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1.

The problem of milk secretion is two-fold. Firstly, M

quantity of the milk; secondly, the quality or the conatituents _

per unit volume of the milk, The latter, to the mind of most
people has come to mean for milk production the percentage of
butterfat in ailk, The butterfat is the most important constituent
of milk commercially, and therefore has received the greatest
pitention in studies of milk production.

Since the fat percentage in the milk 1s an important
index in regard to the feed requirements of its production, and
the percentage of fat im & sericus legal problem in some countries,
the importance of its study has become accentuated, Therefors,
fairy scientists have devoted econsiderable time to the study of the
¢omposition of milk, and to the factors causing variation in the
amounts of these congtituents,

OQur iaterest in the question is amentially from the
genstics upﬁt. liore gpecifically, the aim iz not to m the
nunber of genes controlling butterfat percentage, but to evaluate

the relative influences of heredity and enviromment. Quantitative

Tﬂﬂohﬂ/




2.
cheresters such as butterfat percentage are governed by a large
nurber of genes, and kucwledge of the specific number of genss
consemed would be of 1¢1e use, sine they could R0t be

menipulated in farm enimalse Selesticn on the other hand, is ong
of the most effective tools in the dmprovement of livestoolk, and

one of the most important factors detexmining ¢ he officiensy of

|

eeloction is the broeder's ability to selest superior animals as
parents of the next genscrations mwmmi
investigations have beea plamned to iuvestigete the methods for
improving the ascuracy of selections Mmﬁim
test has been develoved as an index of the bresding value of a sires

Variation between animals may be due to hereditery

differences or to environmental diffeprencese It is now well
known that only the porticn of mmammmgm»n*.

can be trensmitted from parents to offspringe |

90 inoreass the effectiveness of selection, the

breeder should Xnow the proportion of the total variation in

‘economio oharaoters which is due to hereditys Iu the absence of such

|
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3.

information the breeder tends to assume that all difforea#ou
between individuals are dus to genetic differsnces. Therefore,
he nates the best to the best and is surprised by the regression
towards the herd average. This regression is due to only a part
of the observed superiority being caused genetically, and the
offepring inheriting only that part of the selectlon differential
which is genetic, Due to this fact investigations have been
proceading in many countries and upon different animsls in
attempts to measure the portion of the observed variance of
economic charactera which is due to the genetic make-up of the
m, i.e. the heritablility. Host of the work done upon the
heritability of butterfat percentage is based upon American or
Swedish data, Ho attespts having been made in thia country yet.
'.!h; aims of the prepent investigation are i~

\

1. To investigate the of:_l’c{lt. of month of calving, of age
at first calving upon the butterfat percentage, so that

conversion factors can be used if necessary.

2. To measure the repeatability of butterfat percentage
from one lactation to amthér. Such a measurement should be

of assistance in selesction.
3./
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3. To attempt measurement of the heritability of butter-
fat percentage in some of the dairy breeds in Britain, and
to compare our results with those reported by other workers.

he To study the relationship between milk yield and
butterfat percentage by determining the phenotypic and
genetic correlations between them. Thia wlu an egtimate
to be given of how far improvement in one character can
proceed without affecting the other.

56 To determine the genetic correlation between the
butterfat percentage of different lactations in order to
test the assumption that these are conditioned by the same

genes.
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There are two fundamental ceuses of variation in

butterfat percentage, inheritance and enviromment. A host oit‘
factors which may be grouped under enviromment tend to alter the
fat content of milk to a greater or less extent., These factors
that change the fat percentage temporarily have been discussed
by Turner (1936) and by Espe (1946). We are mainly interested
i..n the anvl.romn‘t.al factors which affect the butterfat content
of the cow for & long time during her lactation peried, or
w@out the whole lactation, puch &s age of the cow, the dry
period and age at first calving,and season of ealving.

Most of the reports from yearly and sghort-time records
of the breeds show that the percentage of butterfat in milk tends
to decrease as the cow advances in age. On the whole the
evidence ghows that the highest fat percentage is cbtained with
young oows, then there is a fall which may not be very marked for

& time since the fat content remains fairly constant from year

to year during the period of the greatest usefulmess of the cow,

then/
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then in later life thers is a decrease which may be sigrificant.

McCandlish (1922) eoncludes that the fat pefcentage
in the cage of the Guernsey cow reaches a maximum when the
animal is under 3 years of age. Eckles (1927) has pointed out
that there is no apprecisble change in the fat percentage with
age. Fohrman (1926) analysing the Jersey Register of Merit
records reported that the fet percentage shows an almost uniform
decline until after 11 years of age.

Gowen (1920-24) unphasisos that the low correlation of
butterfat percentage with ege justifies the use of the raw
butterfat percentage records without further corrections.
Holdaway (1916), Hemitt (1932), Ellinger (1923), Turner (1936-37)
and Johansson and Hanssom (1941) came to the same conclusion.

Johansson and Hanason (1941) have shown that increasing
the length of tﬁe preceding or current interval between calving
results in a slight increase in butterfat content.

It is a well-known established fact that during the

summer months, particularly July end August, the fat content of

milk tends to be poor. Reports from different countries

Bartlette /
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Bartlette (1937), Becker (1935), Breaks (19?1), Cannon (1935),
Dice (1940), Hays (1926), Houston (1942), McDowell (1922},
Oxley (1935), Wylie (1925), Ragsdale and Turner (1920-22-30),
Turner (1936) and Juhannﬁon and Hansson (1941) have shown

.
conclusively that cows usually test up to 1/5th¥ lower in:summer
than in winter,

Of course, in case of cows which freshsp in the autuan,
the test will be maintained in the summer and possibly incressed
because of the greater influence of advancing lactation, as has
been demonstrated by some of the above-mentioned workers. The
variation in butterfat percentage from season to season may be
attributed te veristion in temperature and to the effect of
differences in the feed availuble during different sessons,

The effect of stege of lactation on butterfat content
has been thoroughly investigated by Barkeley and White (1924),
Eckles and Shaw (1913), Gaines (1941), Ragsdale and Turner (1922)
Turner (1928, 1936), Bonnier et al (1946) and by ¥hetham and

Hammond (1935)/
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Hammond (1935). They all agwee that during the lactation period
the percentage of fat in milk varies inversely with the anoun£
of milk secreted although not in direct proportion.

Eckles (1930) has shown that the condition of the cow
befors calving is an important factor in determining her fat
percentage after psiturition. Bonnler et al (1948) have demon-
strated that butterfat percentage is affected during the whole
life of the cow when the heifer was raised under poor f{eeding
conditions. -

b) The repeatability of butterfat percentage.

Gowen (1924) studying the Holstein-Friesian records
in the United States concluded that the correlation coefficient
f5= the butterfat percentage of one lactation with that of a

subaeruent lontation s o715, while it is 4667 for the milk yield

He has pointed out that the yesrly butterfat percentage of one
lactation measures the butterfat percentage of another lactation
more accurately then & milk yield of one lactation measures the
milk yield of another.

Gowen (1920) also found a correlation of .711 between
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the first and the second lsctation tests, .687 between the second
and the third, .699 between the third and the fourth and .576
between the fourth and the fifth, The materlal used 1n this
study was the Reglstry of Merit Jersey records.

Gaines and Palfrey (1931) have analysed the butterfat
percentage records of 186 Red Danish cows, each having at least
9 lsctations. They have reported & correlation of ,733 between
the first and the second lactation butterfat percentage, 774
between the second and the third, ,811 between the third and the
fourth and .704 between the fourth and the fifth.

Turner (1939) has shown that the correlation b.of.'wa
the first butterfat test and the subsequent lactations is .847
for the Guernsey records studied,
¢) The hesritability of butterfat perceniuge.

In order to allow comparisons, the estimates of the
heritability of gilk yleld and butterfat yileld will be stated
tbgcther with those cobtained for hutterfat percentage.

Gowen (1934)/




Gowen (1934) concluded from the Jersey Reglster of
Herit records that inheritance accounts for about halfl of the
variance in milk yield and about &/5*&:: of the variance in
butterfat percentage. He polinted cut that the envirommental
variations which exiest in the Jersey records account for little
of the variations in the butterfat percentsage and for only 10%
of the variation in milk yleld, while dominance, assortive
matinges-and environmental variations common only to the cow
hergelf ascount for the rest of the variation. In Cowen's atudy
no allowance was made for envirommental diftt;romu between hord;
and this is responsible for the high estimate obtained for the
heritability and for dominance. Lush and Schults (1935) have
shown that the variance due to additive factors in butterfat
percentage is about one-half of the total, whereas in total fat
production it is about 1/4th. They have also concluded that aboyt
1/6th of the variance in the butterfat percentage, l‘l‘.'ld‘ about 1/3nd

of that in the totel fat production were caused by management or

environment which were alike for all cows in each herd but

differed/




differed from herd to herd., They were dealing with cow testing
| asasociation records which are nct selected material.

Rice (1933) reported a heritability of 86% for the
butterfat content and 57% for milk yield. Official records for
11 bulls from severzl dairy breeds, each bull having at least
17 daughter-dam comparisons,were used in his analysis. Rice
exaggerated the hersditary part of the variation in butterfat
p-rctnt&g.a because of the fact that differences betwesn herds
wers not eliminated. |

Johansson and Hamsson (1941) have analysed the records
of about 3,000 Swedish Red and Whlte cows. Thelir estimate of
the heritability of butterfut percentage was 70~820%, the
corresponding figure for milk yield being 30-40%. Bonnier (1939)
has studied contemporary records of 2,768 dam-daughter pairs of
Swedish Red and White cattle, and obtained the same value as that
reported by Johansson and Hansson for the heritability of

butterfat percentage.

Tyler/




Tyler and Hyatt (1947) using Ayrshire pecords
estimated the heritability of differences in single unselected
records for milk yield, butterfat yleld and butterfat percentage.

The values found were 31, 28, and 55% respectively.

d) The phenotypic correlation between butterfat percentage and
milk yvield.

It is a general opinion that the milk of high yielding
cows is usually poorer and that of the low yielding cows richer
in butterfat percantagq. Mogt of the iavestigators have
reported a correlation between lactation averages for butterfat

a
percentage and milk yield, while few have reported an individual
correlation or correlation: within laetation.
Wilson (1910) concluded that the q?ality and guantity
of the milk are independent of each other. Pearson (1911)

eriticised Wilson's work and by means of a gorrelation table,

found a negative correlation of .075 between milk yield and )
f

butterfat content. Roberts (1918) has reported a correlation |

of =.345 for the Jersey R.M., -.296 for the Guernsey, -.133

| for the Holstein-Friesian, -.138 for the Ayrshire and -.345 for

the grade Holstein.
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Ellinger (1923) using the records obtained from a
breeding experiment conducted in Copenhagen concluded that in
the case of the Jersey a correlation of -,332 exists between
butterfat percentage and milk yleld, and the corresponding
correlation for the Red Danish cattle is ,055. The cross-bred
animals show a correlation of -.246, while the three-quarter
Red Danish have & correlation of -.011 and the thres-quarter
Jersey show a correlation of -.149.

Copeland (1927) found & correlation of -.311 between
the butterfat percentage and the milk yield of the Jersey cow.
Gowen (1944) has shown that the correlation between the fat
content and the milk yileld of the Jersey cow is -.303, while the
corresﬁonding figure for the Friesian is -.191.

Gaines and Davidson-(1922) and Gaines (1943) have
reported & correlation of -.198 for the Shorthorm breed and -.29

for the Friesian breed respectively. Oxley (1935) reports a

correlation of -.154 and -.151 for the efternoon and the

morning/




morning milking in & Dairy Shorthorn herd ia England. These
figures are based on & number of isolated tested tests in each
lactetion and not on the total figures for the lactation.
Bonsama (1918) with two breeds of Dutch cattle in South Afriea
has reported a correlation setvoen milk yield and fat content
of -.27 and -.170 respectively.

Bonnier (1928) found in an investigation within a
herd of Swedish Red and White cattle that the correlation
between the milk and butterfat tests of individual cows, through-
out their lifetimes, varied between +.01l7 and -.834, between the
r of each individusl cow and her unweighed average fat percent-
age,there was, within a group of 79 cows a correlation of .469.

Gowen (19349 comparing the correlation between fat
percentage and milk yield of the daughters and dams of the
Jersey. R.M. cows, has concluded that the correlation is equal
to -.290 for the former and -.270 for the latter. Eizenedky (1934)
grouped the published estimates of this correlation for various
breeds in America and Burope. He found it to be -.199 for 58

sets of data.

Podhradisky/
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Podhradisky (1940} sanalysing about 4,000 anmal
milk records of Bernese cows in Moravia concluded that tﬁaro is
no correlation between milk yield and butterfat percentags.
Solnovgio (1947) has pointed out that there is a correlation
of =.339 between milk yield and fat content of the Semmental
breed of cattle. The coefficient of cofrelation mentioned by
Bolnovgio was calculated between daily milk yield and fat
percentage for the canpleté lactation.

Tyler and Hyatt (1947) have concluded that a
correlation of -.140 exists between milk yield fnd fat content
in Ayrshire cattle. Johansson and Haneson (1941) have shown
that the intre-herd correlation between butterf#ﬁ percentage
and nili yield is -.170. They have calculated the correlation
Petwean cows &nd within cows from their records, and the values
cbtained were -.250 for the former end ,058 for the latter.

Table 1 shows that most of the investigators have
reported a negative correlation between milk yield and fat
percentage, 1dlfhough the actual value of the correlation found

differs according to the material involved. Most of the

investigetors/
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TADLE 1.

A summary of the investigations on the correlation
between butterfat percentage and milk yield,

Investi- Year Material Correlation
ator
Eillan 1910 2866 Records of Ayrshire ' o
Cows
earson 1911 do. do. I 075
onsama 1918 Dutch Cattle in 8. Africa -.270/-.170
berts 1918 Jersey R.M. Records - 345
do. do. Holstein-Friesian Records -¢133
do. do. Guernsey Records ~-.296
do. do. Ayrshire Records -.138
do. do. Grade Holstein-Friesian -a345
Records
do. do. Grade Jersey Records -,138
Gowen 1920 Friesian Records ~-101
Gaines 1922 Shorthorn Records -.198
et Ilo
do. do. Friesian Records -+290
Ellinger 1923 Jersey Records =332
do. do. Red Danisgh Records 055
do. do. 4 Jérsey - 4 Red Danish -246
Records
do. do. 3/4 Jersey Records ~.149
do. do. 3/4 Red Danish Records -.011
do. do. 7/8 Jersey Records -.282
Gowen 1924 Jersey R.M. Records -+303
Copeland 1927 Jersey Records -.311

K#i7zenecky/
|

1
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TABLE 1. (contd
Investi- Year Material Correlation
ator
j:;;;ﬁécky 1934 58 sets of data =199
Gaines 1943 Shorthorn R.M. Records -217
Johansson |1941 Swedish Cettle Records -.170
et al
Tyler: 1947 Ayrshire Records - 140
et al
Podhridsky |1940 Bernese Records o
# Bonnier 1927 Swedish-Ayrshire Records .016/-.833
* Lxlcy 1935 Shorthorn Records -+154/-.151
* bolovgio 1947 Semmental Records -«339
# Doum 1932 Mountain spotted cattle -07/=.85

by those investigators;
correlation between lactation averages.

records

# A correlation within lactation has been reported
the rest have reported a




investigators concluded that there is & breed difference as far

elanne e
ag this cewetry ip concerned,

e) The genetic correlation between butterfat percentage and
milk yield.

The technique for such approach has been recently
developed by Hazel (1943), and it is not surprising to find only
one report dealing with this subject. Tyler and Hyatt (1947)
have reported that the genetic correlation between butterfat

percentage and milk yisld for the Ayrshire records studied 1s

-.m.
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SOURCE OF DATAs 2

Four Dairy Shorthorn herds, 2 Guernseys, 2 Jerseys,
2 Friesians, and 1 Kerry herd were involved in our investigationse
A1) of these herds were listed among the top 2% of the high
producing cows in BEngland during the yeer 1947, exuept the Kexry
herd and 1 Shorthorn herd belonging to the Ministry of Agriculture
of Northern Ireland on Hillsborough Farme The records were
collected through the Milk Marketing Boards

Undexr the scheme of the Milk Merketing Board for
England and Wales the Recorded visits the farm at spproximetely
six-weelkly intervals but thuﬂernlghsthonﬂkat least once
& week, and the butterfat tmamd@ohmml laboratoriese

Some members record their milk daily but the Recorded should

The information available from these records was

extracted onto a standard form, shown belowe Only pedigree

enimals were involved in our study.




Cow No.
Breeds Herd: Pedigree: Dam No: 8Sire No: Birth:
Age at lst calving: No: and date of 8ex of calf:
f lactation
Bervices required
for calving: Disease; Calving interval:

Length of lactation: Dry pepiod: Previous calving interval:

Previous dry period: B.FE Intensity: Yiekd:
305 day yield:
Persistency: monthly yield (note if incomplete

5 T N o o) A AL LR UG Ay GROATEY e O B Sl

Only laoiations of pedigree animals, free from
Fileasen and doubtful information,were utilised in cur work.
Lactations less than 6 months were excluded because of the
difficulty in predicting the average fat test for a lactation
period (Reece, 1942).
with

The data for milk yisld ie dealt/on & gellon basie and
records for butterfat percentage were taken to one place of
decimals. The yield for the first four days of the luctation
period was not included. Ths yield of th;’herdu silked three
times & day have been corrected toltwiee delily miikina using the
conversion faotor .83 suggested by ths U.8.D.A. 1940, This

correction has been also applied to the periocds when three tines

milking was practised for part of a lactation only. No counversion

factors/




factors have been used for butterfat percentage. When age
conversion factors for milk yleld were essential they were

calculated on an intra-herd basis.




The devistions of the age from the mean age
Sques~ deviations of the age from the mean age
The deviation of the butterfat percentage from the

mean fat percentage
The covariance of age and butterfat peroentags

Deviations of dems fat percentage firom the mean
ist laotetion -

2nd lactotion -

lat and 2nd laotations added togethere

The ave-age of the lst and the 2nd lsotationge

mmm&mutmmm
moans (the same order as above)s

Deviations of deughters fat percentage from the
meane (the same order as above)e

W

&
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Al
Covariance of dame~daughter deviations:
lat lagtation
2nd laotation

lst and 204 lactetions added togethers
The average of the lst and the 2nd leotationse

Herdtability
sop i

L |
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ACTO TING B T PERCENTAGE.

Many of the factors affecting butterfat percentage
have been investigated (see Ro;iew of Literature). The present
rtnﬂy of such factors is confined to the effect of month of
calving and age at first calving on butterfat percentage.

Meny workers have shown that the season of calving
affects the fat percentage slightly, but significantly, since a
definite trend occurs. The aim of the present work is to measure
the proportion of the total variance of butterfat percentage,
which is caused by differences in the month of calving.

Records of five herds have been used for this purpose,
and the significance of differences in the menth of calving has
been found by application of the analysis of variance metheod
(Snedecor, 1945). The results are summarised in Table 2.

Table 2 shows that the variation due to differences ia month of
calving is equal to 1f. Therefore, only about 1% of the total
variation of butterfat percentage can be assigned to differences
in the month of calving.

This/
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Jable 2.

The relation between the month of onlving and
the butterfat percentage (level of sige 5%0)s

! . . ——

Herd No., and Totsl ¥ne Sge Mne Sqe vithin ¥p. Sqe between Hature of
breed, monthes sonthse the varisnce
ratioc.
1 shorthorn <1389 <2139 «1790 N. Sige
5 Priesien «159% #1525 « 3018 Sige
7 Guernsey « 2206 2098 » 3045 Mo Sige
8 Guernsey »2120 «2313 <1472 He Sdge
9 Jersey o727 2675 «2900 H, Sige
Average of 5 +1967 «1950
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This analysis although based upon the first lactation,
shows that the season of celving has only & very slight affect
upon the butterfat percentage.

In the past, no attempts have been made to study the
effect of age at first calving on butterfat percentage, although
several studies have been made of the effect of this factor upon
milk yleld. The records of four herds have been analysed to
determine the effect of uge st firet calving upon the butterfat
percentage.

Table 3 gives the results obtained. It shows that the
regression of butterfat percentage upon age at first calving is
.028, 1.e. for every month delayed in the age of a helfer at
ealving beyond the average (27 months in our data) we should
pxpect that the fat percentage will be increased by .028% during
her firast lactation.

Eckles (1913, 1930) has shown experimentally that the
fat content and the total milk yield during the first weeks alfter

partirition are materially increased when the cows calwein a

high/




Table ¥*
The effect of age at first calving

on butterfat percentage.

';rd No. and breed. Ne of Sx? Sxy
records.
9 Jersey 48 1093 10,2
7 Guernsey 50 2234 1e2
8 Guernsey 98 1458 66e4
B 5 Priesisn 238 5120 197.3
Total 9905 2751

The regression of butterfat percentage on age at first calving =

- = <028 _
# Units used : Months for the mge at first calving =nd butterfat in percentage.




high condition of flesh, compared to the yield and butterfat
percentage in poor condition. Therefore, we may account for the
higher fat test of heifers which calved at a gr4ater age than
the average age, by the fact that such heifers are probably in
better condition of flesh than their contemporaries which

calved below or at the average age.

Tables 2 and 3 show that the effect of month of
calving and age at first calving on the butterfat percentage is
po glight that they can be left out of consideration in comparing
the butterfat percentage of different cows, and therefore all
the records for fat percentage can be used without any
correction factors.

Table 2 shows that the varlation in fat percentage is
higher within the Jersey and the Guernsey breeds than that for
the Friesian and the Shorthorn breeds. Turner (1936) studying
the variation in the fat percentage of the milk of the Helstein,
Ayrshire, Guernsey and the Jersey breeds, has reported that the
variation in butterfat percentage is higher for the Channel

Island breeds than that for the other two breeds. He pointed

K
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out that the fat content of the milk will not alone characterise
the breed, as some cows of the four breeds have the sane average
yearly fat percentage., It seems that the higher the butterfat test

the higher is the variation within the breed.




Many of an animal's importent cheracteristics vary in
their expression from time to time., It is a cmon'obaerution
among dairy mem, that the varistion in the milk yield of a cow
from one lactation to another is much more then the variation in
her fat content, Thisls due to the fact that milk yield is more
gengitive to environmental changes than fat percentage.
Repeatabllity cen be defined a&s the fraction of the
variance in the nlgglo record which was caused by permanent
individual differences between cows. Repeatability indicates the
degres te which.records of the same cow repeat themselves.
[t meagures: the sum of the variance due to additive genes,
dou.tmea effects, epistasis, and permanent effects of the

rs:mi.r-n‘mt on the céw herselfl which were not the same for her
/

=

herd mates. .
Bince dominance deviations are not inherited from
barenﬁi_ to offspring, and since very little of the eplstasis

nffnt is transmitted the variance due to these factors plus the

| {
) 1

yariance which is due to permanent individual peculiarities are

preated/
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treated together as one source of variance and called by Lush
"permanent but not transmissible differences between individuals®,

A knowledge of the repeatability of an economic
character is important in breeding operations and cattle
improvement. The success of selecting ﬁraeding females on the
basis of production record depends upon the accuracy with which
the future production of a cow can be predicted from her present
record, i.e. it depends upon the repeatsbility of the production
records.

Given the repeatability, and some production records
a prediction can be made of the total producing ability of an
animal. Lush (1945) presents the following formula for e;leal;
ating the best estimate of a cow's producing ability based on

more than two records for each cow.

nr (cow's average - herd's
Herd average + 1 + in—l)r average)

where r is the correlation between successive records and n is

the number of records on which prediction is made.
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TS5 _AND DISC ON.

The repeatability of butterfat percentage has been
calculated from the correlation batw@en successive butterfat
percentages. These have bDeen calculated for all the possible
combinations of the first, second, third and fourth lactation's
butterfat percentage. Lush's (1931) technique for averaging
porrelations has been applied. This method is also represented
by Bnedecor (1946).

Taeble 4 shows the results obtained for each herd

eparately and for all the possible combinations. Table 5
resents the overall repeatability for ﬁho 11 herds studied.
Figure 1 illustrates the overall repeatability obtained for all
breeds for each possible combination, the number of lactations
involved in each estimate are given in parenthesis.

The records show that there is a tendency for the
correlation te be greater for closely successive records than
that of the records separated by longer time, Althcugh this

pbservations does not hold true for all herds, nevertheless it

l
s very noticeable in most of the herds studied. This may De

attributed/
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Table ke
The repeatability of butterfat percentage for all herds.

Bivariates Correlated.
Herd No. Ho. 18t and Noe 2nd and No. Ird and Woe 18t and Noe 1st and Neoe 2nd an
and Breed. 2nd 3rd : Lth 3rd Lth Lth
1 Shorthorn 9% | 495 54 o435 3% «665 44 « 504 19 « 340 25 «215
2 - 27 o440 13 476 13 663 - - - - - £
3 - 1 g.g .1.37 56!6 .i.ﬁﬂg a_i; e51 a 89 «580 50 .5;{0 z.jg o470
T 1 =585 1 . 5 255 29 ) b2l (Y be) >
Total 381 509 | 214 o463 151 563 | 192 TR 107 512 111 .
5 Friesian 137 «666 114 o 744 56 <663 105 725 L9 o451 56 «603
6 » 1 .802 12 &l 0818 10 .P -":__ - - -: _-_- -_
Total 1 - 602 123 e 725 66 e 702 | 105 725 49 o 45l 56 <603
7 Guernsey | 47 585 35 428 25 o645 35 o324 | 2 «335 23 503
8 " 60 «830 36 59 22 «753 39 « T 17 e 733 18 « 485
9 Jer 26 0783 16 l?% 13 .696 1‘# .832 9 .?31 9 0631
10 _' : 1 0% lg .LZQ 10 ohlé 6 .ng e e i 45 i
Total 7 .6 99 <3%2 | 70 653 Ol <697 50 e 311 50 4B
11 Kerry 149 « 849 104 «819 56 «750 86 «655 40 o724 55 «710




Table

Summayy of repeatabilities obtained for different herds.

+o|!3 No. and breeds

Hoe of lactations.

Intra=-herd correlations

Shorthorn 270 AE1 & L0861
b 53 400 & 137
" 72 .512 4 + U4
o 361 e550 & 053
fotal 1156 o511
& Friesions 35 804 & o169
" 512 o662 & Uik
tal 547 673 2
Guernsey 189 452 +  W073
. 192 o733 & 072
Jersey 87 oTuke & 107
10 . " 41 476 & o156
Total 509 621
11 xerry 490 TM & 045
[ *
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‘546

(246
) stb L acTATION

1 LACTATION

*633

66
4 (388)

(825)

2 L ACTATION 3% | acTATION
-631
(537)

FIGURE |

The repea%sbility of fat percentage for ell the herds and for
the possible combimatlons for the first third

and fourth lactation butterfat records,
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& ptandard error to the breed figure. The Kerry breed have the

greatest repeatability, the Shorthorn breed the lowest.

gince the repeatability 1s expected to increase with reduction in

explained by the fact that Gowen's estimate was based upon
animals kept under uniform conditions as far as feeding and

management are concerned. For the same reason Gowen (1920)

36,

attributed to differences in feeding and management during the
period between non-consecutive lectations, In other words
differences in the environment being greater for greater intervals
of time.
The averaging of the estimates cf the repeatability for
each breed show.that there are breed differences in the
repeatability of butterfat percentage. Due to the fect that the

_ it
repeatebility varies from herd to hord/is difficult to attach

OQur estimate of .547 for repeatability in the Friesian
breed is lower than the value of ,715 obtained by Gowen (1924)

for the Holstein-Friesian breed in the United States. However,

the variation of environmental conditions, this difference can be|

reported a higher value than our estimate of .621 for the

repeatability/
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repeatability of butterfat percentage for the Jersey breeds
However, it should be mentioned that Cowen's estimates are
higher than ours because of the fact that the former's include
differences between herds which are eliminated in our
estimations.

There are fewreports in the literature concerning the
repeatability of butterfat percentage for other breedse The
[mmrwmwmmmmv(m)ummm
data come very close to our results on the Xerry breecds

Our estimate for the repeatability of butterfat
percentage for all breeds grouped together comes to «633 £ +020
This was based wpon 1l herds containing 2700 laot:tionse
All the possible correlations between the first four
butterfat percentages were calculated whenever possiblee
Therefore, we may say that about 637 of the total variance
of butterfat percentage can be atiributed to the additive

effects of genes, dominsnpe effeots, gpistasis effects and

% permanent envirommental differences between cowge
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During the last detade the study of the inheritamce
of quantitative characters has been shifted from attemts to
measure the number of genes involved, to attempts to measure the
fraction of the variance of the character which is heritablee
mmmmummauomwmmm.
analysis of the implications of Mendelien inheritence developed
by Fisher (1919) and Wright (1921, 1935)« Iush and his
cowworkers at Jowa State College have used this new approach
exteasivelys

The main coucept of this approach is that of
heritabilitys This may be defined as the fraction of the
Mmmyumwuﬁmmwm
In other words, it is the degree to which quentitative charecters
mwmmmwmo

Wright has demonstrated methods of dividing the total
variance of the charscter into the following frectionst

-
“

s 5" or the variance due to genes which act in an additive

2 607 or the veriance due to. dominant deviations from the
additive scheme, '
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34 €77 or the verdance due to epistasis deviations from the
additive scheme,

5e 757 whioh is the variance due o eaviromeatal variationse

lash (1940) points out that the heritability in its
_mWﬁmmWaﬁ.Mhiuw-m
it measures the sumof &.°+¢ 0. 4 &1 4 6ig e
Since the part played by dominance, epistasis end non linear
interaction of heredity and exvirosment is mot yet well
undergtood, heritability in this report is used in its nazrow
senses

Some knowledge of the heritability is useful to the
breeder in estinating how repidly progress can be made in
selocting for a tweite The heritability of the trait is one
of the most important factors to congider in deciding upon the
mpmmumem-wteummmm
ebout improvemente ligreover, & dependable estimate of
heritability helps in deciding how mxch emphasis should be givén
different charecters in selection and in constructing selection

indexess
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The following three methods can be used in estimating

the heritabilitye

1o

Ze

fsogenic lines (identdcal twins in farm enimals);

Variation within isogenie lines is wholly énvirommentals
Comparing this with the veriation in an otherwise similer
random breeding population may give en estimate of
heriteabilitys Matermal effects and contemporaryness bias
the estimates based.on that methode

wuﬁmewwMMM
several generaticnss The difference produced in this
way botween the means of the population, when divided by
the emount of seleotion practised gives en estimate of the
amount of the initial wariance which wes additively genetic
but includes a little of the epistasis variations

Correlation between relativese The most widely applicable
methodsof estimating heritability are based upon comparisons
of the degree of resemblance between closely related
animals, eege, daughter-dam, half-sibs, etcs The
mht&mmmtoﬂmthth
most useful approsch, because the sampling error is reduced,
and the envircnmental correlation is adequately discounteds
A1l of the veriance due to dominance deviations, end most
of the variance due to epistasis, are emcluded in estimates
of heritability derived from parent offepring correlationse
Insh (19.0) has developed the intra-sire
correlation or regression of offspring on dams, which is
used extensively now in estimating the heritability of the
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economic chaveoters in livestooks According to Lush, the
regression of daughters on dans gives the most dependable
estimate of heritability in data where (1) the sire camnot
expross the charecter himself, (2) the deme ave likely to be
more highly selected than the denghters, (3) the environment
varies between different herds or sire groupse The iatrae-sire
regression of daughters on dams avoids most of the environmental
wtmmmmmmmumma
by departure from random metinge

The correlation between half-gibs is also widely useds
Such correlation in e rendom breeding population is composed of
one~querter of the additive genetic factors, plus e smell part
«mmmwmm;mmw
enviromnmental correlation between parental half-sibse
mm“mutmmummwmmm
estimating heritability, since the genetic correlatioms expected

are small and consequently their sampling errors are highe




The methods used for estimating the heritability of
butterfat percentage in our data is the intra-sive regression
of daughters on damee This hes been caloulated separately for
the first and the second lactation in each hexrde fhmlts
mgimlnmé.?m;- Since the age does not affect
the butterfat percentege, table 8 gives the vesults obtained for
the first and the second lactation fat percentage grouped
W.mdmmniutiumrormmuﬁmvm
calculateds

The intre-sire correlation of daughters on dams and the
intra-sire regression of daughters on dams were used in estimatd
the heritability of butterfat percentage for the two biggest
we have in this study, nemely the Xerry herd and the Shorthorn
herd Noe 3e mm_ﬁmnmnmtwm
the estimates obtained fyom the different techniquese ‘Teble 9
surmerises the results obtained for the Kerwry herd and the
Shorthorn herd Noe Je

Tt is interesting to determine the heritability of the
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iable 6.
Showing the heritability of the 1st lactation butterfat percentage.
All breeds messured by the intra-sire-regression.

R 5
Herd 1'0. and breed. Ho. of bulls Hoe Of sl = axf u1y 1 =) hz
% ' comparisons
3 Shorthorn 17 135 11,40 3.19 «280 « 560
& Shorthorn 1 39 369 157 o425 «850
5 Friesian 6 31 5'58 1.25 tﬂ)g o698
7 Guernsey 2 13 1.95 = 72 « 369 o738
8 Cuernsey I 25 3.96 .82 «207 TR
9 Jelw 2 ? '62 o R .1% Qm
11 Xerry 33 - 484 33.21 7.68 o231, 1 463
0tal & #}ﬁ- 58.10»1 1 5. 35 - ® 26} . 526
ihe coefficient of regression of Daughters on Dams = .263 ¢+ .055
Hﬂmtﬂhnivc =2 o 526 :‘_ e 1 10

{
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Table 7.

Presenting the heritability of butterfat percentage for

the IT lactation.

All breeds measured by the intra-sire-regression.

ferd No. and Ho. of No. of D=I: sx2 8x ,72 bn-n : hz
breed. bulls. 2 £ 5

3  Shorthorn 12 61 5e 36 1.06 «198 o 396
4 Shorthorn e 22 2elidy «93 . 381 - 764
5 ¥riesian A 16 175 22 «126 «252
? mmuy 2 9 L] 8‘55 ® 67 L] ?88 -
8 Guernsey 5 20 3.05 «67 220 o 40
9 Jemy » 6 e 1‘-3 @ 59 1o %

11 Kerry 34 113 156 32 8,02 523 -
“otal 7 59 247 32.78 13441 409 818
The coefficient of regression of Taughters on "ams = 409 e« 063

Heritability

.818 _+. .126




Table 8. #*
Showing the heritability of butterfat percentage for
the T and II lactation added together.

leasured by the intra-sire-regression.

45,

Herd No. lﬂo. of D=D at'; sxsy 3 ®yp h2
and breeds comparisons.

4 Shorthom 61 601 3 2.50 .w? 0811|-
5 TFriesian 47 5433 Te&s7 276 552
7 Guemsay 22 2.80 1e 39 -1&96 ° 992
8 CGuernsey - 45 701 1649 i 212 o e lp2l
9 Jersey 13 1.05 T4 676 -
11 Kerry 297 48.53 15«70 «323 « 646
Total 681 9119 28.76 « 315 «630
The regression of Daughters on Dams = 315 » 032

Heritability = 630 + o064

# Animals for which either the first or the second lactation records are included.
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“able )
Heritability of butter-fat percentoge for the
ikerry herd and herd No. 3 ‘horthorn using the intra-sire

correlstion and intra~sire-regression methods.

Herd and D=D b’ using D-D h° using D-D
breed. comparisons. | _regression. correlation.
11 EKerry 297 6B & 4126 67 & o118
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Table 10.*
Showing the heritability of the average butterfat
percentage for the T and TT lsctatione
Heasured by the intra-sire-regression.

Herd and breed. Yioe of bullse Nos of =D R By Poep W
COmNArisonse

3  Shorthorn 1 57 3o 31 o 77 «233 o166
5 Fyiesian 2 9 01 «08 « 100 200
7 G-Imm 2 8 010-9 .% « 122 o?lpl..
8 Cuernsey I 1% b 1.84 22 fiat 49 o2
11 Kerry 25 88 12,66 Selst o427 - 854
7otal 6 Herds 47 1% 20,77 =13 o 43 « 586
Regres=ion of [aughters on lams = o343 = 071

Heritabilib' 2 e _f. .'“;2

% Animals for which the lst and 2nd lactation records were includeds
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average butterfat perecntage over the first and the second
lactatdonse This is given in Table 10
RISCUSS IO

There is congiderable veristion between the estimates of
the herdtabliity of butterfat peroentage vhich have been yeported
in the literatures This variation is expeoted simoe these
estimptes are derived from particular populationsg which differ
in the envivomments under which they were maintaineds
Moreover, different methods have been used in estimating the
heritabilitye

Velues of 535 827 and 63/ weve found for the heritability
of fat percentege in the lst, 2nd, and over-all lactations,
respectively (Tables 6, 7 end 8)s  Cowen (1934) found the
heritability to ve 83 which is higher than that found in the
present study (63i)s This difference is probebly due to his
nmmﬁvammmmwmmmm
between herdos  lLush (1948) discussing Gowen's results states,
"I cowen's study of milk end test in Jersey cattle no allowance

wes made for an enviroamental component in the correlation
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betwesn dasghters and damse Environmental differences between
herds would heve mde such & contributions The excess of
full-pid resemblonce over perent offspring resemblance he
alternatively interpreted as an environmentel conponent or as
la result of deminanses mmmmmt.mmmm
dominance he found heritability of test to be «83 end of milk
10 be «56 or «53 acoording to whether the departures from random
mating were caused by phenotypic assortive mating or by mating
relatives togethers  But if herd to herd differences in
environment contributes <10 to daughter-dam correlation for the
teat and 25 to that of milk then he would have fonnd 64 and
labout +09 to «08« Or; if the environmental components were
only +05 and +20 respeotively, he would have found o7 and about
419 or «18."

Rice (1933) found a value of 807 His material
Mm«mmmmm.tuut17aughw
dam compariscnse This restriotion to bulls having an wiusually
mpmwmmmumamcwwm .
in which the danghters end the dams were kept under different

environmental conditionge This would have added en enviroumsntal
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portion to the daughterdem correlation, which mey be vespoasible
for the high estimate of heritability obtaineds

The estimates of 504 (lush, et ale 1935), 5573 (Tyler,
ot ale 1947), and 70807 (Johansson et ale 1940) sgree reasonadly
with our estimatese However, it should be emphasised that the
muunwamaeumm&mamww
only to thaet data, since estimates of heritability describe a
condition prevailing 4n a population at a given time, snd they
epply primerily to varisnce in the performuoe of individual
animales

Johansson gnd Hangson (1940) have shown that the
nmmmwurmimmmmwmmw
is muoh lover than that from the first lastation reconds
7ables 6 and 7 show that this is not the case in our data for the
heritability of butterfat percentages On the coatrary, the
heritability obtained from the second lactation record is higher
than that obtained fyom the firet lactation reccxdse The
difference, however, is not statistically siguiCicante

Although our data suggest that there is a breed
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difference in the heritability of butterfat percentage, the
aumber of the danghter-dan camparisons is too small o verify
such a eonclusions

Table 9 shows that there is a close agreement between the
two estimetes for the heritability of butterfat percentage for
the Kerry and the Shorthorn herd los 3, calculated on the basis
of the intra-sire correlation or regression of dausghters and dames
This may be explained by the fact that the dams are not a highly
selective group compared to their dasghters as far as the
butterfat percentage is concerneds For the Kerry berd it hes
been fovnd that the mean butterfat percentage for the daughters
is 4e50 % 4151 while 4t 43 Lel2 % 4150 for the damse  Although
the butterfat percentage is as importent es milk yield in
selecting a dairy cow, few bresdors take this into consideration
when they select their breeding animalse Differences between
mmm&mmummwam-nmmw
selected compared to their daughters for the charecter studied,
end in such cages the regression of offspring on parents gives

more agourate resultse
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Iugh (19%5).hes shown that the heriteble portion of the
variance is greater in data which involive more then oye recordy
although such data give a slightly lower spread betwsen the
average of those saved as parents and the average of the hexrdy
deoey the selection differentiale He points out that using
two records with an average heritability of 20 would give 295
more progress from selection than would result from date
‘m}ﬂtﬂgﬂﬂ;l&!ﬁhlm

The statement that "using more than one record ipcreases
the heritable portion of the variance” is more noticeable when
the charagter in question is low in heritabilitye The
mmmmmzmmwmmawuﬁ
more than one record, and consequently the fraction of the
variance which is genetic is inoreasede Butterfat percentage
is hardly affected by teamporary fectors, and this mey be
responsible for the olose agreement botween the value of 683
and «+630 obtained for the over-all heritability for butterfat

peroentage based on the average of two reconds and one record

respectively in our datae
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However, it can be stated that our estimate for the
heritability of butterfat peroentage is high and does in geuneral
mn&mnmmwmmﬁtmm Therefore
{nprovement in butterfat percentage in dairy cattle cen be
achieved by phenotypic selsctions In other words, seleotion of
animels as parents for the next generation, which give e higher
teat than the average of their herds, will be & satisfastory

mathod of gelections
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One should expeot the repeatability percentage to exceed|
that for the heritability; for a cow tends to repeat her
performance, not only beseuse of her specific inheritance, but
mm&mmwmumm
those in her environmente

Iush et als (1937) have found that the heritability of
milk yield is epproximately twoethirds of the repeatability for
that charaoters e have found that the estimates of the
repeatability and heritability for butterfat percentage are
very similar, being «633 *-mo.m.saot.oa respectivelys
These estimates are based upon 2700 lectations for the former
mmmm-mmmm.mm

This similarity of repeatability and heritability
suggests that the part played by dominance, epistasis and
permanent eavirommental changes is very smail as a cause of
variance between individual records of the butterfat percentage
in dairy cattles The genetic veriance must be due largely to

muummmnumwmm
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Iush et ale (m)mwwmer
offspring in studying the heritability of butterfat and milk
yield in dairy cattle; have voncluded that dominance and
epistasis are of little importanse for butterfat productions
o work has been reported upon the comparison of the heritability
| end the repeatability of butterfat percentages  Hovartheless,
other investigators have reported the same ostimats for the
repeatability and the heritability of some economic characters,
leee, Stewart (195) and Seath (1947), the former studying the

litter pime in pigs, and the latter studying the individual

body temperature in Jersey cattles
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The phenotypic correlation between butterfat percentage

and milk yield has been investigated by a large number of workers
(Table 1)s The genetic correlation on the other hand has never
been investigated previously in this country and only one report
has been published of work on this subject (Taylor et ale 1947)e
The gmtiq correlation between the butterfat percentage for the
first and the sevond lactations has not yet been studied at all
prior to the present worke The last part of this study is

confined to investigations of these problemse

The phenotypic correlations

Hethod used end the resulis obtainedeDiscussions

yield
The phenotypic correlation between milk/and butterfat

percentage has been éalculated separately for each herd, for the
first, second, third, and fourth lactationss The over-all
correlation for each breed has also been calculateds The
method detailed by Lush of averaging correlations has been useds
The results are given in Table 1le Our results confirm most

of the reports on this subject, and show that there is a small
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1

&n‘

Phenotypie correlation between mllk yield nnd butterfat percentage (all herds).

S
-

Herd Ho. I Lactation II Lectation III Lactation I¥ Lectation r witain
& Breed - nerd.

Ho. e fio. r __lie. > Mo r | Ho. &
Snorthorn ] e

1 130 -. 175 91 -oil5 52 -065 36 ~226) 3091 1 -.102%

2 35 -a263 28 - 507 21 -ohd5 i8 - 277§ 102 - 375

3 244, - 245 152 - 124 90 -+203 A - 165 33 -.193

4 l{,Q ""1166 _;.‘91 oy l63 8'? ".‘019 bﬁ s 102 393 "'1123
Total 549 -a211 372 - LG5 250 -«100 146 - 180 | 1337 -e i85 1027
Friesian

5 21:.' "’0412 151 -— 181 1.00 : —-4116- 49 “‘t&&l 512 ‘-QE;’:’

6 31 +.009 16 - 556 19 - -.058 16 -+ 390 82 -+471
Total 242 - 370 167 - 225 119 -« 371 &5 =.445 594 - 240 041
Guerngey

? 58 "'022&. .-}5.1 "'&260 32 -—-289 ;‘-'2 -.234 153 - ?-‘!..3

8 94 e ie] +.,123 47 -086 25 - 250 236 -033
Jersey

9 49 o A 31 - 337 21 ~ody 54, 17 +.086) 113 -+ 180

10 20 +.215 19 +.065 20 +.;66 14 =e110 T2 +,080 1 -
Total 221 =175 160 +.050 120 -+ 168 78 -o 103 597 ~o114 #.040
Kerry

il 219 - 263 167 - 204 112 -e192 63 -e255 561 ~o e 27 (#0042

3089 - -?11 ttOIO
-
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muuemcmmmmmemmmmm
This differs significantly between vreedse

From the genetic point of view it is dmportant to
_mummmummmmmm
between cowse Table 12 ghows the over-all correlation,
| odwwelation within cows, corvelation betwsen cows, regression
within cows and regression between cowse Ouly cows which had
two, three or four consecutive lactations were involved, and age
conversion faotore were applied to stendardise the milk yields
These were determined on intra-herd basise

The total correlation betwesn nlilk yield and fat
perventage over 970 lactations is «+2h8e mmm
wbaﬂtmmmmm(-m»ul
that within cows (~+174)e mmm (1540), have
reported a value of + «000 for the carvelation within cows and
they concluded that the fat perventage of the milk produced by
one and the same aow during congecutive lsctations is precticelly
independent of the millk yield.

Table 12, wheve milk yield is taken in teus of gallons

and butterfat in percentage, shows that the regression of fat
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perceniage is o small that 1% is of little practical importance
in selecting breeding animals. The table shows that there is a
decrease of about -,05% of the average fat test when the milk
Field is increased by 100 gallons.

.
It is know, that milk fat is synthesised somewhat indep-

gndently of the othér milk ingredlents. This is supported by the

fact that each fat globule of milk is surrounded by material or

embrane, of which phospholipids are characteristie, that are not

n the rest of the milk, The amount of fat in the milk is

nfluenced by factors that do not affect the proportion of other
constituents. High fat content in the diet incresses the fat

¢ontent of the nilk,‘while fisgh 5%%; in the diet decrezse the fat

dontent of the milk without affecting other constituents.

However, the fat percentsge of any one sample of milk

is the result of a certain rate of fat secretion and a certain rate

milk serum secretion, either of which may be modified independ-
ently of the other but not without affecting the final percentage

of fat in milk,

A negative correlation between milk yield and butterfat

percentage is manifested, as a rule at any time of the lactation




0.

Herd Hos lios of | Noe of consecutive | Overall | Correlation | Correlation | Regression| Regression
& Breed animals lactations correl- within between within between
involved ation cows cows cows _ cows
1. Shorthorn 77 2 ++025 | = 015 + «02% « «000h + +0006
30 3 - 2204 = +084 - o” - «002 - «006
5« Friesian 8 3 - 2273 - o247 - 2356 - 007 - «006
30 L - o388 | - <248 - 2369 - 003 - +013
7" m 56 2 - .2&.9 - Q‘O?B - .328 - .ml - .m’
30 3 - «139 - +197 = o 10k - +002 - «+006
8« Guernsey 37 2 =352 | = 0228 - «710 - +008 - «012
26 3 B -m o .332 - .617 - =011 - =018
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period, when the rate of milk secretion happens to inorease, or
deorease, owing to changes in the feeding or other circumstancese
Tt seems that the vate of change ia fat seoretion is slower than
the vate of change in seoretion of milk serum throughout the
lactation perdods  Caines (10) suggested that as the amount
of milk seoveted increages, the energy evailable for fat
georetion deoreases thereby causing milk of lower fat test to be
produceds

Whetham and Hammond (1935), discussing this problem,
state, "This suggested that the changes in milk yield during the
lactatdon period are for the most pert due to changes in the Tate
of seovpetion of the cells, and those due to age are for the most
pat due to changes in the numbers of the cells secretings i 4
this 1s acoepted it will follow, that when the yield of the milk
is inoressed by inoreased rate of seoretion of the gland cells,
the percentage of fat in the milk decreases (period of
leotation),; but when the yield of the milk is increased by the

mmber of cells secreting the faf percentage in the milk will

remain unchanged (ege)e”
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THE GENETIC CORRSLATION BETWELN WILKD VIFLD AND BUTTEREAT
PERCENTAGE.

An animal's phenotype for & particular character is
Fnown to be the sum of the following effects.

a) The average effects of the genes (strietly additive).

b) The effect of environment, dominence and epistasis.,

If two traits are correlated with each other, the observed
correlation may be due (1) wholly to environmental circumstances;
(2) to genes which affect both characters, i.e. genes having
plelotropic effect; (3) to a combination of the effect df genes
and environment.

The genetic correlation between two characters shows
the extent to which these characters are similar because of

common genee affecting them. In other words it is the extent to

Ihich the genetic variation in one character is affected by the
enetic variation in another. Of course the genetic correlation is
ore accurate than the phenotypic correlation as a basis for
gelection for two characters, since environment,dominance and
dpistasis play an important role in the latter. As a matter of

fact a phenotypic correlation may exist between two characters

Tith.:/
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either positive or negative without any genetic component at all.

The genetic correlation between butterfat percentage and amilk

ol

o

yleld has been calculated from our data using the following
formula developed by Hazel (1943).

The genetic correlation betwesn fat percentage and milk

yield
= \ / by x by
by x by
vhere
bl = the regression of daughterts fat percentage on
dam's milk yield.
by = the regression of daughter's milk yield on dam'sg
fat percentage.
b3 = the regression of daughter's fat percentage on
dam's fat percentage.
b, = the regression of daughter's milk yield on dam's
milk yield.

Table 13 represents the values obtained based on 492
daughter~dam comparisons. Applying the above mentioned formula
fo Table 13 glves a value of ~.20 as the genetic correlation
Lhctwoan milk yield and butterfat percentage. This eatimate agrees
vith that found by Tyler and Hyatt (1947) in Ayrshire cattle.

The phenotypic and genetie aorr.lution between different
traits are of great importance in constructing and uwsing

gelection indexes.

AL - I
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IABLE 13,
@ ¢ _eorrelaton between milk d butterfat
percentage
b b2 b3 by
-,001 -2,1164 « 3231 3474

The genetic correlation between milk yield and fat

percentage =
=001 x -2.1164 = -+201
<3231 x AAT4

TADLE 14,

he genetic correlation between the butterfat percentage
for the first and the second lactations.

by by by by

-1904 <3862 <2121 <3573

The genetic correlation between th§ butterfat percentage
| for the lst and the 2nd lactations =

' w2131 % .3573
\/.190' % = .3;:3% = 1.018
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The genetic correlation beiween two characters is also an

|

important item in selecting simultaneously for the two characters.

If the breeder knows such a oorrolaﬁon, he will be in & better

position to predict how fat percentage is Iaffmted when he selects
for milk yleld alone.

However, the genetic correlation of -.20 cbtalned indicates
that about 20% of the genes responsible for fat percentage are ‘17"
rnponaiblo for milk yleld, assuming that all the genes have the
same effect.

If we know the heritability of milk yield and the
heritability of fat percentage, the phenotyplec standard
deviation for milk yield and butterfat percentage and the
genetic correlation between the two characters, we can estimate
the change in butterfat percentage when milk yield is improved.
The calculations mentioned below are an attempt to estimate
the genetic regression of butterfat percentage con milk
yield when milk yield is improved by a bundred gallons. We also,

can calculate the amount of improvement expected in butterfat

percentage when selection is practised for that character in

elosed herds.



6%,

Preliminary work
Cn this Insztitute has shown that butterfat percentage is not
taken into consideration in selecting dairy cattle,

It has been found by many workers that the phenotypic
stanglard deviation of milk yield is about 20% of the herd average,
Therefore, in a herd with an average of 1,000 gallons of milk
yield for 305 deys, the phenotypic standard deviation will come
to 200 gallons., This estimate will be used in our calculations.
Qur data shows that the phenotypic standard deviation within
breeds of butterfat percentage is .44%.

Knowing the following values we are able to estimate
the chnngalin butterfat percentage when milk yield is improved
for a 100 galloms, or the genetic regression of buﬁor:l'at.
percentage on milk yield.

+25 = the heritability of lm vield

200 gallons = the phemtypiel standard deviation of 305 days
milk yield.

«63 = the heritability of butterfat percentage.

+44% = the phenotypic standard deviation of butterfat per-
centage,

linuihzﬂ%,z‘? then h -—%—
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Therefore i~

The genotypic standard deviation of 305 day milk yleld

= 100 gallons,

and

The genotypic standard deviation of butterfat

percentage = ,35%
8ince dg  Fat percentage

bg = rg x 6g Milk yield

Then,

The regression of butterfat percentage on milk o35

yield = -,20 x 100

| The 6hanga in butterfat percentage when milk .35
| yield is increased by 100 gallons = ~,20 x 100 x 100

=_ ,07%,.

i The above mentioned calculations indicate that

|

' selection for milk yield affects butterfat percentage very

slightly. In other words when the milk yield is increased by

100 gallons butterfat test is decreased by .07%.




Robertson and Rendel (1949) have celculated the genetic
galn in milk yield by selection in closed herds of dairy cattle,
This 1s an attempt to estimate the theoretical improvement |
from direct selection for butterfat percentage using the same
techniques applied by the above mentioned authors.

Let us consider & closed herd of dairy cattle, im which;
1) Belection is practised for butterfet percentage, and it is
based on the first lactetion record.

2) The bulls are bred from the top 5%.

3) The culling percentage is 35%.

4) WMo progeny testing is practised, and bulls are chosen solely
on the fat percentage records of their dams.

The following information is knowh 1~

a) L or the total of the mean age of the parents when their

of fspring are born = 18 years
b) h2 or the heritsbility of butterfat per-

centage = .63
c3/




¢) &P or the phenotypic standard deviation of butterfat

percentage = A4%
d) I or the genetic superiority of the mean

of the cows kept for breeding purposes = 64
e) Iy or the genetic superiority of the mean

of the bulls' dams = 2.03

Therafore, dg = AL x .8 = 35
Igforc-c= .35 x .8 x .64 = ,180
Ig for e-B= ,352 x .8 x 2.03 = .572

8ince there is no selection amongst bulls,

Ig for B-B = °
Ig for B-c = ]
<
S8ince the total genetic improvement per year = 7L
2732

The genetic improvement expected per year = 18 = ,042%.

Therefore, under optimum conditions for mass selection
the expected theoretical rate of genetiec improvement is about
1% of the average butterfat content per year. About one-third
t-if' the improvement comesz from the early culling of heifers, and
the rest from selection of the dams of bulls.

Robertson/




Robertson and Rendel (1949) reported the same value for
the expected genetic improvement in milk yield, The same
authors have calculated the actual genetic improvement in milk
yield for a dairy herd in England, which was found to be 3.3
gallons per year, This corresponds to about .7% per year of
the averuge milk yield for that particular herd.

Of course the rate of the genetic improvement dependa
on many {actors. These factors are briefly listed below =
1) The mean of the generation length., The larger the gener-
ation length the smaller the improvement expected., Artificial
Insemination in dairy cattle should increase the improvement por_
year,

2) The heritability of the character studied, the higher the
heritability the greater is the genetic gain.

3) The information available on the breeding stock, especially
for animals brought into the herds.

4) The genetic correlation between different characters.
5) The variance of the characters under investigation.

6) The amount and the kind of selection practised,




70.

It has beentalways assumed that the genes respensible

for butterfat percentage during the {irst lactation are also
responsible for the butterfat percentage during the second
lactation., No published work has been reported yet to confirm
such belief., This assumption has been tested by calculation of
the genetic correlation for butterfat percentage for the first
and the gecond lactations from our data.

The following formula developed by Hazel (1943) has baJn
used in our study.

The genetic correlation for fat percentage for the first and
the gecond lactations

=R

bl = the regression of daughter's fat percentage
during the [iret lactation on the dam'e fat
percentage during the firstc lactation.

by = the regression of daughter's fat percentage

during the second lactation on the dam's fat

gg:ccnta @ durinf the seco ctation,

where

by = regréssion of the daughter's fat percentage
during the first lgetation on the dam's fat
gg:conta during the second lactation

b4 -

ssion of daughter's fat percen tlgt
during the second lsctation on the dam's fat

percentage during the first lactation.

Table 14/ (Pagq 64)




Table 14 shows the values of the regressions obtained based on

200 daughter-dam comperisons. The genetic correlation between

butterfat percentage for the first and the second lactations is

therefore 1.018, which can be tsken as unity, confirming the

belief that the genes which control fat percentage do not

change from one lactatlion to another, more precisely from the

first to the second lactation in our analysis.
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Our investigations dealing with butterfet percentage
cover some important items which have a bearing on ﬁathods of
selecting for butterfat percentage in dairy cattle.

The first part of the work deals with the effect of
age at first calving and season of calving on butterfat
percentage. Our analysis shows that age at first calving affectp
butterfat percentage slightly. Cows which celze at older ages
give a higher test. The regression of age at first calving
on butterfat percentage is so small to be negligible.

Season of calving is responsible for only about 1%
of the total variance in butterfat percentage. Therefore,
it can be stated that sge at first calving and season of
calving are of little practical importance in determining the
butterfat percentage of different cows, and recorda of
individual animals can be used without any cﬁrrection for
those environmental fnctorn.

Other investigations have shown that the sge of the

cow does affect butterfat percentage very slightly. The dry

!psﬂw’
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period and calving interval have been shown to have a negligible
effect on butterfat test. Therefore, it may be concluded that
butterfat percentage is hardly affected by environmental
factors, and raw butterfat percentage records can be uged for
investigations without further corrections.

The repeatability of 63% obtained for butterfat
percentage based on 2700 lactations indioatol that 37% of the
total variance is due to veriation from lactation to lactation.
Our aaalyais_agggesta that repeatability of butterfat percentage
is a breed charscteristic, alfhough the number of lactations for
some breeds are too small to verify such a conclusion.

The heritability of butterfat percentage calculated
separately for the first and the second lactations were 53% and
82% respectively. 8ince many workers have shown that butterfat
psrcentage is slightly affected by age, it is reasonable to
average these estimates. The value of 63% was found for the
heritability of butterfat percentage based upon 630 daughter-dam
comparisons using both first and second butterfat percentage

records.

Studies/
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Studies of milk yield show that the heritability based
on the first lactation records is higher than that bufad on the
second lactation records. This is probably due to the intensive
selection of milk yield after the first lactation. However,
our results show that the heritsbility for butterfat percentage
based on the second lactation records is higher than that Lased
on the first lactation records. Probably this is due to broodorF
in this country not taking butterfat percentage inte conaslderation
| during selection.

The heritsbility of butterfat percentage is high enough
to make selection on the phenotype alone effective in improving
this character in dalry cattle. Jersey and Guernsey breeders
are strongly advised to select for butterfat percentage, because
of the fact that this character is as important as milk yleld in
such breeds. On the other hand some Friesian herds produce milk
which tests below 3%, and selling such milk for human consumption
is 1llegal in meny countries. In such herds, using high testing
cows and bulls that have been known to transmit high butterfat
percentage to their daughters, will raise the butterfat content,

Since/
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8ince the heritability of a character is high, mating of
individuals possessing the greatest development of that
character will be the guickest tool for bringing sbout improve-
ment in such characters; 1little use being made of inmformation
on pedigrees and relatives in planning e breedins programme for
improving high heritable characters such as huttfrrut percentage.
On the other hand if the heritability is low, the best breeding
plan is to make full use of all information available on the
pedigree, collateral relatives and the information can be
obtained from progeny testing, in deciding which animals to use
for breeding purposes,

Our work has shown that donin;gﬁ’, epistagis and
permanent environmental conditions do not play a great role in
butterfat percentage inheritance. Because of the close agfeement -
between the values obtained for the repeatability and the
heritability of this character it can be concluded that butterfat
percentage is controlled mainly by additive genes since the
additive genetic variance and varisnce from one lastation to the

next account for all the observed variance. If this result is

accepted/
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accepted and further workers come to the same conclusion, it
would be much easier to estimate the heritability of butterfat
percentage from its repeatebility. In other words, the
correlution between successive lactations will give us a
reasonable estimate for the heritable part of variation in
butterfat percentage. This will overcome the hlnﬂ;cup that in
some herds,especially in noppedigree ones, the number of
daughter-dam comparisons available ie too small to be of a
great value in the estimnting ¢f the horitability of butterfat
percentage.

iIf butterfat percentage is controlled mainly by
additive genes, breeding for this character will not be difficult,
since the part of the variance due to additive genes is transmitbed
from parents to offspring, while the part of the variance due to
dominance and epistasis is not all transmitted. Also, dominance
and epistasis hinder the progress that ean be achieved by the
breeder if he used phenotypic selection omdy’im improving this
character in his cattle, because of the fact that such factors
mask the genotype of the animal and the bresder is liable to

be/
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be deceived during the course of selection.

Both the intra-sire regression of daughters and dams
and the intra-sgire correlation between daughters and dams were
tried in estimating the heritability of butterfat percentage,
and the twol;athodl geve more or less the same result. This may
be explained by the fact that selectlon for butterfat percentage

is not practised in the herds analysed and therefore the dams
are not actuslly a highly selected group compared to thelr
daughters as far as butterfat percentage is concerned.

The heritability of the average of the first and the
seond butterfat percentage records comes very near to the
heritability based on both records added together,

T!; phenotypic and the genetic correlation bLetween
butterfat percentage and milk yield are of great importance in
dairy cattle breeding. Our investigations show that there is a
small negative genetic and phenotypic correlation between the
two characters, (-.20 for the former and -.21 for the latter).

Thet
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The individual or the physiological correlation is
displayed very clearly during the course of the lactation pefiod,
where the fat content of the milk varies inversely to the rate
of milk yield, The fat percentage is io-aat at a point of ﬁho
lactation period where the rate of milk secretion attains its
maximum, and thereafter it is gradually increasing with
diminishing yield towards the end of lactation.

We are interested in the correlation between cows in
regard to lactation yileld and butterfat percentage, because
these two characters form the basis of selection of breeding

animals., Qur data has shown that the correlation between cows

is higher than the correlation within cows and both of them are
|
I
megative being -.362 for the former and ~.174 for the latter.
|

5 The genetic correlation between the two characters is

a very important item in selecting simultanecusly for the two
|

characters. If the breeder knows the value of this correlation

he will be in a better pesition to prediet how butterfat per-

centage will be affected when he selects for milk yield, or vicol
|

Versa.

The/
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The negative genetic correlation which has been found
between milk yield and butterfat percentage, indicates that some
of the genes responsible for milk yield are not reaponsible for
butterrai percentage, and consequently selecting for one
ohnrnﬁtor will result in selection against the other character.
However, the negative genetic correlation that exists between the
two nhurletofa is too small to affect butterfat percentage greatly
when we select for milk yleld alone.
The genetic correlation for the first lactation fat
percentage and the second lactution fat percentage has been
found to be unity, showing that the genotypic value of the
charscter does not change from lactation to lactation. Therefore,
gelection for butterfat percentage based on the first lactation
is as effective as selection based on the second lactation
records. Furthermore, fat percentage is very slightly affected
by age, and therefore, selection for this character should be

based on the cow's first record,




SUMMARY AND CONCLUSIONS.

A statistical analysis hes been undertaken on the
records of 10 herds from 5 different breeds of dairy cattle,
namely, Kerry, Dalry Sherthorn, Friesian, Jersey and Guernsey.
About 85 cows were involved in our investigations.

The main purpcoses of this study were to determine the
relative importance of heredity and environment on the variation|
of butterfat percentage, to study the relationship between milk
!
yield and butterfat percentage and to know how genes responsible
for butterfat percentage operate from one lactation to another.

OQur investigations havé led to the following
conclusions :-

. S The month of calving and the age at first calving have
a small effect on butterfat percentage. Month of calving is

Ireuponsible for about 1¥ of the variance in butterfat percentage.

Heifers which celveat an older age give a higher fat percentage

than those which calve at the average or below the average age.

| |
%2./ !
|
‘
|



8l.

2 Since age of the cow, the dry period and the calving
interval have a negligible effect on butterfat percentage, and
our work has shown that age at first calving and month of
ecalving does affect butterfat percentage slightly, raw
butterfat percentage records can be used without any conversion
factors for those environmental causes.

3. The repeatability of butterfat percentage accounts for
63% of the total variance, while the change in environment from
lactation to lactation is responsible for the rest. Our estimate
for the repeatability of ,633 £ .020 for fat percentage was
based upon 2700 lactations.

be The heritability of the butterfat percentage in ocur
data proved to be ,526 & ,110, 818 ¥ ,126 and .630 & 046 for
the first butterfat percentage records, the second butterfat
percentage records and for the first and the second records nddoi!
together respectively. These estimates were based upon 434, 247,
and 681 daughter-dam comparisons respectively.

5¢ . The heritebility estimate based on the second butterfat
percentage record is higher than that based on the first records,

which/
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which does not agree with the reports on the inheritence of
milk yield.

6 The heritability of the average for the firet and the
second percentage record comes to .686 & ,142 based upon 196
daughter-dam comparisons, This estimate comes very close to
+630 which was obtained when the first two records were grouped
together.,

7. Our analyses have shown that there is a close agreement
between the two estimates obtained for the heritability end the
repeatability of butterfat percentage, which indicates that thiL
charscter is controlled mainly by additive genes.
8. 8ince the heritability of butterfat percentage is high |
and the character is controlled mainly by additive genes,
phenotypic selection is a satisfactory method for selection,
little use being made of progeny testing.

9. The phenotypic correlation baetween milk yield and
butterfat poreintage based upon about 3,000 lactations was found
to be -.21 # .010. The correlation between cows and the
correlation within cows ®ere found to be -.362 and -.174

respectively./
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respectivelys
.10- The genetic correlation between milk yield and huttuht%
|
meentago wag found t0 be «+200+ Our estimate was based upon |
492 daughter-dam comparisonge This means that about 20 of the
genes responsible for fat percentege ere also responsible for
S
|
1. We have found that the genetic correlation for the
first lactation butterfat percentage and the second lactation
butterfat pmmc is unitye BSuch conclusion indicates that l
butterfat percentage is controlled by the same set of genes fyom |

one lactation to anothers It aleo shows that selection for

butterfat percentage based on the first lastation record is as

effective gsselection based on the second lactation resords
|

rE|.2- Our calculations have shown that selection for milk

eld alone does affect butterfat percentage slightlys This is

to the fact that the genetic correlation between butterfat
percentage and milk yield, although negative, is smalle The
maximum possible gain is epproximately 1% of the average fat per-

gcentage per year, when selection for butterfat content is practised in

¢losed herdse
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The centre of early Shorthorh breeding and improvement
was in the fertile valley of the River Tees. Grodit.’ for the
first improvements is held by the Collinge brothers who
followed the system of inbreeding and selection used early in the
17th century by Bakewell for improvement of Longhorn cattle,
The Collings brothers were followed by Thomas Bates of Kirk-
lemington and Thomas Booth of Killerby. The last outstanding
step in the Shorthorn history was made by Amos Cruickshank of
Sdttytons in Aberdeenshire who also used inbreeding and selection

to develop and improve the Scottish Shorthorn.

The Priesian breed was originally developed in two
|
provinces of Holland, namely - North Holland end Friesland.

During the latter half of the last century large numbers of bhoki

and white Dutch cattle, both Friesians and closely related typu,‘

|

reached Britain., The British breed society was started in 1909 ;lnd
|

|
the first herd book issued in 1912. Importations took place from

Holland in 1914 and 1936, from South Africa in 1922 and umore |

recently/

|
|
|
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recently from Canada,

This study was undor£akon to find how much inbreeding
per genarutién occurred in the Dairy Shorthorn and the ??tmsinn
breeds of Grg&t Britain in present breeding practice.

As the names of the highest producing animals are
avallable from the Milk Marketing Board reports, it is interesting
to compare their degree of irbreeding tc the average for the
breeds. The lengths of generation for the twe breeds have been
calculated and also the relationship of important individual

animals to the breed as a whole and to high producing cows.
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REVIEW OF LITERATURE

Wright (1922-23) was the first investigator to develop
a general method for measurement of the amount of inbreeding and
the relationship, which could be applied to livestock pedigrees.
Wright and McPhee(1925) (a) gave a short method for calculating
the coefficient of inbreeding and relationship by which it was
possible to analyse genetically the importance of imbreeding and
of perticular animsls in our pure breeds of livestock. TWright
(1923) studied the Duchess family of Shorthorns and concluded that
Bates kept his herd highly related to "Favourite" one of the most
important bullalof the breed. This family was highly inbred, the
coefficient of inbreeding being around 40%. McPhee and Wright
(1923) (b) found that the average coefficient of inbreeding for
the Shorthorn breed in Britain was 26§ in 1920. They showed that
the average relationship of the breed to "Favourite" and to
"Champion of England” in 1920 was 55.2% and 45.5% respectively.

McPhee and Wright (1925) (b) have concluded the American
prize winning sires do not form a specialised group within the
Shorthorn breed. McPhee and Wright (1926) found that the inbreeding

of/
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inbreeding of 100 of the high producing British Mﬂ' Shorthorn
cows was 26.99 compared with 28§ for the rundom sample. They
pointed out that the British Dairy Shortherm do not appear to be
a genetically distinet sub-group within the Bhorthorn breed.
Lush et al (1936) studied the genetic history of the Holsteln-
Friesian cattle in the United States and concluded that 478 of the
heterozygosity existing in the foundation stock has been lost
per generation in the ten generstions from 1881 te 1928. Only
thomW!I' influenced the breed to any extent.
¥illhem (1927) found thet the intreeding coefficient for
the Hm breed in the United States rose to 8.1% in 12.9
Cw;ﬁﬂﬂlo The average relationship of the breed to
"Anxioty IV® in 1930 was 18,58, He has reported that the prize-
winning animals were more reclated to WAuxiety IVY than the averaje
of the breed, Yader and Lush (1937) have shown that no one
animal dominated the Brown Swiss breed in the United States.
The amount of inbreeding per gemsration in this breed was +5%.
Stonaker (1943) reported that inbreeding im the

Aberdsens/
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Averdeen-Angus breed in the United States rose .30% per generation
during the period 1900 to 1939, and the average relationship of thf
breed to the bull "Black Prince of Tillyfour" was 24% in 1939.

Fowler (1932) found the amount of lnbrsa;ing in the Ayrshire
breed in Bcotland for the period 1877-1927 to be 8.3% in 1927.
Comparing bulls with cows, he found no difference betwesn them in
the degree of inbreeding. He pointed out thet high milk yilelding
cows showed markedly lower inbreeding than the breed average, while
cows producing 1000 gallons of milk per lactation showed no
difference from the breed average.

Smith (1928) reported that the average inbreeding for Jersey

cattle in Britain was 3.9% in 1925. Comparing the high producing
| _

ieowa with the average of the breed, he found that the inbreeding
|

|was only 1.8% in the former group.

Brokelbank and Winters (1931) found that the average coefi-

ficient of inbreeding for the Shorthorn show-winners was 2.06%, whflo
that of random selected individual was 1.03%. Asdell (1945) in thL

Guernsey and the Friegian found no difference between the highest

producing cows and a random sample as far as the amount of inbreed-

ing is concerned. Shrode /
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.Shrode and Lush (1947) reviewing the whole subject
have mentioned that the Telemark registered balla'bem in Norway
from 1898 to 1921 were studied by Brege. During that time the
aversge Maeding rose from lees than 1% to over 7%,

The average interval between generstions for cattle
was reported by m;.mt of the investigetors above, It was usually

between 4 - § years,




SOURCES OF DATA

Two groups of cows (1000 Shorthorns and 1050 Friesians)

have basen chosen at random from 1943 and 1945 herd books i
|
respectively. This data has been used previously to estimate thot

amount of movement of these breeds in Britain. Similarly a
hundred bulls of each breed have been selected at random from the

same herd books. The high producing pedigree Friesian and

8horthorn cows are taken from the Milk Marketing Board Report for

1946, The first 50 Friesian cows and the first 40 Shorthorn cows|
have been included in this study. The pedigree of the 1000 |
Shorthorn and 1050 Friesian cows have been tabulated for two
generations, OQut of these two samples & hundred animals were

chosen at random and their pedigrees were traced for four

generations. The bulls and the high producing cows were treated

in the same manner, i.e, their pedigrees for four generations
1

|
i

| were tabulated.
Wright!'s formula (1922) has been used to calculate the

coefficient of inbreeding and the coefficient of relationship.

The/




The interval between generations was caloulated using

200 bulls and 200 cows of each breed.
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Tebles 3 and 4 represent the average interval between

generations for the Shorthorn and the Friesian breeds regpestively

IABLE 3.
betwesn generations for the Shorthorn breed.
Aversge age of dams at the birth of
registered males 5.88 years
L n L L n "
registered females 5.86 n
Average age of sires at the birth of
reglietered males 3.26 »
" 1 " n n n "
registered females 3.96
Average interval between generations b4 OV
TABLE 4.
aterval between "R a_fo e ian breed,
Average age of dams at the birth of
registecred males 5.76 years
W ] " o " "
registered flamalos 5.38. ¢
Average age of sires at the birth of
registered males 3.7 *
W ] " L4 " L
reglstered fenales J.hl *
Average intervel betwsen generations 4L.58 ¢
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Tables 1 and 2 show that about .3% to .4% of the
heterosygosity existing in the foundation animals for the
Shorthorn and the Friesian breeds is lost per generation,

Thig result was obtained when the pedigrees of the animels were
traced back for only two gensrations. The difference betwesn the
two breeds in the amount of inbreeding is not significant.

Qut of 26 inbred Friesian colslin the first group, 25
were produced by half-sibs mating, while ons animal was produced
by sire-dsughter mating. Similarly of the 30 inbred Shorthorns
in the first group 29 were by half-sib matings and one by sire-
daughter.

When the sub-sanmple of 100 cows for each breed were
traced back for 4 generations, the average ccefficlent of in-
breeding per generation was found to be 2% for both the Bhortherns
and the Friesians, Tsables 1 and 2 show that-tha Shorthorn bulls
are less inbred than the cows while the reverse holds for the
Friesian brpcd. Howgver, such comparison should be based within

herds/
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herds. The high producing cows in the two breeds show higher
coefficients of imbreeding per generation than the random
samples of females. The dirfe;onco being sign;fionnt in the
Frissian breed.

No animal appeared sufficliently frequently in the four
generations studled for 1t to have an outstanding influence on
the Shorthorn breed. The bull "Terling Marthus® (21533) who had
been imported from South Africa in 1922 appears more frequently
than any other animal in the pedigrees studied. The relatiouships

of this bull to the groupe of cows, bulls and high producing

animals studied sre given in Tsble 2.
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Wright's coefficient of inbreeding expresses the amount
of heterosygosity being lost as compared with the amount existing
in the foundation stock. The coefficient of relationship measures
likensss to be expected betweesn the genotypes of animals eoncurnodt.‘
The Shorthorn breed has been thoroughly analysed by Wright and
McPhee. The amount of inbreeding per generation they found for
the period ending in 1920 was .278 per generation. Our analysis
covered the last four ggnerationa and the amount of inbreeding
per generation was found to be .2 to .4% which is very near to
their estimate. It seems that the mating system, or the method
of broodxpg of the Shorthorn breed in this country has not
changed very much during the last twemty years.

Wrigat (1931) devised a formula by which it is
possible to estimate the affective number of males in a limited
populntion-iﬁ which there are far fewer breeding males than
females, and in which all of the sires have egual nhauéta to

leave offspring. In such a population the inbreeding will rise,

and/
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and about 1/8M of the remaining hoﬁcro:ygoaln is lost per
;tnon;tion. where M 1s the number of males being used for breeding.
Applying this formula to our rssults shown in Tables 1 and 2
gives the number of males used for breeding as 41 in the Short-
horn breed and 31 in the Friesian breed. 8Such numbers are small
compared with the numbers which have actuslly been used in the
two breeds. The smaller effective number may be attributed to
the fact that there is a tendency in every breed tc separate inte
distinet families, and there is always an amount of selection for
or agsinst certain animsls or their progeny.

It has Leen observed in analysing the pedigrees of the
Shorthorn nninais, that there ares no animals which dominate the
breed during the period studied, Thiu:aay be due to the fact,
that such inportaﬁ animals elways appear in the formative peried
of each breed, when it’is very possible for an individual with
the high reputation to dominate the breed. The Shorthora breed |
is now well established, and it is not surprising to fipd that

| there are no predominant animals in the period of our analysis.

It has been found that the amount of inbreeding per

generation/
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generation for the high producing cows both im the Shorthorn or
in the Friesian is higher than the rest of the breed. In the
Priesian breed sbout 20% of the high producers came from the
Manningford Herd end 10%f came from the Elmwood Herd, both
.acnttaliy of the same breeding, while in the Shorthorn breed
45% of the high producing cows came from three herds namely,
the Iford Herd, the Winton le& and the Kentish Herd. E&ince
specisl herds contributed a higher percentuge of high produglng
animals than other herds, a test of significance of difference in
the amount of inbreeding between the high producing animals and
the rest of the breed is not justifiable.

It may be concluded that inbreeding does not have any
deterimental eflect ofi the milking ability cf the anizals. 0Of
course, this holds true only to a certain level of inbreeding,
after which inbreeding will cause a decreass in milk production.
The amount of inbreeding recorded by diffsrent workers who have
studied high producing animals or show-winners, is too small te

affect the productive ability. Such problems sheould be studied by

-

conducting long-time experiments.
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Although the figures cbtained for the Shorthorn females
do not differ significantly from those obtained for the Friesian
females, yet the Friesian breed %n Great Britain is in a quitb
differsnt position to ih- Bhorthorn.‘ The Shorthorn breed has been
well-established and is at present probably denllning while the
Friesian breed is still expanding. MWMowveover, the importation
of Friesian animals ffou Holland amd South Africa has affected
the breed genetically and of course this type of breeding affecta
the amount of inbreeding in the breed.

The bull "Terling Marthus" (21533) is one of the most
important bulls in the Friesian breed in Great Britain., This
bull born in 1921 and imported from South Afrieca in 1922, wase
used for 15 yeara in the Terling sand Manningford herds. It has
been estimated that this bull hnall66_rngistered daughters and
59 registered sons in the Terling herd alone. Odlum (1947) has
mentioned that"Terling Marthus" has 55 R.M. daughters nnd 11 R.N.
sons in the Wanningford herd.

Table 2 shows the relationship of the breed to "Terling

Marthus®, The total relationship of the breed to an animal

depends/




depduds upon the animsl's coefficient of inbreeding, the number
of sons and daughters the animal leaves and its collateral
relationship to the breed through other descendants. The higher
relationship of the high producing cows to "Terling Merthus" may
be due to the fact that this bull has been used very nxtenuiv;ly
in the Manningford and Terling herds, which are the leading
Friesian herds in Englend, and which play a great role as a aonreol
of replacement in the Friesian breed. It can be stated that the
blood of this bull through himself and his offspring has undoubted-
1y become more widely distributed in the expanding breed and that
it influences the breed to a greater extent than that of any
other individual.

It is intended to use -'right'l Mﬂ methed in studying
the ganetic history of the Friesian breed in Great Britain, This
should yleld valuable information upon the amount of inbreeding
'in the breed during different periods, upon the amount of Linter ‘

8¢ relationship and the influence of important animals and herds

on the breed.
The/




The average length of time from one generation to the
next is a matter of considerable interest since (1) it will

enter into the breeder's plan of wﬁlt he can accomplish if he
undertakes deliberately to perpetuate the influence of some noted
animals by some system of lime breeding; (2) it is useful in
estimating what has been sccomplished in the past by the breeding
systems actually followed; (3) the replacement rate depends upon
the length of generation. The average length between generations
was found to be 4.7; years for the Shorthorn breed and 4.58 years
for the Friesian breed.

The average length between generations depends upon the
age at first calving, the interval between calving and the age of
animals used for breeding purposes. Lush (1945) has reported
that the mean generation interval in dairy cattle runs between
i-4% years. Rendel and Robertson (1949) have obtained a value
of 4.6 and 4.7 years for the gemeration length for the Friesian

and the Shorthorn breeds respectively, which agrees with our

finding. The same authors have reported the estimate of 3124 y-arl

-

for one of the biggest Kerry herds in Great Britain which is

exceptionally/



exceptionally short.

Tables 3 and 4 show that the average age of sires at
the birth of registered males is 3.26 years for the Shorthorm,
while it is 3.79 for the Friesian breed, This is probably qun to
the fact that progemp testing is practised more in the Friesiam
breed, This also might be due to the extensive use of imported
males and keeping pure imported bulls as long as they are
serviceable. The Milk Marketing Board Report 1947 shows that the
average age at first calving is higher for the Sherthorn breed
than that for the Friesian breed. This way be responsible for

the higher estimate obtained for the Shorthorn breed.
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AND CONCLUSION

The amount of inbreeding per gemeration in. the Shorthorn and
tﬁo Friesian breeds in Great Britain was studled for the last
four generations starting in 1945 for the Shorthorn and 1943 for
the Friesian breed. Cows, bulls and high producing cows were
included.

The amount of inbreeding per generation was estimated to
be .20, .14 and .29% for cows, bulls and high-producing animals
in the sﬁorthorn breed respectively. For the Friesian breed
the following vnl;gs were obtained given in the same order as
the Shorthorn, .20, .35 and .38%. These results were cbtained
when the pedigrees of the animals were traced back for four
generations. When the pedigrees of 1,000 Shorthorn cows and
1,050 Friesian cows were traced back for two gemerations, the
amount of inbreeding per generation was found tolbc 40 and .32% ’
for the Shorthorn and the Friesian breed respectively.

No individual animals were found to predominate in the

Shorthorn breed during the period studied. The bull "Terling

Marthus"/
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Marthus® (21533) influenced the Friesian breed in Great
Britain more than any other individual. This bull was imported
from South Africa im 1922, The relationship of bulls, cows and
high producing cows to this bull is 3.50, 3.75 and 9.25%
respectively,

The average length between generations was found to
be 474 years for the Shorthorn breed and 4.58 years for the

Priesian breed,
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INTRODUCTION AND PURPOSE OF STUDY

| There is a considerable regiocnal variation in the |
|/ |

annual milk yleld per ¢ow in the various perts of Great Britain,
‘ Very roughly, the centre of high yleld and low butterfat per-

‘centage 1s in the south-east, with a decrease in yield and an i

| inerease in fat percentage westwards and to & smaller extent

 northwards. This point was raised by Pdwards (1946) when he

| |
pointed out that the milk yield in lancashire for Friesians and

Shorthorns was only 756 per cent of the yleld of the same breed in

Essex. The general picture for the whole of England and Wales is

| given in Fig.l which shows the average 505-day yield and fat
; percentage for Friesians and Shorthoras in the different Milk |
i Marketing Board Regions. These figuves, of gourse, refer to
all animals of the bresd type in the region. In sdditionm,
there is given the percentage of all milk-sslling cows which
are recorded in that regiom,
Biwards also suggested that the difference in ylelds |

might be related to the gemeral level of the dalry industry ;

12/ @
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in the two counties comserned, The density of cattle is very

;mmammﬁum.mmﬂyu
!mm. such as beans and sugar-beet tops, than
;amn. In addition, it is probable that Laneashire fammers
imummmum‘mm.mmumm
ccast pasture conditicns are not #0 good and more expensive

| foodstuffs nust be fed, This paper is an attempt to discover to |
|

' what extent any regional sdaptation could be possible within

the breeds, If the amount of movement of breeding etock is |
?ﬂl.MMhanmmt:'MmtmmNT
Eummmmumumummqm |
 genetie isolation, Nowsver, the results show that the flux of
émuumtutomm.ﬁthrumpum.w
immmmummwumwmmy
;Mmmmttmorwmmm-bm.

| It has been sugpested that same of the regional
,mtmmnmwmummum.

 As willingness to record {8 presumsbly connected with good

- management/
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menagement, 1% would be expected that within eny givea region

the higher percentage of herds recorded the lower the average

yield, nmmmum.mymmumi

herds will be measuved, and as more herds are recorded, the |
|
general level of thoss recorded will drop. m.mioi

mxmmsmmmiammwmnnmn-ﬂan
' low perventuge recorded, This can only mean that the true ave

\

erage yield will show a greater variation tham is apparent from

the above figures, !
Meagurement of migration ~ |
Yor eash breed, sbout ten distriots of the country were
chogen, generelly of the size of ove or two counties, They were
' chogsen as far as possible to have roughly the same total pedigres
- |
poepulation of the breed under comsideration, Owing to the

different geographical distribution of the two breeds, slightly

| aifferent counties hed to be chosen in the two cases, Them the
memuwmnnmummmumm

i 1945/
|
|
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1945 for shorthorn) snd a list made of the femele entries im esch
'w. Then 100 females were taken at rendom from each
Toounty® Mm&rMMMMMoﬁuuum.
he county of birth of the various ancestors was then noted,

rtmmm..mmm-mommur*smuuu

mm,nunm. be more likely to depend on the

%oamuor the animal, )

Por the purpose of classifying the origin of the
'.
 ancestors, England snd Weges wero divided into eight arces; as
shown in Pig.2, Iu addition, ancestors were found coming from
Holland, Irelend and Sootlend, The caly mein difference in the

mwummu-m'ummmmmtm

from Scotland for Friesians and 20t for shorthoras, as it was

|
considered that the majority of Ssottish Shorthorns would de of |

the beef type.

Besults

I 22 of the animals born in Cumberlend had sires borm

| | |
'outside yhe county, then we will say that the 'veplacement index'

o
|
|



SCOTLAND
10 —IRELAND

)]

| —

HOLLAND

Hg.2,  Classification areas for place of birth of




123,

lmumuumm. If we averege the indices for sire and
dem wo get the genotie replacement, thet is, the frection of
genes brought in from outslde during one generation., The
results for the two breeds are given in Tubles I end 2,
.nmmu.ahmrwmmummm
in the sume herd es themselves was determined. It was 17 per
conts for the Shorthomms and 21 per cent for the Friesians,

|

In considering the detailed origin of the ancestors, we

~can proceed slightly differently, ¥e can find the total

;mmmm«mwnmuﬁ-mnmaumh

itb-la.mmtwmbmuﬁomotthum

;mmmm This can be avoided by consider-
|

immmmmmm-muwmmum. !
|

'We ean thus find the relative contridutions of the different areas

%0 the total sample. The results ave given in Tables 3 and 4.

Figures above 100 for areas from which semples were taken |
|

{1-8 in Skovthorms, 1-9 in Friesians) show that these areas

'ase contribduting move than would be expoeted, Ia faet, thexe is |

!nwmxmmmmommGonumm!
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are moge then 100 %o those whose comtributions are below 100,
Tables © end € show the county contriduticas of males to
different arcas for the Shorthorn and the Friesisn breeds
respectivelye

he figures reveal & very considersble emount of

 mlgratioa from aree %o eres, As might be expocted, the
!Mﬂmtnmmmﬁum.mm
fmmqmwmmwumamwm
formor, The overall figures for the breeds would seem to show
more movessal of Liveding sioek in Friesians then in Shorthorns,
more particularly weongst the cows, The general level of
migration is very high with the oxveptioa of aveas like Cumbere
lend and Lencsshire for Shorthorns, end Essex end Sootland for

the Friesisns, In chorthomns, for instsnce, the lowest genetis

| replacement per gensration (with the exseption of the sbove two

counties) is 55 per cent, This would mean that in 4 genervations |

|
;lu-!om)ulmts'rmmam”hum
|

will/




Zimx B, - County ‘contributions® to diffevent iveas (Shorthorn - sires)

Eves
Sounty i S - 3 A S S 7 oo 2 10
Cunberlend
RE :
end Durhan
{2) 46 oY o 3 o (4] 1 i 1z o
Shropshira «md
Hereford
(3) 18 6 28 1 2 12 oo & 5 -
Warwick
: (4) 22 4] 6 30 8 v 14 13 0 0
$  Horfolk snd
- Saffelk
{5) 1o 0 16 80 & % 6 3 0
Somsrset
¥iltshire and
Xent
(8} n | 3 o 2 12 52 12 o
Carmarthen
3} e R 30 £ - . 12 8 3 = 55
iverege ¢ 283 127 128 | 62 ) 28 )| 8 10 A 02
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L 2 i

1) 18 7 [+ i 1] 4] 4] - 20 o
Borthusberland
end Tmrhem

) - 3 46 0 4 0 0 0 13 a2 4
Carmarilian

{3} & 3 29 s 3 28 i6 1
Lancaahire

{1) S iz 3 8 0 L+ ] [+] 6 1?7 1
Norfolk and
Suffolk

{s) b4} 2 G 28 i 1 35 £ 2
Harwick

{4} p 15} is 4 46 3 4 2 3 6 3
Scmerset

{6} 3 2 3 8 ] 46 a8 26 & 4]
Filtshire amd :

{7 4 1 3 4 8 1: 4% 17 4 1
Essex{8) v -] 5 3 5 ] 68 8 0
Sgotland (9) > X S5 4] 6 i 1] 2 ] 80 0
Shyopshire and
Eereford {3) 24 is 29 11 2 4] 1 & 7 8

Averoge % 8,7 ] 8.2 248 6.0 2e4 by 169 | 15.4 | 12,5 240
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will be of cutside origim, It is @ifficult to believe that eny
local differentiation could persist against this migration
pressure, or thet any selection rressure could be sufficiently
iayge es to set up new differentiation, This is not to deny amy

hond differences within the districts but to show that, in the

main, the districts themselves are not likely to form genetically
distinet unite, As far as converns the sources of genes and l
breeding stock, as might be expected, those areas with low
FMWMmmmmatmwmmm
to the rest of the country. Thus, in the Shorthorns, the northe
west contributes 16 per cent, of the bulls used elsewhere and
28 per cents of the bulls used in the whole sountry, The only
two other creas which are scurces of genes are the central
southern and south-sestern aveas, Marmummu'm

northewest sstually come from Cumberland and Westmorlamd whieh,

oddly enough, have one of the lowest average yields of any

Pmcwmmu. The breeders there are, of course,
'r-nmmmtram-muwuum.
| In/

’;
|




In the Friesiens the twe main sources in the pavental
gensyation are Essex and Seotland, with the northern arves of

Englend just helding their own, mugn;mmmam-
than Essex, the influenve of the formew being mainly due to the
Douneside and Deanistoun herds, and of the latter mainly to the
Rayleigh hewds, In the grandparental contribution there 18 a

very large part played by sires imported from Holland, These

would have for the mos$ part been from the 1986 importatioa,

which consieted of 47 bulls and 48 cows. In faet, in 1945, these
animals had contridbuted over 10 per cent of the total genes in the
breed, The use of the sons of these bulls hes ceused sn undere
representation of home-bred bulls amongst the paternsl grandsires,
This seems in particuler to have affected the dulls dresn from
Seotlend, since the grandsire contribution is less than would be

expected from that of the sirves,

- In gersral the results suggest that there is very

1ittle genetic isclation within these pedigree breeds, with the

l
mmmammwwmw.

l

'ru-/
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Heve, however, the isclation is only in the sense that there are
fow replacemente, However, in fact, the influence of thewes

on the bieed is falrly high so that, to some extemt, the other
parts of the country muet bo becoming genetiscally similar to the

porthe-pont, beoeuss they ave sontinually using bulle from that

arens The case of the Friecsian bLreed is somenhat different from
thet of the shorthorn, since this is e breed which is still
‘expanding, Meve, instead of genstic 2ifferentes existing amd
being elowly evened out, any lecal differentiation would have to
build itself up against the grest levelling effect of migretion.
It may e argusd that the figures of the Milk Marketing
Board (1947) refer to podigree and non-podigree cattle and that
the above approash appiies to the former only. The latter will
MH;MMWMWMMWM

pedigres hoxds, so that the levelling process is somewhat slower,

| However, the fact that the same pattern of reglonsl veriation in
yield is also shown by the Channel Islend breeds, in whieh

pedigres/
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mcmummnh.umummmum

that the regional differences are mainly environmsntal, iz,

| dn faot, the gredieat in yield and butterfat is assumed to be due
to cuvironment and not breeiing, sny systems of genetic evelustien
on absolute yield would tend to pemalise unduly those breeders
on the west coast, However, the fact that the north-west of

England, with e very low ylsld, contributes oo meay sires,

mmmwmcmmmum.
From the long-term view of breed improvement, the

Wraa’mmﬂamhtamnhubmmn

|
!
|
is probably not advantageous, Wright (1939) has sugsested that !
|

;mumbmm.ummmumumm
I

 breed is split into several semi-isolated sub-groups, whish cuts

|
| down the chance of the loss of rare genss, possidly edvantageous

| in the future, by chanse fization, In eddition, it allows of
 much greater adaptation to local conditions,
| The results here presented have suggested strongly that

there i3 at the presant moment little local differentiation in these

Fruen !
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two breedss It is proposed shortly to atteck the problem inm a
more direct memner by consifering the sotual milk yields of
deughters of, say, Cumberland bulls weed in differsnt counties,
ngua. This will ensble & direct chesk on the relative
genetic Jevels in the different areas to bLe made,
Supmazy

An investigation hss been made by & saupling method of
the megnitule of the amigration of bLreeding animels in Friesians
end Shorthoms, The movement 18 of such s magnitude as %o
preclude the possibility of the oxistence of much local genetie
diffeventiation, suwept for the north-west of Zngland in
Shorthorns, and Seotland and the region around Essex for Friesians,
Apart from those areas, approximately S0-40 per ceute of the
genos in any avea of county size are replased in each generation,

Approximately 20 per cent, of the femules in these
Mmatﬁhmﬂthmhthmhuﬂum“u

The morthwest of England is the mein centre of movemsat

of Shorthoms, with the southern counties also contributing a

fair/
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fair proportion. Essex and Scotland are the meim comtributing

gontres for Friesisns, elthough Hollend contributes a high

rm“tuwm-. Approximately 10 per ceat of the
hmwmmummmamsm
}rmummnu.

Thie finding suggests that the grester part of the
geographical variation of milk yield end butter-fat in Englend

and Vales is due to differences in climate, soil, feeding end

managenonte
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