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THE INHERITANCE OF FERTILITY
IN DAIRY CATTLE

INTRODUCTION

In technical writings, as in the popular press, there
is confusion regarding the exact biological connotation of
the term "fertility". It is oftentimes used as identical
and therefore interchangeable with "fecundity" and "proe
lificacy", A differentiation will be adhered to in this
dissertation,

Fecundl ty designates the innate potential capacity
of the individual % produce functional germ cells, In
the female, fecundity will depend upon the produection of
ova, and in the male upon the production of spermatogoa.

Fertility is the ability to bring forth young when
mated to the opposite sex. In populhr usage, it usually
refers to large numbers of young.

The number of young resulting from a given mating, or
produced by an individual during its lifetime, 1s referred
to as prolificacy. It is usually applied only to females
or to groups such as herds snd breeds.

Sterility is the negation of fertility. It denotes
the inability to produce any young. Sterility is abso=-
lute., Fertility is relative, belng either high or low,
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Among dalry cattle, fertility is of prime importance,
as continued milk production is dependent upon the regular
functioning of the reproductive system, In general, a
dairy cow that is a persistent producer of milk and proe
geny until she is ten years of age is about three times as
profitable as one of equal production that lives until she
is only six years of age. The first two years of a cow's
life 18 a period of growth. On the aversge, it takes the
second two years to pay for the investment in feed and care
required during the period of growth. Thus the cow ree-
maining in the herd until she is six years of age has only
two years of profitable production as compared to six years
for the cow living until she is ten years of age.

The pounds of milk per unit of feed eaten by a cow
during her whole lifetime increase rapldly with the ine
creasing length of her productive life, The cow that is
a consistent milker until she 1s ten years of age produces
approximately one~fourth more milk per feed unit than the
cow that milks until she is six years of age.

If the average ropredudtivo lifetime of a herd is six
years, approximately 50 per cent of the heifer calves must
be raised to maintain the herd. However, only 25 per cent
of the heifers need be raised if the average reproductive
lifetime of a herd is ten years,

In prineiple, the fertility of any individual is the
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net resultant of the interplay between its own innate
biological make-up and the forces acting upon it. Nutri-
tion, disease, management, and environment are, in general,
the main fectors which affect the expression of any degree
of fertility, whether it be high or low,

HISTORICAL

Since a majority of the investigators of heredity in
livestock have been concerned with the transmission of
the more apparent economic factors such as milk, butterfat,
wool and egg production, there is no great amount of lite
erature available dealing with the inheritance of fertil-
ity. The bulk of this work has been done with animals
other than dairy cattle, due partially to the ease of
measurement and to the ease of experimentation,

Drosophila

Considerable evidence accumulated from breeding ex-
periments indicates the residual effects of some Mendelian
factors upon the fertility of the common frult fly,
Drosophila, MNorgen {40) and coeworkers have shown that
the sex-linked factors for the rudimentary and fused-wing
condition are practically always assocliated with sterility
or low fertility. Males having the rudimentary wing are
usually fertile, whereas the females showing this type of
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wing are complete sterile. In flies with the fused-wing
condition, there is absolute sterility in the female sex,
but fertility in the male sex. ZIxamination of the ovaries
of flies thus afflicted revealed that ovogonoiin did not
proceed normally.

Moonkhms (38) bred wild strains of Drosophila
ampelophila for seventy-five generations, He drew the
conclusion that there is a wide divergence in the fer~
tility and productiveness among the different pairs taken
from nature, but by the proper selection and closest in-
breeding these may readily be brought to eithcr- a high ar
low with respect to these characters,

Breeding experiments conducted by Castle and asso-
ciates (2) with Drosophila demonstrate the inheritance of
fertility. They concluded that low fertility in Drosophila
is inherited after the manner of a lilendelian recessive
character in certain crosses made, skipping a generation
and then reappearing., Hence low fertility of the female
may be transmitted direetly through the egg from the
mother to a daughter, but only indirectly through the
sperm, the character skipping a generation,

Wentworth (53) obtained three lines of Drosophila
~which produced distinctly different average progenies per
pair, By crossing the extreme lines he obtained an Fg
generation, which indicated that three pairs of genetic
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factors were responsible for the difference in fertility,
Rodents

The inheritence of fertility and sterility in mammals
was the primary object of an intensive study made by
Feldman (12) of the Bussey Institution, Harvard University.
The Norway rat, Mus norvegicus, was employed in the ine-
vestigations because of its adaptation to laboratory use,
The criteria of reproductive power used were size of
litter, promptness of matings, percentage of young born
alive, and percentage of fertile matings. The results
obtained indicated that the characters of growth and re-
production were extremely variable. ‘I’hére is no doubt
that part of the differences between individuals were
genetic in nature; however, it ls obvious that they were
influenced by factors which were not hereditary.

A type of low fertility or sterility in guinea pigs
was the object of an investigation made by Van Lone (52)
working ;t the Wisconsin Station, The females falled to
come in heat. 7The sex organs of the males remained in-
fantile and produced no sperm., When two normal animals
carrying the trait were mated, all of the offspring
appeared normal at birth, but about one~fourth of them
later proved unable to breed., Van Lone concluded that a

single recessive Mendelian factor was responsible,
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The inheritance of sterility in guinea pigse, as re-
ported in the Indiana Agridultunl Experiment Station
Report (22), was found due to a simple recessive Mendelian
character which manifests itself through a hormone se=-
ereted by the anterior pituitary.

At the Sixth International Congress of Genstics,
Hammond (18) reported on a study of the inherltance of
fertility in the rabbit. He used strains of rabbits po-
ssessing different lavoli of fertility, fixed by ten gene
erations of inbreeding, Fertility in the rabbit may .
depend on three conditions, the number of eggs shed, the
number of eggs fertilized, and the number of foetuses
which survive to birth, The number of eggs shed appeared
to behave as a unltiﬁle factor character, as shown by obe
taining & blend of the two parents, with the calculated
average agreeing closely with the observed average in the
eross and backecross. Foetal atrophy, which behaves as a
recessive, is probably the main cause of reduced fertility
that often occurs on inbreeding rabbits. :

Before the secientist can tackle any problem, he must
be able to weigh or measure that with which he is dealing.

Thus genetical experiment in respect to fecundity is much
easier when dealing with the number of eggs produced by



the domeatic fowl,

Pearl (44) has presented a detalled analysis and ine
terpretation of his extensive study of the inheritance of
fecundity in the domestic fowl, The basic data were
derived from the trap<nest records of something over a
thousand adult females, This included records from pure
Barred Plymouth Eocks, Cornish Indian Games, the F) indie
viduals obtained by reciprocally crossing these to breeds,
end the Fg individuals obtained by mating the F3's inter
se and back upon the parent forms in all possible combin-
ations.

Pearl classified these birds into three welledefined
groups in respect to winter egg production, birds with
high winter records, birde with low winter records, and
birds which did rot lay at all in the winter period. He
- eoneluded that there was a definite segregation in the
liendellian sense of the female offspring in respect to
those three fecundity divisions, He further concluded ,
that two palirs of genetic factors accounted for the differ-
ences, and that one of them appeared to be sex-linked,

In & more recent investigation, Foreman (14) of
Michigan advanced the hypothesis that a Mendelian inter
pretation cannot be applied to the inheritance of higher
fecundity in the domestic fowl because this character is
nelither dominant nor recessive, Alsc, he concluded that
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high fecundity is not a sex-linked character, but may be
transmitted directly to the of fspring from either sire or

dam,

Swine

Because fertility in swine varies by discrete units,
it provides a very favorable fleld for the investigation
of hereditary transmission. From a study of data taken
from the American Poland China Record, Rommel (48) cone
cluded that fertility is slightly but definitely inherited.
He found correlation values between the sigze of litters in
which the dam was farrowed and the size of litters proe
;duood by daughters, ranging from +,1088 to ,0032, These
values decreased with moderate regularity as the daughters
became older.

Upon erossing breeds of swine having different litter
size, Simpson (51) obtained very definite evidence of a
segregation of fecundity factors, He crossed a wild
German Schwargwald boar to a young Tamworth sow., The
Schwargwald breed normally averages four and the Tamworth
about eleven pigs per litter. The particular sow used
was farrowed in a litter of twelve pigs. Nine pigs were
farrowed as a result of the cross indicated., In the Fy
generation, three females were bred, one to a litter mate

and the other two to sires unnamed, The first sow
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produced four pigs, the others four and six pigs, res-
pectively, in their first litter, The sow produeing the
six-pig litter was later served by a Schwarzwald boar and
farrowed seven plgs, being apparently constant for that
degree of fertility. One of the sows from the brood of
aix gﬁvo birth to twelve plgs when mated to & Tamworth
male, The evidence for a segregation of fecundity factors
seems fairly clear, although the numbers are small,

Rommel and Phillip (49), in studying data taken from
the Poland China herd book correlated the size of litters
in which dams and daughters were farrowed. They found a
correlation coefficient of «.0601 .,0086, They recognized
the smallness of the coefficlient, but believed that the
indications of inheritance of fertility are large enough
~ to provide a basis for selection, ‘

Wentworth and Aubel (54) studied the frequency curves
- of 3,540 litters taken from herdbooks, The modes for the
frequency curves of the parental Fy and Fp generations
were as follows: four, eight, and twelve pigs per litter.
Tﬁose investigators concluded that the three centers of
deviation in swine fertility possibly correspond to
genetic factors involved in the inheritance of fecundity.

Funquist (17) has reported on a case of low fertility
in swine due to hereditary impotence (failure to breed)
in the boar, He did not find the defect to be widespread,
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although several cases occurred in males from twoe female
families, He deduced that the factor for impotence,

p (allelomorph P), must be in the X chromosome, otherwise
the character would be more prevalent, Thus it can be
transmitted only through the females. A male, (Xp)y, is
impotent and a male, (XP)Y, produces sows carrying the
defect only when mated with females heterozygous for the
impotence factor, Of the males thus born, the ratio of
defectives to normals would be 1l:l, By natural means, it
would be impossible to obtain females homozygous for the
factor p, but Funquist proposes to inseminate artifiecislly
known heterogygous sows with sperm from impotent boars and
thus obtain sows homogygous for the defect, so that an
experimental analysis of the factor mey be made.

Imsh (31) calls attention to the riat that the amount
of evidence on which to base an estimate of how much of
the permanent differences between the fertility of sows
is really hereditary in the simple sense, and therefore
subject to selection, 1is quite limited, He estimates that
something like one~half to two-thirds of the permanent
differences are hereditary.

Lush also estimates that in an entire breed where
considerable attention is being paild to fertility, it will
require 'aonething like ten to twenty years to increase the
average litter one pig. Certain studies based on herdbook
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data indicate that litter size is actually increasing at
rates not very different from these,

With only a small amount of data avallable, Henke
(20) found no correlation between the mumber of pigs in
the litters from which the sires and dams came and the
number of pigs in the litters which they produced. This
is in opposition to the theory that pilgs from large litters
consistently produce large litters.

Horse

One of the earliest statistical investigations of the
inheritance of fertility was done by Karl Pearson and his
collaborators (45), who worked with horses end man, Fer-
tility among thoroughbred race horses was anoortaihad by
the ratio of foals surviving to be yearlings, to the total
number of foals possible under the given conditions. The
following conclusions were reacheds |

(1) Fertility 1s inherited between dam and daughter,

(2) Fertility is also imherited through the male

line, 1.e,, the fertility of a daughter is
inherited through the male line with the same
intensity as through the female line,
Fertility, which is a latent character in the male, was
measured for a stallion and for his sire and was found to
be strongly inherited.
Wriedt (59) has stated that twinning is not an

inherited character in the horse, He did find, however,



i2

that sterility is inherited and brings forth evidence whieh
ghows that in the Fredericksborg Stud (Denmark), white coat
color is associated with a lethal factor which relates to
sterility.

Sheep

'The aim of every shepherd is to increase the per cent
of twins born in thelr flocks, As early as 1837, Youstt
(63) stated that the disposition to twinning is undoubtedly
hereditary, He quotes an anclent and time<honored rhyme
of the shepherds: A |

"Ewes yearly by lambing rich mesters do make,
The lambs of such twinners for breeders go take,"

Heape (19) collected statistics of over 120,000 sheep
in Great Britain, ioprasunting & large number of breeds,

He found iagninomt differences between the various breeds
as regards the percentage of lambs pro¢uoad and the incile
dence of barremness and abortion, He concluded 5thax the
fertility of certain pure breeds is sufficiently marked to -
constitute a recilal characteristic”,

According to Crew (6 ), the Dorset Horn sheep and the
Hempshire sheep are relatively highly fertile breeds, while
others such as the Blackface are relatively infertile, In
the latter, it has been found possible to increase the
fertility of a floek by selecting ewes for breeding which
possess a higher degree of fertility than the rest,
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After analyzing questiomnaires sent to sheep breeders
in Englend, in which the several breeds were represented,
Nichols (42) concluded that the causes of variation in
fertility are envirommental conditions acting on hereditary
differences. 7The most important of these hereditary dif-
ferences were those which produced a high proportion of
multiple births and a low proportion of barrenness and
sbortion,

Wentworth and Sweet (55) selected the first twelve
volumes of the American Southdown Record for a study of
the inheritance of fertility. They found that in general,
sheep of & high birth rank, that is high percentage of
twins, tend to produce offspring of a high birth rank, No
evidence for a sex~linkage of fecundlty factors occurred
in the pedigrees tabulated. They recognized that physioe
logical factors may exert a marked influence on heredity.

Daliry Cattle

A study of the factors of age at first breeding,
number of calves already dropped, and length of time from
calving until bred again as relating to breeding efficiency
in a herd consisting of purebred Jersey, Guernsey, and
Holstein cattle, was made by Reaves (46)., Out of 149
heifers, 13 were sterile and of these 1l were bred for the
first time between the ages of 15 and 19 months, The age
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at the time of first breeding for the 136 fertile heifers
ranged from less than 14 months to 28 months, Although the
average number of services was quite variable for these
heircra, more services per conception were required for all
groups under 18 months of age when first bred than for those
over that age., The average number of services for all
fertile heifers was 2,089, A further study of the effect
of age on breeding efficiency revealed that heifers may be
slower to conceive than cows that have already calved,
There was little variation in the mumber of services re-
quired per conception from the second to the seventh
pregnancy.

Reaves (46) made a study of 275 records of conception
to see what effect delaying breeding from one to eight
months after calving would have on breeding efficiency.

His results show that the largest number of services were
required for conception with animels bred from two to three
months after calving., However, this is far from being
conclusive evidence,

The breeding records of the University of Minnesota
for the twenty-nine years from 1900 through 1928 were
studied by Eckles (10), Thirtyenine and seven tenths per
cent of the total 2,900 services to fertile females re-
sulted in conceptions. The average abortion rate was 14.6
per cent, The milk production of the herd increased about
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50 per cent during the 20 years without an increase in
breeding trouble, which is contrary to popular belief.
Forty-seven cows that had an average of 342 pounds of bute
terfat compared to an average of 350 pounds for the entire
herd, were sold as none-breeders. There was only & slight
increase in the proportion of nonebreeders in cows from
the ages of two to ten years, However, after ten years
of age, the proportion of non-breeders 1ﬁcraased very
rapidly. The percentage of services resulting in concep-
tions did not appear related to the season of the year at
the tiwe of service., Pregnancy resulted in 42,7 per cent
of the first service periods. The percentage of service
resulting in conceptions decreased as more service periods
were required. After five service periods have passed
without results, the chances appear tc be about one to
five that the sixth will result in conception, and only
about one in thirteen when the tenth period is reached,
Twentyeone per cent of all the aborting animals were stere
ile following abortion, indicating that abortion ls an
important factor in difficult breeding.

Eckles (10) also studied the breeding records of five
private purebred herds end two branch experiment stations,
The per cent of services resulting in a total of 1,199
conceptions ranged from 44,5 to 66 per cent in the seven
herds studied.
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¥Miller and Craves (37) tabulated the reproduction and
health records of the Beltsville herd of ﬁhc Bureau of Dairy
Industry from May 1922 to May 1930, The percentage of
heifers that conceived was as large as the percentage of
covo'that conceived, but more services were required for
conception in heifers that were required in cows., A study
' of the distribution of services shows that a little more
than 40 per cent of the conceptions roluited from the first
service, and a little more than 70 per cent of the conw
ceptions resulted from the first three services. MNore
services were required for a conception in July, August
and September then in other months of the year,

Dohler (9 ), in his contributions to the problem of

obtaining healthy cattle by selection, warns that breeders
do not pay sufficient attention to the possibility of bulls
Atrtntmitting their dam's nonyprolifleley to their female
progeny. ‘

Fernandez (13) of the Phillipine Bureau of Animal
Industry states that the average breeding efficiency of
cattle 1s about 78 per cent., However, it varies cone
siderably according to conditions, cattle in small
pastures producing about ten per cent more calves than
do range cattle. He reports that the average breeding
ofrieianuy of a herd of 33 grade Ayrshires was 67 per

cente
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Chapman and Casida (4 ) studied the length of the
service period (interval from parturition to conception)
in relation to productive and reproductive efficiency in
dalry cowss The length of the service period is deter
mined by the management policy and the reproductive
physiology of the cow and bull, The average length of
the service period in eight herds studied varied from 120
to 180 days. In one of the herds on the average, the
length of service period was 150 days, 70 days from pars
turition to first subsequent ocestrus, 50 days from first
oestrus to first service, and 30 days from first service
to conception. -The average number of services ﬁer COone
ception was one and two-thirds, Fifty per cent of these
periods are less than 61 days, 40 per cent between 61 and
120 days, and ten per cent over 120 days in length. Part
of this variation in length of service period is due to
differences between cows; that 1s, service porlpd longthl‘
tend to agree, within certain limits, from one calving to
another of the same cow more closely than they do with the
service period lengths of other cows, Part ét these dif-
ferences botveeh cows in those factors which determine the
length of the service period are undoubtedly hereditary
in nature. A greater part of these differences is modifie
able by'oeloctlon and by changing the breeding policy.

There was & negative correlation between the average dally
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uﬂk produetion and the length of the interval from par-
turition to conception, :

In snother herd of dairy cattle, Chepman and Casida
(3) found that the average length of the period from
parturition to the first oestrus following was 69 days,
with a standard deviation of 39 days in cows clinically
normal, If the cows showed no cystic follicles or ree
tained corpora l.utu{, they were termed clinlcally normal,
This study seemed to show that within a fairly wide range
of variation, a cow tends to repeat s similar length of
parturition to first cestrus in different calving intervals.

Clepp (;5,) took data from the Pabst Farms purebred
Holstein herds collected over a period of years, end
studlied the length of the interval from calving to the
first heat, The mean difference of 23 days between the
length of the interval from calving to the first head for
test cows and those not on test was not statistically sig-
nificant. The frequency of auéknng or handling of the
teats in milking was thought to be the main cause of the
difference in the length of the interval to first heat
between the cows milked twice and three times dally. Age
had no effect on the interval to first heat, There was a
significant difference in persistency of milk production,
Animals conceiving to the first service, and thus carrying
the ealf longer during the lactation year, were more
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persistent,

Fourt (15) lnnzfnod the dairy cattle herd records of
45 diiry hord improvement association members in Idaho to
learn the breeding érficieney of representative dairy herd
1mpravomgnt assoclation cows in Idaho, to determine the
relation of breeding efficiency to production fee@ cost
and income of dairy cows, and to assemble facts indicating
what should be expected under good management.

Breeding efficlency was calculated by taking an ine
ventory of pregnancy at the beginning and end of the year,
One celf for each cow every twelve months was considered
halloo per cent breeding etrioiency. 0f the 712 cows, 11,4 :
- per cent had a breeding efficiency of less than 60 per
cent, 16,6 per cent less than 70 per cent, 23,2 per cent
less than 80, and one~third less than 90 per 6&nt. The
average breeding efficiency of this group of dalry herd
improvement association cows was 85,3 per cent., However,
heifers that were sterlle and cows that aboéted or were
sold were not included. '

The breeding efficieney of the Jersey and Holstein
herds of the University of Ideho Experiment Station was
sumaerizged for an eleveneyear period to secure data indi-
cating what should be expected under good management., The
Jersey herd varied from 61,8 per cent to 82,5 per cent,
with an eleven-year average of 74.3 per cent., The Holstein
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herd varied from 60,4 per cent to 89,0 per cent, with an
elevenwyear average of 79.2 per cent. Fourt concludes
that dairy farmers cannot expect to secure 100 per cent
breeding efficiency in their herds unless they breed the
cows soon after calving to offcgt delayed conception, It
would appear from this study that high breeding efficieney
is assoclated with fewer days in mllk and more days dry
than mam or low breeding efficiency.

\11111@ (56) recognized the economic and scientifiec
importance of the application of some intelligible standard
of breeding efficiency. He adopted two years as the ideal
age at which a2 heifer should calve, which necessitates
conception at fifteen months, Every calendar month after
the fifteenth was designated as a "breeding month,"

Twelve months was considered as an ideal calving interval,
He determined the average number of breeding months ree
quired to produce a calf by dividing the total breeding
months by the number of calves born, The percentage re-
productive efficiency was obtained by dividing the ideal
number of twelve breeding months for the production of a
calf, by the determined average number of breeding months
per calf, Williams reported on a Guernsey herd which pro-
duced a calf for each 28,7 breeding months, or 41,8 per
cent of i1deal efficiency.

Kab (27) studied the breeding records of 1,475 cows,
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136 bulls, end 7,104 ea!ros‘qr the Yellow Franconian breed
of dairy cattle, "An analysis of the fertility of the
daughters of 22 bulls revealed considerable variation
between the various families which indicated a genetic
basis, Through several generations 35 families showed
high fertility end 11 femilies low fertility."

Morgen and Davis (41) studied the records of the
deiry herd of the University of Webraska for the perlod
1896 to 1934, Holsteins, Jerseys, Guernseys, Ayrshires,
and milking'Shorthbrng were included. The effects of the
age of the bull, the age of the cow, and the season of
the year on the number of services required per conceps
tion, were the main objects of the study.

They found that young bulls under two years of age
showed the smallest number of services per conception.
Above two years of age, the number of services required
varied very little, Virgin heifers under two years of age
required more services for conception than any age group
of cows up to ten years of age; 2,090 cows required 3,041
services for 1,375 conceptions, or an average of 2,21,
Between the ages of two and eight, little influence of
age on the number of services required was noted. There
appeared no significant difference in the number of ser-
vices for conception during the various seasons of the

year,



Humans

Pearson end his collaborators (45), applied biometri-
cal treatment to 4,418 cases of mother and daughter fer-
tiiity taken from "Foster's Peerage and Baronetage", and
"Burke's Landed Gentry". A correlation of r s 4,0204 for
1,000 cases of mother-daughter fertility taken from the
Peerage was obtained, For 1,000 similar cases taken from
the Landed Gentry, the value r = 4,1045 & .0211 was found,

- The correlation between the mean fertilities of all the

mothers and all the daughters was r 2 #,0101, Although
this velue is small, 1t is four times 1ts probable error,
80 these investigators concluded that fertility is ine
herited in the female line, Data for father and son come
parisons were obtalned from the same source, The corree
lation r . 4.0514 & ,0087 was six times its probable error,
so they concluded that male t‘ort&lity‘ is inherited.
".‘;ithough we are not able to measure the potential fertil-
ity of the male, we are able to determine whether he
transfers fertility from his mother to his daughter, This
may be done by correlating ﬁm fertility of a woman with
that of her paternal grandmother." This treatment applied
to 1,000 cases from the Peerage revealed a correlation of
re ¢ ,1123 3 0211 from which the following conclusion
was drawn, "The fertility of women is inherited through
the male line with the same intensity as through the female,
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In South Afriea (23), Boer children are subjected to
severe natural selection, thus the survival of the fittest
roiulta in a superior stock, The fertility of one, Thoiia
M, de Beer, who gave birth to fifty children, is cited;
270 grandchildren have descended from this highly fertile
individual.

Pearl (43) has gilven the various factors which affect
human fertility, that may be statistically eveluated,
These various blological factors are rate of sexual intere
course per unit of time, occurrence of preghaney in pro-
portion té the exposure to risk of its ocourrence, size of
litter, reproductive wastage rate, and live birth rate,

‘The differences in fertility between different social
groups is due to differences in hereditary fertility,
according to Dr. Wagner lanclaus (39), He attributed the
lowering of the fertility of the Gemman nobility to the
infiltration of the factors of partial sterility intro-
duced by middle~class heiresses, He considered this an
earlier stage of the sociologic chain of causation to
which Calton ascribed the extinetion of peerages in the
English nobility.

Crew end Miller (7 ) attempted to explain the sime
ilarities and dissimilarities in reproductive rates of
different generations, A fouregeneration pedigree of

 humans showing poor fertility was studied., As the romilnl
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were not sterile, it appeared that the ovum was readily
fertilized, but the spermatozoon was deficient in fertile
iging ability. The sons of such females exhibited a
fertility that was relatively poor, This deficlency was
complete in the second generation males, but somewhat ree
paired in the third generation. It was thus assumed that
the males of the third generation received from their
mother, fnctbn which improved the fertilizing power of
thelir gametes. .

Inbreeding

Castle and his collaborators (2) inbred the pumice-
fly, Drosophila ampelophila, for more than fifty genera=
iiom. After extended observations, they reached the
conclusion that inbreeding is not necessarily attended by
decreased fertility, but that particular degrees of fere
tility ere transmitted in certain families.

lloenkhaus (38) mated brothers and sisters of a wild
strain og Drosophila smpelophila for 75 generations, His
results indicate that inbreeding in itaself is not dele-
terious to the fertility of the specles, He maintains
that by judiclous selection of the brothers and sisters to
 be mated from a brood that shows a high degree of infere
tility can be eliminated by selection although continuing
the inbreeding in the closest possible way.
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King (28) took four slightly undersiged but otherwise
normal albino fancy rats, two males and two females, as a
foundation stock of two lines of inbred individuals. These
rats were from stock already closely inbred and therefore
approximately homogzygous, PRErother and sister matings were
practiced for 25 generations., It was clearly demonstrated
that by aelaotiqn within an inbred population, vigorous,
uniform strains could be built up, larger, longer-lived,
and more fertile than many strains of the control stock,
Evans (11) reported on a strain of inbred rats in
which the animals were not seriously disturbed in their
capacity to Qonnezvo, but a striking indisposition to mate
ing was manifested. This type of sterility or 1nforb111ty
was thought to be due to the hormonal impariment of sex
behavior, There was no defect in the germ cells,
| Wright (61) inbred brother with sister guinea pigs
over a perlod of thirteen years: The net result was an
average decline in vigor of all characteristies. The
decline was most marked in the frequency and size of
litter, Comparing the control stock raised under identi-
cal envirommental conditions without being inbred, indie
cated that the inbreds suffered a genetic decline in vigor
in all dhartctoriatica,vand especially fertility.
Inbreeding with careful selection was practiced for
over twenty generations in several families without any
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obvious degeneration, After studying the inbred families,
Wright observed that the vaxioua elements of vigor, 1.e.,
mortality at birth and between birth and weaning, the
regularity in producing litters, the size of the litter,
and resistance to tuberculosis, were inherited indepene
dently.

Wright concludes that one of the most important rouultur
of inbreeding is the bringing to light and fixing of
characters in a rqnilr.

By crossing inbred families from unrelated foundation

stock, Wright (62) produced a marked improvement over the
parental stock in practically all elements of vigor, The
- offspring of the first cross showed the greatest improve-
ment. He concluded that such crossing results in improve-
ment because each family in general supplies some dominant
factors lacking in the others, |

Jull (26) reviewed the papers presented at the Fourth
World's Poultry Congress in Lonaah. 1950, Dumon, of
Belglum, crossed inbred strains of chickens and eliminated
the disastrous effects of aentinuona.inbroeding and maine
tained the desirable characteristics. Dunkerly of England
pointed out that the production and maintenence of highly
fecund stock is more likely to result from outbreeding
than from inbreeding, ;

Hatehability was studied in relation to coefficlents
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of inbreeding of the breeding stock by Jull (25), Hatche
ability decreased as the coefficients of inbreeding ine
creased, The greatest relative decrease in hatchability
appeared to occur between a coefflicient of Inbreeding of 0
and 12,5, The same coefficient of inbreeding, regardless
of the year in which they were produced, did not give sig-
nificant differences in hatchability results. Continuous
full brother and sister matings were more detrimental to
hatchabuim'ty than full brother and tistcr’mtinga altere
nated with half brother and sister matings.

Jull (24) again observed the effect of intercrossing
inbred strains of chickens, It was shown, in goneinlg
that the hatchabllity percentage increased in the inter-
crossed inbred strains above that observed in the inbred
mtingh

An attempt to establish an inbred strain of Poland
China swine by brother-sister matings was reported by
McPhee and cosworkers (36). They were unable to progress
further than the second generation, due to a decresase in
fertility and high nbr‘untya Litter sige and vigor wes
greatly reduced,

It would appear that their foundetion stock was ex-
tremely heterogygous, and contained many undesirable
characteristics which were brought to light by inbreeding.

Marshall (34) points out that thoroughbred horses in
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England are notoriously inbred, and 40 per cent or iore of
the mares fall to foal each year,
_ Brockelbank and Winters (1) studied the breeding
methods used by Shorthorn breeders. Their results indicate
that showewinning cattle tend to produce show winners,
Shorthorn breeders have been producing show winners by
selectlion in the broad sense, considering indivldunlity;
breeding, performance and pedigree., The per cent of ine
breeding for the breed as a whole is inereasing.

The classic example of genetic sterility, bringing
about the ultimate disappearance of the strain, is offered
by the Duchess family of Shorthorn cattle as bred by Thomas
Bates between pho years 1810 and 1849, This femily has
been studied by Wright (‘60.) in considerable statistical
detail. Bates!' orisinal cow, upon which he developed his
Duchess family, came from the Colling herd, which was
about 40 per cent more inbred than the general run of
Shorthorn cattle at the time, DBates outcrossed with new
stock, but his degree of inbreeding remained about 40 per
cent, The family was never prolific, and this character
appears typiecal of the straln, fnr.atter Bates' death it
wes found impossible to maintain a pure Duchess otmin;
It is thought that tho» failure was due to breeders exceed-
ing the level of inbreeding observed by Bates, and thus so
far increasing the number of actually sterile animals
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beyond the possibilities of maintenance of the strain,

The Ayrshire breed of dalry cattle was the subject of
& genetic study mede by Fowler (16). The coefficient of
inbreeding for the whole breed was calculated by Wright's
"Approximate Method", A progressive increase from nil in
1877 to & mean value of 5,3 in 1927 was found. A large
portion of the inbreeding was traced to two foundation
‘ '1"", Burnhouses and Hover-A-Blink of Drumjoan. Using
Wright's "Long Method", 1t was found that high milkeyield-
ing cows showed a lower coefficient of inbreeding than the
‘breed aversges On the other hand, it sppesred that ine
breeding itself had no detrimental effect on the average
milik yield of the breed.

MecAlister (35) states that the average Holstein cow
will have more than twice the number of descendants of
the average Jersey in an equal period of years, He appare
ently bases his statement on the fact thet a much greater
number of purebred Holstein cattle are registered each
year in the United States than are Jersey or Guernsey
cattle, in spite of the larger importation of the Channel
Island breeds. He concludes that this variation in fere
tility 1s the result of inbreeding of the Jerseys and
Guernseys, whereas the Holsteln breed was developed largely
from the mating of unrelated animals, ' ;

Lush and coeworkers (32) studied the genetic history
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of HolsteineFriesian cattle in the United States, Four
hundred pedigrees per year for each of the years 1889,
1899, 1909, 1919, 1928, and 1931 were analyzed to deter=
mine the amount of inbreeding end the inter se relation-
ship, The coefficient of inbreeding of the breed has
risen from 2.4 in 1889 to 4.7 in 1928, in approximately
ten generations, This slow drift toward homozygosity in
the breed is very mild when calculated in terms of what
might happen during one human lifetime, This inbreeding
rate is about the same as if there were miy about thirty
bulls per generation in the whole breed, actively and |
equally taking part in reproducing the breed, but mating
at random with a much larger number of cows. ‘

The inter se relationship of the Holstein breed was
the subject of the second paper by ILush (33), Average
inter se relationship is measured by matching a random
line from one pedigree against a random line traced from
another pedigree, to see how often common ancestors are
found in a pair of such lines. The more closely related
the animals of the breed are to each other, the more
likely it is that the same ancestor will be found in two
such lines chosen at randem, The inter se relationship
has risen from .7 in 1899 to 3.4 in 1931, There is a faint
tendency for the breed to form into separate families,
This family separation is not carried far, presumably
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because the more popular families are soon used for outs
crossing on others, and the less popular ones are discarded
entirely or are outcrossed with sires from other families.
The cow, De Kol 2nd, was found to have exerted more ine
fluence on the breed than any other individual, She
furnished about one-tenth of the genes of the breed today.

In the Holstein breed there was no appreciable dife
ference between the average amount of inbreeding and
relationshlp, and that of the outstanding show winners and
the high producers, However, these special groups do show
& higher relationship to a few recent Anncoltorl. This may
be due to the limited number of herds competing in the
show ring.

Woodward and Graves (58) inbred a small number of
grade Cuernsey and grade Holstein cattle. Although the
nmuber of animals was small end the generations few, the
grade Holsteins did not decline in re;rtllity, as judged
by the services required per conception,

Dr. Shapiro (50) made an interesting study of the
inhebitants of Pitcairn Island., In 1789 ten white men,
ten native women, end six native men landed on Pitcairn
Island., During the seventy years, 1864 to 1934, the
population multiplied itself by at least five times.
Fertility decreased from 11,4 children per female in 1815
to 4.2 children per female in 1880, Possible explanations
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are a loss of vigor as a result of prolonged inbreeding
after initial heterosis and venereal diseases. Dr.

Shapiro employed Pearl's index of inbreeding in his
analysis of the urefuily preserved records. Hé eemlndcd_
that inbreeding has not been followed by degeneration smong
his subjects, showing that it is the presence of latent
defects that makes inbreeding a dangerous thing, end not
any mysterious punishment consequent to the process itself,.
Lethal Factors

fohe term 'lethal factor!, used in the genetical
sense, refers to the inheritance by an individual, from
‘both parents, of a character which prevents the full and
normal development of that indlvidual, and results in the
-organism's death during the éurly stages of embryonic
development or at birth." |

The characters which lethal genes impose upon their
exhibitors are various. They have been reported in all
species of domesticated stoek, and 1t is probable that
they are far more common than is generally suspected. The
presence of eleven such lethals in cattle has been define
itely established (21). These are as follows: achrondrow
plasia (bulldog calf) of the Dexter breed, recessive
uhrondrpplnu in the Telemark breed, epitheliogenesis
imperfecta (denuded epithelium) in Holsteins, hypotrichosis
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congenita (hairlessness) in Swedish Holsteins, acroteriasis
congenita (malformations of head and limbs) in Swedish
Holsteins, short spine in the Oplandske breed in Norway,
mumified foetuses in Red Danish cattle, lameness in hind
limbs of Red Danish cattle, muscle contractures in
Holsteins, Ljutikow's lethal (short legs) in Brown Swiass,
snkylosis of lower jaw (short, calcified) in Norweglan
Lyndal cattle, »

For all practical purposes, lethal genes are ree
cessive in their lethal effeect, i.e¢., only the individual
inheriting the factor in the homozygous condition dies,
Therefore, it would seem that unless close inbreeding is
practiced, a relatively small amount of infertility or
sterility can be attributed to lethal factors.

Longevity

The duration of the life of the dalry cow is an ime
portant part of fertility. The percentage of young which
must be saved for herd replacements 1s directly affected
by the longevity of the parents. As the average productive
life of the dalry cow is about four years, approximately
60 per cent of the heifer calves born must be saved for
replacements., Because such a large per cent of the young
are needed tc maintain the herd sige, the possibillity of
practicing very careful selection is limited.
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It is a well known fact that as a dairy cow continues
to be an economical producing animel over a long period of
years, her margin of profit increases greatly, |

Koppe (29) recognized the value of longevity and pere
formance, and advocated the establishment of a new register
for Bast Friesian cattle in Gemmany. He would register
only cows that have produced a minimum total yleld of 1,000-
kilograms of butterfat at the completion of thelr ninth
year, and have at least five surviving daughters.

He also cites the record of a cow nineteen years old
which produced 2,601 kilograms of butterfat and has 18
surviving calves., Koppe concludes that the breeding aim
of every dairyman should be a long~living animal combining
high fertility and a good life performance,

Williams (57) reported on observations made during a
period of fourteen years on a pure-bred Holstein-Friesian
herd maintained in intimate contact with a large herd of
healthy beef cattle under range conditions in a sube
tropical area in the United States. He noted that the
fertility of heifer calves when they reached breeding age
rose and fell in accordance with the rainfall which con=
ditioned the quality and quantity of the food of their
dams and themselves during intra-uterine and early poste
natal life, He concluded that heifers which were efficient
during their first breeding period continued to do well
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over a mumber of years, whereas those which showed poor
reproductive ability during thelir first breeding period
were inefficlent and short lived,

PROP S

The following study was proposed to determine if
genetic factors for fertility have been operating in the
'&niry herd owned by the Oregon State Agricultural coilega.

Part One: To determine if there 1s a difference in
fertility in the dairy cattle breeds and in the cow groups,

Part Two: To determine if these differences are |
transmissible by inheritance,

DATA

The deta available for this study consist of indie
vidual breeding records of 368 cows in the dairy herd
owned by the Oregon State Agricultural College. The four
ma jor breeds of dalry cattle, Jersey, Ayrshire, Holstein-
Frieslian and Guernsey, are represented. These records
cover the period beginning with the purchase of the foundaw
tion cows in 1913, and up to 1938.

The management policies have been substantially unie
form for all groups of cows. All the dalry cattle were
housed and fed in the same barn, with no attempt to

segregate the various breeds or groups.
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Undoubtedly the most important disease factor which
could affect a problem of this kind is Bang's disease, The
Veterinary Department of the College began testing the
College dairy herd for contagious abortion in 1919, and has
continued to test at regular intervals since that time, In
the fall of 1922, all of the animels which reacted to the
agglutination test for Bang's disease were removed from
the Coilege dairy herd., Since that time there has been an
oceasional removal of suspect or reactor animals, It is
unlikely that any one group or breed of dairy cows inter-
mingling freely in a herd would be more susceptible than

others to an infectious disease affecting reproductive

efficlency.

Various measures have been employed when measuring
the breeding ability of dairy cattle, The number of ser=
vices per pregnancy is the most widely used. Striectly
speaking, 1t is an accurate measure of breeding ability
and not reproductive efficiency, as it does not take into
consideration the fact that many cows fall to show oestrus
regularly, thereby lowering their reproductive efficilency
but not necessarily affeeting the services per pregnancy.

In such & calculation, heifers that never calve are
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naturally omitted from the records. A mediocre individual
might.be disposed of as sterile after three or four ser-
vices, whereas a more valuable animel might be given more
consideration and concelve to a later service. Thus the
individual value of a cow in other respects such as milk
and butterfat production or type has a great influence on
the number of services allowed before being considered
sterile.

The percentage of females bred that actually concelve
is a practical measure when appllied to a herd, However, it

is of no great value when individuals are considered.

Measures of Fertllity

Fertility obviously depends on three factors, the
number at birth, the frequency of reproduction, and the
total number of successful gestations an animal may under-
g0. The occurrence of multiple births in dairy cattle is
too infrequent to exert any appreciable effect upon fer-
tility. The number of successful gestations is not a
practical selective index for breeding purposes, since the
breeder cannot afford to withhold progeny from breeding
until thelr dams have completed thelr breeding cycles.
Frequency of reproduction is presented as a more practical
trait for purposes of selection.,

The term "reproductive efficlency"” is proposed as a
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measure of the frequency of reproduction, It represents
the net biological accomplishment of all reproductive
activity, which includes the integrated effect of all the
factors concerned, i.,e., ocestrus, ovulation, fertilization,
implantation, gestation, and parturition.

The derivation of the numerical value of reproductive
efficiency is based on the assumption that to be one hune
dred per cent efficient, a heifer should be bred at a
certain age, dopemﬂing'upon the breed, and that she should
drop a calf every twelve months thereafter, The total re-
productive months represent the months that an animal
remained in the breeding herd.

As twelve months is assumed to be the desired calving
interval, it follows that each cow should be credited with
twelve one hundred per cent months per pregnancy. Thus,
for convenience in obtaining a numericel expression of
reproductive efficlency and for want of a better term,
qnoh month of the calving interval in excess of twelve
months is considered as possessing zero per cent reproe-
ductive efficiency. Any cow known to be pregnant, which
was removed from the herd before calving, was allowed one
nundred per cent month for each month of pregnancy. The
number of one hundred pe r cent months divided by the total
number of reproductive months given the per cent rn§r0~
ductive efficiency. In the measure of reproductive
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. effieciency proposed by Williams (56), incomplete reproduce
tive cycles were not evaluated, and helfers that'novor
calved were not considered,

The dairy cow which continues to maintain a high level
of reproductive efficlency over a long period of years
possesses & higher degree of fertility thean the cow which
ceases to reproduce early in life, The longevity of fere
tility rating 1s proposed as an expression of the number
of successful gestations which an animal undergoes., Obvie
ously this measure, because of its nature, is limited to
cows that were disposed of as sterile or non«breeders, and
to cows that have demonstrated thelr longevity of fertility
by equaling the standard, One hundred twenty l00«per-cent
months (ten calves) was selected as a standard longevity
of fertility rating of 100,

Applicatic

For the purpo.o‘of this study, each individual founda-
tion cow and her female descendants retained in the College
herd composed a cow group. Fach breed was divided into its
component cow groups, These groups included on the average
from four to eleven generations, and contained from 1l to
62 cows with breeding records, Heifers sold for reasons

other than sterility or diff&ault}brnod&ng before the come
pletion of at least one pregnancy, were not inecluded in
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the study.

The per cent reproductive efficlency was determined
for each cow, The mean per sgent reproductive efficienecy
with its probable error was determined for each cow group
having eleven or more individuals, and for each breed.

The mean longevity of fertility was not determined for
éach cow family due to the small number of cows, but was
determined for each breed. Bessel's (30) formula for the
application of probability to small semples was used, To
determine if the differences between the various cow groups
and breeds were significant, tSp odds against such a dif=
ference anurring due to chance were calculated., 0Odds of
30:1 or greater were considered significant,.

The longevity of fertility rating was determined for
each cow whenever possible, The aaan longevity of fertile
ity rating was not calculated for each cow group due to
the small number of cows to which this measure could be
applied, The mean longevity of fertility rating was de-
termined for each breed,

EESULTS OF STUDY

In the following tables, I, II, III, and IV, the re~
productive efficiency and the longevity of fertility rating
of the individual cows of each breed are given,
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TABLE I««BREED NO, 1
Reproductive Efflcilency of Individual Cows

Heason for TRepro= Repro- ‘Zongavit
or Hcthod dautivn 100% duotivo et Fertil-
)isposal 3 Lf y ity R q
1l nonebreeder 121t 487 39,72 40,0
2 poor producer 141 96 68,1
4 nonebreeder i21 96 79.3
§ poor producer 106 96 90.56
6 nonebreeder 112 60 53.58 50,0
7 septicemia 91 48 52,74
8 poor condition 118 lo8 91.52
9 nonebreeder 108 60 55.58 50.0
10 nonebreeder 136 48 36.58 50,0
11 non-bresder 75 24 52.00 20,0
12  mastitis 127 96 754569
15 metritis 76 €0 78,94
16 poor condition 89 84 94,38
17 pneumonia 55 48 87.27
18 non-breeder ‘ 93 48 51.,61 50.0
19 abortion reactor 68 48 70,58
20 poor producer 100 98 98,00
21 nonebresder 66 24 36,36 20,0
22 non«breeder 120 26 80,00 80.0
25 abortion reactor 63 48 76,19
24 nonebreeder 165 96 61.29 80.0
26 wmilk fever 127 120 T 94,48 100,0
28 poor producer 42 36 85,71
29 mastitis 41 36 87.8
30 abortion reactor 47 36 76,59
31 aged cow 79 60 75.94
32 nonebreeder 116 26 82.84 80.0
.33 poor producer 35 24 68,56
56 abortion reactor 33 12 36,56
38 poor producer 29 24 82,75
39 poor producer 21 i2 57.14
40 abortion reactor 22 ig 54,54
41 nonebreeder 87 48 84.21 40,0
- 42 nonesbreeder 127 108 85,04 90,0
45  mastitis 104 84 80,76
44 nonebreeder 32 12 37 .50 10.0
45 milk cow 45 - 36 80,0
46 sterile 14 0 0 0
47 sterile i2 0 0 0

48 sterile 21 0 0 0
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TABLE I (Continued)

Reason for TRepro= Repro- Longevit
or Method dnotivo 10ﬂ¢ auetivo o{ Fortt -
Bl sterile 20 0 0 0
none-breeder 02 60 66,21
54 milk cow 81 60 74,07
55 injured 54 48 88,88
56 nonebreeder 86 60 69,76 50.0
57 poor producer 46 39 84,78
59 milk cow 42 36 85,71
60 milk cow 86 84 97.67
. 61 poor producer 15 12 8040
62 poor type 15 i2 80.0
. 64 milk cow 58 48 82,75
66 non« reeder 41 24 58,63 20,0
87 sterile 19 0 4] 0.0
68 nonebreeder 27 iz 44.44 10,0
70 poor producer 53 48 90,56
71 milk cow 44 36 81,81
72 abortion reactor 2 i2 100.,0
73 sterile 17 0 0 0.0
74 nonebreeder 68 48 70.58 40.0
77 foreign body 14 e 856,71
79 abortion reactor 63 60 95,23
80 milk cow 41 36 87.81
83 abortion suspect 110 95 87.27
84 nonebreeder 52 48 92,3 40,0
85 poor producer 21 12 57.1
86 milk cow 25 12 48.0
87 nonebreeder 74 48 64,86 40.0
88 milk cow 32 24 75,0
89 nonsbreeder 89 78 80.9 60,0
21 sterile 29 0 0 0,0
93 sterile 19 0 0 0.0
94 bloat 67 36 53,73
97 nonebreeder 42 i8 28,57 10,0
- 98 nonebreeder 84 48 57,14 40,0
101 abortion reactor 88 7e 81.81
102 abortion reactor 77 48 62,33
1086 sterile : 24 0 0 0
106 milk cow ‘ 12 18 100,00
107 milk cow i2 iz 100,00
- 108 poor producer 60 60 100,00
109 nonebreeder 19 i2 63.21 10.0
111 nonebreeder 59 24 40,67 20.0



TABLE I (Continued)

Reason for "~ Repro=- Repro-  Longevit
or Hothod ductivo 100% guotin or Fertile
112 milk cow 46 36 78.26
115 nonebreeder 39 24 61.54 20.0
116 poor type 30 8 26,6
117 sterile 21 0 0 0.0
- 118 mastitis 32 24 92,3
119 injured 26 24 92,3
121 poor condition 48 36 7540
127 abortion suspect 27 24 88,88
%ig non«breeder g% gg 32.42 20.0
poor producer «d
142 poor type 22 12 54,5
Animals still in herd:
96 g1 60 65.93
113 64 48 75.0
- 120 62 60 96,77
122 45 36 80,0
126 . 51 48 94,19
128 48 36 7540
129 50 48 96,0
130 - 49 48 97.9
131 i 41 36 95
134 R 36 9743
135 34 24 70,58

137 36 36 100,0



TABLE II«~BREED NC, 2 '
Reproductive Efficiency of Individual Cows

Reason for Hepro- Repro= Zongail ,
o; lethod ductive 1oqx duotivb of Fertile
3 3 PO § ] 5 ‘.'. 3 :__ 4 ' 4 & L

‘ 0. O o

201 foreign body 145 108 74.48

202 in : 99 60 60,6

204 injured 64 48 76,0

2056 lead polsoning 116 78 62,07

212 aged cow 176 120 68.20 100.,0
2153 nonebreeder 85 60 70.56 50,0
215 abortion reactor 103 84 81,55

216 metritis 108 84 7777

217  mastitis 75 60 80.0

218 nonwbreeder 142 108 76.5 90,0
219 tuberculosis 90 60 66.66

222 mastitis 126 96 764,19

2283 nonebreeder 56 36 64,29 30,0
224 abortion reactor 31 24 77«41

226 foreign body 45 36 80.0

226 nonebreeder 64 36 56.26 30,0
227 sabortion reactor 26 16 61.563

228 nonebreeder 131 108 82,44 80.0
229 non~breeder 120 60 50,0 50.0
230 nonebreeder 21 12 §7.14 10.0
231  mastitis 33 24 72,72

232 abortion reactor 52 43 82,7

233 mastitis 119 108 90,75

254 poor producer 25 iz 48,0

236 nonebreeder 138 48 34,06

237 poor producer 18 i2 66,66

239 sterile 12 o 0.0 0.0
240 @septicemia a7 72 82,75

241 sterile 14 0 0.0 0.0
242 tuberculosis 21 12 59,04

244 nonebreeder 65 36 486,06 30,0
245 nonebreeder 39 24 61.53 20,0
246 mastitis 49 36 . 73446

247 saborted triplets 77 60 T7.91

248 abortion suspect 70 60 45,71

261 aborted triplets 34 24 70.569

264 mastitis 61 60 99.9

266 dled bloat 47 36 76,59

258 poor producer 26 24 92,3

269 nurse cow 58 48 88,75
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TABLE II (Continued)

TReason for Repro=- Repro-  Longevit
or xatho dnotivo 1oq¢ ductive of Fertile

ifficlency 1ty Rating

260 nonebreeder 29 12 41,37 10,0
261 mastitis 93 84 ©0,32

262 milk cow i8 ig 66,66 )

263 sterile 14 0 0.0 0.0
264 poor producer e7 60 89,56 :

265 died bloat 14 12 85,71

266 milk cow 290 24 82,756

267 milk cow 30 24 80,0

268 poor. producer 22 g2 54.54

269 milk cow 30 24 80,0

271 milk cow 36 24 75,0

272 milk cow 19 12 635,156

273 aged cow 104 84 80,76

274 milk cow 43 24 55,81

275 milk cow 18 12 80,00

278 milk cow 36 36 100,00

279 poor type 15 12 80,0

280 milk cow 14 i2 85,71

281 mastitis 8l 60 74,07

284 mastitis 84 48 B7.14

285 poor producer 34 24 70,59

288 mastitis 72 60 85,33

290 non-breeder 57 48 86,96 40,0
293 nurse cow 54 48 88,88

294 milk cow A 12 70,5

206 nurse cow 53 48 20.56

206 mastitis 63 60 95,23

297 milk cow 28 24 856,71

2909 nurse cow 60 48 80,0

301  mastitis 69 60 86,95

307 abortion suspect 60 36 €0.0

309 mastitis 58 36 62,06

3153 abortion suspeect 46 36 78,26

314 poor producer . 12 85,71

324 sterile 7 0 0,0 0.0
330 killed (%) 14 12 85,71

544 falled to lactate 13 i2 92,3
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TABLE II (Continued)

Reason for Repro= “Repro-  Longevity
or Method ductive 100% Erduotivc of Fertil-
of Disposa. Months i : : :

Mon

NO s

Animals still in herd:

283 87 60 68,96
286 86 72 83.72
287 83 72 86,74
202 80 72 90.0
306 27 24 88.88
306 65 60 92.3
308 60 48 80,0
316 ; 48 48 100,0
317 48 50 96,0
318 50 36 72.0
322 : 36 36 100.0
323 ' 27 24 88,88
326 ' 37 36 07,
327 39 36 92.3
331 27 24 88,88
332 26 24 92,3
338 26 24 9283
339 24 24 100,0
340 24 24 100,0
341 24 24 100.0
342 24 24 100.,0
343 25 24 96.0
347 12 12 100.0
348 13 12 92.3
350 12 12 100.0
363 13 12 02.3
354 12 12 100.,0
356 i2 i2 100,0

357 i2 12 100.0
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TABLE I1I««BREED NO, 3
Reproductive Efficiency of Individual Cows

THeason for Repro= Repro=  Longevit
or xethod ductivo 100% ggotivo or Fertil-
401 nonebreeder 118 108 91.5 90,0
402 pneumonia 78 60 7649
405 Dbroken femur 66 48 7247
404 milk cow 66 60 90.9
405 poor producer 102 84 82.3
406 69 60 86,9
407 nalk cow o2 72 78.2
408 abortion reactor 167 144 86.2 120.0
409 nonebreeder i21 95 79.3 80.0
412 poor producer 26 i2 46,1
413 milk cow 49 36 T34
414 milk cow 45 36 80,0
415 poor producer 84 72 86,7
416 abortion reactor 68 48 7048
417 nonebreeder 46 24 521 20,0
418 abortion reactor 68 60 88.2
419 wmilk cow 34 24 7048
420 abortion reactor 113 96 84.9
421 abortion reactor 159 132 83,0 110,0
423 nonebreeder 118 956 B8l.3 80,0
424 abortion reactor 107 84 7845
4256 poor producer 53 48 20.5
426 milk cow 47 41 87.2
427 milk cow 78 87 7340
428 abortion reactor 170 108 635,56
429 foreign body 29 25 8642
430 abortion reactor 71 48 67 .6
431  mastitis 59 48 8143
432 abortion reactor 164 120 73.2 100,0
433 sterile 20 0 0.0 0.0
436 milk cow 60 48 80,0
436 abortion reactor 42 39 92.8
437 abortion reactor 74 60 81.0
438 abortion reactor 78 72 92.3
439 milk fever 27 24 88,8
440 abortion reactor 30 15 50,0
441 abortion reactor 26 24 92.3
442 abortion reactor 24 24 100.0
443  mastitis 36 24 66,6
445 died bloat 98 84 85,7

446 abortion reactor 110 60 54.5
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TABLE III (Continued)

Reason for “Repro= Repro-  Longevity

or Method duetive 100% ductive of Fertile
of Months Mon Efficienc Rat
Os Ce O
447 milk cow 37 36 9748
449 milk cow 35 29 82.8
450 milk cow 86 48 55.8
451 inbred, g;or type 35 24 68.5
452 died, yellow body ,
removed 850 48 96,0
453 milk cow 31 30 96.9
456 milk cow G 99 100.0
457 milk cow 856 84 98,8
458 actinomycosis i2 iz 100,0
459 milk cow 55 48 87.2
460 interitis 14 i2 85.7
462 milk cow 76 72 94.7
463 milk cow ' 23 21 91.3
466 poor producer 21 17 84.2
467 T.B. reactor 24 24 100.0
468 milk cow 87 60 68,9
469 old age ' 154 144 23,5 120.0
470 wmilk cow i2 12 100,0
475 milk cow 29 24 82,7
477 milk cow 86 84 97.6
479 milk cow 26 24 92.3
482 milk cow 22 iz 54.5
491 actinomycosis 16 ig 75.0
497 aborted 5331 48 87.2
510 septicemia i2 iz 100.0
511 mastitis 113 84 T4.3
512 non-breeder 92 60 65.2 50,0
5l4 nmastitils 33 24 69.2
515 foreign body 52 36 69.2
516 non-breeder 21 ig 87.1 10.0
517 poor producer 62 48 77 4
518 foreign body 78 60 7649
519 poor producer BB 48 87.2
520 milk cow 60 48 80,0
521 foreign body 24 12 50,0
526 milk cow 64 48 75,0
529 milk cow 32 24 75.0
632 poor producer 82 84 102,.4
5356 milk cow 25 24 96,0
537 bloat 87 48 84.2

540 poor producer 27 24 88,8
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TABLE III (Continued)

THeason for Repro- Repro-  Longevity
or Kethod ductive 1oqx duetivo of Fortila

5528 mastitis 8l 72 88,8

543 Dbloat, died 46 36 78.2

549 non-breeder 8l 72 88,8 60,0

661 milk cow 56 36 100.0

5528 sterile 14 0 0.0 0.0

5564 milk cow 12 ig 100,0

655 eabortion suspect 84 72 8547

666 abortion suspect 75 60 80,0

5690 milk cow 12 12 100,0

560 milk cow 24 24 100.0

561 poor producer 60 60 100.0

568 poor. type 15 i2 80.0

563 poor type 15 ig 80,0

566 poor producer 40 36 90,0

667 poor producer 54 48 88.8

568 nonebreeder 46 36 78.2 30.0

570 poor producer 46 24 62.1

671 milk cow 16 i2 75.0

575  mastitis 55 48 87.2

6579 poor producer 33 24 7847

580 sterile i5 0 0.0 0.0

686 poor producer 29 ig 41,6

Animals in herd at present:

483 156 138 88,0 110.0
- 503 * 143 128 88,7 100,0

536 104 101 97.1

538 io2 92 90.1

539 99 96 96.9

657 75 &7 89,3

564 65 87 87.6

572 58 48 82,7

673 56 B3 94,6

582 49 L 89,7

589 38 36 94,8

592 36 36 10040

700 27 24 88,8

702 17 i2 70.5

703 24 24 100.,0

704 25 24 96,0

706 16 i2 7640



TABLE III (Continued)

“Reason for " Hepro= “Repro=  LODgevity
or Method ductive 100% ductivo of Fertil-
f Disposal Montk Eff1e: ;
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TABLE IVe«BREED NO, 4
Reproductive Efficiency of Individual Cows

Heason for Repro- ' Repro-  Longevity
or Hcthod duetivo 100% Erdnotivo of Fortilc

602 nonsbreeder 1056 60 B7.1 50,0
603 nonebreeder 72 60 8343 50,0
604 non~breeder 121 84 69.4 70.0
606 foreign body 47 24 5140
607 abortion reactor 40 36 90,0
608 nonsbreeder 36 12 3343 10,0
609 diled expelled

uterus 139 06 69,0
612 poor producer 73 48 66,0
615 milk fever 48 36 7540
616 pyo-nephritis o2 87 61,9
617 nonsbreeder 32 22 68,7 18.3
618 nonwbreeder 27 12 44,4 10.0
€6l9 non-breeder 26 12 48,0 10.0
620 poor producer 62 60 96,7
622 poor producer 23 ig 52.1
623 foreign body 117 108 92,3
624 abortion reactor 30 24 80,0
625 Ybroken pelvis lo2 84 82.3
6286 non-breeder 14 10 Tle4 8.2
628 milk cow 85 60 70,6
631 unprofitable and

non-breeder 23 12 52.1 10,0
634 nonebreeder 108 - 60 55.5 50,0
635 non«bresder 23 12 52.1 10.0
636 aged cow 143 108 78,6
635 non-breeder 23 12 52.1 10,0
638 milk cow 71 60 85.4
639 wmilk cow 48 36 75.0
640 milk cow 59 36 61,0
641 milk cow 96 24 87.5
642 died, bloat 18 iz 6646
644 poor producer 4 56 81.8
645 milk cow 35 24 68,5
646 milk cow 55 48 87.2
648 pyometra 34 24 70.6
649 milk cow ig 12 100,0
650 milk cow 49 48 07 .9

666 died 13 ig 92,3
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TABLE IV (Continued)

“Reason for Répro= “Heproe  LONgevi
or Method duetiv. 100% ductivo of Forti
658 sterile ?
669 milk cow 23 iz 62.1
663 mllk cow 14 12 85,7
664 milk cow 14 12 85,7
6656 milk cow 14 1z 86,7

668 milk cow 11 2 81.8
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Cow Groups

The foundation cows and their respective female
descendants that compose each breed are given in tables
Vv, VI, VII, end VIII.

TABLE Ve«COW GROUPS OF BREED NO, 1

Foundee
t&em

..m Cow_ Female Descendants

A 1 Ay ~Ag=-A3~A4 ‘

Ay 2 27.43-75+117

Ag 3 20#22=2530=40-41-48251455+5060=61~
6526768754747 «T8u85-849192093=
106=113+115=122+125+126+152=140=144~
145-146-153+~155-1566

As ¢ 170212328031 w5537 »4Qu52254=57 60«
707176479481 =82=90=942100107=108=
109+112+1142116=12421262130~133~136=
138-141-142-152-157

Ag 5 24=3523844=47»5254+852962103=110~
119-1294137-145-148-154

B 8 16+19-26454-39~42-55-58+63-80-89+118~
187-154~151

¢ ) 1021 5¢2036m452466686+58-111-128+
1474150

D 12 32250056+72+87=88-97+101+102+105+120=

121=131«1356-139=156
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TABLE VIe~COW GROUPS OF BREED NO, 2

. “Toundae

Cow tion

Group _ Cow E De ant

5. m 220~220+255+-268-284-325

r 202 Fy-Fg

Fy 216 221 2254251« 236247 «255-265-267 =275«

; 286~2054206=297 =306-317 « 520327328«
330-532556053923412347350-351=855«
B60E63=567=370=375257 =248+264-27 6=
285208287 =320-521 274308357 =346=
358-338-368

Fg 218 228266-262+265~278-307~553

¢ 204 215-2192226+227=250-235254-258-24 6~
243-2492251+258-259+261+269~271~272+
279280281 -2902295+2995002302-305=
309312231531 6+318+528+524~326-531-
5532340-542-54303450548+554=356+557~
562-365+369574

i 205 213.224

217 222+23242410242+244=264-260=266-277

282-283-268-280-204=301-322-334+352-
361

J 212 8234235-250-2404245-267~275=202-505~

304=314w344-309«372
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TABLE VII~=COW GROUPS OF BREED NO. 3

Foundaw

Cow tion

Group Cow Pemale Descendants

K 401 Ky ~Kg=Kg=K4-Kg-Kg

K1 402 4242437 -458=-488+403-508-524

Kg 404 420427 4332440245947 4=480=405-500-528

Ks 405 4232428=436-442-447= 4614724732477 =492~
506510511 5200527 «520«535-530=541<547«
g:g«ass-seo»sssﬁsw»sse.-m.sav-ses.-mm

K4 403 435-4512455-480-498

s 418 454467 512553-575=599-591

Kg 425 4500465=476-499-525

L 4086 Li-Ig

I3 407 411414-4164500431+4580441 «445-448-452-
4562466+46904702479=485+486-491-406~497~
5025082504507 ~514515-517 5184521 523
526=531=5560537=538w542=543548e551 =554«
557 w558w561~562=56405652566w570w571 w573«
5785792581 «582=585+585w586=568580=502-
593~594~596~59?~59807@@~7010?05~?03~70§*
705«706-708«7100711w713«T14=715«716«717=
719=720-T22=7 23724725 =726+727 728729«
730732 ¢

'8 408 M ~ig-Hig-lg-lig

My 421 47524849501 =552+556=559568=57 6-580=590=
707712732

‘Mg 426 443-449+465-464-482

Mg

432 471~485«500=513-522=550
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TABLE VII (Continued)

Foundaw
Cow tion
Group _ Cow Female Descendents
Mg 457 487-505 ' ‘
g 481 -
o 409 4122417 w42204200l50wd46=455-460-462

sg?&mshm&momam‘
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TABLE VIII--COW GROUPS OF BREED NO. 4

Cow th
Group Cow Female Descendants
602 631 |
603
€04 606-607~608-630
€09 618+629644~664-651
610
611
612 627
613
614 622+626-632~635
] 615 6204625634« 6384659~ 6454647 650652«
ggg:gggoseousel~eaeu665»667-668»670.
616 - 624~628B-633
617 621
618
623 636+640=643=648+649« 653655665669

871674
642«646-656-659=666
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Re ctive ieiency of Groups
In breed No, 1 the foundation cow of groups Ag, A3,
and Ag iem daughters of foundation cow of group A, In
breed No. 2, foundation cow of group F} was a daughter of
F, and in breed No, 3 foundation cow K3 was a daughter of
Kes However, since all these cows were purchased as founda-
tion animals, the female descendants of each were cone
sidered as composing & cow group. This treatment results
in duplication in the above indicated groups.
eed No, 1. As shown in Table IX, breed No. 1 cone
tains seven cow groups of 1l to 62 animals with brooding
records, The mean per cent reproductive efficiency for the
various cow groups ranged from 54.46 & 4.85 to 85,48 »
2,44, a difference of 31.02 & 5.4. The odds against such
a difference occocurring due to change are 6249:1, The
foundation cows of groups Ag, Az, and A4 were full sisters.
The foundation cows of groups B, C, and D were not related,
Breed No, 2. Four cow groups in breed No. 2 econtain
from 14 to 39 enimals with breeding records, Group Fy has
the highest mean reproductive efficiency with 81.86 o
1,88, Group I has the lowest with 68.83 & 5.28, The 4if-
ference of 14,03 g 5.6, with odds of 931, may not be
significant.
Breed No, 3. The number of cows with breeding records
in five of the cow groups of breed No. 3 ranged from 13 to
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52. The difference in reproductive efficiency between the
high group K3 and the low group N 1s 18,81 & 5,35, The
odds against such a difference ococurring due to chance
are 654:l.

Breed No, 4. Breed No. 4 contains one cow group of
11 or more cows with breeding records. Croup 0 with 11
c¢ows has a mean reproductive efficlency of 81,97 » 1,06
per cent,
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GROUPS

TABLE IXe«REPRODUCTIVE EFFICIENCY OF COW
Females  Cows with Repros 100 Wean Te-

Cow uth Herd Brooding duetivo p;: cent gtroguotivo

*oup D€ . ﬁﬂg ¢ iioncx

. o.

eed N

A o é2 3264 2465 67.24 & 2.51

Ag 38 25 1241 926 63.74 & 4.68

Ag 38 22 1138 889 71.33 & 3.55

Ag 18 12 619 468 70,57 & 5.6

B 15 11 776 672 B85.48 § 2.44

c 13 12 709 396 54.46 & 4.83

D 16 14 863 624 70.02 3 4.85
Breed TNo, 2

Fy 49 31 2104 1519 81.86 & 1.88

F 58 39 2032 1576 79.35 & 1.29

G 50 37 1574 1252 79,24 & 2,15
Breed No. S

K3 32 19 1098 999 87.22 & 1.62

K 71 40 2418 2037 B8l.9 ¢ 1.92

? 94 52 2851 2428 84,38 + 1,19

30 16 1003 835 79,72 ¥ 4.46

§ 19 13 653 469 68.41 % 5,10
Breed No, 4

0 21 11 608 477 81.97 & 1,06
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The study of cow groups, disregarding breeds, shows
a significant difference of 32.76 & 5.09 per cent in mean
reproductive efficlency between the high group in breed
No, 3 and the low group in breed No. l. The odds against
such a difference occurring due to chance are 16,665:1,
1 The cow groups of breed No. 1 show the greatest vare
iation, ranging from a low of 54.46 per cent for group ¢
to a high 0:185.48 per cent for group B, The difference
of 31.02 ¢ 5.41 per cent is significant, As a contrast,
there is only a small amount of variation among the cow
groups of breed No. 2., There is no significant differ-
ence between the reproductive efficiency of the high and
low group of this breed.

‘ Composite Reproductive Efficiency

It willbe recalled that in studying the cow groups

- only those groups with eleven or more cows with breeding
| records were considersd. However, in compiling the data
presented in Tables X and XI, which deal with the repro-
ductive orfieioney of the entire herd, all cows with re=
produétian records were included., This difference in
ﬁroooduro explains what might appear to be a discrepancy
in the number of animals considered in Table IX, as come
pared to the numbers in Tables X and.xx. Duplications of
cows are alsc eliminated in Table XII,
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TABLE Xe«REPRODUCTIVE EFFICIENCY OF HERD

Females  Cows with hepro= 100 Wean re=
with Herd Breeding ductive par ocnt productivo

.wa.f" g : Rgg'g%ﬁ l‘ogﬂ

1 143 99 pel1g 4156 67.50 & 1.88
2 153 106 5549 4215 76.44 3,1.47
3 214 i21 8926 5769 81.87 & 1067

Table X gives a comparison of the reproductive effi-
clency of all animals in the four broéds. Breed No. 1,
containing 99 cows with breeding record, has the lowest
mean reproductive efficlency with 67,56 & 1,88 per cent.
Breed No. 3, with breeding records of 121 cows, has the
highest mean reproductive efficiency with 81.27 & 1,67
per cent., The difference of 13,72 & 2,51 per cent seomas

significant, with odds of 3,570:1 against such a differe
| ence occcurring due teo chance. From a practical standpoint,
this means a loss of nbout'une calf or lactation every
three years for breed No. 1, as compared to a similar loss
every five years for breed No. 3.

lMore space 1s devoted to brnoﬁ comparisons because 1t
is felt that the breed differences may be more represente-
tive, due to the larger number of animasls involved. No
less striking or asignificant, however, are the differences
existing between the various cow groups,
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The frequency distributions of the reproductive effi-
ciency of the individual cows of each breed 1s presented
in Table XI.

TABLE XI~«~DISTRIBUTION OF REPRODUCTIVE EFFICIENCY
OF ALL COWS STUDIED

—oless
Reproduction le 2l- 4l- 61l=
Efictensy = Of 30 48 6of o0f ok
Breed % of all animals of each breed
1 6 0 8.6 12,4 34.6 54,5
e 3.6 0 +f 10,9 36,6 47.6
S 23 0 0 8.5 27.0 61.9
4 0 23 23,2 $4.8 3946
Hexrd 4.4 0 2,86 11.96 32,73 48,08

It is interesting to note in what class of repro-
duotive efficiency the majority of cows of each breed
fally 34.6 per cent of all the cows of breed No., 1 showed
8 reproductive efficiency of 61«80 per cent, while 61.9
per cent of the cows In breed No, 3 possessed a reproduce
tive efficiency of 81 per cent or better, The majority
of cows in breed No, 2 ranged above the 71 per cent mark,
with 70.5 per cent of the cows ranging in reproductive
efficiency from 71-100 per centj 8l.2 per cent of all the
cows of breed No., 3 were above 71 per cent in reproductive
efficliency. Breed No, 1 had only 56,6 per cent of the

cows with reproductive efficiency above 71 per cent. One
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may readily see the striking differences between the vare
ious breeds studled,

Discussion

It is realized that in a study of this type some
assumptions are necessary, and it is impossible to elimine
ate all factors that may affect the results obtalned,
Apart from the procedure and numerical method of expresse
ing reproductive efficiency, two questions arise which
have imoortant.bearing on the validity of the coneclusions
arrived at,

One question 1s the number of animals necessary for
such a study. In comparing cow groups within the breeds,
only those with eleven or more cows with individual breede
ing records have been considered. Inasmuch eas this study
involves the reproductive performence of 568 animals, it
is felt that the results should possess a fair degree of
reliability.

One of the most difficult problems in a study of
this sort is to assess the influence of the herd sire,

It is not to be inferred that the impaired reproductive
efficlency encountered in this esnalysis was not in part
~due to the sires. However, since this study extended over
a period of 24 years and involved some 21 bulle for breed
FNo. 1, 17 bulls for breed No. 2, 10 bulls for breed No. 3,
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‘and 16 bulls for breed No, 4, obtained from widely differ-
ent sources and largely unrelated, it does not appear
1ikely that the influence of any sires of low fertility
was concentrated in any one breed or group, This is
strengthened by the fact that widely different efficiencies
were obtained with substantially the same sires, For
example, in breed No, 1, cow group C shows a very low
mean reproductive efficiency, while cow group B shows a
very high mean reproductive efficiency.

Longevity of Fertility

The longevity-of-fertility rating for each breed, and
the data upon which it 1s based, are given in Table XII.
It will be recalled that 120 1l00O-per-cent months was set
up as a standard longevity of fertility rating of 100.
As this measure 1s an attempt to eveluate the longevity
of fertility, its applicability is limited to cows that
were disposed of because of poor ropreduotiv; efficiency

or to cows that have demonstrated thelr longelived fers
tility by producing ten or more calves,
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TABLE XII«»~LONGEVITY OF FERTILITY

Cows with  Longevity of
None Sterile 180‘or More ?Q:tili

Oe Q
2 12 4 1 36.47 3 5.53
3 8 3 6 63.58 2 7.36
4 12 0 0 25,54 3 4.37

Due to the fact that many of the cows in breed No. 4
were sold when falrly young, the mean lung»vity-of- |
fertility rating for the 12 cows of this breed is the
lowest of the group, It is interesting to note the number
of non-breeders, sterile females, and cows with 120 or more
100 per cent months in each breed on which this measure
was based, Breed No. 1 contained 28 nonebreeders, 10
sterile females, and only one cow that produced 10 or more
calves, as compared to eight nonebreeders, three sterile
females, and six cows with 120 or more calf months in
breed No, 5, Assuming thut the mean longevityeofefertility
rating is representative, then the average cow of breed
No. 1 would drop sbout three calves in comparison to about
six calves per cow of breed No. 3.

Reason for or Method of Disposal

The following table gives the reason for or method of
disposal for all the cows included in this study, It is
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interesting to note that the largest number of abortion
reactors, 16, were in breed No, 3 which also had the
highest mean reproductive efficiency. This would seem to
strengthen the contention that the disease factor, conta-
gious abortion, is not responsible for the poor showing
of breed No, 1.

TABLE XIITI«~REASON FOR OR METHOD OF DISPOSAL

»

'Eroo&"ﬁrae&f'ﬁ&oad Breed
: O . K ‘; 4 =

Lead polsoning

Aborted triplets

Died, yellow body removed
Pyoenephritis
Tubereulosis

Falled to lactate
Interitis

Actinomycosis

Nonebreeder 28 12 8 i2 60
Sterile 10 & 3 0 17
Poor producer iz 7 14 4 37
Mastitise 4 13 6 0 23
Abortion reactor g 4 16 2 31
Abortion suspect 2 3 2 0 7
Milk cow iz iz 31 15 70
Poreign bedy 1 2 X 2 9
Bloat : 1 2 3 1 7
Aged cow 2 2 1l 1 6
Poor condition 3 0 0 0 3
Nurse cow 0 4 0 0 4
Poor type 3 b 8 3 0 7
Pneumonia  § 0 3 0 2
Septicemia 1 1 1 0 3
Metritis, pyometra 1  § 0 i 3
Milk fever  § 0 0 0 1
Injured 2 1 1 1 5
0 2 0 0 2
0 2 0 0 2
0 0 1 0 p §
o 4] ) a 1
0 2 | 0 3
0 1 0 0 1
0 0 1 0 1l
0 0 2 0 2
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PART TWO

Animal breeders have long been of the opinion that
families and breeds of livestock vary greatly in their
inherent capacity for prolifiec reproduction. The belief
that these differences are due to the presence and exe
pression of genetie factors 1s well founded, as demone
strated by the studies on Drosophila and other species.

The results obtained in Part One revealed significant
differences in fertility existing among the various dairy
cow groups and breeds available for this study, It was
thought that these differences might be due to hereditery
factors transmitted by the foundation cows to their
female descendants.

nd Feme

orrvelation Co gient. In order to have some cone
venient mathematical expression of the relationship
between the foundation cows and thelr female descendants
regarding reproductive efficiency, the correlation coe
errieiaht was obtalned from the data given in Table XIV,
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TABLE XIV-«~FOUNDATION COWS AND FEMALE DESCENDANTS

Founda~ tive cienc
tion oundae- emale
Breed Femily Cow tion C endants
O Wo. 7 ﬁ«m i
1 Ag 5 73.3 63054
1 As 4 79,3 70,95
1 Ag 5 90,56 68,75
1 B 8 91.52 84.88
a ¢ Q 55,56 54,36
1 D 12 75.59 69,60
2 F1 202 60.6 77,76
2 F 204 75.0 79.36
2 G 216 7777 81,99
2 I 217 80.0 69,05
3 Kz 401 91,5 81,65
3 K 405 82.3 87.5
3 L 406 86.9 84,33
3 M 408 86.2 79.29
3 N 409 793 67,50
4 0 615 75.0 82.17

Only foundation cows with ten or more female descen-
dants with breeding record are given in this table. The
correlation coefficient of r = & 546 & ,118 seems very
significant., Although the number of cow groups considered
in this correlation 1s not large, it does give & good ine
dication of the influence of foundation cows on their
female descendants, Judging from this significant corre-
lation, 1t would seem that the selection of foundation
cows with a high degree of reproductive efficiency would
insure to a great extent female descendants with the ine
herent capacity for high reproductive efficienecy.

Coefficient of Vngam;;n. This constant considers
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both the variabllity as expressed by the standard deviaw
tion, and the position of the distribution as expressed by
the mean, and therefore gives a constant expressing relse
tive variability. The coefficient of variabllity of the
foundation cows 18 C ® 12.44 & .47 per cent; of the female
descendants, C = 11,74 & ,448 per cent, The dlfference of
+70 & 205 per cent 1s not significent with odds of 22,23:1
against such a difference occurring due to chance, The
mean per cent reproductive efficiency of the foundation
cows is slightly higher, 78,76 & 1,65 per cent, as come
pared to 75.58 & 1.46 per cent for the female descendants.
The foundation cowsrange from 55.55 per cent to 91.52 per
cent, and the mean values of the female descendants range
from 54,56 per cent to 87.5 per cent, It may be concluded
that there is no appreciable difference between the variae
‘tion in reproductive efficiency among the foundation cows
and the variation in the reproductive efficiency among
thelr female descendants as determined from Table XIV,

Willlams (60) has observed that heifers whieh were
efficient during their first breeding period continued to
be efficient and were long~lived.

In the present study there were 83 cows, regardless
of breed, with longevity-ofefertility rating. .Corralating
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the per cent reproductive efficlency with the longevity=
of«fertility, a significant value of r ®» ¢ 804 & ,026

was obtained. This close relationship suggests that the
per cent reproductive efficiency of a cow may be a good

indication of the probable number of successful gestations
which that animal mey undergo.

- It was thought there might be some relationship bee
tween the mean per cent reproductive efficiency and the
number of cows with breeding records in each cow group,
regardless of breed. A correlation of r w» & ,140 indie
'éntns that a small smount of seleetion for high reproduc-
tive efficiency may have teken place., In view of the
management policy of the herd in which no selection for
fertility has been practiced, and the small correlation
value, it may be assumed that this selection hes been due
to natural forces; that is, self-elimination of animals
with poor reproductive efficiency.

SUMMARY

1. The per cent reproductive efficiency and the
longevity~of-fertility rating have been proposed as measures
of the fertility of dairy cattle.
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2. The study of the breeding records of dairy cow
breeds revealed a significant difference in mean per cent
reproductive efficiency. A corresponding difference among
the cow groups was noted,

3+ A significant difference in the longevity«ofe
fertility among the four breeds studied was observed.

4. Evidence has been presented indicating that the
fertility of the foun&tion ‘cows of the Oregon State
College dairy herd determined to a large degree the fere
tility of their female descendants,

5+ Results indlcate that cows with high reproductive
efficliency may have a longer reproductive lifetime than
cows with low reproductive efficiency.

6+ Evidence that perhaps some natural seleoction ;‘W
fertility in the herd studied may have taken place, has
been presented. '
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