, 7The fa' is the nwuber of generations back from the
sire to the coumon ancestor, snd thé pt ¥ i1s the number of zenerations
back from the dam to the common ancestor, A particular tie between the
pedigrees of o gire snd o dam contributes (4 ‘}mn.*l(l + Pyl fhe
factor {(4) represents a 50-50 chance which oceurs at each Hendelian
segregation. In other words, the physislogy of animal reproduction is
that two sex eeclls zre formed from ons originsl, and the chances are
aven that any speclfie gone may be in either one or the other, Of
course, the new individusl formed is the product of only one sex eell
from each parent, The ¢ 1s multiplied by a+n'+l to toke care of the
comparative chance inv-élv"ed rolative to n and a', It is evident that
every segregation or generation that a conmon aﬂ@aétor is removed from
the sire =2nd dam, the probability that & particular gene will reach the
offepring is halved. The total eocefficlent ¥, ig simply the sum of the
contributions made by each comnon ancestor.

The coefficient of Inbreeding is based on two mujor assemptions:
first, that isheritance in Meandelian; and second, thal the sire and dam
contribute equally %o the offspring., Fhere is 1ittle question sbout the

first, bat the latter may be modified slightly by charascters which are



sex-linked. Only a slight discrepancy may be expected to arise from
gex-linked characters in farn animale due to the large number of chromo-
somes which farm animals have, and the likelihoocd of only a few genes
being sex-linked. The effects of sex-linked characters would tend to
eancel slnee sires have no influence on thelr sons, but transmit these
characters to their daughters as though they wers homozygous. Inbreed-
ing in a female's pedigree bhas 2o effect on her sex-linked genes when
the line of descent is from =zire to son, but when the line of descent is
from sire to daughter, éhigﬂer dagree of hanozyeosis for the sex-linked
charscters results, Ag the result of mother-sou or father-daughter nate
ings, there is ezpected o decrease of 29,3 percent in the heterozygosis

in sex-linked genes, and 19.1 percent in autosomal genes,
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2. Geefficient of relntionshin.

Glosely related to the coefficlent of inbreeding is the cosfficient
of relationship which measures the degree of correlation to be emected
between two individuals in cherscters vhiech are viiolly gemetic cud with-
ont dominance., Since this cosfficient is baged on the assumntion that
corralation detwesn parent and offspring or between brothers in & rendom
stock 1s 55 porcent, its interpreistion, therefor, depends uwon the gone
atic statns of the foundstien stods, | |

ihe fellowing formula has beer prepared by Yright, 1923, (21)r

Ty = L [er™" o+ a}]

YR EESEES

In this formula ¥y and ﬁv sre coelflTiclents of ianbresding for the $we

ik

sainale in guesiion., X #ud ¥ sre uvsed to veprocent ths tve animile bee

k"4

ing correiated. T, ig_ the lnbreecdlug cpefficient for the clogest common
ancestor coanecting 2 palr of ancestrsl lines io thelr pedigrses. %he
factora n and nu' are the mmber of menerations fros x and v to this
common sacestor slong the lines in gquestlon, ’?;m is the reguired conef-
ficient and nay vary from O percsut to 100 percent, Thig is 2 more ace
curzbe nezsure than would be obiained on the basis of the peresntaoze of
comion blosd in the two animals, Full brothers szad sisters have 180
percent common tlood. She psrcentaze of commen Dlond messures direct
relabionshly where there g nv inbresding, but falls $0 messure oolla-
teral relationship such as exists bstwzen double eousine, for instance,
?5”11}.1 brother and sister wating, according to the sbove formuls, weuld
yield a velationship of 50 percent, The foetor {1+ ¥, weights the
contribution maﬁe'*by & conwon sacector, Tor further dednils of this

formvla the reader is referred to Wright, 1923, (21).



3, Aoproximate methed of ealeulabing coeffleients of inbreeding and
relationship from llvestock pedigrees.

Uright and McPhee, 1925, (23) have developed an approximate msthod
of eplowlsting cvefficients of iabresding aand relationship from live-
stock pedigrees. The anproximste method depends on the tabulation of
rendon lines baok through the pedigrese of the sire and daw. The stand-
2rd error involved can be caloulated from the ordinary theory of sampling,
& two-line romdom pedisrse is thersfor not at 21l complete as it consists
5f only o single line of sncestry beck from sach sire and dam, Zven a
fovr-line random pedigree is guite incomplete a8 it consists of only a
gingle line of aaéestry baek from each grandsire and granddam, It is
negessary that the.samgle linss Bbe chosen wholly at random. Obviously,
more of the compon ancestors involved will be males, in livestock breed-
ing, than females. Thus straight male or straight femsle lines can not
Zive a fair basig for s&lcnlaﬁiﬂg the pumber of ties bebusen elither twoe
Linz or foar-line pedigrees, Falrly sccurste resulis ean be ohtained by
altsrnating males and females bud the securaey of sudh 2 systen esn not
he tesbted by the theory of samniing,

LS traly’ranéaﬁ line of sucestry can be oblained by letiing the see
gusnce of slves snd dums which are to be troeed Yook in the herd-book be
that of the heads and tails, rospeetively, in a2 colu tossing experiment.
ihe sone seguetices sh@ﬁld'noﬁ, of eourse, be used freousntly in the sawe
study,

sn example of thie systen le shown in Tavle III which is from 2
pedigree of Hazford Toue, 10973542, tzken from the sample of sirves used

in thiez study.



TABLE 111
HAZFORD T0HE 1093542 CALVED SEPTEMBER 7, 1921

Tonette 2nd 722110
GRANDS H GRANDDAM

Publicen 4th : Tonette 429765
3

SIRE
________Boesldo 6th NSUZ26
~ GRANDSIRB : GRANDDAN
Bocaldo 362186 : Buleen 372147
™

Sires  Dems  Sires Dem's Sires  Dams  Sires  Dams
260444 192235 328056 121409
155310 51817 2604, 51817
93298 33734 155310 33734

1 6932 9329% 990k
20105 W67 wut 58939
9436

Naturally, a second sample of the same pedigree would not show the
same sequence of sires or dams. In this table note the tie between the
two lines under the paternal granddam snd the maternal granddam ia which
Beau Brummel 51817 becomes the common sncestor. In a second ssmpling of
the same pedigree Beau Brummel might not even appear in sny line, or he
might appear in only one line, or he might appear in both lines of
either the sire or the dam. In this cazse no inbreeding would be shown
in Hazford Tone through Beau Brummel,

An interesting example of what would occur had we used a straight
male line for a sample rather than & truly random line is shown in
Table IV, vhich 1s also from a pedigree of Hazford Tone, 1093542,



TABLE IV
HAZFORD TONE 1093542 CALVED SEPTEMBER 7, 1921

“SIRE DAM
Bo 6th 6 Tonette 2nd

GRANDSIRE H GRAN DDAM
Publican 4th : Tomette 429765
:

GRANDSIRE GRANDDAM
Boealdo 362186 : Buleen 372147
:

Sires  Dams  Sires Dems Sires Dems  Sires Dems

we on oo las e

260444 1922 189221 32394
66684 5.1:51;’:57l 1262;: zé:sa
51817 337 518 189221
33734 9904 33734 126248

990k 9904 51834
33734
3904

Table IV shows the closest tie through Don Carlos 33734 as the com-
mon ancestor in all four lines, He comes down to Hazford Tone through
Beau Brummel in both lines from Bocaldo 6th, the sire of Hazford Tonme,
He comes down to Hazford Tome through another son, Lamplishter 5183k,
in both lines from Tonette 2nd, the dam of Haszford Tone.

A further check (vhich will not be shown in tabular form) reveals
that every ome of the eight great grandparents of Hasford Tome 1093542
traces in a straight male line direectly to Don Carlos 33734 in from two
to four generations, six times through the son, Beau Brummel, and two
times through the son, Lamplighter, Thus it would be rather uncommon
for a truly random line to fall to show some inbreeding in the pedigree
of Hazford Tone. This is further emphasized when we find that in addi-
tion to all eight great-great grandsires tracing in a direct male line
to Ion Carlos, five ‘of the eight great-great granddams trace in a direct
male line to Don Carlos.

It is well to make clear that a single sample of this sort is
practically worthless as an indication of the inbreeding of one individ-

ual. The average, however, obtained from a2 large group of pedigrees



should not vary apprecisbly from the sefusl inbreeding of the group,
Fither the two-line or four-line ssmples of this kind fall at once into
two classes: those which show an ancestral conneetion, as do thoge in
Table 111, and thase'whicn have no common ancestor, Ia the latter case
the coefficient iz zero so far =zs the particular sample is concerned.
In the ease of the four-line ssmples the tie must be betweesn one of the
two lines from the sire with one of the %wo ‘lines from the dam in order
to establish inbreeding on the part of the shimsl in question, CQccur-
repee of w common ancestor in the tvo limes from the sire, for instance,
wvonld only indicate that the eire wes inbred but would not indieate in-
breeding on the part of the animal itself,

in the example glven in Toble III a contribution of
(%)ﬂ+ﬂﬁ+l (1+F,) is indicated if the common sncestor is n generations
baek of the slre and n' generstions back of the dam, In = complete ped-
izree, the number of ancesiral lines doublez with sach generstion from
the offspring. Thue, in » random sample pedigree, the chanee of non-
peeurrence of a specific ancestor doubles with cach generation from the
offeoring. The sire has 2% ancestors in the nth generstion and the dam
2n' ancestors in the n'th generstion. %Whe sample pair of lines is only
one smong the 22’ nossible pairs going back as far as the common an-
cestor, Therefor, if the sample pair of lines is & falr sample of the
total, 1ts contribution must be multiplied by 2™’ to obtain a fair
estinmate of the inbreeding of the whols pedigres.

On carrying out this sultinlication, the n énd o' disappear, and
the coefficient takes the simple form of 3(1—-¥_) in the two line sasple
pedigree and %n(l-—Fa) in the four line sample pedigree. Therefor, it

iz not neeessary; in ealeulating the inbreeding, to coupt the generstions
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to the closest common ancestor or tie, but merely to note whether there
is a tie and, if so, what snimal is responsible for it, The eoefficlent
of inbreeding for 5. group of mnimels 1s the sum of sll such contributions
divided by the number of animals inm the group,

To secure a fairly dependable ecvefficlent for the various comuon ane
cestors involved, 1‘-‘ is necessary %o resort to & more commlebe pedigrse,
& rather accurste figure c¢an be obtained by the random method, howvever,
providing that = number of such lines is tebulated from each pedigree,
The more sabtisfactory method which is belng weed im this naper inclundes
a complete pedigree for the first five generations and each of the iines
thes randomed to the foundation stoek, A tie oceurring in the random
portion of the padigree is worth approximstely the same as one in the
fifth zenerstion, snd may be considered so in computing the coefficlent,
The formula, ¥y :Z [(%)nm!*'l (1+‘B’aﬂ, has previcusly been exolained
in this paper. A coefficient of inbreeding that is rother highly reli-
eble should be secured for those comuon ancestors responsible for the
larger number of ties,

| The stsﬂdard' error of ths persentage of tles occurring ean be eanl-
culated by the formuls, Ba, where n is bthe number of cases, p ig the 6b-
served chance of the océﬁrr@nee of a tie, and q,{1—p), is the chance of
non-occurrence, The standard error of ¥ = gg P ';é‘ . ‘Ihe factor g‘x
iz used to rate the standard error fur the @ercentc,.ge of ties down 26
that it will apply to the coefficient of imbreeding.

The standard error for the percentage of ties measures $he error
which may result in sampling due to the use of incomplebte pedigress.

Phe standard error of the covefficient of inbreeding does not measure the

chance involved at the time of segregstion,



The ealeulation of eoafficients of relationshlp from random samples
of psdigrees presonts 1o additional complieations of immortance.
he presence of a tie betusen single random lines back of two anie

mzls considered, (x,y) indisstes o coefficlent of relationship enusl to
lﬁ-ﬁé

Va+Eg (1+3)
The standard error is czleulated from the nroportion of ties aud is
rated up by the ratio of the coeffilcient to thisz proportion 2s in the

¢ase of the inbresding coefficient,
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pleked up togsther for matching repressented pure randon cholce. 4 coln
was tossed for each pedigree te detemins whather the sireg line or the
dans line would be matched first and then another coin tossed %o deter-
pine vhether the sirves lins or dwms line of the chosen animal would be
watehad first, %he lines thus seleched were compared and the tles
marited, After the entire group was thus commared, they were zg:ain mixed.
Aznin they were picked wp in pairs as indiecsted in the eoin tossing ex
plained agbove with, of pourse, vne line slready elimineted by the previe
ous comparison., This process vas sontinued until every line on esch ped-

igree had been conpared with some line on some other pedigree, After

iy

1) lineg hed been compared snd all tles rerked, a tebulation wms thes
made of 21l tiss acéardmg to the coumon sacestors.

In computing the coefficient of relationship between lmportant sires
and the 1945 sample, only direct relationship was copsidered, This wee
determined by tsbulating from 211 the 1945 pedircrees the number of
times ench sauimal gppearsd in the rasdom lines, The dirsct relationship

equsled Totsl number of awoearances .

Haximun possible gpnearances

Ho particular etudy was made of the fowndation anlnsle in the
College herd, %The original source of these animsle wae merely noted as

herd history,
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B, Hegults
i. Inbresding =nd Inter Se Relatiocnship,

The averzge ccefficlents of indreeding and inter se relationehip
for the Cklahoma A, & ¥, College herd for the year of 1945 which was
the yosr chosen for the saupling is presented ia Pable VI,

TABLE VI

ISBREZIIVG ABD IRTER 53 RELATICHSHIPS

-

Yeur tPodl sross: IEBRAPING COSFTICLANTS :
¢ Sampled ¢ Actually :3xzpected from: Exeess 3 Iater Be
: :  Pound t Inter B¢ ¢ OQver 1@ Relstionship
: : tHolationship :3xected:

1945 | g5 16, 63% 1. 32 %18 12,45  8.04% +1.01

The coesfficient of inbreeding measures the percentage of genes
fixed for the particular yesr vhich were fixable but not yet Tixed in
the foundnation animals of the herd, ¥For example, the coefflcient of ine
breeding of 15, §3§é£1. 32 found in the 1945 sample means thet the average
saimal included in thst cample was 16, 63 percent less heterozygous than
the average animal in the foundation stock of 1880,

The bose date to vhiech the pedligrees were traced was 1830, It is
obvious, however, that all the lines would not end with an animal born
exzetly on that date, In this study the random lines were carried dack
either to an animal born ian 1880 oy, if the line did not end in an sni-~
mal bora in 1880, to the first animal in the line born immediately prior
to 1830, Therefor the mectusl base date would be gomewhiers about 1877 or
1878, 1In this study the only sauple taken was that of 19u5 which in-
cluded all the reglstered animals of the herd. £Oollege herd records did
not includs the listing of the indivigual memblers of the herd for any

prior dates and since 1t hss bzen primarily a steer producing herd =



sammling of the registrations pnde st periedie intervals would not be in
any way representative of the herd composition nor indieative of its
breeding, Therefor, 1t is not possible to statisticslly determine the
amount of this inbreeding wiich has occurred within the herd itseif sad
that amount which was Brought into the herd through purchase of breeding
stock from outside herds. Likewiss it is not possible to statistically
determine whether this amount of labreeding hag been duve to a gradual
process of inersase of inbreeding or to a rather abrupt rise in this
respect due $0 the infusion st sone particular time of rather highly in-
bred blocd linss, For the same reszsons, no attempt is made to debtermine
the inerease in inbreeding per ggenemﬂon. 3y 8 process of deduction

we can get the prob;;hla answers to part of these guestlions as will be
ghown properly under the hesding of "Discussion®,

The caefficiént of relationship, also shown in Table VI, is a
naszsure of the spproximate relationship existing between animals in the
herd selected st rah&am. The significance of these figures is dependent
won the inbreeding coefficlent. llcPhee and Wrisht, 1925, (11) have
ghown that the percentaze of inbreeding expected from the purely random
mabting anong the sires and dams of a2 grown of any size may be calculated
by the formula Fy = Il wvhere ¥y is the desired coefficlent and R rep-
rasents the cneffi@;f;ﬁf of iater se relstionship,

In coluwan four of Table ¥I is presented the inbreeding coefficient
of the sample which would be exg;ec’aaé from purely random meting in this
particoular herd, %his figurs, in compvarison with the coefficient of
inbroeding observed, revszls at once vhether the herd at the partleular
time tended to e Givided into rather distinet groups or whether the

menbers of the herd are rather highly imterrelated. The higher the



inter se relationship, the higher in proportion is the expected coeffi-
eient of inbreeding. For instence an inter se relationship of 50 percent
would bring aa ex;;ecieé_ inbreeding coefficient of 33 percent, while an
inter se relationship of 10 percent brings only en expected inbreeding
of 5.0% percent, In the preseat study, the amount of inbreeding ob-
served was radically higher than %hat expected fro-.sa the inter se relso-
tionship, indieating a vory definite segregation into = considersble
nusber of small growss. The fuot thet the obssrved inbreeding was mator-
ially higher than the expected inbresding shows that there existed a
much closer velationship between the various sires and dems than between
parents of the herd matched at randowm. |

e very low inbter se relationship of the 1385 herd is partizlly due
ﬁ.a the foct thal the elghtp.five animals are sired by tweniy-nine differ-
ent bulls, with only five bulls siring more than five different animels
in the herd, Hightsen bulls were found to have sired orly one snimsl
each of the present herd,
2. Animele Used as Foundation Stock,

The foundation snimsls of ﬁhé Oklahoms A. & H, Unllege herd as
they relate to this study A1l be dealt »ith later in the discussien,
Briefly, the foundsation stock of the present herd came from rather close
bred herds whieh v:-_:::.ere line bred %o Anxiety Uth 9904, With the exception
of z few 1ndivi§.uéls.. the foundstion saimals of the present herd ceme
from the Turner Hereford herd st Sulphur, Oklshopa. Previous studies,
revieyad briefly in this study, reveal that his foundation asnimals large-
1y originsted in the Robert H, Haglett herd snd the foundation animals

of the Hazlett herd largely originated from the Gudeell and Simpson herd.

52



53

3. &ires Contributing Host %o the Herd.

)

o -

aole Vi1 glves the most important sires with relation to this

$i

herd, thelr ceefficlents of inbreeding and theirvpereentage of relation-
ship to the present herd. ffhe‘jgereenﬁage of inbreesding shown ia colwan
six of the table is important ia that it is & messare of the prepotoncy
of thie group of ’cﬁa most widely contributing sires. Column five in the
table shows the percentege of direct relationship existing betwesen these
sires and the 1345 herd. This indicates the concentrstion of the blood
of these sires within the herd at the present time, The dete gach sire
was galved is dhown as sn indloesbion of the period of years through
wnich this relationshiv has existed. Beau Brummel 51%17 has elirec‘.“u' T6-
lationshin of 1.5 pére_ent to the herd, Don Carlos 33734 o direct relae
tioneshin of 2%2.8 *péreent, while Hazford Tone 1093542, North Pole 8946,
Anxiety bth 9904, and Boealdo 6th UBLE26 hove direet relationshipe

ranging dowvawmrd in the order nomed from 20, 3 percent to 17.0 percent,



TABLE VII
COEFFICIENTS OF INBREEDING AND RELATIONSHIP OF IMPORTANT SIRES

: 3 t Humber of :% Related:Coefficient
Name tRegistry: Date tAppearauces: to 1945 : of
: Number : Calved @ $ _Herd : Inbreeding

Hazford Bupert 8lst 2348325 1.12-'3 32 9. 41 L0334
Prince Rupert 2247105 6- 8-'3 23 6. 76 L0133
Hazford Tome 76th 2127388 1-10-'33 30 8.83 L1111
Hazford Rupert 25th 1209734 2-19-'23 g 11,17 .ggo
Hagzford Tone 109 7- 95=-'21 20.29 . 0652
Hagford Rupert 635235 1-24-117 30 8.83 . 0254
Prince Domino 611 9-13.'1k4 30 s.:z .1826
Bocaldo Gﬁn ng k_:lh 58 17.h L1571
Publican 4th : 24113 1147 .0n2
Bocaldo ;2136 1- 411 33 10.00 . Oligly
Domino 2m 9-17-105 23 6. 76 .1810
Caldo 2nd 2 11-.23-'06 39 11, 47 .oggz
Beau Beauty 192235 6= 5—'33 33 .n "

Publican 189221 1- 3-' 31 9.12 .1168
Printer 66684 11-11-'95 25 1. 32 .0730
Lamplighter 5183% 10-11-'91 27 7.27 .0039
Beau Brummel 51817 10- 5-'90 107 3. . 0127
Don Qarlos 33734 11-18-'36 8l 23.82 L0117
Anxiety 4th 9904 sz-'so 63 18.53 .1582
Horth Pole 8346 6-17-'80 65 19.12 . 0000

Possible Appearance

&
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Game of Sire

Sires Wumber

Tumbeyr Animals Sired

Tone T THth

¥. Rupert Hixzer
Pontotoc Tone
Commando Rupert
Besu Zento Blth
Fazford Zupert 13%th
Y. Hoyal Hupert Z3vd
T, Tone Agzin

FTong of Wipdsor
Pone T. Yth

7, Royal Rupert Zth
H. Z. Boyal Ewpert
4, Bocaldo Tonme 2und
¥indsor Tone
Aazford Tone 158th
H, %, Tone

Eagford Rupert Slst
Collsge “Fone 16th
Prinee Hupert
Boealde Fone 13th
#ischief Aster 2%5th
Hagford Tone 76%h
Hazford Tone Ttk
Y True Pomino bth
YHR RBoyal Vomiae Uth
Pandy Domino S0th
Lzssles Tone

Boealdo Tene Ird
Prograsgs

3742577
3675308
3555555
3555000
3510744
3101784
30h0702
3029016
L3030
2353337
2593125
2137963
2713929
27ihh3Y
2593856
2ih2gay
2343825
23505028
2247105
2207431
2188720
2127388
2127386
2080632
2030595
1836512
1755100
1733232
1727750
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Breeder of Individual Animals in Present Herd, {By Year of Calving)

*
»

Hreeder U5 Ml Ak 2t H O, “3‘9: 138,137, +36, 135, * 34, Yotal
Okishons A4, & E,
Stillvater, Ckla, 21 0k B 1 2 1 @ 2 1 1 0%
Parner Hanch
Sulphur, Okla. 3 &6 1 3 3 1 1 2 3 35
Toncan Ranch
1311 Creek, Okls, 1
Basar Banch
Spn Antonio, Yexes i
B, H, Hazlett
&1 Dorsdo, EKansas 1 2
€, C. Buxton
Cklahoma €ity, Okla. -1
¥, 3, Harvey
Ads, Okla, 1
Waller Dones "
Minneapolis, Hinn, 1
Fred €, DeSerard
Kremling, Golo, 1
H, ®. Arpold
Buffalo, Ckla. ' 1
W, G, Windsor
Boonvilie, Yo, i

o R WY pd et

O B e

Anaval Total 24 1w 5 7

oy
G
D
a3
-~y
At

2 1 85

Tsble I glves gome indication of the resson for the comparatively
low eoefficient of relaticaship existing In the herd at present. If the
1945 eslf erop is disragarded, ounly nineteen of the animals in the herd
wers bred by the Uollege as comparsd with thirty-Ywe bred by the Turner
Raneh of Sulphur, Uklahoma,
| A ém&:; of the sires of the 37 animels bred by the College revealed
tha‘ﬁ every one of the sires was bred either by the Turner Baach or by
2 H, Haszlett of 31 Dorado, Eansas, in the ease of the older animsls,

Table X glves further indication of the brseding trend of the
prosent herd by listing the breeders of the dame of the 3 animals in

the herd vhich were bred by the Jollege.



TABLE X

Breeder of the Dems of College Bred Animale in Present Herd
(By Year of Calving)

Brester 1745 Wi g kel v ] 31381571036 o0+ itotal

Uklahoma A, & M,

Sire Turner or R 23 2 1 16

Haglett Bred

Oklahoma A, & M,

Grandsire 1 1

Hagzlett Bred

Turner Ranch

Sul 2 -2 %

Bssar Ranch

San Antonio, Texas 1

¢, C, Buxton

Oklahoma City, Okla, 1 1
S
1
39

fro
-
| '

Fred DeBarard
[} 1

W, E, Harvey
Ade, Oklahoms 1

S e - - B S8 X% 3L R .0 2 0.3 %

Tables VIII, IX and X clearly indicate that the current breeding
policy of the College herd has been definitely to Anxiety 4th 9904 blood
lines as brought down through Gudgell and Simpson, Robert H, Hazlett,
and the Turner Hereford Ranch. This accounts to a large degree for the
intensity of inbreeding. On the other hand the fact that 29 different
sires were used to produce 85 offspring helpes to account for the low

percent of relationship existing in the herd.
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The Oklahoma A. & ¥, College Hereford herd was established early
in 1900, At thet time, Willham, 1337, (17}, found that the coefficient
of inbreeding of the Hersford breed as a whole was nsarly three percent,
that is, three percent lesg heteroszygous than it was in 1860, In 1900,
Yianchester, 1935, (18) found thet the Hazlett herd wes sbout 7.7 percenmt
inbred which was more than twice the inbreeding found in the breed as a
whole, Although 1ittle wes &étemim& gs to the smount of lmbresding
szisting in the foundation eows of the Jollege herd it can be zssumed
irom the cssusl observation that the inbreeding was probadly closer to
the breed avér&-g,e than to that of Hazlett's herd which hed the benefit
of the lins Dreeding progsrzm carried on for $o0 many years by Gudgell
am, Siézj;mam The original ‘fgundation gtock largely came in the form of
bred cows purchased from J, ¥, furtice of Independence, ¥issouri,

Hr, Cortice operated s Hereford breeding ferm from 1897 till his death
in 1915. Avparently Wr, Jurtice did not at first practice very much ine
breeding according to Zazelton, 1935, {6) who shows his foundation stock
to have been purchased about equally from thres northern breeders and
his firet four herd bulls o have g variety of blood lismes., Two showed
Anxiety Uth 990E blood coming Gown through Don Oarles and Lamplighter,
and one btraced back to Anxiety Hth 2947, & half brother of 990k,

The sbove hrée&ing‘: was evidently what the College secured in the
first cows purchased from Curtice. Howsver, later Curtice used a son
and & grandson of Beau 3rummel 51817 snd 2 son of Prince Bupert 8th as
sires in duilding his herd to its greatest pooularity., As the College
20t several of their animale at the Jurtice dispersion sale it is

rather probsable they then goit stock with a higher inbreeding coefficlent.



As indieated in the history of the herd given esrlier in this study
2o attempt was agein made %o increase materislly the purber of animals
in the herd until the esrly twenties vhen an effort was made to build

wy the guality of the herd. A4t the Internstional zale in 1922 o yowsg

S

Hull was purchesed iixat had just placsd second as & junler yearling ia.
the International .&_:‘ikww. This :mll wze DSrae Fepeater 986783 who came
from the herd of BHott Brothersz of ionewse, Wisconsin, XHe was an extreme-
1y zood type bull snd sired vonderful steers one of which, Bupsrt B,

was Brend Chappion steer st the 1520 Internationsl, and snother, Sollege
Tdeal, was Grand Champion steer a2t the 1929 American Royal.

Bree Hepeater spent s11 but twe of $he fifteen yezrs of his life ia
active nse in the Uollege herd znd did much to populsrize the Hereford
breed in the state .beu:‘;.u.se of bis 2bility to sire good steers. However,
he lesves very 1itile imprint on the herd teday. In the 340 random lines
of this study he appesred only twice as compared with 09 appearances of
Hazford Yone 1093542, who wes also calved in 1921, A complede pedigree
of brzo Hepeater fgr five generstiocus back failed to reveal any inbreed-
ing which means that any slight lanbreeding he might have possessed would
have been through animals ealved prior to 1460,

Thus &t can be seen thot whebever decresse ia helerozygosis had been
gecomnlished nrior to 1922 wes largely lost duriag the probable genera~
tion and & helf in which Zrae Repesier was the chief herd sire,

After the Brae Hepeater ora came the beginning of the treacition
period in which $he Hszlelt and later the Yurner blood lises graduslly
replaced Yhe former varied bloed lines in the herd, Herd sireg used te
hesd the herd for the last ten years of this study include: Progress

1727750, Lmssie Zone 1755101, ZLesuty's Boealds 1T%h,
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YHR True Domino 6th 2080632, Hazford Tone 158th 2593850 snd % Royal
Bupert 23rd 3040702, These sires with one exception were elther Hazlett
or Turner bred sand rich in the bleood of Anxiety 4th 990k, Thie hus also
been & period of freguent purchases of females of the same general biood
iines and in fact since 1538 very few animals have been brought iute the
Berd vhich did nobt carry this Blood and gimost all of the older auimals
'wm.c;h did carry other breeding have either vbeen disposed of orp thelr
line allowed to die out when they rsached the end of their Uraedlug use-
fulness.

The coefficient of inbreeding of the i’ierefur&' breed as & whoie in
1930, guoting ¥illham, {17), was 5.1 percent which represented inm his
coverage of 60 years an average increase in homozygosis of about.7 jgsf-’
cent per generation, This would mean that, approximately three genera-
tions having elapsed from 1330 to 1845, the present coefficient of in-
breeding of the Hereford breed as 2 whole would be betveen 10 and 1i
percent. In 1936 it would have deen sporoximetely 9 psereent,

Fhe ccefficieﬁt of inbreeding of tﬁe B, B, Hazlett herd in 1935,
according to Winchester (13}, was 15 perceat and had bees increasing on
the mverzge sbout 1.15 perceni per generation. =Zad Hszlett beeu gbis to
continue his breeding program until 1945 we might vemsonebly emseci the
coeificient of inbreeding to be around 17 percent, Since Turner started
nis herd largely from Bazleli breeding ond has continued 4o concenirate
on the samé blood lines it is again reasonabdle ‘m asgmne that his herd
now has an inbreeding cos‘fi"icieni: af between 16 and 17 percent, #able
¥I of this study 'Shﬂkt“s that the Okishomsn &, & M., CGollege herd =% of
1945 has en inbreeding coefficient of 16,63 percent 4+ 1.32, Fhen we

refer to Tables VIII, 12 snd X and {find that the composition of the



prasent herd is eseentizlly that of an offchoot of the Turmsr herd with
almost po snimal more then two gonsratlons sway from Turner bresding,
fhws 1t follows in 211 reason that the inhreeding coefficisnt of the

gollege herd should be almosd ildeshical with that of the Yiwner nerd,

The shove comparison of the nrolongetion of the Winchester (18, study

and the prasent etudy reveals thg-t thia e exastly what 4id cecuwr aad
is a verification of the accurzey of this particular sbudy., It caan be
szen that the present high lnbresding coefficient of the college herd
iz pot the reeult of 2 long acowndation and pyramiding of one 1line of
blced hoye =t the Institution btut the reslt of o trapsfer in tole Jure
ing the past ten pesre of the and producte of the breeding prograss of

2, d. Farlett apnd Joy Tuxner., Sy thiz wye 4o not wean to belittle the

breediag progras 2t the aslloge as it is exsetly the came Phing, oa 2

gmaller scale, ot was done by Turner and Dy daslett befors aim in gs-

sblishing Bheir herds. There ig wo wsay of determining through this

£
*]

gtudy whether 2 couprehensive Yreediag srogren nes been sstablished for

the collegs herd ubich ¢z ake sdveutage of this concentration of good

!

'b.loéé;. To do this would mesn the use of fewer bub beﬁ’ber guslity sires,
entablishment of & policy of braeding vwithin thse nerd rather then un—
limited purdiase of highly indbred bub flightly unrelsted brecding stock,
snd striet adherence o = rother rizid line breeding progran. Fron e
composition of the 19HS5 calf oron as shown by Table T4 it would ssen
that progress is belng nade in $hese directions but of course ons yeur's
resuits do not constitule a very sousd basie for draving cendlusions.

P

dne of the most deturbing elieponts of ths sbudy ig that o

By

the

coafficient of inbter se relaticnshipy in the herd which was fousd 0 We

]

2.0k percent, This figure is slightly sealler even than the velationshiyp



&2

for the Hereford breed as s whole im 1930 by Millham {17). 4dd to that
the fact that his flgures shoy that the entire Hereford breed has in-
csregsed its relationshin steadily since 1910 when % wes slightly above
%. 2 percent until 1930 when it was slightly over 8.5 percent. dhis
should menn, if the progression contlinued, & breed relstionship of at
gast 12,0 parecent. Zven if we allow for a leveling off such as %Wiliham
found for the period of 1900 %e¢ 13510, it would sbill mean that that rag-
don bred Herefords of the breed zs & whole with a reletionship of 8.5
percant are more closely relsted to eadh other than are the present
nenbers of the College herd with & relationship of &.04 percent. and
this in spite of only a probable iabreeding eozfflcient of arouad 10 or
13 percent for random bred animals ss compered with the 16,63 pereent
of the college herd, ‘e stiribute the low coefiicient of relaticnsnip
to the fact, as shown by Table ViIL, that the eighty-five animels of
the herd are sired by 29 different bulls only five of wiom sired more
than five members of the berd znd that eigbteen of the sires wers re-

s

sponsible for only one offspring each, However, theae facts shouid on-
1y tend to bring the inter se relationchip down o » level with that of
the entire breed rsbher than to & point below the breed average.

Tevle VII shows the relationskip of twenty of the most importasnt
sives to the herd, Ii con be seen that the herd in 1945 bore a direct
reletiouship of 31,47 percent to Jean Brummel 51817, 23.82 pergent to
Zon Carlos 33734, 20.25 percent to Hazford Yone, 15.12 percent to lorth
Fole 8340, and 18.53 percent to Anziety Nth %0k, The figure on rels~
tionship to Besu Irumemel can be compared with e 25,11 perecent relation-
ship of this bull to the Zazlett herd in 1936 and with 5 relationship

of ebout £5.0 percent of the same bull to the Hereford bresd zs £ wiole

%
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in 1930, %he relstlonship of Zsau Brummel to the college herd is close
to half way between thst of & grandsire and & sire,.

Fhis study seassared only the dirsct relstioushis existing betueen
thie herd and the marticuler slves, bub vne czn roadily sse that the zd-
dition of collatersl relastivaship would incresse thess figures. Jio-
chester {(18) estimstes that the sidition of collatersi relationgnip to

direct would reise the relaticaship of Jsaw Brumél o the Hazlett herd

from 25,11 perceat te sround 33 pereeat. Applying the same wrineiple
to e relationeghily of Jdezw Srunsel to the ¢ollsge berd ghould ralss

the fizure from its preseat 31.47 to very close to Eﬁ‘percent. The
figure for Hesu Srumnel takes on sdded eignificence when one considers
that he wes born B yoars before the sludy was ma&e.

It is inberesbing to note that the relaticnship of the herd teo
Anxiety Lth 9YUH end to Jorth Tole ¥3UE wes preacticelly identical vith
even z slight halance in favor of Horth Pole, OF gocurse thig iz smostly
aceouvnted for by the fect that betwsen the yesrs of 1892 and 190% wost
of the bloud now found in the herd cswe down through Zeau Bruznel, Lanpe
iighter 5153% and Printer 80864, Zeau Jrumnel and Lawclighter were
both grandsons of Anxiety Hth throagh Don Jurlos 33734 znd both wers
grandsong of Lorth Ja¢é through different dams, .Prinﬁef was & son of
Besy 3ruwmel, Thus the rondon ilikes ruuning beck through bhese animals
would tend to g0 equally o Anxiety Lth and Horth Pole,

A pumber of éuﬁstanding fenales of the breed also are rather close-
1y related to the herd. These include IDowager 5th §932, dom of Ton
Garios, Don Pedro and Uon jmizots, with relationship of 15,1% percent;
Belle 28629, dem af.Be&n Brummel, with 15,88 vercent; Beauty YORGZ,

dam of Besuty'e Bocaldo, lHazford Tone 8th and Hazford Fupert, with
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11, 47 percent; Tonette 2nd 722110, dam of Haszford Tone, with 10,59 per-
cent; and Buleen 372147, dam of Bocaldo 6th, with 8,82 percent.

In order to work out a successful breeding program it is essential
that maximum use be made of both line breeding and selection. Nelther
can be successful without the other for any considerable period of
time. ZSach must be used with discretion because if either is practiced
too closely the expense will be prohibitive and the user will be ruined.
The more common practice with the average livestock breeder has been to
select a sire not related to the majority of his females, use him until
the first, second or third crop of calves become of breeding age, and
then discard him in favor of another sire also practically unrelated to
his females, Such a system of livestock improvement depends on the ef-
fectiveness of the selection employed and has at least four faults,

In the first place, the selection applied to non-related or re-
motely related animals is less effective than is possible among individ-
usls of a more homogeneous group, Especially is this true when the
factors involved are readily modified within the individual by environ-
ment or accidents of development. Secondly, the effect of any sire
starte being diminished as soon as his use is discontinued. His con-
tribution would be d.tlnto;l one~half the first generation by the use of
an unrelated sire, He would be responsible for only one-fourth of the
genes in the second generation, one-eighth im the third, one-sixteenth
in the fourth, ete. Third, depending wpon superior individuslity in
out-cross males is a conservative breeding practice, but it is also a
slower route to blood concentration or the fixation of characters.

In fact, it is very doubtful if any fixation at all can be achieved

through selection alone as practically all the characteristics sought



are the results of multiplicity of genes the individual identity of
which cannot possibly be made by means of any of our present methods of
selection, A fourth inadequacy of the system is encountered as the
successful breeders begin to approach their goal, for it is impossible
to achieve as complete fixation through selection as through linebreed-
ing or inbreeding. Thus, further increase in the prepotency of the
individual is hal ted; the attainment of maximum uniformity in the herd
is limited; and the problem of securing sires which will 'nick' advan-
tageously with the cowe becomes increasingly difficult or impossibdble.

If the foregoing statements are true, it follows that breeders who
are depending solely uvon culling within the herd and the selection of
unrelated sires for thelr improvement could make more rapid and posi-
tive progress by securing and maintaining a rather high degree of rela-
tionship between the breeding herd and their most outstanding sires,
This high degree of relationship can be secured by the retention of
superior sires until their blood has been rather highly concentrated
within the herd. The maintenance of the effect of a superior sire can
be acecomplished through the concentrated use of relatives of the out-
standing eire,

In combined inbreeding and selection there are several methods
which may logically be followed, depending on the genetic complexity of
the characters, the importance of environment and such factors as the
extent of the operations and the risk to be iamvolved.

The first step in any case should be the selection of a vigorous
foundation, approaching as closely as possible to the desired type.
Knowing that most lines will inevitebly deteriorate greatly, ome could

not expect to continuously practice very close matings. By crossing



Lol
[an

1ines within » heré one may ressonadly hope to recover more than the
orizinal vigor saé retain those characteristics which had been fixed,
For the individual breeder, theory as well as practice indicates that
& most constructive improvemenl progras would be. a combination of bioved
concentrztion and selection, The closeuess of the breeding which should
ba nracticed depends, naturazlly, on the homogeneiiy of the foundstion
animels snd the breederts skill as ¢ judge of livégtm:k. This spparent-
ly is the conclugion reached by Iiekson snd Lush, 1933, (&) at the cone
clugion of a genetic study of RHambouillet sheep.

fork to deterpine how closely one can inbreed and the best methods
of establishing safe and yet efficient inbreeding nrograms is the ro=
sponsibility of the ingtitutions {inanced by pubiic funds in that the
hesvy experimental cost and risk can be gpread aﬁt gnd divided rather

than be assumed by the individusl brseder,



Y, BUMARY ARD CONOLUSIUS

The breeding methods used by the Dklahoms A. & ¥, (olleze in devel-
oning 1ts berd of Hereford ecattle are anslyzed.

Aa approximste method of eslculating coefficients of inbreeding
and relstionshiy from livestock pedigrees developed by Vrlght snd Helhee
was used in this etudy. Four-line raandon senples pedigrees were used.

. %he sample included all the animale in the breediag herd of Cklehoma

A, & ¥, College at the end of the ;ﬁrear of 1945, These numbered elghty=
five animels reglstered in tﬁa American Hereford Hecord, The bass date
used for this study was 1830,

the herd was estsblished in 1900 bubt during the period of 1535 to
1345 its entire composition wos redicelly changed and new breedlsg was
subgtituted for 'r.he. old which has now practically dissppeared from the
herd., 7For this resson, the only sawpling vhich would sccurziely reflect
the eomposition of the present herd pnd its Dreeding system iz & siudy
of the individuals composlng the herd ab present., BSampling wmade st
periodic intervals during the history of the herd would revesl radiesl
cnapges but would in wo way reflect the breeding of the presend herd
znd would only esuse confucion sand mlsunderstanding,

The coefficient of inbreeding for the 19U5 growp was 16, 63 percent.
This compares with an lebreeding coefficient of 15,0 percent for the
Hoglett herd when dispersed ia 1936, The ianbreeding of the Zaglett herd
h2d been increseing asbout 1.15 porcent ner generation and had 1% been
continued it would in 1945 have been sbout the sane as that of the
nreseat college herd, This comparison is made because the college herd
is nov primarily of the breeding of Robert H, Hazlett and later of Roy

imrner, who carried on rather clossly with his better animals and



breeding system. This compares also with a probable inbreeding coeffi-
cient of approximately 10,0 percent for the Hereford breed as a vhole,

The coefficient of inbreeding for the herd was radically higher
than would be expected from the coefficient of inter se relationship
which was found to be £.0Y4 percent, The low inter se relationship is
partially due to the fact that the 85 animals in the 1945 herd were
sired by 29 different bulls, with only five bulls siring more than five
different animale in the herd. ZEighteen bulle were found to have eired
only one animal each of the present herd, This inter se relationship
coefficlient of 8,04 percent compares with an inter se relationship of
around 8.5 percent for the Hereford breed as a whole in 1930, Thus
random bred animals of the breed are apparently more closely related
than are the animals of the college herd in 1945,

Most of the foundation animals for the herd from 1900 to 1916 were
furnished by J. M, Curtice of Independence, Missouri, MNost of the ani-
mals responsible for the present herd came from the Roy Turner herd or
that of R, H, Hazlett,

It was found that the 1945 herd bore a direct relationship of 71,47
percent to Beau Brummel 51817, 23,82 percent to Don Carlos 33734, 20,29
percent to Hazford Tone, 19,12 percent to North Pole 3946, and 18.53
percent to Anxiety 4th 990N, The rolat&onhi.p' of Beau Brummel to the
college herd is about half way between that of a grandsire and a sire,
while his relationship to the Hereford breed as a whole is 25 percent or
that of 2 grandsire.

For most of the period of its existence the herd has been used for
the production of steers for exhibition purpose. This program has been

very successful but has resulted in a breeding improvement program that



ty

differs from that of the lesding breeding herde of the period, The

trend of the last several yesrs and especially the last three indicstes

2 rovision of pallcy slresdy being activated.
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