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AINTRODUCTION:
The ultimate aim of dairy cattle breeding is to raise
the efficiency of economical milk production; 4in this the most

important facter, though not the only ome, 1s the increase in |
milk yield, This can be achleved iithlr by improving the uystci
of menagement or by selecting for the highest possible milking
capacity. As neither a good environment and bad genes, nor good
genes and & bad environment will give the maximum improvement in
milk production, it is of profound importsnce to secure both good

genes and a good environment,

The environment cannot be controlled completely on th?
dairy farm. There are many factors which are beyond the brccdc*'a
control. Bven after control of the known causes of environ- |
mental variations, there still remains & good amount of
variation dus to unknown eavironmental causes.

Eanvircoment sometimes has such a large effect that
dairy cows of one genotype mey appear phenotypically like those
of a class superior or a class inferior in their milk
production., 8uch effects will result in the overlapping of
phenotypes, and consequently the right type of snimal may be
rejected by the breeder and an inferior one selected instead.

As the effects of environment are liable to exist in

varying degrees, any scheme of selection carried out with the
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se of improving the hefd genetically depends on the extent
t:rf:ich hereditary differences account for the differences
between individuals, because the success of selection depends
upon how much of the variation found between individusls is
transmitted from parents to offspring.
Milk yield is a quantitative charscter controlled by
genes which can be shown to act largely in an additive manner;
its phenotypic expression is greatly affected and medified by
the environment, hence the breeder is unable to discriminate
in any individual case between the pure genetical effects on
the one hand and thése which ere due to the action of environment
on the other. His task is to find methods which will enable
him to detect the genetie fraction and put it to the best
pogsible use.
If the part played by the environment in causing
wariations in milk yield is wholly ignored, lack of appreciation
of the differences between genotype and phenotype will follow,
The genetic improvement expected from selection and grading up
in a population of dairy cattle is often fer higher than can
be achieved, owing to the failure of the breeder to realise
that superiority shown by one animal or herd over others is at

least in paft not genetic and therefore not transmissible,

s Lush (1936) said "the improvement from phenotypic selection
Es proportional to the additivuly genetic (heritable) fraction
of the observed varisnce and this varies for the different
traits."

Since/
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Bince absolute contrel of environment in farm animals

is impracticable, the observed variance in milk yield is always

bound to be the result of the interaction between the environment

and heredity, The environmental fraction may vary in degree,
but it cannot be dismissed. Thus a practical tecol is needed to
discriminate between those two types of variation.

In this work it is our aim tomeasure the relative
importance of the genetic and all other factors which interact |
to bring about differences in milk yleld by estimating the
heritable fraction of the variance,i.e, heritability.

There are varying opinions about the best measure for
estimating the milking capacity of the cow. One of the
measures most generally used is the lactation yield (i.e.
total milk yield). This may be taken either as it is, or with
corrections for the age of the cow, the dry period &c.

In order to avoid tﬁa need for correcting for lengths
of lactations and calving intervals, the milk yield of the
first 305 days after calving is usually tsken &s an estimate of
the milking capacity of a cow. This period of 305 days is
chosen because if a normsl lactation extends for such a time,
and a dry period of 60 days follows, it will give/iiandard
calving interval of one year.

Although this fixed period of lactation is adopted
by the National Milk Record, the Milk Marketing Board, and a
good number of breed societies, yet there are still some
societies which, considering that their cows are usually in
milk for a longer period than 305 days, adhere to 365 days

records. This mede it of more interest to study both the 305

davs/
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days record and the totel milk yield, and to compare the two.

In this investigation the main object has been to
study hereditary causes of varlation in milk yield. The
relation between the month of calving, the age and the milk
vield, has been studied as a preliminary to the fundamental
analysis. The effect of the age at first calving on both
the 305 days milk yield and the total milk yield hag been
studied also.

The following tuble shows the parameters which have
been calculated in order to investigate the inﬁerltance of
milk yield.

A. The "repeatability" of both 305 days milk yleld and
the totel milk yield.

B, The "heritability® of :
(1) The first lactation of 305 days milk yieid,
{(2) " " 0 of the total milk yield (in
the biggest herd,)

(3) The second lactation of 305 days milk yleld,

(4) . . . of the total milk yield (in
the biggest herd.)

(5) The third lactation of 305 days milk yield.

(6) The average of the first three 305 days milk yleld

lactations after correcting for age.
(7) The cow's maturity index.

C. The phenotypic correlation between the 305 days and
total milk yield in the first and the second lactations,

D. The genetic correlation between i
51} The first and the second 305 days milk ylelds,
2) The first 70 days milk yield and the 305 days wmilk
yield of the first lactation.
(3) The first 70 days milk yield and the 305 days
milk yileld of the second lactation.
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a) The Inheritance of Wilk Yield,

One of the first methods of allowinz for the effects
f environment was evolved by the German School led by Von
atow (1930). They used what they called "The Byre Average"
to correct for the effects of weather, feeding and management
(i.e. year-to-year variations), This method wes first intro-
duced by Peters (as reported by Hansen 1917). Its main purpose
was to eliminate, ss far as possible, the effects of the
environment; thus any comparison between the individuals,

ter correcting their production, would be according to their
enetical merits.
There are two cbjections to this methed. Firstly,
e herd may be too small. Peters (1924) places the number
imit as twenty cows. Consequently the method cannot be used
or any herd having a4 emeller number of cows. Secondly the
enetic composition of the herd may vary from year to year.
Lush (1936) later strengthened this criticism by
gying that such 2 method regards the enmual changes in milk
ield ae due entirely to environmental causes end thus ignores
e genetic part of the change.
Lortscher (1937) stated that Von Patow's method makes

¢orrections/
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corrections for changes not only in the enrirqnment but also
in the average genetic conpoaition‘of the herd ag well as for
differences between herds.
Rinecker (1922) used aznother method based on Von
Patow. He compared the yield of the individual animals with
that of thelr stable-mates of the same age and year, if possible.
This method, although it is better than the earlier methods and
enables one to put animals in the same herd on a fairly compara-
ble basis, does not tell what the comparison means in terms of
genetics,
Wilson (1910), Dunne (1914), Wriedt (1930), Hills
and Ballard (1913), Furkquist (1921), Hensen (1917) &nd Patow i
(1921), tried to measure the number of genes which govern the
milk yield, but their factorial explanations falled to clarify
accurately the causes of variation in milk yleld because they
assumed that they were dealing with genetic variation only.
Lachow (1921), Yapp (1925), Nechtsheim (1926) and
Turner and Gifford (1927) came to & more reasonable explanation
which is summarised in the following :
i) Milk yield is iafluenced by many genes.
ii) |Meny genes favouring high milk production are dominant.
iii) A1l genes do not have the seme effecte.
Smith and Robison (1933, 1939) suggested that milk seecretion
must be dependent on a fairly large number of genes, some of
which are probably of greater importance than others.
Cole (1925) doubted the possibility of a low number
of genes, while Crew (1925) said thet the mechanism concerned

in milk yield is of the multiple factor type.

It/
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It was not until Lush (1936) took up this subject
that any attempt was made to find out, after correcting for
systematic trends in the enriroﬁnent on the lines of Rinecker
and others, what fraction of the remaining variation was
inherited. Obviously s factoriall analysis is not possible if
the fraction is amall and the number of genes many. Lush
(1936 &c) estimated the genetic part of variance in milk yleld ap
25-30% while Johansson and Hensson (1941,1947) reported an
estimate of 30-40% for this same part of the varience for
butterfat yield.

From the practical point of view as much can be done
in determining the best breeding pelicy from analysis of £his
gort &s could be done if the mumber of genes involved could be

accurately stated.

b) No etic Factors affecting Milk Yield.

In addition to the sort of overall correction for
environment sugzested by Rinecker and Von Patow, it is possible
to make corrections for systematic differences due to known
environmental factors such as season of calving, age at first
calf &c. Determiration of these influences not only bring out
more cleerly any genetic effects which may be present by reducing
the proportion of the apparent varistion due to non-genetic
factors, but also focus attention on csuses of variation in milk
yield which can be controlled. '
I. e Effect of Season of Calving on ield.

The season of calving has two types of effect on milk
yield/




8e

yield i~

1) a direct effect, through the influence of the geasonal
variations in temperature and weather;

2) an indirect effect, since the type of crops grown on the
farm changes with the season of the yesr. This
enables the cows which have a longer peried of grezing
to give more milk than these which enjoy a shorter one.

The farmer is more likely to be interested in the
second kind of indirect effect than in the first, because it is
within his control,

Hammond and Sanders (1923) found that there is &
difference of 15-20% in th§ milk yield of animels calving in
the different sessons; they attributed this to bad management.

Again Ellinger (1923) reported & difference of 16%
between the milk yield of October calvers and thet of March
calvers. He suggested the necessity for correction for the
geagon of the yeer before starting eny record analysis.

Sanders (1927) emphasised that the low yield of yearly
summer ealvers is due to the rapid drop in yield during the
summer, and if this drop could be arrested, there seems no
reason why these cows should not give yields as high as autumn
calvers. He gave reasons for the comclusion that the existence
of this seasonal variation ig evidence of bad management
somewhere (during summer)., He said too,that where feeding and
management are on & very high plame, the seasonal variation is
almost obliterated.

Wylie (1925) concluded that there is not much
difference between the different months of calving; he was

working/
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working on R.M. Jersey records. He also put forward the
explanation that amongst & group of animals which are highly fed
and cared for, the season of calving plays but & limited part
in milk yield veriation.

Von Patow (1926-30) found & difference of 3% in the
milk yield due to the season of the year.

Tuff (1931) stated that the total milk yield of
Norweglen cattle is usually 10-20% greater when the cows calve
in the sutumn or winter, than when they calve in spring and
summer, He attributed this increage to the more favourable
environmental conditions in winter (cooler weather and absence
of flies) and to the more digestible feeds than are availeble
in late summer, |

Gannon (1933) recorded thet in Iowe State the cows
which celved in November had the highest average milk yield,
From November tc June the group calving in each month produced
less milk than the group calving in the preceding month. From
June until November the group calving in each month had e
larger production than the group of the preceding month.

Schubert (1934% found a slight correlation between cli-
mete and milk yield, but a stronger one between the concentrates
uged in different years and milk yield.

Plum (1935) states that there 1& a significant
influence of the season of the year upon butherfat yield, but

estimated/




| estimated ite effect in the total variance at 3% only. He
found also that the butterfat yield of cows calving in November
to Jamuary exceeded by 13.6% that of cows calving in May to
July; this sgrees with the finding of Cannon (1933).

Dickerson (1937) found that by applying correction
factors for the season of calving, the differences between
records of the same cow increased by nearly as much &s the
differences between cows, which means that the season of
calving has no appreciable effect on the milk yield. Again in
1941 he found that .019 and .010 of the totsl variance in the
305 days and total lactation records respectively was due to
the season of calving. This in turn suggests that the seasons
have but little effect on milk production.

Johengson and Hansson (1941) came to the conclusion
that the main factor influencing the seasonal variations in
milk yield is the lack or abundance of food. They went further
in suggesting that such an effect could be overcome if farmers
pay special attention to the feeding of their animals during the
seasons which are known to be bad as regards pasture. They found
in their study that the effect of the season of calving causes only
3.3% of the total variation in butterfat yield. This estimate
was obtained when the animals studied were divided into only
two groups, summer and winter calvers.

This of course does not give an accurate picture of the

effects of calving seasons, and more accurate results would be

expected/




expected when the animals are divided into twelve groups
according to their months of calving during the whole year.
Cannon and Hansen (1943) explained why the autumn and
winter calvers exceed in their milk yield those which calve in
the other seasons of the year. They said that cows which calve
in autupn and winter are in a fairly advenced stage of lactation
by the time the factors favourable to milk preduction (good
grazing and mild weather) are most pronounced.

Woodward (1945) made it clear that the gquantity of
milk produced in & lactation perioed is not a factor of major
importance for the dairy fermer to consider in determining the
best season of calving for his cattle, provided he has adequate
food supplies for his animals at all seasons of the year.

Frick, Mann and Johanson (1947) found that, in
Connecticut, the most favoursble month of calving came later in
autumn, and that milk yield in the most favourable months
exceeded that in the least favoursble by 13.7%.

Johansson (1947) again in his study on the variation
in milk yield and butterfat in the Polled Swedish cattle, stated
that the influence of season of calving on the butterfat yield
varies from farm to farm, but, on the average, summer calvers
produced 5-10% less butterfat per lactation than did winter
calvers.

Oloufa and Jones (1948) found that seasonal variations
in Oregon State had no appreciable effects upon butterfat

production,

Blau/
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Blau (1949) examined 1827 "corrected" milk yields of
co;a belonging to five Red Pied Lowland pedigree herds. He
indicates that performance is influenced by feeding rather than
by season. Where feeding is at the same level throughout the
year, time of calving has no significant effect on milk
production.

The conclusion to be drawn from these varied rnuulﬁs
seemsg to be that the effect of the season of calving is an
indirect one operating through the food supply. When grass is
the main feed, the effect of season will be greater; proper
feeding, to supplement grazing can largely remove the effects
of season of cslving. Thue the effect of season of calving is
largely one of management and will vary from farm to farm accord

ing to the way the farmer manages his herd.

II. The Effect of Age at First Calving on Milk Yield,
Meny studies have been carried out to find what are

the effects and limits of early and late calving of heifsrs on
their milk production.

Eckles (1915) was the first to have mede a study on
the effect of early and late calving of heifers on their milk
yield, The early calvers, in this study, were six Jersey and
two Holstein heifersj they were bred at 20-24 months of age.
The late calving group consisted of four Jerseys and five
Holsteins; they wers bred to calve at 30-34 months of age. He
reported a slight increase in the milk and fat ylelds of the

late/




late calvers over those of the early ones. However, the -
number of animals in each group was very small, and the breeds
were not represented in equal numbers in each group. Eckles
believes that it is decidedly disadvantageous fof & Jersey
heifer to calve under 24 months of age, while nothing seems to
be gained by allowing her to reach an age of more than 30 monthsd.
The smaller number of Holsteins gives less foundation for such
| a statement, but it elso indicates that the begt milk
producers are, on the average, found among those which are well
matured before coming into milk for the first time,

Beam (1918) found a difference of 10 lbs of butterfat
between early and late calvers, which indicates a little
advantage in late calving.

White (1917) comparing two groups of Holstein cows
concluded that late calvers (average age 37 months) exceeded
the early calvers (aversge age 25 months) by 544 gallons of
milk. The results of this study are not very relisble since it
comprised only ten animals (5 in each group) and there were
also some exceptionally high producers among the first group
of animals. Owing to the extremely small number of animals
used in these studies the results are unreliable since they
fail to eliminate individual variations.

Turner (1932) in his study of four breeds of cattle
(Ayrshire, Friesian, Jersey and Guernsey) comprising 22,482
snimsls, observed an increase in the yearly milk and fat
production as the age at first calving increased. He also
found that the maximum was reached at the age of 30 months,

while the most efficient production was obtained at the age

of/
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of 20-24 months. No gain was obtained when heifers were

delayed in their calving beyond the age of 30 months; 23-43%

of the heifers included in this study calved after that age.
~ Johansson (1929) came to the conclusion that the i
butterfat production of Swedish Red and White catile increases |
with age at first calving and that this increase becomes
gsomewhat less pronounced during the 4th to 6th lactations.
He accounted for this by the general correlation between age an4
production and suggested the_aetting up of experiments
especially plannﬁd to test this hypothesis.

Dickerson (1936) found that age at first calving
affects the butterfat yield in the first lactation; he reports |
a correlation coefficient of .22 between the two., He also
pointed out that this effect decreases as the number of
lactations per cow increases, because the length of the
productive period tends to balance the effecte of age on total |
production.

Tuff (1931) tried to estimate the effect of age at
first calving upon the first 180 dsys milk yield in Norwegian

cattle, through the application of the following equationt-

F = 1096 + J447x ‘
where y = mature milk yield for the first 180 days in Kgms,
x = age at first calving in months.

Johansson (1941) found that the regression of butter-

fat production is : r
¥ = 132.79 + 3.566x - 0.1544%
He stated the yield in kgms for 13 age groups of 2 months inter-

vael each, that is, ranging from 25-50 months. This
equation/
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equation gives the following value, when transformed into
pounds of milk, applied to an average butterfat percentage of
L

§ = 470 + 202.5x - 8.78]

It corresponds to an increase of & gallons of milk in
300 days milk yield per month of age at first calving.

Dickergon and Chapman (1940) divided the records for
two large Holstein herds into two groups in which age at first
celving ranged from less than 24 months to more than 36 months.
Anglyeis of the records indicated that breeding heifers as early
ag 26 months wae not detrimental te reproduction or growth
rete and resulted in a slight but definite increase in lifetime
production efficiency.

Hanaéon (1941) found that early calving has no effect
on the size ultimately attained by the cow. He stated thet the
butterfat yield during the first lactation increcases with
ipcreasing age st first calving, and after the cow has reached
36 months of age the rise in the yield with increasing age is
very slight, He elso found thet the lifetime record of the cow
showed a tendency toldacrsase with increase in age at first

celving, This means that the economy of milk production is
greatly influenced by the age at first calving. If the average
age of cows at first calving is reduced by 6 months, the fat
production per 1000 feed units increases by 3.5 kgms. butterfat.
He suggested that the best and most economical age for first
calving in the Swedish Red and White breed is 26~28 months.

Gaines (1943) in his work on milk records of
8horthorns/
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Shorthorns in Illinois found that there is a general
regression of 6 gallons a month in total milk yield in all
lactations.

Luthman (1947) studied the effect of age at first
calving on lifetime milk production in the German Lowland and
Highland cattle. ™The lifetime yield" of cows was expressed as
yield per feeding day, the total milk yield of 7 lactations being
divided by the number of days in the period between the first

calving date and the last day of the seventh lactation. It
was concluded that cows first calving at the age of 31-36 ‘
months produced more milk and fat than younger or older ones.
He stated too that the feeding of the youmg stock has a great
effect on the condition of the heifer at her first calving and
also on her production in gubsequent lactations.

These various studies show how the age at first
calving affects the heifer's milk and butterfat yield. The
different estimates of increase in production when the breeding
age is delayed, previously mentioned, are all of the same
magnitude, They all agree that delay in breeding causes
increase in milk production in the first lactation, but that the
milk yield is likely not to incresse if heifers are delsyed
in their breeding beyond a certain age. They also clearly
state that the efficiency of milk preduction through the .
lifetime of the cow increases when she is bred early. The
definite ages and emount of increase in production differ from
breed to breed and from farm to farm as the conditions are not

the same, Horeover, the dairy farmers hold conflicting views
as regards the effects of early first calving on the capacity

for/
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for milk production. Some believe that it is detrimental

to body development and milk yield, while other claim that the
efficiency of the cow as & converter of feed energy inte milk
reaches & higher level when she starts her productive life at
an early stage. Therefore, some of them breed their cows at a
late age while the others make them calve ss early as possible,
But, in general, the farmer is probebly inclined to breed his
heifers when they reach a satisfactory size, This size is
determined by the breed of his cattle, his system of management
and lastly by the quantity and quality of food which he supplies
to hie znimals. This explains why some farmers obtain
disappointing results when they let their heifers calve early,
while other have every success. The conditions of the farm,
the growth of the animals and their degree of maturity are
important factors in this connection.

This suggests the need for further investigations
based on practical experiments, where the materiesl should be
freed from the effects of other factors than age at first
calving., The study should cover many breeds because of their
different growth retes; the feeding of the animals should be
controlled and, lastly, the numbers ¢f animels should be
sufficiently large.

Until then, statistical snalysies will give some idea
about the effect of age at first calving on milk production. |

111/
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III. The Relation between Age end Milk Yield over the
Successive Lactations.,

The age of the dairy cow is one of the ;nportnnt
non-genetic causes of variation in milk yield. Many investi-
gators have measured its effect in different lactations. If
the different lactations are to be compared the records need to
be standardised, since the difference between first lactation
and mature yield is of the order of 30%.

Langmarck (1921) studied the effect of age on milk
yield and wae the first to show that age correction factors

drawn from single records are useless &8s they do not allow for

the effects of gelection. He confined his study to cows which
had at lesst 10 lactations each, and found that the maximum g
yield was reached in their 7th lactation, This maximum record
was higher than that of the first lactation by 60%. This
result is somewhat misleading because during such a long period
of time the environmental conditions had certainly changed.
This makes his findings of little general application.

Sanders (1927) found that sge rather than the number
of lactations is the important factor in determining the
variation in milk yleld. He realised that selection within
herds would affect the age conversion factors cbtained by
comparison between animals in the different age groups. He used
what he called "the paired lactation method", which secured the
elimination of such effects, but the result was still open to
the error introduced by more or less continuous improvement in
the environment. This method, however, excelled that of

Langmarck and still better results could be obtained if the

investigation were limited to a comparatively short period of

T A
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time (4~5 lactations). This would increase the chances of
getting larger numbers of records as well as minimise the
effect due to change in the environment.

Kriiger (1934), Johansson and Hensson (1941) egree
with Sanders, but make the reservation that the number of
previous lactatione of the cow also has its effect.

Subsequently, Sanders (1928 and 1930), Kay and
MeCandlish (1929), Schmidt (1933), Gaines and Palfrey (1931),
Kendrick (1937), and Plum (1935) have all recognised the com-
plicated effects of selection on their material. They have
attempted to aveid the difficulty by studying the influence of
age within individual animels. But, again this method is still
gub ject to one source of error, i,e. the conditions of environ-
ment may have changed during the interval of time from the first
to the last record. It must be also remembered that not all
breeds, or perhaps herds, will be affected by age to the same
extent.

Other authors have’ studied the way corrections for age
should be applied.

Tuff (1931), from an analysis of seventy-four animals
with seven consecutive lactation years, concludeg that "the
increase in milk yield from young to full grown age of an
individual can neither be summarised by a constant addition nor
by a percentage addition alone™, and proceeds to state a
formula of the nature y = 1096 + 0,447x for conversion from two

years (x) to maturity (y) for the first 130 days milk production
Ward/
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Ward and Campbell (1938) analysed the records of 702
cattle of predominantly Jersey type for at least six consecut-
ive years, They did not find any evidence supporting the theory
that increase in milk production operates as & percentage
addition from early age to maturity. They suggested that the
increese in milk production according to age is best represent-
ed by a regression formula of the nature x = ay + b, where X
equals the maturity production and y is the immature production.

Dickerson and Chapman (1939) studying the effect of
age and dry period on milk yield, found thet correction factors
for age obtained by the analysis of variance method, over-
corrected the low yielding cows and under-corrected those with
a high yield, They suggested confining the use of such factors
to cows up to 5 years of age only.

Sanders (1928) observed too that the application of
correction factors resulted in over- and under-correction of
gome of the records. He attributed this to nutritional causes,
and to the small number of animals with which he dealt.

Lush (1947) suggested that the number of the records
each cow gave and the herd's average should be considered when
age conversion factors are worked out, This precaution allows
for the regression towards the herd's average.

To sum up, studies on the effect of age on milk yleld
over the succeeding lactations should be made on herd basis,
because the effects of weather, feeding and management in any

one/




one herd are expected to be the same for all cows in the herd,
and any comparison between age groups within herds should
give a more appropriate result than when made between herds.
The best method to apply is that based on "paired
lactations®, In this method the first lactation yield is
compared with the second for the same group of cows, then the
second is compared to the third and the third to the fourth &ec.
Thus, the effect of selection is eliminated, as the same animal
is compared in two succeeding lactations. One more advantage
of this method is that large numbers of animals, i.e, all
animals having two or more lactations, can ia used, The only
snag in this approach is that 1t is subject to error introduced

by consgistent trends in the enviromment.
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¢) Repeatability of Milk ¥ield.

This is a comparatively new expression
used in the field of animal breeding to show how
much resemblance is found between the dif ferent
observations of a certain character in the same
animal. In milk yield repeatability means the degree
%o which the cow is able % repeat its records in
the different lactationas.

Looking at it from the other point of
view, one can say that repeatability shows to what
extent the change of environment affects performance,
The repeatability is the correlation between two
measures of the same character on the same animal.

Gowen (1924) found an average correlation
of .67 between successive 365 day milk yields of
Holstein-Friesian cows, and an average correlation of

.70 between similar yields of Guérnaey cows.,

These estimates are high compared with |
the more recent omes, the difference being largely
due to the way the data were treated. Gowen troat04
all his data as one sample and 80 included the diffex-
tences between herds in his corxelation. Morxe

recently, the coxyelations have been calculated so
as to cxdluno these differences, that is, all cal-
soulations are dopne on a herd basis, This method

is essential when calculating heritable variation,

as/
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as otherwise similaritles due to a common hexd en-
tvironment axe confused with similarities due to
relationship.

Gaines and Palfrey (19831) in a population
of Danish cows, found for fat-corrected milk yield an
average eorrelation of .50 boiween the successive
lactations, BEach of those cows had been long enough
in the herd to have ten normal lactations. Probably
few really low producers among those which started
on test would have escaped culling for this length

Uf time.
Plum (1936) studied the effect of differ-

tences between cows on the buttexfat yield in 92
hexrds of Guernaey; Holstein and Jersey cows. He
obtained a coxrelaticn of .60 between recoxds of the
same cow in a population of cows iept in many herda
(i.e. between herds). This is somewhat higher than
that of Gaines and Palfrey, but somewhat lower than
that found by Gowen. This may be due to two reasons:
firstly, that all records were corrected to mature
eguivalent basis by using faﬂtors obtained from the
same data; and secondly, that there was no majox
changes in the environment through the long peried
of time which the records covered. This last
argument is supported by the fact that during the
eleven years included in the study only 2.8% of the

total variance was due to changes in yearly averages.
Thecrefore/’




| Thezefore the time trend was a minor cause of
variation among these xecords. ;
- Lush, Harxis and Schultz (1934)

obtained a repeatability for milk yield varying

| fzom .30 to .40, calculated on a wit-hln-iiord basis.

Bexxry (1945), using 6-7 tlﬂﬂi‘dl of
buttexfat yield for each cow, tobo.tt.od an average i
estimate of repeatability of .29 calculated on an
intra-hexd basis. This may be due in part to the
restriction of the study %o cows which had at least

six records. Undoubtedly some selection against

low yielders took place in these herds, especially |
after the first and second recoxds, This diaeardiné
of cowa with extremely low first records would
reduce the standard deviations of those early records
and would cause the mean of the first records to
be a little higher than the mean of the later recoxds,
Sanders (1930) obtained a higher
estimate than all the previcus ones, vis, .70,
This may be due to his correction of the data for

| the season of calving, age, and calving interval.
‘ Although the correlation ovef fecient was calculated
| on an intra-herd basis, yet such eox:riat.tonn mast
heve reduced the variation originally found between

the records.
The/
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The different estimates of rapeatahilityi
arrived at by the previous workexrs seem o disagreo.!
Thoré are low and high estimates in some cases; thiJ
may be due to the fact that some workers based their
ecaleulations on a within-herd basis (Lush et al,
Berxy and Sanders), while the others did not (Gowen,
Gaines, Palfrey and Plum). Xach herd may be a
distinct group with a certain uniformity obtained

either by selection or by line breeding. Such
gselection and culling may not have been toward the
game ideal or with egual intensity in all herxds.

The environment and management may be
rather uniform for all cows in the same herd bdut
distinotly diffexent from one hexd to another, I
the correlation between records in the different
lactations is worked out on a between herd basis,
this will lead to the inclusion of the differences
between herds, and consequently a higher estimate of
repeatability is obtained.

Moreover, some of the workers have
corzected the recoxrds for variocus factors such as
age, season of calving, etc. before working the
repeatability estimates. Such corrections result
in increaszing the likeness between the records of
the/
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the same cow. Lastly, there was no gems ral rule as
to how many lactations they should inglwie in their
studies,

However, the sepeatability could be
considered as a reascnable measure foxr the genetioc
worth of milk recoxds since it includes all the
genetic variance amd that whioh is due to permanent
environmental conditions., It also gives an eatimate
of the pert played by factoxrs other than permanent
environmental factors (yoar %o year variations) in
affecting the eapression of milk ;uid in the various

lactations of the cow.




d) Bexitability of Milk Yield.

In Judging daizry cows there is no possibility
of distingulishing between the paxt played by heredity
in their reoccsds, and that played by environment. Buy
in a group of cows an estimate may de ll-ﬂi of the

zelative impoxrtance of hexedity and envizonment in
umm about variation in thelir milk :hua. lour-.'ll
attempts have bun made o determine this nuwo.
. Wright (1920) made a study of the relative
effeocts of heredity and environment onm white spotting
in twe inbred stocks of guinea-pigs. He was able teo
separate the variance indo uo.poruou, one due to

redity estimated at 2.8%, and the other of 97,24

ue to environment.
Oowen (1934) analysed data from the Jersey

Register of Mexit., He came to the conclusion that
50~706of the variation in milk yield is contrelled
by hexedity. . In his caloulations Gowen assumed that
& common environment comtzibuted nothing %o the
correlation bdetween daughter and dam, Such an assump;
ttion seems too extreme in vies of the differences in
hexd management,  This may explain how he exaggerated
the hereditary part of vuut;‘;on and underestimated

the effect of environment,

Plum/
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Plum (1935) working on data from Iowa
State Testing Asscciation, obtained an intra-gow
gorrelation for butterfat yield (for the first 8
months of the lactation) of .40. The dam-daughter

gorrelation based upon the first uvauahlelluctation |
recoxd of each cow was .31, Ihenqtho coef ficlents

were caloulated on cbntewpruy records for dams and
daughters the total ecorrelation cbtained was .32.
Plum finally arrived at the conclusion that § %ol
of the total variance in butterfat yield ilrit.};:l.n a
herd is determined by heredity.

Lush (1936) applied Wright's system of
analysis and used it more widely in measuring the
heritable fraction of variance in the different traits
of liveatock, He called it “heritability". He and
Schultz (1936) estimated the heritability of the total

buttexfat production as .25. |
Lush and Amo'ld (1937) zeported that about
one-fourth of the variance in total fat production
eould be regaxded as hereditary in the simple &ditivif
manner .

Lush, Norton and Axnold (1941) reporxted
heritability estimates for milk yield based on some

arlier studies, They were in fact 41l, .57 apd .38
Eor Edwards (1932), Rice (1935) and "Brain Truster®

(1936)/
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(1936). They explained why these estimates dit‘fercdi
from each other as well as from other results., They :
state that the data may contain more inter-herd
dif ferences in some cases than in othexs. Most of \
the previcus studies wexe confined to bullas which :
had an unusually large number of tested daughters.

Doubtless that increased the proportion of cases where
some of the dams and daughters were kept in one hexd
while others were kept in another where the manage-

sment differed. This would have contributed an en~

:vironmental portion te the daﬁsht-er-dam gorrelation.

Restricting the study to bulls which had very many

daughters would also extend the time over which the '|
daughtex~dam compuiaoﬁa had accumulated and would |
of fer a i:.t.t.la more opportunity for time trends in
management to contribute te the observed correlation.
Bonniexr (1939) in his study on the Swedish

Red and White cattle found that there is a low oco-

sefficient of correlation between dams' and daughters
milk and butterfat yield. These were ,035 and ,041

respectively within hexds. In fact those estimates
are surprisingly low, which may be due to his basing

hiz calculations on yeaxrly records,
|

Sikka (1940) studying the effect of en- |
svironment on the total milk yield of Ayrshire cows

repor ted/




repested a heritability of 02%, the average of the
first three lactations. This would be expected,
b;om- averaging the three records mm minimize
the variance due to circumstances which change at
z'uda_n fyom one laotation o mbhu' by the thizd,
The zelative value of the genetie vuunee would

gunseguently a:uo incrensze.

Tylex and Hyatt (1947), working on Ayrshize
milk recozds, estimated the heritability of milk
yield and duttexfat production at 31% and 28% respect«
tively. '
. The general discussion of the estimates of
hexitability previcusly mentioned shows & rather wide
zange of differences between them, namely fxom .28

to 90,

The reasons for such diserepancies ocould
be summerized as follows:

1) The environsental oixcumstances, systems of
mansgenent and systems of bresding, were

dif fexent in different herxds.

2) The numberx and ¢xdes of records used diffexed
fxom one study to anothex.

3) Some of the xecords used were coxrected for soms
non-genstic effects (mainly age), while othess
wore unoorrected.

4) The time trerds in the mapagement wexe not the
same in all hezds, and cunsequently their
gontz ibutions to the cbunu vurhnu would

aiffex.
Howevez/
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Howevezr, such discrepancies do not dct:n+
from the impertance ¢f heritability, since it is only
on the basis of heritability caloulations that the
importance of the genetic variance in milk yield can
be assessed. They om‘hl-. however, the need fox
agourate and consistent methods of estimation which
#ill enable a distinction (0 be made betwean real
differences in ke ritabliity and differences in wmethods
of handling the data.
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The symbols used in this study are imcluded below :

Ltem

Symbol

1.

2e

Preparatory treatment
Correlation coefficient

Regression .
Age in months
Age at first calving

Expected milk yield in terms of gallons at a
given age in months :

A given age in months for the regression
equation

The deviations of the age from the mean age
n L] " f yield * " " yield

The co-variance of age and 305 days milk
yield deviations

Significant
Not significant

Degrees of Freedom

Heritabili

Dam-dsughter pairs

Deviations of daughters from the mesn
Square " n noow W
Deviations of dams from the mean
Square " noom SR
Co-variance of dam-daughter deviations

Heritability
Regression of daughters over dams

A

«>

8X

sxy
Sig.
R . Sig.

D.F.

D.Depairs
sy

gy2

8X

sx®

sxy

he
bp.Dans
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Iten

3

Genetie Correlation

Genetic Correlation between the lst-2nd 305
days milk yield

Regression of daughter's lst 305 days yield
on dam's second 305 days yield

Regression of daughter's 2nd 305 deys yield
on dam's lst 305 days yield

Regression of daughter's lst 305 days yield
on dem's lst 305 days yield

Regression of daughter's 2nd 305 days yield
on dam's 2nd 305 days yield

Genetic Correlation between lst 70 days yield
and the lst 305 days yield

Regression of daughter's lst 70 days yield
on dam's lst 305 days yield

Regression of daughter's lst 305 days yield
on dam's lst 70 days yield

Regression of daughter's lst 70 days yleld
on dam's lst 70 deys yield

Genetic Correlation betwsen 2nd 70 days yleld
and the 2nd 305 deys yield

Regression of daughter's 2nd 70 days yield
on dam's Z2nd 305 days yield

Regression of daughters 2nd 305 days yield
on dem's 2nd 70 days yield

Regression of daughter's 2nd 70 days yield
on dam's 2nd 70 days yield

rGL1Lp
bLiL2
bLoLy
bL1L1
bL2L2
rGI1Ly
blyly
bLyIl
b1
rGIzL2
blzka
blplp

bI2I2
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This study compr ises ten lhnexds frxom
the highest 2% in milk yield in England. The
breeds dealt utth_uro: British Friesian, Shorthorn,
Jersey, Guesnsey and Kexry. The Keziy hexrd was
included only in our study of the heritability and
genetic correlations,.

These hexds comprised 1126 cows with
over 3000 lactations ranging fiom the first to the
fourth, Although the numbers of the cows amd
records dealt with is large, yet it should be borne
in mind that it is a selected sample. The animals
Ilnwlnd in the study aze amoeng the bast 24 of A1l
the hexds in England. As the aim of this
investigation is limited to certain points and
aspects whidh have been umentiocned vefore (page .4.)
the relative size of the data and the stamiazd of
production of the animals have been taken inte
gonsideration when the results are disocussed later
on.

The information ne cessary for the
|

analysis was extracted from the milk record books of
the/
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the farmers and pubt into a stand exd form as chown
below:

Breed: Mexd: Pedigree: Dam No.: Sire No.t

Cox No.: Birxth: Age at lst calving t No.t

and dete of lactationt Sex of call: BSexvices
required fox calving: Diseasest Mﬂn& intezval:
Length of lactationt Dry pexlod: Previcus calving
intexval: Previcus dry perleds B.F.: Intensity:
Yield: 305 days yield: Pessistengyt

Monthly yield (mote if incomplete)
ko A S B R RIS S (L I S B

Only the pedigres animals of sach bised
were included, The xecoxds af fected by diseases
were excluded. These diseases were mainly aboxtioen,
wastitis, tuberculosis and udder troubles.

The data are dealt with on the basis of
units of ten gallons. Age is measured in months
with approximation to the mearzest month, The first
four days of the lactation have not been included.
The three times milking records were cvisegled W a
twice milking basis, when that was neoessary, by
using the correctieon fastcs of .03 approved by the
U.8. Dairy Department. In no obhes oitémtmua

were correction factors used, eicept for the biggest

Friesian /
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Friesian hezxd, which was corxreocted for the month of
ealving o study its eiffeot on the repeatability,

Age corzsction factors were caleculated
n a hexd basis and used when the study needed such
Lplleati.on.
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B. METHOD OF ANALYSIS

I. Pxepaxatory Treatment.
Prior to the main analysis, a preliminary

study was made of the eflects of some envirommental

Fgctou upon milk yleld . Those most important were
(1) the erfect of age, (2) the eflect of the season
of calving, (3) the effect of age at first calving
upon the milk yield in the firat lactation.

The effect of month of ealving upon the

06 days and total milk yields has bean studied by th
alysis of variance method. This method was lppli.l

0 evexry hexd to measure the significance of dirfer-

enges in the seasun of calving and to ¢aloulate the
cessary correction factors for such effeocts,

ables Nos. 1 and 2 show the relation between the
nths of calving and both 305 days and total milk

ﬁ.ld respeatively,

The corzections for the different calving

easons were obtained by comparing the over-all
verage 305 days yield (or the total milk yield) with
he average for groups of cons which calved in the
iffexent months, The fourth lactation was grouped
ith the subseguent lactationa. Finally, an average
rrection facter for each hexd was caloulated from
average of each monthly ratic in the four lacgtation

groups/
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TABIE 1.
Relative Total Milk Yield fox Cows calving in dif ferent months of the Year.

Breed No. Jan., Feb. HMar. Apr. MNMay June Julyé Auvg. Sep. Oct., Nov. Dee.
Ehor thorn 8  1.08 .50 1.08 1.16 1.05 .98 .87 .94 .96 1.07 1.05 .99
9 + 98 | 56 « 54 « 91 .961.03 1.01 _ + 95 1.056 1.09 | 1.08 1.06
1 109 .98 1.08 «95 1.00 .89 .88 .92 .9 1,01 1,07 .96
¥Priesian 2 <92  1.00 « 96 « 97 1.06 .92 1.09 1.07 1.06 1.01 «97 - 1.01
3 1.04 ' 1.0}  1.05 1.01 1.01| «96 | .98 +89 «97 1.06 ; 1.07 1.02
J"tﬂ." :. ‘ 1.03 1-07 1.“ | 093. ow ..08 ' .871 l“ 11-07 ' 1001 1.13 1.”
and ‘.m _ « 94 . -93 1.13 1.03 i 10“1.07 | o“ : .91 ¢,3 ! 1.08 ! 1.05 I 1.0‘
Gueznseys G 4 1.0 1.08 1.12 1.17 .97 1,02 .96 .98 .92 Tl9s %0 1022
é.12 | +96 | 1,06 .9 1.10 1.08 1.15 1.05 .91 .0 .95 1,15 | 1,00

: - : ? i .i i 5 i

Average of | j 1 . 1 | |
All Breeds I.OBJ' 1.7  1.04 ] 1.98" 1-“i1.°3 ‘ t“' -9’]1 <99 1.04 [ 1.04 | 1,02
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IABLE 2.
lative 305 Days Milk Yie fox

Cows calvi

in the different months of ¢ Year.

: Herd
Breed No. Jan, | Feb. |Marx. LQ;. May Iguna July | Aug.! Sep. | Oct. | Nov., Deec.
8 1.10 86 |1.10 «00 | 1.07 «95 «89 | .20 .96 1.07 1.06 .29
Shorthorn g 1.00 « 97 .96 .91 «94 |1.00 «98 | .98 1.03} 1,08 1.07 1.08
1 1.09 1.09 (1.01 «94 | 1.02 «30 «96 | .95 1.03 .98 1.09 «99
’ri.aim - .93 .93 095 ugl .% lae 1.00 1;02 1.05 1.02 .99 1.03
3 «99 .96 [1.01 1.04 «99 «93 92| .96 «956| 1.056 (1.06 .04
6 1.10 «10 11.05 «94 93 .38 85 | 80 1.04) 1.00 1,13 1.21
J':;;y ¢.10 |11.04 | 1.03 {1.02 [1.04|1.00 .93 «87| .90 .99 1.043.10| 1.02
Guernsey J.4 1.02 1.10 {1.13 [1.02 «96 «95 «94 | .98 .88 «98 | .95 1,15
% 5 «97 1.04 .99 1.13 | 1.04 ]1.15]|1.05)| .92 «90 .98 1.19 1.02
ﬂ;’;f.:.:ﬁ 1.01 .98 [1.03 (.99 |1.01 | .93 | .92 .93 99| 1.041.05| 1.04




groups, as shown in tables 1 and 2, This iz well
illuatrated in fig. 1 where thc_ curves for both
305 days and total milk yield based on the data are
given.

These tadblea show that doth 3056 days amd
total milk yield are affected by seasonal variations
in the same way. The favourable months are the
same in the two items, being Octobes to Maxdr. The
- @Aifferences between hexds in the favourable ssason of
palving - confisrmed by various workexrs in this fleld ~

uggest that such differences are due to management
r nubzition, rather than seasonal factors in the

Low senss, l.o. the ypes of ocxops and pasture
own on the farm change with the seasons of the
ar, and consequently the cows which calve during
he favourable pericd of the year give more milk
cause they enjoy belier food and a longer pexicd
f grazing.

Fhen coumparing the averages for all herds
rom different breeds with aveérages for imdividual
hexds in ths different monihs,we found that the

atter do not follow the general trend of change and
hat each herd devialtes from the general megan in a
ifferent way., These differences bYelween herxds in
p;u zeaction Yo seascnal variations suggest that
Lho managensnt was different in these herds and

icate/




indicate that it can to a certain extent neutralise
the effect of seasonal factors., It is always vexy
dif ficult to find what are the conditions of feeding
and management in different hexds, hence when analys-
ting data, it is necessary that correction factors,
if used, should be based on an intra-hexd basis.

This allows for the local influences,.

General correction factors derived from
many herds could be used only if strong evidence
exists that the herds have been kept under vexy
similax systems of reodiﬁs and management,

The effects of the different seasons of
the year show that the variation in tho 305 days
yield due to seasovnal variations in all lactations

1s 1.6% compared with 3.74 for the total yield (tables
3 and 4). This agrees with Dickerson's results (1941)
for the 3056 days yield, bul not with those for the
365 days. His results are 1.9% and 1% respectively.
He also says that longer lactations are bound to show

maller relative influence of the season of calving
ue to the greater total variance for longer records.
is is not the case hera;' the amount of variance
gaused by the calving season upon the totai milk |
yield 1is upproxiﬁtely double that of the 305 days
yield. This may be due to variations between

calving intexvals in the dii;rerent seasons. These

variations/ |
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TABLE 3.
The Relation between the month of calving and the 305 days milk yield (Level of Significsnce 5%)

1st Lactation 2nd Lactation 3rd Lactation 4th Lactation
Breed | Herd Total |Mn. Sq.|Nature ‘ |
| Noe Mean |within jof Var-| 1 | 2 3 1 S R F ol M 3
Square | months | iance ; 5 | ,.
i Ratio | ! i
] 1 ! | i I
Shorthorn 2 206 | 193 |N.8. | 218 | 230  N.S.| 261 | 262 | ReB84 434 | 457 | N.S.
Friesian 1 560 | 491 |Sig. | 827 853 N.S. 185 1369 8123 11194 | N.8.
2 416 418 N.8. | 917 | 847 | Sig. 1114 |1028 . N.8.1209 1096  N.S.
3 201 . 290 _.8ig. 343 ' 360 __Sig. 413 408 N.8. 467 456  Sig.
Jersey 1 194 | 196 |N.8. | 278 | 254  MN.S.| 288 345 .5 762 790 N.S.
and 2 236 208 [N.8. | 305 265 N.8. 345 | 396 N.S. 325 249 sig.
Guernsey ! 3 247 246 | N.S. 1 301 | 311 | NM.S. 458 | 40} N.8. 583 565 | N.S.
L& L 162 | 78 [8igs | 312 52’7 Sig. 570 ., 533 | N.S. 391 7. N.S.
5. Z ' ! :
All Breeds | 2498 (2307 | 3752 13875 | 14914 | 5000 | 15904 | 5615 |
Total Mean Square = 17068 Variance between months of
Total Squares within months = 16797 Calving (in Percent.)
Average difference between Lact. 1lst 76
months = 271 2nd -
Percent. = 1.6 3rd -

4th

NPT i onwards 49



TABLE 4.

The Relation between the month of calving and the total milk yield (Level of Significance 5%)

1st Lactation 2nd Lectation 3rd Lactation 4th Lactation

Breed Herd 1 2 s I 1 2 3 1 2 3 1 2 3
Shorthorn | 9 282 265 N.S. | 282 301 HeSe 331 | 3 N.S. 501 524 W.S.
8 323 289 | Sig. | 280] 259 N.S. 506 | 281 Sig. 586 496 Sig.
Friesian 1 939 883 N.S8. 1199|1003 N.S. 1773 |1882 N.S. 1570 | 1430 Sig.
2 586 602 N.S. 1186|1122 H.8. 1652 |1726 N.S. 1615 | 1571 N.Se
2 435 42 | N.S. | 489 462 | Sig. 496 | 479 | W.S. 685 | 680 | N.S.
Jersey 1 340 400 N.8. | 342 302 N.S. 426 | 657 N.S. 1588 | 1209 Sig.
and 2 271 311 N.8. | 328 440 8ig. 450 | 615 N.S. 384 284 Sig.
Guernsey 3 383 420 8ig. | 550 560 H.8. 611 | 607 N.S. 1378 | 1346 N.S.

All Breeds 3883 3889 5452 |5071 6929 17054 9087 | 8405

Total Mean Square = 25352 Variance due to month of calving (in percent)

Mean Sq. within months = 24419 Lects ok i
Difference due to between months = 933 2nd '7.00
Percent. = 307 Brd ol

4th onwards 7.5




variations would be expected to af fect the total
yield more than the 305 days yleld (see fig. 1).
The variange dus e the month of calving when
gomputed for each lactation separately showed that
the variation renges from 7.6 to 4.9% with the 305
days yleld, shile it 1s fzom 7.0 to 7.5% with the
total milk yield (tables 3 amd 4). The nature of
the effect is not the same in the 505 days and
total milk yilelds. The first lactation in the
305 days was affected Lo a greater eatent by the
geason of calving than was that of the total milk
yield (7.6 and .00 respeotively). While the second
lactation in the total milk yield showed a variation
of 7%, . that of the 305 days did not show any
significant effect, The thirzd lactation was not
affected in either casc, but the fourth lactation
shoved more proncunced effect in the total milk
yield than the 305 days yileld (7.0%and ¢.%respect-
tively).

However, the genexal effect on beth items
is not very appreciable since it does not exceed 3.4%
of the total variance in the total milk yield amd
1.6% in the 305 days milk yleld.in all lactations.

Although this was evidently proved, yet the
ireauu could not be generalized without reservation.
The/
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TABIE O.
atab o ieslan ) .
|
Lactation Uncoxrecied Lactat ion Corrected
| ! I

Lst +80 | 163 | +.35 | 126 +.43 | 99 13t w26 161 .36 | 123 | .39 | 9
3nd | | +88| 130| +.85 308 | 3 84 | 127 181 100

{ : i |
3xd | i +.7% | 106 drd ’ l J +.59 108

|
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TABLE 6.
The Effect of Age on the 305 days yield in the Successive Lactations.

Breed Herd 1st 2nd 3rd 4th

No. Lact. Lact. Lact. Lact.

Shorthorn 8 1.00 1.17 1.30 1.40

) 1.00 1.07 1.23 1.32

Friesian 3 1 00 1.15 1.35 1.47

2 | 1.00 134 1.37 147

1 S Y 1.12 1.31 1.30

Jersey 6 1.00 1.14 1.25 1.28

10 | 1.00 1.03 1.16 1.22

Guernsey 12 | 1.00 .90 1.15 1.15

4 | 1.00 1.18 1.27 1.48
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TABLE 7.
The Effect of Age on the Total Milk Yield in the Successive Lactations

Breed Herd 1st 2nd 3rd Ath
__No Lact. Lact. Lact. Lact.
Shorthorn | 8 1.00 1.15 1.25 1.38
o 1.00 g 1.02 %% 1.27
Friesian | 3 1.00 1.14 9. SR 144
| 1.00 | 1.12 38 | 145
£ 8 1.00 | ek | 1.20 1.25
é | ;
Jersey ) 6 1.00 Xaz . | 52k | 1.33
} | 10 1.00 i 98 | 1.10 s_ 1.11
Guernsey) | 12 1.00 | 122 | ; 0% ;. N 1.14
4 1.00 % 109 | 232 4] 1.50
: j i
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The data shich we dealt with were large encugh; they

mprised 2994 305 days milk records amd 3581 total
records, They came fxom among the top 2% of

herds in England, and such herds are supposed to

!
[
|
|
|

among the best managed and cared forxr, Thia
mparatively good standaxd of feeding and management
s expeoted to neutralize the effects of seasonal
ariations in milk yleld anmd consequently their
entribution to the total variance i2 expeocted to be
ather small, Thie n.u"to be the zeasonable
xplanation to our xesulbs.

The genexal (over-all hexds) correotion
actors obtained hexe would be eipectied %o be correct
nly on the average for the shole population and in
lactations. If they are applied %o individual
rde they should not be expected to give the same
couracy beocause of the dxf"rctmun which exist between
@s. Each herd i: an independent unit in 1tsell
{ther in management or comatitution, and so it shows
distinet oharacteristio feadture in itz zesponse
o the ssason of calving. This implies the necsasiiy
f using special correction factors fox each hexd in

der to make as small as posaible the erzors of
correction which arxe bound %o ogcur i those general
actors are used,

The/




The correction factors for the month of
calving were applled to the biggest Friesian herd
(No., 3). The repeatability before and af ter correc-
stion was estimated, and no effective d4if ference was
found between the corrected and the uncorrected
repeatabilities. It was therefore decided that the
data should not be corrected. (Table 5).

The other set of correction factors was
that for the effect of age on the successive lac-
itations. Tables 6 & 7 shew the age correction
factors for both 500 days and total milk yield respeot
tively. Thess factors wexe computed by the paired
lactation method.

L
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The ef fects of the two tangible causes
of variation in milk yleld, i.e. month of calving
in lactations

and agy, have been discussed briefly before. Bug,
owing to the fact that the third cause of the
non-heritable variation in milk yield (age at firxst
calving) has .‘pnmunua influence upon the cow's

mﬁ production, especially that of the firast

lactation, the picblem was investigated thoroughly
in this wosks 3 '

The method used was that of the mnuuaJ
of milk yleld upon age, in oxder % find out the
relation between milk produgtion and the inorease in
age at first calving. The following tadles (8 amd 9)
give the results for the Shorthorm hexds for beth
5056 days and total milk yield respectively. They
ghow that the guin in milk yield obtained per month in
the total milk yield is half that of the 305 days
yield.

In the Frieaians the gain obtained per
month of age is the same in both 300 days and total
milk yield (Tables 10 and 11). The Channel Island

reeds differ from the other breeds in that the

n gomparzed with that of the 305 days (ém.a 12

' 18y,
Compaxr ing/

I::n obtained in the total milk yield is very high
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The Effect of Age at t on the First Lactation B8 Milk Yield thorns).
Ho. of | Regression Mean - Ha f
Herd | Cows Equation Average 8y2 sx* Sxy 8;2-( “’)2 ' by, 4 Ag:s;no
of age x2 i { Montha,
1‘ ‘m. i ,I E
: i |
8 143 | 10 + lux | 343 42693 3570 | 4999 | 35694 L Lk 29 - 43
5 | | |
9 135 ' 48+20x | 3205 & 27357 | 996 | 1963 . 23689 | 1.9 28 - 43
| 278 |13.5+15x | 33.2 | 70250 | 4566 | 6962 | 59383 | 1.5 |28 - 43
: ; | : t ! ; E
D.F.
Total Deviation within groups 70250 276
Removed by regression 10615 1
Deviations from regressions 59635 275

Significance of differences between regression:

Sum of Sguares D.F. | re.

Difference between slopes 252 1 252
Residual difference 59383 274 217
Total i 59635 275

F. for greater mean square = 252 = 1.2 N.Sig.
215
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TABLE 9.
The Effect of Age at First Calving on the First Lactation Totsl Milk Yield in the Shorthors.
No. of | Regression | Mean | o Range of
Herd Cows Equation Average Byz sx2 Sxy Byz-(“ﬂ brydy | Age in
of age | 8x2 Bonths.
in aths. |
] 147 56.8 ¢+ 12x 24.9 AT172 823 103 47159 12 29 - 43
3 138 _[21.3 % 1.3x 22.1 38672 996 1271 37050 127 | 28 - 43
285 38.6 + 76x 37.05 85844 1819 1374 84209 + 76 28 - 43
D.Fa
- Total Deviation within groups 858424 283
Removed by regression 1037 1
Deviations from regressions 84807 282
Significance of difference batwesn re siong
Sum Squeres D.F. H.Squars
Difference between slopes 1 598
Residual ¢ifference 84209 281 300
Total 84807 282

F. for greater mean square = 598 = 2.00 N.8ig.

300
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IABLE 10,
¢ Bffect o e at First Calving on the First Lactaticn eld iezians).
Ho. of Regression Hean Range of
Herd| Cows Equation Average sy? Sx< Sxy 8y? -‘%’.2 by. 4 | Age in
of age E Honths.
in mths.
1 101 48,7 + 1.2x 33.6 56318 1904 - 2342 53458 1.2 | 20 ~ 48
2 202 78.6 + .6x 25.6 83872 1966 1214 83123 2 | 21 - 39
3 B |S6de.4x | 3.8 65382 | 6433 2388 64506 237 | 22 - 58
53 [63.8+.59x | N2 205572 | 10303 | 5944 201067 258 | 20 - 58
B.r.
Total Deviation within groups 205572 531
Removed by regression 3429 2
Deviations from regressions 202143 529
Significance of differences between regressions:. 5
of Sguare D.F. uare
Difference between slopes 107 2 5
Residual difference 201067 527 382
Total . 202143 529

F. for greater mesa square = % = 1.4 K.8ig.
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Compazing the three breeds together we
find that the Shorsthorn gain 1z 15 gallons of milk
in their 305 dayp milk yield for evesy month inorease
in their age at fisast calving, while the Friesians
galn is about 0.0 gallons. The Channel Island
breeds cams .‘Lnt‘u they 4o not gain more than 1.9
gallons of milk., 7This suggests that the Channel
Island breeds, being the smallest in size, mature
sarlier than any of the other breeda investigated.
The gain in the three groups of breeds
in total milk yleld 1s nearly the same, being 7.6,
6.9 and 0,4 gallons lox the Bhoxthorns, Friesians
and Channel Island bresds respectively., The
disorxepancy betwesn these resulis and those for the |
305 days in milk yield could be eaplained by the
fact that the 300 days recsd is a staniardized one.
The exceedingly long lactation pericd in the latter !
cass may also be reaponsible for a part of this

difference.

Turner (1932) found am inoresse in
average milk yield of 40 gallons for the Jexsey
breed between 24 and 30 months of age at firast 5
ealving.:. This corxespends to 6.6, 2allons increase
ﬁu month, He found double this value for the

uernseys,

Bean/
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Beanm (1§18) obtained an inecrease of
.Iﬂ gallons in his Shorthorn cattle for every month's
increase in thelr age at [irst calving.

Gaine (1934) cbtained an inorease of
8 gallons in his Priesians, sh ile Johanason (1941)
estimated the incresase in milk yield per month in
his Swedish Red and White Catile at 6-8 galions
with each month of inerease in thelr age at first
ealving.
| One would expe ¢t that the diffezent uuuo?-
would not be exaotly the same in the varicus studies.
What really uﬁun is the existence 6!‘ the influence
of age itself rxather than ia degree., The differ~
tences in the varicus envizvnments under which the
hexrda were rah-ca. the I‘nwtmt. and the plane
of nutrition would undoubtedly affect the response
of the snimals to the influsnce of age at ficas
calving on their milk yield.

The average ages for breed groups were
27.4, 31.4, 35,2 and 37.05 months in the Jexseys,
Guernseys, Shostharns and Frieslans respe ctively.
With the except ion of the Jerseys, the age averages
for the other breeds seem %o be someshat highex than
these reported by Turmerx (1932) shich aze 27,3,
26.5, 26.0 months foxr Jerseys, Guernseys and
Friesians /
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Frieslans respectively. This may be due to the fact
that the herds investigated by Turnex were under
betier management and in a betler environment than
the animals with sh ich we dsalt. Good management and
environumsntal conditions would naturally encourage
theiz growth end enable them Lo calve at an earliex
B8ge.

The fact that not wuch gain would be
expeoted by delaying breeding in any of the above
breeds beyond & cextain age is well illustratad here,
The ingreases in mllk production in different bressds
may seswm diff'erent in amount if Chey are taken at
thelr face value, but they aie not very far yemoved
from each vther when they sre comparsd with the
average milk yields of thelr respestive breeds, How-
tever, this increase has a limit. As was reported
previcusly by other workers, no gain in milk yield
gcan be expasoted if Shorxthorns or Friesians are delayed
in their breeding beyond 30 moniths of age.

Some farwers, bDecause of their keenness
to secure the masimum milk produstion from their cows,
prefer Lo delay thelr first calving as long as poss-
1ible. TWhen considering this from the economic |
point of view, they should real ize that maximum
milk production is not the only fastor shich ensures
their maximum profit. It is the efficisney of milk

product lon/
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produgtion rather than 1ts quantity which should be
their main congern.

Undoubtedly, the age of the heifer at
first calving have a direot bearing upon the
oeonon:leai pxodn;t-xan of milk, The pericd from
bi_rt-h to the tine of first calving is a non-productive
period in the 1ife of the dairy cow., Anything which
ean be done to-a.tntmuo the e;mt. of ralesing of tlio
heifer to a productive age will nrtoét her efficieney
of milk production and ingrease the prof its of the
farmer. :

Therefore, such farmers should breed
their heifers at an earlier age. But the pxoblem of
defining the most satisfactory age is not an easy
one.

The age effect is bound up with the
growth and maturity of the ﬁimﬂ.s. and the local
eonditions of feeding ete. in the diffexemt farms f
are not the same., The abundance and richness of
pasture play their paxt in encouraging the growth
of the heifers and allow them to approach their
mature size at an early age. The farmer must not
breed his heifers until they xeach a satisfactory
stage of development, which nﬁy be taken as “"maturity®.
The oornof-”asa at which to breed heifers will then

e/
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TABL:

ii.

The Effect of Age at First Calving on the First Lactation Totsl Yield (Friesians)

Regression

No. of Henn Range of
Herd | Cows Equation Average Sy< sx2 8xy 8y L{glz bryAy | Age in
1* of age Nonths.
}' in mths.
2 | 120 43 + 1l.6x 33.6 114798 2407 | 3945 108333 1.6 |20 - 48
! { ! i {
2 . 204 | 90.3 + J3x 25.6 130016 2028 630 129821 W21 -39
| ! 1' | | ;
329 [Ss.dedx | 347 107308 6500 . 2949 | 105966 | .45 22 -
559 . 1 352117 | 10935 344120 . .69 120 - 58
Total Deviation within groups 352117 557
Removed by regression 5177 2
Deviations from regressions 346940 555
Significance of differencesbetween regressions:
Sun of Souares D.F, M.Squsre
Difference between slopes 2820 2 1410
Residual difference 344120 553 622
Total . 346940 555

F. for greater mean square = 1410 = 2.3 N.8ig.
622
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Herd
123. | 26 [10635-.a9x | 285 | 2856 | 292 | -5 | 2846 | =9 24 -40
108. | 83 | 59.7 + J01lx | 31.3 | 21706 .~ B 3 | 21705.6 + 01| 25 - 66
6G. | 4 | Sk 33x | 293 | 9355 | €16 | 23 | 9B |+ .33 2140
4 3. | 52 | 41,8 +9x 26,9 | 9344 689 602 | g8 _+ 87| 17 - 39
(206 570 +39x | 209 u@ | 97 | sl | pese | a9 17-66
D.F.
Total Deviation within gr-ups 43261 203
Removed by regression isz 3
Deviations from regressions 43109 200
8i icance of diff ceg between re gions:
m‘%ﬂm B.F. H.Square
Difference between slopes od 3 153.4
Residusl difference 42648.6 197 216

Total » 43109 200
F. for greater mean square = 216 = 1.4 N.Sig.
153.4
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TABLE 13.
The Effect of Age at st on the Firs ctation Total Yield (Jerseys snd Guernseys
No. of Regression Hean 5 5 2 Range of
Herd | Cows Equation Average Sy Sx? Sxy 8y° - (sxy) leﬂl Age in
of age ax Honths.
in mths.
| |
10 G.! 89 ; 33.6 + 1.1x | 31.3 34297 2540 2813 31182 1.10 25 - 66
12 3.| 24 | 47 + 1.8x | 28.5 6263 292 52 6253 (178 |24 - 40
b .. 352 71.7 # 16x | 26.9 17334 689 110 17317 : 16 |17 - 39
206 46.6 + .8Lx 29.5 71476 4197 3509 67913 .84 |17 - 66
DQF.
fotal Deviation within groups 71476 203
Removed by regressiocn 2933 3
Deviations from regressions 68543 200

Significance of differences between regressions:

Difference between siopes

Residual difference
L]

Total

F. for greater mean squere

Sun of Squares D.F. M.
30 3

67913
68543

= &i = 106 N.Sig.

210

210
345

Narce




be different in diffexent beyds according to the
standasds of management and feeding.

The diffexences in the planes of feeding
in Al fexens farms make iV necessary that the problem
should be re-investigated on the basis of practigal
eaperinents spu).all-y ﬁm for that purpose., In
such saperiments the leeding and monui of
animals oculd be adjusted in such a way that the
real effect of age om milk production ovuld be
measured.

In addition, the age at fisrst calving
is rather impeztant from ths standpoint of improve-~
twent . If the heifezs are bred to calve early, the
gemexation length is shortemed aml consequently the
swount of improvemsnt pex year Semls to be greater,
Thus the standasd of improvement almed at could be
reached in less time, at lowes expense, and with
less labour. :
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The repeatability of milk records may

be defined as the fraotion of variance in these
records which is due %o permanent individual differ~-
tences (ﬁoauy genetical and some environmental),
This can be estimated by the corzelation coefficlent
between the sucgcessive as well az the non-successive
records of the same cow, Such an estimate measures
the amunt of variation due to all genetic oauses
and to those environmental causes which agcompany
the cow all through her life.

In estimating the milking avility of
dairy animals, one 1s confxonted with two problems:
1) Different cows do not give the same nunber

of lagtations during their lives;

2) Records made by any cow through the 4ifferent
lactations axe liable to different environmental
effecta.

Lush (1941), taking inte consideration
the factors mentioned previcusly, developed a formula
for ealoulating as acourately as puitbh a cow's
potential milking ability on more than one record
rox/




6l

for saoh cow as follows:

- ne (hexr avezrage xecoxd)
s - I + DL :

b (herd average recosd)

%, =  Hexd average . nr ‘QQI'S average - he
s + \n=1 | averag

where ¥ = the cosxrelation between the suoccessive
- zecoxds (repeatability)

and n = the number of recerds given by the cow.

The estimation of the repeatability of
milk recoxds gives an approximate pioture of their
genetic woxth, Wright (1921) stated that "all the
genetic variabillity contributes to the vepeatability,

which is the corxelation between the recurrent ex-
:pressions of a characteristic by the same animals,®
In other words, the zepeatability is the upper 1limit
to the herxitability.

Lush and Aznold (1937) bave reported that
heritabllitly comprises about two~thirds of the re-
tpeatabllity for buttexfat ptuﬂuhion records,

In estimating the repeatability of milk
yield, both 306 days amd total milk yields were
xamined, The cosyelation coefficlents between

wocessive lactaions wezre calculated for all the
vssible combinations of 1st, 2nd, 5xd and 4th lac-

tations, The corxelations between non-consecubive

/

)
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TABLE

The Repeatability Estimates for the Shorthorn Breed (305 days milk yield)

Herd Bivariates Correlated ' Average
No. No. |1st,2nd| No. | 2nd,3rd | No. 2rd.5th§ No. 1st,3rd | No.!|2nd,4th No.|lst,4th| T.No.

8 102 | +.59 68 +.68 52 +.76 63 | +.53 | 53 +.63 | 49 | +.63 387 +.65
9 84 | #:59 |39 | #.50 (20 | #.43 | 31 | #04 (12 | .54 (12 | #4201 | 198 +.48
14 38 | #.68 |18 | #.55 (15 | +.38 | 11 | #.23 | 6 U S R +.53
226 | +.60 (125 | +.62 |87 | +.64 (105 | +.dd |71 | +.59 | 65 | +.56 | &7 Total

‘; '. Average
E +-59

+.039




664

TABLE 1

The Repeatability Estimates for the Friesian Breed (305 days milk yield)

Herd Bivariates Correlated Average
NO. No.|lst,z No. |2nd,%rd | No. zrd.éth No. rlat,:rd No. 2nd,§:th Neo. |18t Ath :.Ho-
3 163/ +.50 | 130 +.55 | 106 +.79 | 126 +.3% 102 | +.53 971 +.43 724 +.54
2 1541 +.54 22 +.61 | 41 +.57 85 +.35 38 | +.52 37 +.38 LT +.51
1 88| +.47 T4 +.54 55 +.63 63 +.59 50 | +.43 39! +.79 369 +.49
405| +.51 [ 296 | .56 (202 | +.70 | 274 | #.43 [190 | +.51 | 173| +.52 |1540 Total
Average
e +.52
B £.026




67,

TABLE 16.
tability Estimates of the Guernsey and J Breeds 8 ield]).
Herd B istes Correlated Average
Eo. Ho. [1st,.2nd | Wo.|2nd, Jvd | Ne. |3rd Ath| Ho.|lst,3rd |No,[2nd,ith |No.[lst,4th| 7. ¥o.
6 G |37 | .58 | 29| #.49 (17 | +.T7 26 | #.35 (18 | #+.64 |16 | #.42 143 +.55
10 G. 75 | #.59 | 44 | .51 | 24 | +.66 4 | +,39 118 | .64 116 | +.49 a7 #.55
Total Av.
Al12 | #.59 | 73 @ +.50 $£.70 66 #.36 36 @ *+.64 32 @ +.46 360 +.55
4 3. |21 966 |17 | 4090 (11 |462 | 25| +39 | 7| #.28 | 9 | +.5¢ 86 *.46
123, |2 #.21 22  #10 21  F. 19  -.07 12 | -.09 10  -.08 104 +.12
160 | 4.56 111 | +.38 |73 | +.62 100 | +.27 (55 | 4.8 (51 | +.40 | 550 +46
l ‘ R | ; £.043
|
¢ | o ] i) |
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TABLE 17,
e ili timates for the rn Breed Hilk Yield
Herd Total | Total
Ko. !2. 1’t.M| E.'{?ﬂd.ﬁrﬂ Ho. .ian thl lo Tl‘t th !ﬂ“? l!gm
3 103 +.63 | 68 | 4.62 52 | 453 | 63 #.63 |53 4.63 |49 +ud9 388 | +.60
9 89| +.65 | 40 | *.43 19 | #.58 ' 33 . +.10 15 | +.57 14 1 +.27 210 +.51
14 37 +.65 | 25 .65 (15 | +.26 ‘5 12 | -.11 | 6 - 4 ' - 39 Il +.51
229! #.64 (133 | #.57 |86 | +.50 (108 | +.39 | 74 | +.60 67 | +.45 697 | +.53
_ +.038




TABLE 18.
& tabili imates for the es Br Total d

Herd : Biveriates Correlated Total | Total
Ho. Bo.|lst,2nd | No. |2nd,3rd | No. [3rd,4th | No. | 1lst,3rd | No,.|2nd,4th| No.[lst,4th Humber | Average
3 163 #.46 |129| +.51 | 108! #.59 125! +.26 105! +.46 100! +.34 730 +o45
1 92| +.50 73| +.47 56! +.56 61 +.50 50| +.66 39 +.54 37 +.51
2 158 +.66 91| +.60 41| +.64 85 +.38 35| +.53 38| +.38 448 +.57
13| #.55 |293| +.53 | 205| +.59 271 +.36 190| +.54 177 #.39 1549 +.516

+.02
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TABLE 19.

The Repeatability Estimates of the Guernsey and Jersey Breeds (Total Milk Yield)

Herd Bivariates Correlated {Total Total
No. No. | 1st,2nd| No. ’ 2nd,3rd| No. 3rd,Ath No. 1st,3rd No. 2nd,4th No.! lst,4Ath Number Average
6 G. 137 | #.52 |29 | +.89 |17 | +.82 22 +.39 | 19| +.38 17| +29 L1 6l
10 G. L 75 w2k AR | +.51° 123 -.53 41 +.22 18 +.20 16 @ +.32 217 +.22

112 | +.34 | 73 +.71 40 +.13 63 +.27 37 $:29  [99 | +:30 358 +.38
4 L3 o ST T o SRR (0 e sl o U [ T AR S RO R T (R
123 22 +.36 21 +.04 20 +.49 20 +.02 121 =.09 110 1 =01 105 +.18

i 49 +.26 38 +.11 31 . +.48 34 -.04 19 | -.08 19 | +.03 190 +.15
G&J T6L- { #.31 {13k | +.56 {7 [ TE29 -' 97 | #.20 {56 [ .39 |52 | +.22 548 | +.32

| i - £.047
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as well as consecutive lactations were studied to see

wvhether changes in envirenment and the lapse of a

longer periocd of Gtime between records would aifeot 1
their degree of asimilarxivy.
The gepeatabilitics for the different
hexds ard breeds for the S00 days, in our study, are
given in tabdles 14, 16 end 16 and in tables 17, 18
and 19 fox the total ailk yield.
¥e Useld in averxaging the coxselalions the
wethes suggested by Lush '{1931) and ael oul iun Snedecor
(1948) *"Statistical methods" (p. 151). The repeat-
tabilities wexe calowlated on a within-herd basis,

The investigation dealt l‘ﬁl’e with the
berds independently, and, secondly, with the herds of
each breed grouped togethex. This was to find out
whethesr there is a breed difference oz not. The same
steps were taken for both 300 days and total milk
yield. ‘

Heid, breed and all-over repeatavilities
fox the 300 days yield were compared with theose of
the total milk yield to see ir there is amny difference

between the tso ectimaies.
|

Only one Friesian herd (¥o.3) was treated |

in both the coriected and uncorsecied way, as unuej
previously/
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TABLE 20.
e Repeatsbility for All the Breed s ield
Herd Bivariates Correlated Total |Total
No. reed | No. |1st,2nd| No. 2nd,3rd| Wo.|3rd,4th No.|lst,3rd| No.|2nd,4th No.|lst,4ith|No.|Average| 8.E.
| ! i |

8 Shorthora| 102 | +.59 | 68 | +.68 | 52 | #.76 63 | #.53 | 53  #.63 |49  +.63| 387  #.65 | £.051
9 ® | B4 %59 |39 | 450 | 20 | 43 31 | 4ddh 12 | 454 (12 400298 | +u48 | 2.072
14 = | 38| 468 (18 | 55 |15 408 112 | 6| - | 4| - | 92| #5853 | 2306
6 Guermsey | 37  #.58 | 29 | 449 | 17 | 477 26  #.35 | 18 | .64 (16 #u42 143 | +.55 | £.085
10 " LTS5 #.59 A4h | 51 | 24 #.66 40 | .39 | 18 | #.64 |16 +.49 217 | +.55 | £.068
4 Jersey 27 *#.66 |17 | ¥09 | 11 #.62 15 #19 | 7 +.28 9 +.57 86 +.46 +.110
12 " 21 #.21 | 21 | 410 | 21 440 19 =07 | 12 -.09 10 -.08| 104 | +.12 @ $.099
3 Friesian ' 163 .50 130 | +.55 (106  +.79 126  +.39 102 +.53 97 +43 T2L | *54 - £.037
1 » 88 | +eAT | Th | ®54 | 55 | #.63 | 63 | #.59 | 50 .43 39 | 4.79| 369 | +.49 - £.052
2 . 154 #5492 #.61 | 41 +.57 85 +.35 38 #.52 37 438 AT +.51 £.047

791 +.54 532 362 .68 479 +40 316 +.53

+.54

+.52 289

+.52 .2767

+.019
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The Repeatability Estimates for All Breeds (Total Milk Yield

TABLE 21.

ST |

Herd _ Total | Total
No. _ Breed No. |1st,2nd | No. 2nd,§th’ No. |1st,4th No. verage S.E.
8 Shorthorn 103 | +.63 | 68 | 52 | | 53 | +.63 |49 |49 | 328 | +.60 | t.051
9 " [ 89| 65 |40 | 443 | 19 | #59 | 33| 400 | 35 | 457 | M4 | +.27 | 210 | #.51 | 2069
14 " [ 37465 |25 w65 |18 426 (12 -212! 6] - | 4| = | 82| +48 |£:110
6 Guernsey : 37 +.52 |29 | +.89 | 17 | +.82 | 22 | +.39 | 19 .38 | 17 | +.29 | 11 | +.61 | 2.085
10 * [ 75(e24 |4k [ 4SL {23 -53 AL #2218 [e20 |26 | %32 | 237 | 422 |s.068
4 Jersey | 27 418 |17 | .20 |11 | 448 14 =4 T | =09 9 | #.06 85 | .14 | +.110
12 " 22 436 |21 404 | 20 449 20 402 12 | -07 | 10 | -0 | 105 | +.18 | £.09
3 Frieslen 163 +.46 129 .51 108 | .59 125  +.26 105  +.46 100 | #.34 | 730 | +.45 | +.037
1 " 92 #.50 | T3] 44T | 56 | #.56 | 6L | +.50 | 50 | #.66 | 39 | #.54 | 3TL | 4.51 | £.052
2 B 158 4,66 | 9L 4,60 | 41 | 464 | 85 | #.38 35 4,53 | 38 #.38 4B +.57 2047
803 +.54 #.60 362  #.53 476 | #.35 320 450 296 +.39 2794 449 #.019




Th

previcusly (p. 50) the other xeovzda were used withe
soub any coerxxsction,

The zesult of the ovexrall repeatabilities
are shown in tables 20 end 21 fos both items.
Besults snd Disoussion:

The results mentioned before show that
the average repeatability fox the 3056 days milk
yield in the diffexent breeds is .46 % ,043 in the
cacte of the Channel Island breeds, .&'} £ 039 for the
Shortherns and .82 & ,026 for the l’rhsinnsa while
it is .63 & 019 to:;' all the breeds over all lac-
ttations, " In the total milk yleld it is .32 & ,047
for the Channel Island breeds, .85 * ,038 for the
Shorthozns. and .81 # 026 forx the l’..r:l.uxm; while

1t is .49 £ ,019 for all the breeds over all lactations.
' The differences between the upoatln:.‘i
are not very stxiking. This may suggest that thsre
is no breed diffesence as regards ryepeatability,
although iV 18 very difficult o draw a definite
conclusion oﬂ.nsﬂ to the i:lniuuen of the data, shich
cons isted of only a small number of hexds,
The resulis obtained for within-hezd

repeatability show that this is higher Dbetween the

sucgesaive lactations than belween the non-successiv
ones., This suggests the possibility that the umcl
the/
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the pericd of time the greater is the change in
managenent conditions, diseases etc. These may
influence the milk production in such a way that the
repeatabllity betseen the non-successive laotations
is lowered,

Discussing the results of the different
breeds cne by c¢ne, we find that the Shorthorn (Lable
14) comprised three hexds consisting of 679 recoxds,
The average xepgaltability of this breed is .59, which
is zrather high, suggesting that the thyies heids were
under stabillised envircawental conditions., The ze-
tpeatabilities of the consecutbive lagtations ars much
highex than those of the non-consecutive lactabions.
The lowest repeatability obtained in this breed was
that between the [ izst and third lactaticns, be ing

«+4l, This 15 still within reascnable limits of
estimation.

OQur study of the Priesisms (Table 15) was
baszed on three hexds with 1540 lactations., The
average repeatabllity for over-all lactations was .52,
The lowest repoatability obtained was that of ,43,
again between the first and third lactations,

¥hen the Jerseys and Ouernseys were groupsd
together (Table 16) the average repeatability for all
lactations was found o be ,46, but when sach breed

was/
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was worked out by itself we obtained an estimate of

.55 and .28 for Guernseys and Jerseys respectively.
inbtovor, the lower repeatability of the Jerseys .
oould not be as dependable as that of the Guernmseys,
ainco the numbers of Jerxsey records were oonparutivdx;
tnnlloz - 190 compared to 360 for Guernseys, In boﬁh!
 breeds the lowest corzelation was that between the !
'1st and 3xd lactations. rhin may add to our pxn71aun
suggestions that the relation between the later re- |
:coxds is very cleose because they are near to natumug;
ixut, as the difference in maturity of both the lst

;aad 3rd lactations is very maxked, the degree of
gllknncsa is expected to be consiﬂcrablj lower.

The repeatability of the lst and 4th
‘lactations of .52 18 comparatively weaker than any
of the othexr zrepeatabilities with the exception of
that of the lst and 3rxd lactations, !his again

could be due to the increased diffexence in time

between the two lactations concerned. |
| The repeatability of the total milk
yield in different breeds is shown in tables 17, 18,
19 and 21.

| By/



TABLE 22

e Correlation between the

Yield and total milk yield in the

various lactations

Lactations n I
lst Lactation 220 + 494
2nd " 163 * 495
3rd " 96 + .95
4th v ’ 48 + .95
All Lactations 527 Avr + .95
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By comparing the total milk repeatabilities

'with those of the 305 days yield we found that they
‘are very similar and that they both follow the same
‘trend. There is no significant difference between
;tho two. It may, then, be concluded that the 305

day records tend to repeat themselves in succeeding
years about as closely as the total milk yield. '
Therefore the 3056 days record can be considered as
'reliable as the total milk yield for estimating the
cow's milking ability. This has been confirmed by
working out the correlation between the two estimates
in the d4if ferent lactations in one of the biggest
herds (Friesian No. 2) which contained 527 observa~
ttions in the first four lagtations. The coef f Lolents
of correlations are .94, .90 and ,96 for the lst,

2nd, 3xd and 4th lactations respectively, and thegse

' are shown in table 22, s

i Moreover, the 305 days milk record excels
' that of the total milk yield for the following

| reasonai=-

1) / }
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1) The 300 days is a standard lactation, which 1
free fzom the el fects of non-pregnancy and of cJ
unduly lengthened lagtation pesied, which are
of ten xeflected in the tolal milk :hu Feoozd,

2) The length of this lactation is a commesoial
one which encourages regula: annual ealvings.

§) The shortexr the lactation the less is the nee
of coszection factors for environmental in-
tfluences.

4) 8Since it is in wide international use in
dairying countrics, comparison between recoids
obtained here and abzoad could be made with
less exxozr Lthan at preaent.

In gonclusion, we c¢an atate that the
estimates of repeatability for owr data, which are
highly selected (10 herds of the top 2% in England) -
pominally .58 % ,019 for the 3056 days milk yield and
.49 & .01% ru-t.hn total mllk yield - are well Justi-
.n‘l.od, because we eape ot that such hirds must have
been undexr bettes than average management, This will
help in standaxdizing and eoxxeoting the cowa' nmdp :
fox the known envisonmental ovnditions, and the year-
to-year variations are vhen expected o be very small|

loﬁim to highesy estimates o!; repeatabilivy.

in/




In genexal, we can summarize owr results
as follows:

1) Although the large numbers of records dealt
with (2767 306-day records and 2794 total milk yleld
records) make the overall repeatabllity estimate
mentioned before a falrly reasonable result, yetl the
swall numbers of hexds, especially in the case of the
Channel Island breeds, made it difficult to make a
gonclusive decision regarding breed differences.

The resulis fox the dif ferent breeds are
summarized in the following table:-

8 a.l.lb.
51 = ,026

Friesians 3 1649 2 e
Shosthoxns 2 697 59 i 038 53 & 038
Jarseys 2 190 28 ¥ ,028 16 % 028
Guernseys 2 586 .86 & 017 38 £ 017

2) The milk zecords (either 306 days or total
milk yield) tend to repeat themselves most olosely
when they are from ¢lose iactations; the nearer the
lactations, the highar is the cosrelation between
them,

3) The later records, or the records nearer to
maturity, show highsr repeatability than the other

xecords,

&) /
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4) The repeatability of the 300 days and total
milk yield 1s approsimately the same,
Az wne wuli-o;pnt, these is a high correla~
ttion between the 309 days and total milk yield,
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3. IHE MERITABILITY OF MILK YIELD.

| Many arguments have been used in the past
'conoerning whether environment or heredity plays a
:moro important part in determining the milk yield of
'cows; this debate and its like were solved by the
iract that both are impoxrtant, every character being
both hereditary and environmental, since it is the
‘result of the interaction of the two factors,

As milk yield is commonly accepted as a

| gharaocter which is highly responsive to changes in
environment, only a fraction of th@ total obsexved
\variance in a population is actually acccunted foxr by
genetic action, The estimate of this fraction is
‘known as the "heritability"®, This fraction is a
statistic describing a partiocular population, It can
be larger or smaller if the numerator (genoctypic
variation) or the denominator (causes of phenotypioc
;ariationa) is altered, Thus it may vary from one
population to another for the same character, as well
as from one characberistic to another within the same
population.

The heritablility of milk yield has been
measured in the usual way by taking twice the re-
tgression of daughters on dams; all daughters being
by the same sire. Environmental correlations between

daughters/
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TABLE 23.

The heritability estimate of first lactation ; g yield,
€ Breed

Sxy
No., of | Dam-Daughte i Covariance

&2 | b RS
Mean Sq. Dam-Daughter Heritabi-

Bulls | peirs of dams ' regression lity
o | 4095.7 [25489.6 + 161+ | 322 %
| .0678 41256
J | I
Teble 24,

The heritabllity estimate of first lactation 305 days yield.

(Friesian Breed) #*

Ho. of De Da

Bulls |pairs Bxy ‘ 82 b j h?
g 78 . | 3298,0 | 36081.8 + 091 £ | 182 &
| '- | <104 | v208
g ) 25 226.8 | TI9%.3 + 029 % | 058 &
| .181 | 0362
14 117 1606,7 | 18899.6 + 085 ¥ | 170 +
.100 | 4200
ve | 220 5131.5 | 62775.7 + 082 + | 164 #

.092 | .194
| [

# 3 herds




TABLE 25.

The heritability estimate of first lactation 305 days yield.

(Guernsey and Jersey Breed__ai %*

No.of ! D.D.
Bulls | Pairs sxy ax? b he
Jed | 4 ABL.S | 5T4W8 | & 837 £ 4223 |1.6T4 £ 446
I.5 |26 53L.4 | 2767.3 | +.1920 £ 137 | 384 & 274
G.2 |10 | =328.1 | 15561 |- 211 & 398 | (422 £ .96 |
G. 6 | 34 3773.0 | €162.0 | + J462 £ .525 | 1524 % 1.050
Ave (Th | A4ST.8 |13060.2 |+ o34 £ 220 |#.68 %226

iis i | [
#* /4 herds

TABLE 26.

The heritebility estimate of first lactation 305 days yield.

“(Shorthorn Breed) *

No.of |D.Ds | ],
Bulls Pairs  sxy |  s° b 2
2 110 | 543.2 | 364.8 |+ 1.489 & .101
3 113 |-60.7 270.9 |~ 224 t .169
— i.
Ave |23 482.5 | 6357 |+ .76 .04

|

i ; ! |

# 2 herds
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TABLE 27.

Heritebility estimate of first lactation 305 days yield (A1l Breeds)

Breed #* No. of P. D.
Bulls Pairs sxy sx2 b h?
Kerry 40 279 + 4095.7 | 25489.6 | +.161 + 068 .322 + .126
Jersey & : {
Guernsey 14 ; T + 4457.8 | 13060.2 | +.34 + J113/4.68 + 226
Swortora | 5 | 23 + 482.5 |  635.7 | +.76 * 104
All Breeds 83 | 596 14167.5 | 101961.2 | #.168 £ ,036| .236 + 072

# 10 herds
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davglters and dams are excluded as fa:r as possidble
by doling all the regressions within single hexds.

The regressaion 30 calgulated contains no contzsibut ion
from dominance and only & fiaction of the variation
due %o interaction between different lool ani is the
beat estimate of heritability, being less susceptible
to exzors from environmental coxrelations.

The values given hexs, of course, omly
apply to the pop:;luumu actually measured, When
result s are genoralised iV musl be remumbered that
our figures apply %o the level of genetic and en~
ivixonmental variation totmﬁ in the leading pedigree
hexds of England and Wales.

A, Hexitability of | 3% 305 days milk yield.

Tables 23, 24, 26, 26 and 27 contain the
heritability estimates for the different breeds and
for the total sum overall breeds.

Since the mean and variance im Frieslans
and Shorthorns are higher than in the other brecds,
the average for all breeds would be more viased
because of the extra weight given to higher yilelding
breeds (1.0., Priesians and Shorthornz).

Thezefore Lush's (1931) methed of average
1ing the correlations was applied, with the assumption
that a regresasion value 1s equal %o 1ts corresponding
gurselation value. \

..m/
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The hexitability of .322 - .0678 obtained
for the Kerry herd agreesz with Plum's (1935) finding'
of «20 = .40,

KL Sikka (1940) reported a heritability for
total milk yield based on inmbra-gsire correlation of
about .52, which appears rather high. He based his
calculations on the average of three lactation
recozds for milk yield. Lush (1936) found that the
heritability of total fabt production is «25; he and
Arncld (1937) reported another estimate of .28 and
latexr on in 1940 he found that the heritability of a
single lactation buttexfat production record was
from 20 %o 256, |Bonnier (1939) got a somewhat low
figure of .070. Johansson and Hansscn (1940) found
that the dam-daughter correlation of the first lac-
ttation roaoida ungorrected was .183, which corres~
tpords to a heritability estimate of .,366, Warxd
(1941) found that for 3076 daughter-dam pairs whose
lifetime fat yield averages were used in proving 104
sixes, the intra-sire regreasion of daughter on dam
was 15, This was eqguivalent ©t0 a heritability of
about +20 when the numbex of records per dam and the
repeatn.h:llity of reocozds were taken into account,

The general overall hexd heritabilit y of
336 £ ,072 seems to be not far from the values

xoporﬁad/
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‘reported previcusly. When iUV does differ seriously
‘rrom other estimates, it is in those cases where
‘environmtal coxrelations have been included with
‘t.ha genetic ones i.,e. Gowen (..50 - «70), or in other
| cases where many lactations were é.nxnged (8ikka .52),
‘This would evidently minimize the v.uiance due to
eircums tances which change at random from one lac~
ttation to another by the thixd, The relative value
of the genetic variance would conseguently also
increase. i
B. Hexitability of the second 305 days milk yield.
Since the first lactation has been

suggeated by other workers to be more stable than
any of the successive lactations, it decomes a
matter of interest to estimate the heritability in
the second and third lactations respectively; and
to compare the different estimates with each other.
The second lactation has been found to
be very sensitive to environmental changes. Jchansson
and Hansson (1941) found that the first lactation is
lower in ite variance than the third. This in tumn
is highezx tha; that of the second lactation by 18%.
From a comparison between the cverall
breed heritability estimates in the first lactation
and those of the second, it seems that the herit~
sability for the second is considerably lower than
that of the first. The heritabilities are .336 # .07

| and .208 ¢ 092 respectively, thus giving a redusti
‘of 2/bths, 5

On/'




TABLE 28,

Eh! hexitability estimate of second lactation 305 days yield.
| |

(Kexxy Breed)

i

No. of’ D. D.

|

|
i

1}

|

+.127 ¥,069 |

[EF O 2
bulls | pairs| 8Sxy sSx b , h
L ls] !
37 | 192 |2752.4 21630.2 - .254 £.138

\

iel

} i

789.0  71387.6 | +.050 -
' |

IABLE 20
The hexritability estimate second lactation 305 da
(Friesian Breed) ¢

|

No. of | D. D. 2 } 2
(bulls | pairs| 8Sxy 8x ® i h
| = i
r [ ]
| 3 | 42 |-1388.0|32269.3 -.0430 !
'3 | 12 |+ 291.0] 4374.4 +,067 134

13 | 91 +1886.0 34753.9 +.054 .108

Av. | 145 090 .100 f,180

I |

% 5 herds

L]
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| TABLE 350

' The hesitability estimate of second lactation 305 days yield,
(Shoxthoxrn Breed)+

No. of |D. D, 2 2 ;
bulls |pairs Sxy Sx b h |
{ ; i
2 | 7 | 139.2 | 425.7 |+.327 634
7 | 298.9 |1416.5 |+.211 422
| . |
Av. | 14 | 438.1 [1841.2 | .238 2,281 |.476 %.562

+ 2 herxds \

The hexitability estimate of second lactation 305 da yield,
(Jersey and Gueinsey Breeds

‘Io. of |D. D. 2 2
bulls |paizrs 8xy 8x Wi h
3.3 | 3 | =340 | 44,7 -.765
6.2 | 9 | *+376.0 16257 +.246 o492
| 6.2 | 22 |*1673.5 | 10714.3 | +.156 312
Av. | 34 [+2015.3 12284.7 | +.164 *,206 .328 %,412
. | | . =

i' #3 hexds
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IABLE 32.

The heritability estimstes of the second lactation 305 days

records -~ Al! Breeds.

Breed # ' Ho. of Bulls D. B.

Pairs sxy ex? b n?

|
Kerry | = 192 2U2.4 | 21630.2 |+ 127 £ 069 | .25,  .138
Friesian ; 19 145 789.0 | 71387.6 + .050 % .090 | .100 % .180
Shorthorn | 4 14 438.1 | 1B41.2 | 4 238 & 281 | .476 ¢ 562
Jersey & | 5
Guernsey 5 34 2015.3 12284.7 | + 164 £ 206 | .328 & 412

i'
65 385 5984.8 |  10T1A3.7| + .104 + .046 | .208 + .092

# 9 herds
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On considering the breed heritabilities
in both lactations we found that the same trend
appears in each breed, giving reductions ranging from
1/3 to 1/6 (tables 29, 29, 30, 31, 32),

It seems that the sensitivity of the
second lactation t0 environmental changes is respons

tible for this difference, sinoe our data were seleot-
ted at km: from the same level of produotion, and
the ssleotion praciised in all hexds can xeasonabdly
be expected to be of the same intensity.

This study was carzied on (i) to test th
reliability of the thixrd lactation as an ¢astimmte rot
the cow's milking ability, (1i) to determine the
relation between age and heritability, emd (1ii) to

gompare the average of the first three lactations
after age oorrection with the same records trested
separately.

The zesults are glven in table 33, The
allover hexd and breed estimate of ,198 ¥ ,2144s
loser than that of the first lactation (.336 % ,072)
but it is not far from that of the second (,208 % ,002).

It could be concluded that age does not
seem to alf feoct hexitability to any great extent aftex
the /
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TABLE 33.

The heritsbility estimates of the third lactation 305 days records.

(All Breeds)*
Breed No. of bulls D. D. sxy 53:2 b h 2
Pairs
Kerry 19 78 - 20,2 11715.8 002
horthorn 1 3 - 9 84 «107
Jersey 2 S 2 + 3 18 <167 «234
A1), Breeds 33 135 | 28367 | 28394.0 | 099 + | .198 +
<107 o214

#*5 herds
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TABLE 54.

The heritability estimate of the average of the first three lactations
gorrected fox §§§.¢ ot 6 e e

Breed No. of bulls D. D. 2 2
palrs Sxy £x ] h

Kerxy 19 76 1148.2 4980 «230 «460

Friesilan i2 62 3196 .4 9691.9 .56

8ho rthoxn i 3 3.0 94 .0558 .110

Jersey 2 2.0 8 «20 50

All Breeds 33 135 4349.6 10733.9 | .39 & .080 781 * .160

# 5 herds
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the second lagtailon, as the two heritabllity esti-
tmates of the second and thisd lactations are not

very diffexent from éach vohes, However, our results
in net ﬁiuuuny gonclus ive because of the small
pumbers dealt with (1386 dam-daughter cumparisons in

the thizd lacbtat ion.
Moreovex, the comparison between the three

timates of heritability shoss clearly that the
irst lactation recoxd gives nﬁu zeliable informatioen
n the breeding worth of the cow than either the
econd o third lactation records.

' £ the

first three

This study compr ised only 135 dam-daughtex

comparisons, as those animals which gumplated at
least three recoxds are a selected group. The age
oorrection faotors applisd were in a number of

revious lactations. The average of the three age-
r:ouoct-ed 306 day yields was then used as the unit of
this analysis.

The resulis are given in table 34, The
overall heritability for all breeds is .78 £+ ,160,
“ﬂu.c, compared with those of the firss, uat"and and
thizrd unoosrredted Xeoords, Seems %o be very high;
ain the small nunber of dam-daughter pairs and the
E:npuaa: erxos may be xuponaihlc for the high .

estimate/
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estimale.

Johansscon and Hansson (1941) obtained a
heritability of 574 for the avezage of the first
three luctstiean‘ooxrootod for age and calving in-
ttexval; when compared with the estimates of hexite
tability for the first lactation record as well as
with the average of the firat three lactations un-
toorzected, it was found to be lower than the former
(.442) and slightly higher than the latter (.328),

However, the differences between our
results and those of Johansson and Hansson cannot be
taken very serxiocusly considering the small nusbers
on which ousrs are based (especially in the sase of
the third lactation and the avexage of the three
lactations). One might expect the heritability of
the second lactation %o be lower than that of the
first owing to the selection which takes place betwesp
the first and second lactavions. Thus, only daughters
shigh have a high first lactation will get through
to the second, s¢ that the environmental factors
operating in the first lactation will tend to even
out dif ferences between daughters' mean yields for
firat and second lactations.

E,

The cow's maturity index is the ratiec
between/ |
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between the second lactation 305 days yield and the
first lactation 305 days yield., It measures the
degree to which the first lactation approaches the
secord. Thexefore it shows to what extent the
first lactation record is mature, cons-idozina the
second lactation as our standard. The second lace-
ttation was chosen as the standard mature recorxd of
the cow for two main reasons: (a) the rate of in-
torease in milk produetion from the first to the
second lactation is higher than any rate of inorease
between the second and the third or between the thixd
and the fourth: (b) the number of cows which have
first and second lactation xecoxds is far larger
than those having second and third or third and
fourth luctation periocds.

: Bvidenily this index does not give a full
indioation of the ultimate maturity of the first
lactation recoxd, because the second lactation is

net the highest of all lactations; bdbut it does give
a rveasonable idea about the maturity of the first

lactation recoxrds.

As 1t was also reported by Johansson ani |
iHamison (1941) that the second lactation is more
iauaaoptiblo to environmental variations than any of

| . -
‘the other lactations it became of interest to know

to/
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TABIE _S3.

The hexitability of the cow's gaturity index mgr;z!

i
Ge OF Do ﬂ. i 2 ! 2
ulls |palrs 8xy @ sx b ! h
36 | 162 +4a:34.31 87769,7 | 049 3,068 | 006 %236

| 1 _
¥o. of| D. D. | ' 2 ].

.’
bulls pairs Sxy Sx b j h2
- ! { _ i !
| , | :'
3 | 40 | +207.0 47240.5|+.006 .010
1 | & | -307.0| 456.8-.67%
13 | 82 |+12487.0 | 32201.2 +.387 76
Av. (126 | 12437.0 | 79796.5| +.186 £.087 | .330 < 2174

+ 3 hexds




No. of | D. B 2

bulls paizes | Bxy SX b h
2 9 | 280 @80 |..2n 542
2 ? '1319' 13‘3 la *.WE

Av, [ i4 -932 izma.a -.448 £,148
* 2 hexda

of \ D. D.

Yo, . | b

bulls paixa,  Bay ! Sx b h

J.a 2 | +330.0 72.0

Jo‘ 1? [ "‘210.5 9‘95 .3 +."‘3 tm

G.2 8 + 101:‘ “1914 +,063 .1“

Av, 27 4642,0(11167.2 | +.416 1.ladl+.aaoim

*3 herds




Breed Neo. of bulls P B 2 2
pairs Sxy £x © h
Kerzy 36 152 +4224.3 | O7769.7 048 - .068 & .096 5 .136
Priesisn 17 . 126 +12437.0  79798.5 | ..185 1 087 & .310 * .17¢
Shor thorn 4 14 - 982 2195.3 | ~.448 £ .248 |
Jersey & . g | ¥ | +
Gmm, 7 . 27 +4642.0 ! mﬂ?.z +.418 - «184 830 - 3568
All Breeds 64 J 319 20321.3 | 180948.7 | +.100 * .088 | .200 £ .110

+9 hezxds
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to what eatent the zelation hctuﬁn the first and
second h;tvqumu is goveined by heredity,

The following Tables (Nos. 35, 36, 37, 38
and 39) give the heritability estimates for this
character, |

The results show that the cow's maturity
index is moderxately heritable (.200 - ,100 overall
hezda). In fact, 4t is as hesitable as that of the

second lactation. This suggests that the maturity
of the first lagtation record cvuld be fixed in hexds
through constructive breeding.

This astudy was umade on the Kerrxy herxd,
the largest in number, t¢ see whether the total milk
yield dif fexs in its hexitability from the 306 days
yield., DBoth the first and the second lactations
were investigated. The results are shown in Tables
40 and 41,

These results are .54 # ,106 and ,215 4,120
for both first and second lagtations (total yield)
compared with 522 £ ,126 and ,254 - ,138 for the
corresponding 300 d;n yield. This suggests that
both items are heritable te the same degree., There-
tfore it can be concluded that the 508 days record

is/
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TABLE 40,
Heritability estimate for first lactation total milk yield.
(Kerry Breed)
No. of Ds D.
Bulls Pairs 8xy sz:z b 2
4 363 9361.2 54990.9 |+ 170 £ 053|434 £ 106
TABLE 41,
Heritability estimate for second lsctetion totel milk vield,
[ er reed
No. of B Ps
Bulls Pairs 8xy sx2 b n?

40 241 3793.7 35372.0 |+ 107 ¢+ 060,215 ¢ ,120




TABLE 42.

of heritability of the first three lactation davs vield, the

average of the first three lactations age corrected, the cow maturity index
of all herds, and the 1st, 2nd and total lactation yields of the Kerry herd.

Lactation _, Be Be | b

pairs D.Dam h? | he%
lst | 596 + .168 + .036 .336 + 072 33.6 + 7%
2nd | 385 + .104 £ 046 208 £ .092 20.8 £ 9%
3rd ' 135 + .099 £ .107 .198 & .214 19.8 &+ 213
- Av. 1-3 corrected f 135 + .39 % .080 <780 £ .160 78.0 £ 16%
.| Cow maturity index 319 + .100 + .055 .200 + .110 20.0 + 1%
lst T.M.Y. Kerry 363 + .170 £ .053 <340 + .106 34.0 £ 11%
2nd T.M.Y. Kerry | 241 + .107 + .060 215 + 120 21.5 + 12%




| higher heritability than do the records of other

104,

is probably the most satisfadtory for selection
purposes singe it humls avallable socner and is
free from th- of fects of m;-p:omux_ and and_uly
long 1utst;ou. .
Summazy of hMeritabilivy estimates.
| Table 42 shows all the ho::.tnuutf

estimates obtained throughout thvu study for both
505 days milk yleld and total lacgtation yisld., The
following conclusions nmay be drasng

1) The fizst lactation zecord appears to show

lagtations, It shows that 33,64 of the variatien
in cows' milk yleld is gemetlo. It appears that
the first lagtation recosd is moxe dependable than
any other records or average of records (second and
third in this study).

It is also moxe convenlient %0 base selection
on First lacgtation xecozds as it saves time 1in walt-
:ing for other xecosds and inereases the numbexr of
data available.

2) The 305 days record is suitable for measuring
the cow's milking ability as it shows the same
heritability as does the total milk yleld., It exoels
the latter measure in that it takes a shorter time
and 15 less variable, being more standardized and
free/
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free fxom the effeots of non-pregnancy. There is,
therefore, no Justification i‘ar adherence to longer
pericds since the 500 days can be depended upon fox
all practical purposesz,

3) [Berly maturity yleld, represented by the
ratio of the firxst lactation 305 days record to that
|of the second lactation, showed a heritability of
approximately 204,
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4. THE GENETIC CORRELATION BETWEEN THE FIRST AND THE SECOND
205 DAYS YIELD.

An animal's phenotype for a particular trait (x) is
known to be the sum of the following effects t
1) The average effects of the genes, "G" (Striectly additive),

2) The combined effecta of environment, dominance end
epistasis, "E".

Thus : x = G+ E,
The observed variance is then : @?x = ¢2G + 62

If two traits are correlated with each other, the
obgerved correlation may be due (1) wholly to environmental
factors; (2) to genes which affect both characters; (3) to
a combination of the two causes in any proportion.

What interests the breeder is the extent to which
genetical variation in one character is affected by the other;
or in other words, how much isg contributed by the genes in the
obgserved correlation between the two traits., Such information
has an important bearing on the actual heriteble amount of
improvement which can be gained by choosing a certain plan of
selection. This consideration depends on the fact that genes
have a manifold effect, so that selection for one character will
modify another, Many cases ofpleiotrpoic genes heve been
reported in laboratory animals, but they have received little
or no attention in domestic animals; whether such genes exist
in the genotype of the dairy cow has not previously been invegt+
igated. Linkage and non-random mating systems may also cause
correlated variations; however their effects would be less
permanent and consecuently less important in selection, An
additional and usually much more important casuse of correlated

| variation/
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variation within an interbreeding population (herd) lies in
the envirommental circumstances peculiar to each animal,
particularly for traits which develop during the same or in
adjacent periods of time - for example, milk yield, butterfat
percentage and persistency in the dairy cow. Thus the
correlation between two characters may be due to pleiotropic _
action of the genotype or to changes in the enviromment affect-:
ing both characters.

The seme principle holds true of the relation between
different observations of one character in a certsin populetion
of animals. If these observations (whether successive or not)
are correlated, the cbserved correlation reveals only an
approximate picture of their genetic relation. The genss 1
governing such a character may have different pleiotrgpic
effects, hence each observation eould ﬁe only & different
expression of the same genes; or the stability of the environ-
ment throughout the period when two observations were being
recorded, rather than any genetic relation, could be responsibld
for any observed correlation between the two charscters.

How much can we depend upon one cbservation of a
certain character to indicate the others? In particular, to
what extent do the different measures of milking ability
measure the same genotype? Such a question must be answered
before we proceed with our selection.

In this investigation the milk yield has been
studied/




studied to find out -

1) Whether the same genes control the milk yield in both
the first and the second lactations.

2) If the same set of genes does govern milk yield in
both lactations, is their relative importance the same in
both cases?

3) Do all the genes responsible for milk yield manifest thef
effects throughout the whole lactation?

To answer these questions, the genetic correlation
is estimated for ;-
(a) the lst and 2nd 305 days milk yield;

(b) the first 70 days record and the 305 days milk yield in
the lst lactationg

(c) the first 70 days record and the 305 days milk yield in
the 2nd lactation.

The technique used was that suggested by Hazel (1943)
in the following formulae

1) rGLilz = bILil2 x b ng;
b Ijly x b Lpla

2) rG Ikl = Ly x b L3Iy
Vb InI x b Il

3) rGIglpy =, /b IzLp x b Lpla
b IoIs x b LpLls

All these regressions are derived from daughter-dam

comparisons.

The/

LT
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TABLE

The Genetic Correlation between the first and Second 305 days yields.

No. of sx. 2 | sxy bL_L sx 2 ax bL_L 8X bL L Y. |bhL
a2l 1 S LA 11 2 P2 2°2 71 21| "2 142
360 56441.7 | 3145.3| 101 | 94197.5 | 4582.5 | .097 6879.5| 094 | 337.5 | .107
G Lk, = | /2107 % .00k = /010058  =|/1.027 = 1.0l = unity
‘\-V' .101 x .097 }/.009797 1
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The results for the genetic correlation between the
first and second 305 days yields are given in Table 43.

It is obvious from the value of the genetic
correlation shown before (Table 43) that the genes which govern
the milk yield in the first lactetion are the same as in the
isecond.

If we assume that the variations observed in both
first and second lactations are the result of the actions of
genes controlling milk yield, the difference in variation
between the two lactations could be attributed to the different
effects of the genes in each lactation. But, since our
estimate of the genetic correlation between the two lactations
is unity, any such explenations are rendered invelid.

Tyler and Hyatt (1947) found the genetic correlation
ef milk and butterfat yields to be .85,

In Tables 44 and 45 the results obtained for the

enetic correlation between the first 70 days yield and the

5 days milk yield in both the first and second lactations are
ven, These results suggest that either the genes affecting

yield manifest their effects during the first 70 days yield

n the same manner as they do for the 305 days; or that the

e genes controlling this early lactation yield sre also
Tesponsible for the 305 days yield,
From the genetic point of view, this may lead to the

assumption/




TABLE

The Genetic Correlation between the first 70 days record and the 305 days milk yield (lst lactation)

.. No. of
D.D.Pairs %, XYy bI,I, 8% 2 sx %y, | bLiLy sx,y; |bLI; | sx;y, | bLL,
rGI L = | [<0347 x .9536 =|[.0 2 = \f 1.2767 = 1.12
L1866 x .1389 02591874,
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IABLE 45
The Genetic Correlation between the first 70 8 record and the s milk yield
. (2nd Lactation
No. of 8x .2 y bI,I gx; 2 bL bI,I, ! sx.y; |bL,I
S N i I 8X1¥y 212 L SX YL 2l SX 31 2'2 | $%p¥y, |VSala
398 608.6 8492.8| .0716 | 107143.7 5985.4| 0559 12137.3| .1066| 5324.1| 0468

=]j'i'§'47_3_ = 1.11

rG L, = 1060 x .0468 = 1f-004939
.071 X -0559 1{ -004002




assumption thet if gelection is to be based on such a part

of the lactation, no genes will be lost in fixing the desired
genetic make-up. Although shorter records which were
investigated previously were abandoned because they were not
sufficiently closely correlated with the average lactation
production - the idesl measure of performance - yet & consider-
able amount of reliance could be placed on the 70 days record
in determining preliminary selection in cases where complete
records are not available or where & preliminary study is

urgently needed.




GENERAL DISCUSSION s
In this investigation we were concerned with the

relative effects of heredity and enviromment in the milk yield

of dairy cows. A study was made of the following problemss

1) The effect of some importent non-genetic factors on milk
yield and the use of correction factors as a method for
eliminating such effects. The fuctoreg studied were ;-

(a) The effect of the season of calving on the milk
yleld in different lactations.

(b) The effect of age at first calving on the milk
yvield of the first lesctation.

(¢) The effect of ege on milk yield over successive
lactations.

2) The repeatability of milk records.

3) The heritability of milk yield in the first three lacta-
tions.

4) The maturity index of the first lactation record.

5) The genetic correlation of the first and second lactation
305 days milk yleld records, &s well as those of the
first 70 days and 305 days in both first and second
lactations.

The effects of month of calving on both 305 days and
total milk yield were found to be of minor importance when
compared with other sources of envirommental wvariance, since
they caused only 1.6% and 3.7% of the total variance respect-
ively. This was supported by the fact that the repeatability
for one of the biggest herds was not much affected by using
such correction factors for the month of calving. Had the
different/
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different months had any appreciable effect on the cow's milk
yield in our study, the correction factors when used, should
have considerably reduced the variability due to month of
cﬁlving and consequently decreased the degree of likeness
between the records (repeatability) sinee successive records
of the same cow tend to be made at the same time of the year,
thus having the same effects from year to year. Onece those
effects are lost: the likeneas between the records should decrease.
As there was no reduction in general, correction factors for
the month of calving could be considered in our case to be
unnecessary for milk yield. This may be beczuse our data came
from the top 2% of herds in England and Wales. One would expect
such herds to receive better than average management, and,

in particular, & better standard of feeding, This would
neutrelise the effects of seasonal variations in milk yield.
Where conditions of menagement and feeding ere capable of
counteracting the seasonal variations, correction factors seem
to be of little use. One obvicus way in which control of the
environment may be expected to help in bringing out clearly
the genetic differences between individusles is by reducing the
proportion of the total variation which -is due to non-genetic
factors,

It follows that if the differences due to month of
calving can be sltered by management, they will be different
in different herds, and correction factors should be computed
on an intra~herd basis. This method will, ineidentally, allow
for any genetic differences in the reaction of cows to different
months/
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months of calving which may exist between cows of different
herds, though we do not know of any as yet.

Delay in calving heifers for the first time in their
lives caused an inerease in their milk yield in the first
lactation. This inerease differed from herd to herd and from
one breed to another. Here again we can expect differences in
management and genetic differences between breeds to affect the
rate at which cows reach maturity, and so the yield which they
cen give at & given age. The increase in milk yield per
month of inecrease in age at first calving was computed for the
different herds and breeds. This was 15.0, 5.8 and 1,9 gallons
of milk per month of increase in age for Shorthorns, Frieslans
and Channel Island breeds (Jerseys and Guernseys) respectively.
Thege gaing do not seem to be very different from each other
when they are compared with the average milk yleld of their
respective breeds.

The effect of increasing age at first calving was proved
te have a certain limit, as milk yields do not increase if
heifers are delayed in their calving to an unduly late age
(Shorthorns and Friesians, 30 months; Jerseys and Guernseys
24 months).

Farmers hold conflicting views sbout esarly calving,

Some prefer toldolay the first celving of heifers as long as
possible, in the hope of securing the maximum milk production,
while others make their heifers calve early because they believe
that the efficiency of milk production reaches a higher level
when they start their productive life at an early stage. In

general/
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general, however, the farmer is inclined to breed his heifers

when they reach a satisfactory stage of development, which may

be taken as "maturity". Owing to the different methods of
rearing used, it is not possible to lay down & correct age at
which heifers should calve.

The only advice that can be given is that the farmer
should judge the degree of maturity of his animals by the
amount of growth they have made and should aim at bringing his
heifers to celving size at an age which suits his farm manage-
ment., This can be done by proper feeding and rearing.

Finelly, the principle of early calving is desirable for
two main reasons i
1) It minimises the non-productive period in the life of the

dairy cow, and thus increases her lifetime efficiency
in milk production. This in turn increases the farmer's
profits and return,

2) It shortens the generstion intervel, and consequently
increases the rate of advance in breeding programmes
based on selectlon.

The repeatebility of .49 for the totel milk yleld and .53 for

the 305 days yield found over 3,000 lactations meens that 51%

and 47% of the variauce is due to varistions between lactations..

These figures show that there is no appreciable difference

between the repeatability of the 305 days and total yield.

The first 305 days record showed a higher heritability
than other lactation records, which makes it more dependable when
considering any breeding plans, Averaging the first three
lactations after correction for age did not lead to any better
assessment of heritability, probably because of the limited

number of dam-daughter comparisons which were available for the

it
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study.

Congidering the comparatively high heritability of
the firet lactation record, selection in dairy cows can beast
be based upon such records. Use of the first lactation has
the added advantage that it Saves time in walting for later
records and increases the nmumber of records available.

Culling of low yielding cows after the first lactation is
beneficial to the farmer from the economic point of view.

When the total milk yield was investigated in the
Kerry herd, it was found to be as heriteble as the 305 days
record. This agein confirmed the close relation between the
two measures.

The maturity index was shown to be ae heritable as the
second lactation record (both are approximately 20% heriteble),
but although this estimate cannot be deemed high, yet it furni-
shes reasonable evidence that the degree of maturity of the
first lactation record (compared with that of the second) is
a heritable character, It indicates, too, that 80% of the
variation among &nimals in this respect is due to non-genetiec
factors.,

The genetic correlation between the first and second
305 days lactations was found to be unity. This suggested
that the set of genes controlling milk yield in the first
lactation is the same as in the second and that the genes
have the same effect.

The genetic correlation between 70 days yield and 305

deys yield in the first and second lactations was unity in

each/




119,

each case. This showed that the early lactation record and
that of the 305 days are controlled by the same set of genes
in boﬁh the first and the second lactations, and that the
effect of the genes is the same throughout the two lactations.

Whether selection can be based on the first 70 days
of the lactation depends upon how closely this partial record
18 related to the cow's average lactation record, which is the
ideal measure; the 305 days record is known to be very closely
related to the average lactation record, This mekes it still
advisable to depend upon the 305 days record as a reliable
measure of the cow's potential milk production. But, as
there is a strong genetic releationship between the first 70
days record and the 305 days yield, the breeder can depend
to a great extent upon this partial lactation record when
determining early selection or in csses where complete records
are not aveilable. The 305 days record would be more favour-
eble for final selection,

In conclusion, the problem of milk yield inheritance
is still as complex as it was. The attempt to discover to
what extent hergdity and environment respectively contribute
to the total variance in milk yield has illustrated very clearl;
how this character is sensitive to the envircnment. In this
investigation the month of calving played a minor part in the
total variation, while other factors such as age, change in
feeding and management contributed about 70% of the total
variance in milk yield. This indicates clearly the great need
for/

B




for the farmer to improve his management and feeding, He

ought to provide his animels with an optimum environment so that
their genetic meke-up will have & better chance to show itself,
This will allow him te carry on his selection with less error
or confusion.

Once hig animals enjoy this good menagement, he will
be able to breed them at sn early age and will consequently gain
more through their increased efficiency in milk production. He
will also be more able tc increase his rate of progress in
improving his animals.

Furthermore, he sghould bear in mind that milk yield is
& character of low heritsbility, hence every precaution should
be taken to ensure that selection is exercised on the most
accurate basis. The records of animalg should be kept carefully
end every possible detail concerning health, food, and the
environment of the animalg should be recorded. He should make
full use of all informatién available on the pedigree, collateral
relatives and what can be obtained from the progeny test in
deciding which animals are to be used for breeding purposes.
Belection should be baged on the first lactetion. This would
allow the farmer to cull the low yielders at an early stage,
thus cuiting down the keeping expenses of the cows.

In our opinion all those aspects must be taken into
consideration separately and in combination as long as the
ambition of the farmer in breeding for inprovement lies in gain-
ing maximum control over heredity.
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SUMMARY 2
A statistical study was made of the records of over
1126 cows from t.en herds of five different breeds of dairy
| cattle, The breeds were: British Friesian, Shorthorn, Jersey,
Guernsey and Kerry. |
The aim of the study was to find cut to what extent milk
yield is heritable in the different lactations and how the
genes controlling milk yield manifest themselves in a single
lactation, and in different lactations (namely, the first and
second lactations.)
The results obtained are summarised as follows 3-
1) The month of calving hes a negligible effect on both the

305 days and total milk yields; it accounts for only 1.6% and

53.7% of the total variance respectively., This study was based
Ion 3565 observations for the 305 days milk yield and 3558
observations for total milk yield.

2) The conclusions drawn from the statistical study of the
effect of age at first calving upon both 305 days and total
milk yields, although covering 1018 and 1050 observations
respectively, do not furnish concrete information on this peint.
There is an urgent need to set up practical experiments to
investigate the question more fully.

3) Delaying the breeding of heifers has in general a favourable
effect on their milk yield during the first lactation, The
Channel Island breeds were less inclined than other breeds to

. |show a rise in their 305 days record when breeding was delayed.

4)/
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4) The repeatability of the 305 days and total milk yields
accounted for about half of the totel variance, while the
change in environment from lactation to lactation caused the
remainder, The figures were +.53 £.,019 for the 305 days milk
yield (based on 2767 observations) and +,49 #.019 for the
total milk yield (based on 2794 observations).

5) The heritability of the first 305 days lactation yield,
obtained from 596 dam-daughter comparisons, proved to be the
highest among all heriﬁabilitica studied (.236 #£.072). This
demonstrates that the first 305 days record is the most relisble
measure of the cow's milking sbility.

6) The heritability of the 305 days record of the second
lactetion is low compared to the first, being .208 £.092.

This may be due to the effects of selection and to the limit-
ation of the data. This estimate wes based on 385 dam-daughter
comparisons.

7) The 305 days record of the third lactation, cbtained from
132 dam-daughter comparisons, showed & heritability of .099

#.107. This was the lowest estimate of all lactations. .
8) The average of the first 305 days records corrected for |
age showed an unusually high estimste of heritability, nemely
.780 £.160; the smell numbers deelt with (132 dam-daughter
comparisons) and the effect of selection may agein be respon-
gible,

9) The cow's maturity index, which measures the degree to
which the first lactation approasches the second, studied on

360 dam- daughter pairs, showed & heritebility of .200 #.110.

This/
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This is almost equal to that of the second lactation record
(.208 £.092). This leads to the conclusion that improvement
in yield is possible through breeding for highly mature
animals.

10) The heritability of the total milk yield in the first
and second lactations was studied only in the Kerry herd.
The results were in close agreement with those of the 305
days, being .340 #.106 and ,322 +.126 respectively for the
firgt lactation and 215 #.120 end .254 +.138 for the second
lactation.

11) The genetic correlation between the lst and the 2nd 305
days milk yields, based on 360 dem-daughter pairs, was found
to be unity., This means that both lactetions are controlled
by the same set of genes, which also have the same effect on
both lactations.

12) The genetic correlation between the first 70 days milk
| yield and the 305 days milk yield in both the first and the
second lactations, based on data from 587 and 398 dam-
daughter pairs respectively, was found to be unity in both
cases, This suggests that the genes which control milk yield
in the early part of lactation are in both cases the same as

thoge which control lactation as a whole.
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