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INTRODUCTION,

It 1s well known that the total milk yield of
a cow is affected both by her heredity and her
environment. ‘Distinct genetic differences in milk
pfoduction have, for instance, been found between
different treeds of cows and between individual cows
within the same breed, while the influence of varlous
envirommental faCtors, such as feeding, management,
age and season of calving has also been demonstrated.
The general subject of the mode of inheritance of
milk yield has been ably reviewed by Smith and Robison
(1933). | |
Speculations have been made as to the mumber of
factors (genes) involved., The earlier woarkers
(Wilson, 1911, 1925, Hansem, 1917a, b, and V. Patow,
1926, 1930) have assumed that the number of genes
is small, and that the inheritance of milk yield
is‘little diffgrent from that of any other simple
Mendelian character, €.g. colour. Modern workers
(Cole, 1925 , Gowen, 192%) agree, however, that tre
inheritance of milk yield is far more simple- énd that
- as with quantitative characters in plants, the
% number of genes 1nvolved.is large.
The actual nature of genes and their mode of
~action is not jet clearly understood., Their
exlstence is recognised only through their effects,

and these must clearly be achieved through some

" modification of the physiological processes involved.



Rather than to attempt to determine directly the
exact number and nature of the genes responsible for
milk production, it would seem more profitable to
differentiate and study the various components of the
lactation yield,

This yield is not a single entity. In reality
it represents the area of the lactation curve, whidh
consists of two segments, (1) a rising segment, and
(ii) a declining segment. For some time aftér

calving a cow's milk yield increases., Animals differ

in the period during which this rise lasts, and in

the rate at which 1t occurs. Some reach their
maximum production within a few days of_calving,
others do not do so until much later in the lactation.
Lectations in which the yield has continued to
increase slightly for 10-12 months after célving

have in fact been reported (Géines 1926a), though
with most animals the maximum production is reached-
within three to eight weeké. Following this period

of rising milk production the declining phase sets 1n.
Differences are, however, again found in the rate

at which the decline occurs. The less "persistenth

. animals decline in production very suddenly after the

: period of peak production, and rapidly ‘dry off!,

whereas the more "persistent” animals show little

. or no decline over a prolonged period. These points

- are illustrated in Figure 1, where the lactation

~ curves of certain selected cows have been graphed.
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The total milk yield over a complete lactation
thus depends on (a) the areaof the rising segment of
the lactation curve, which in turn depends on the
duration of the rising period and the maximum yield
attained, and (b) the areaof the declining segment
which depends on the subsequent rate of decline.

Two cows may give identical total yields in a
lactation, yet the shapes of their lactation curves
may be markedly different. One may have a curve
with a high maximum and a steéep decline, while the
other may have a lower maximum but only a slight
decline., The latter animal will thus compeﬁsate for
her lower maximum by a longer and more persistent
lactation,

If hizh maximum yield and high persistency are
distinct hereditary characters and are not
physiologically incompatible, it should be possible
to combine these in the same individual and thus
obtain even higher yields. The validity of this
contention can, however, only be determined by a
study of the interrelationships of the different
components of the lactation curve., This in turn
must entail the differentiation of the effects of
heredity from those of enviromment. Information
regarding the latter point is supremely important,
since only the genetic part of the variance of a
character (Fisher, 1530) can be transmitted from the

parent to offspring, and therefore be stabilised by




breeding. The present thesis is devoted to a
general study of these interrelationships.

It should not be concluded that maximum yield
and persistency are the only variable components of
the lactation curve, Either or both of them may
be dependent on more than one physiological function.
Existing knowledge of the physiology of lactation
is not however yet sufficiently complete to justify
any final resolution of the lactation curve 1into all
its possible components. TUntil such information .
becomes available, the study of maximum yield and
persistency may clearly be undertaken as a first
step.

The need for studies of this nature has been
repeatedly emphasised by various writers (Turnef,
1926b; Asdell, 1935; Smith, 1935), for our present
knowledge of the heritability of milk production
‘(énd particularly of persistency), as well as of the
interrelationships of heredity and environmeﬁt, is

extremely meagre.
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Note on the Statistical Method used,

In obtaining the results detailed in the
following pages common statistical methods as
described by Yule and Kendall (1937), Pisher (1938),
and Snedecor (1938) have been employed. Sheppard's
correction forvgrouping has been used throughout. To
judge the significance of an observed result standard
E error rather than probable error has been used.
Results significant at 5% probability level of
| significance have been interpreted as significant.

All the computations were made with the ,help of
a calculating machine, Barlow!s tables were freely

used for finding the square roots, cubes and higher
| powers, reciprocals, etc, Castles! five-figure
logarithm tables and the statistical tables by
Fisher and Yates (1938) were used in the process of
curve=-fitting.,

Throughout the tables and occasionally in the
text, calculated figures have been given to & larger
nmumber of decimal places than would be included in

a published paper. This was done to ensure accuracy

in computation,




PART I, THE MEASUREMENT OF THE SHAPE OF THE

LACTATION CURVE.

le Review of Previous Methods,

Before the shape of the lactation curve can be
studied, 1t 1s necessary to give & quantitative
.expression to this shape. By the ordinary "visual
Smeasurement" method (Bomnier, 1935) it is no doubt
;possible to compare the curves of a few cows, but for
statistical studies & quantitative measure 1ls essential,
Of the two components of the lactation curve, i.e.
maximum and persistency, the former is relatively easy
to determine, Its value 1s given by the maximum ordinats
of the curve, Because the day-tc-day variability of
the milk yield of a cow is considerable even when all
conditions of menagement are kept as uniform as
possible (Bartlett, 1929), this value may be slightly
too high if based on the YJield of a single day. Whére
information regarding day=-to-day milk yields is
available, this defect may, however, be overcome by

using instead Gavin!s revised maximum, i.e. the maximum

dally yield reached or exceeded three times in a week
(1912). “

1 Persistency is more difficult to determine,
?ersisteney defines the slope of the curve and measures

the relative® rate at which the maximum yield, when

¥For difference from "absolute" rate see Fisher (1939
P«27=30) and Brody (19272)



once reached, declines, In actual practice, this

' pelative rate may vary from period to period or may

be roughly constant over the whole course of the
A ]

lactation. In the latter case the average slope for

the various periods of the lactation will measure the

% persistency for the whole curve., To find the slope 1s

not a difficult matter mathematically. It 1is
readily obtained by substracting the natural ldgarithm
of the production of each period from that of the

- preceding period. The average of these values for the

. successive periods of the lactation will give the

? average value for the whole lactation. If the

ipersistency is determined from dally or even from

- weekly yields, the high random day-to-day variability

- of the yield affects this value much more than the

imaximum. This drawback may, however, be overcome by

' averaging the ylelds over reasonably long periods,

say a month., Again, the variation of the slope from
period to period may, for various reasons, be too high
and systematic rather than randome. In such cases the

average value of the slope for the whole curve may not

‘ give a true value of the rate of decline, It was the

realisation of thls fact that led Bonnier (1935) to
propose his "visual measurement" method.

As earlj as 1886 Sturtevant pointed out that each

~month's production is roughly a constant percentage

of the production of the preceding month, In

mathematical terms this means that the course of the




secretion with the advance of period of lactation, 1i.,e.

} percentage of the preceding month's production",

- Under average conditions of herd management, the first
i qualification can hardly be realised in actual practice,
? Arguing that, since the course of a lactation curve

i and that of a monomolecular chemical reaction are

equation

I

Zom,

)
lactation curve is exponential, This latter fact was
independently pointed out by Brody, Ragsdale and
Turner (1922) in their study of the shape of the
lactation curve of cows of various breeds. In.ordér
to describe the average lactation curve of a large
number of cows of different breedé, they employed the

Ny = Mge
where My = milk production during any month %, Mo 1s
the value of the initial theoretical rate ofrmilk flow
at the time of parturition (not attained in actual
practice), k is the constant measuring the relative
rate.df decline, and e the base of natural logarithms,
They found that the equation fitted the data
remarkably well., On the basis of tThis work they

formulated what they termed the law relating milk

that each month's production after the second month
is a constant percentage of the preceding month's
productioh“;{1925). Turher (1927a) subsequently
qualified the conditions governing this law by stating

that "when all other conditions are uniform, the

monthly milk or fat percentage during the lactation

period, after the maximum is passed, 1s a constant

both defined by the sane type of exponential curve,
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'Brody, Ragsdale ahd Turner (1923) suggested that the

‘phenomenon of milk production is governed by a mono=-

{
{

moleculasr reasction., Gaines (19269, though strongly
disagreeing with such a chemical interpretation, used
the exponential curve in his studies of persistency

(1927a, 1931), He worked out graphic (1927a) and

‘algebraic (1927b) methods for determining the constants
of the equation, and conjointly with Palfrey (1932)

evolved an ingenious least square curve fitting machine

capable of determining the constants mechanically and
so obviating the mathematical labou® of curve fitting.
In their studies Davydov (1933a,b) Kartha (193¢ghand
Gooch (1935) have also employed the exponential equatiol
to define the lactation curve.

Numerous other measures have, however, been
employed by various workers to evaluate persistency.

McCandlish et al.(1919) expressed each month'!s
yleld as a percentage of the first montht's production
and compared graphically the slopes of the different
curves thus obtained., This method suffers from the

same defect as Bonniler's "visual measurement™ method

’(1935).

| Sanders (1923, 1930) suggested a ratio method to

?express the shape of the lactation curve according to

?the relationship

~ Total lactation yield = maximum yleld x persistency
3or persistency = total lactation yield/meximum yield.




~ He gave the name "shape figure' to hls measure of

| however, largely affected by the calving interval
. (Ostergaard, 1051). Sanders tried to allow for this
i by correcting the "shape figure" for the "service
| period", which in turn affects the length of lactatlon,

- service period (for instance, in some of the writer's

- perlod was observed to synchronise with the close of

? the calendar year rather than the actual drying off

% of the cow), the corrected value of the "shape figure"
? is still affected by the calving interval - at least |
' in some cases, Further, this measure falls to

; distinguish a rising from a declining curve and, as

; Sanders himself says, "gives no detall as to the

' Turner, however, used the milk yield for a definite

' shape of the lactation curve".

persistency, The value of the "shape figure" is

However, as in actual practice the length of the

calving interval 1s not altogether determined by the

data, the cessation of milk recording for a lactation

Turner (19269 suggested a ratio method similar to
that of Sanders, in which persistency was determined

from the ratio of the maximum to the total yield.

period of time (12 months) instead of the total
lactation yield. This obviated the necessity of
correcting for service period and is thus an improve=- |
ment on Sgnder's method, Turner also presented a
graph for the expression of this ratio in terms of

persistency percentage. A similar graph, but slightly

more accurate from theoretical considerations,
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ook,

‘was given by Brody (1927 .

A The ratio method,es devised by Sanders and
;Turner, has the advantage of speed and simplicity. It
is therefore specially suitable for statistical
studies of persistency where a large volume of data
have to be handled. Gaines (1927 has shown, however,
that there 1s some question as to the trustworthiness
?of this method of measuring persistencye. The values
obtained by this method are slightly different from
those determined algebraically, 1.e. by fitting the
curve to the observed ylelds by the method of least
squares, Although Turner used this method in some of
his earlier studies (1927, 1934) he now considers it
unsuitable for students of persistency. For a
scientific study of the shape of the lactation curve, h
considers the exponential curve method to be most
appropriate (1938),

Becker and Mcgilliard (1928) employed the method
of "visual measurement™ of differences in the shape of
lactation curves of different animals by representing
each curve graphically.

Ostergesard (1931) measured persistency by the
percentage which the average daily milk yield for the
‘whole lactation constituted of the highest daily milk

yield. As the average daily yield depends upon the
Elength of the lactation, the value of persistency

?obtained by this method 1is not comparable for cows with

élactations of varying lengths,



Johamnsen (1939), has also used a ratio method,

ihis measure of persistency being the ratio of the

|

milk yield of the second 100 days of the lactation
to that of the first 100 days. The drawback of this

method is that the first 100-day period, which denotes

the maximum physiological capacity of the cow for
émilk pfoduction, is too long to reveal differences
gbetween cows differing in their capacities to maintain
ﬁyield during this crueial period. Two cows may give
%the same yield in the first 100 days of their lactation,
gyet they may have vastly different initial maximum |
yields, and therefore persistency values, for this
period.

Fohrman and Graves (1939) expressed the amount
6f milk produced in each 30=day period as a percentage
of the total yield for 360 days. As a basis for
compsrison the lactation curve was assumed to be s
straight line on the supposition that during each 30-
day period 8.33% of the total yield would be produced.
The deviations in percentage from the straight line
for the different periods of each curve were summated

and the total was used to express persistency.

% Csukas (1939) defined the shape by the "degree of
?declination" (?) in milk production during 10 weeks
éafter calving of those cows concelving in that time,
?This is obviously too short a period to give any idea
fof the real differences as regards persistency between

11ndividual COWS .

In a qulte recent study Pontecorvo (1940) has




Lo
‘used the exponential equation to determine the rate |

i
i

%of decline., Instead of using the whole lactation ‘
_curve, however, he has used what he terms "the mlddle |
épart of the lactation curve'" to determine the
%persistency. He regards this portionﬁfi&istinct
iphysiological component of the lactation curve, and
iholds that its use in plaée of the whole lactation
fcurve eonstitutes a definite improvement in method.
There would certainly be some justification for this
fchoice 1f our knowledge of the physiology of lactation |
?were so definite as to guide us in the division of the

|
fcurve into distinct portions. Such knowledge is however

flackihg. We do not, for instance, know why the milk

lyield rises for some time after calving. Pontecorvo E

i

%considers this upward trend to be the combined result

of the development of the glandular system before

' parturition (under the direct inflmence of oestrogen

and other associated pregnancy hormones) and the §

intensity of the stimulating factors after
parturition, However, the general view is that the
proliferation of the mammary gland is complete at

et al,
parturition. Moreover Reece /(1939) hasge shown that

 the secretion of lactogen (the pituitary hormone which§
@stimulates milk secretion) is at a maximum then, so th&t
- these cannot be the causes of the upward trend

;subsequent to parturition. Moreover thg rate and

‘duration of this rise is not similar in 21l animals,.

‘Neither 1s it exactly alike for the same cow in

&different lactations. Even the point of termination



[,
s

of this period is not sharply marked in most lactations.
The point of commencement of Pontecorvo!s "middle |
period" would, therefore vary more or less arbitrarily i
from cow to cow and even in the same cow from-lactation%
to lactation. His procedure cannot therefore be
expected to give comparasble results for different
aninals,

As a result of the above review of literature
it was decided that the exponehtial equation probably
provided the best measure of a lactation curve. In
the preliminary studies detailed below this method was
therefore adopted.

2. Collection and Tabulation of Data.

The present study is based on the records of milk
production of Ayrshire cows in six tuberculin tested

pedigree herds, all of which are situated in Ayrshire.

The animals of five of these herds were of the "milk"%

type and those of the sixth were of the fyessel=bred"
‘type¥. The milk records used were those recorded
iofficially by the Scottish Milk Recording Assoclation
i'1;h.e yields being determined by the Assocliation's own

officials, The Association publishes the records of

production of selected cows annually. In the past

most of the work done on the inheritance of milk

yield, both in this country and abroad, is based only

*The Ayrshire breed consists of two distinct types:
(1) "vessel"™ type, the cows of which have tight, flat
vessels and small corky perpendicularly-hung teats,
Greater emphasis is laid on the conformation of the ;
"vessel" - udder = rather than the milk yield in this
type. (1i) "milk" type in which not so .much attention |

is paid to the actual shape of the_udde
migking propensities of %he animal. r as to the




%on such published records, and therefore on selected |
%data. The results of such work are consequently of |
zlimited application.‘ It was decided to avoid this

eriticism in the present study. Original milk record

books were therefore obtained from the herd owners

‘and all normal records of milk production of the cows
iwere abstracted, Preliminary examination of the records
showed that, owing to the changes in policy in herd
‘menagement, significent changes had taken place in the
‘milk yields of cows during the post-war period as
fcompared with earlier years., Although milk recording
%had been continuously carried on since 1910 in five

iout of the six herds (records therefore belng actually

Il

|

'avallable for a period of about 30 years), it was
édecided to restrict the study to the post-war years
%only. This selection was considered necessary in
order to secure homogerjpus data which would be as free
'as possible from the disturbing influence of the
changes in herd ménagement. This obviated the
inecessity of attempting to correct the milk records

for the year-to-year variations: Iush (1936, and

Iortscher (1937) have pointed out that such year=to=
iyear variabllity of milk yield in a herd is not

entirely due to differences in herd management, as

‘was supposed by V. Patow (1930), but is also the
result of the differential genetic constitution of the g
jherd. As 1t 1s difficult to separate the genetic from g
the purely environmental variability, any attempt f



to introduce correction factors to allow for year=-to-

_each herd and the years to which these records belong

| are given in Tasble I,

~Association are based on measurements of milk yield

~every 14-28 days. The milk yield 1s determined by
;actual weighing over a period of 24 hours, and the
éreéults are entered in the milk records book, The dgy
%of visit 1s regarded as the middle day of the period
?covered by the test, and the total yield for the
?period is estimated by multiplying the observed yleld

~duration of this period may vary from visit to visit,

' constant duration. After copying out the milk
?records, the yield for each successive 30-day period of
ievery‘record was computed. It ﬁas observed that in
many cases the first test was not made until about

- 30-40 days after calving. To overcome this difficulty

 represent varying periodse. In the present study 1t

[N

o
Noe &

year variations in management would clearly be most
undesirable,
Data regarding the number of records provided by

The milk records of the Scottish Milk Recording

which are carried out personally by the official

Recorders, who visit each farm for the purpose once in

by the number of days covered by the test. As the
the milk yield entries in the milk records book may

was essential that the yields should be for periods of




~ the first 15 days of every record were omitted when

i fixing the limits of the different periods, The
computed yield for the first 30-day period thus
covered from the fifteenth to the forty-fifth day

- after calving.

| It will be understood that the copyling of

5 records from the records books and the computation

~ of the 30-day yields, involved a mass of routine
work. Much of this was carried out by clerical

i assistants who worked under the writerts supervision.
i To ensure accuracy, all calculations were arranged so
% that they were self-checking. Records of individual
g lactations were transferred to printed forms, and

? speclal ready reckoner tables were prepare& for the

% asslstants! use, Subsequent computations were
~usually made with the use of & calculating machine,

% The details of the information collected for
each lactation and the system of computing the ylelds

for the 30-day periods are shown in Table 2,

Se Fit of the Exponential Curve,

I

' (a) Method of Curve Fitting.

In the herds under study the average calving
- iInterval was found to be twelve months. Since the
| average gestation period of cows 1s 280 days, this
é indicates that the cows were served approximately
three months after calving. The work of Gavin (19133




Y

- Sanders (1923 and 1927, Gaines (1926) and Ostergaard

(1931) has shown that gestation appreciably affects |
Z the milk production some five months after conception.
z To obviate the necessity of correcting for the

. influence of varying service periods 1t was decided

| to use only that part of the lactation curve which »

was free from the influence of pregnancy. For most

records, the milk yleld for the first eight 30-day

periods was used, though for records in which the cow

conceived earlier than three months after calving,

;va shorter part of the lactation curve was used.

: The process of curve fitting was straight forward,

% As already pointed out, Gaines has described a
graphic (192%) and an algebraic method'(192§b) for

1}doing this. The former method, although qulcker,

; naturally does not glve as accurate results as the

é latter, It was at first hoped that it would be

i possible to shorten the work by using the least-

2 square curve fitting machine described by Gaines and

i Palfrey (1932) and Professor Gaines kindly loaned the

% machine for this purpose, From the point of view of

i the present investigation the machine has, however,
two disadvantages., It is designed to determine the
constants only when the curve has to be fitted to an

odd number of observed values (9 or 11), whereas the

number of.dbserfed values in this study was more

frequently even (8) than odd. It is also specially




;adapted to give the constants for "fat-corrected"
g(Gaines, 1923) instead of "raw' mi 1k yvields. Smith
(1933, 1939) has questioned the advisability of fat-
2correcting the observed milk yields in studies of the
iinheritance of milk production.

| For these reasons the use of the curve fitting
?machine was abandoned, and the curves were fitted
Eélgebraically. The method described by Kartha (1934a)
iwas adopted. The final value of persistency was

: =k
. expressed on percentage basis, i.e. 100 x e , for

reach curve,

;(b) Discussion of Results,

i As a result of this preliminary work of curve
?fitting it was soon found that, whereas the exponential
%eqnation gave & reasonably good fit with some lactation
;curves, the fit was poor in others, Table 3 and
éFigure 2 show the fits for some selected curves, which
zare typical of the general results obtained,

1 As will be observed by a comparison of the
iobserved with the estimated ylelds given in thls Table,
fthe fit is fairly close with curve one, though 1t is
gpoor with the remaining three curves, This fact 1is
;confirmed by reference to the£d? values given for

‘each curve, In particular the estimated yields of
curve two diverge widely from the observed yields
throughout the whole course of the lactation, Whereas

the actual maximum daily yield of this cow did not




e
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exceed 52,4 lbs she had, according to the fitted ;
exponential curve, the capacity to yield 71.8 1lbs one
month after calving and 92.15 1lbs immediately after
parturition., Undoubtedly the theoretical curve gives
a very exaggerated estimate of her capacity for
maximum milk production. The curve of cow four, on |
the other hand, is of the reverse type. Her yleld
according to the theoreticai curve 1s 33.93 1lbs
immediately after calving and 31,5 1lbs a month later,
though she actually produced 37,5 lbs during the
latter period. Her capacity for maximum milk
production 1s thus definitely understated by the

exponential curve, Again with curve three the actual

maximum production was obtained in the second periocd,
and not, as 1s indicated by the exponential curve,
'in the first.

Let us examine the causes of this poor fit,
Within the range of t taken, the exponential curve
tyt = Moe¥t has its meximum (or minimum) ordinate at

- zero. The values fall off (or increase) exponentially

thereafter, i.e. the rate of relative decline (or riso)
is constant., For such a curve to give a good fit, theée
conditions must be satisfied by the data. As has

already been pointed out, curve three has its

maximum ordinate at the second period, so that the
requisite condition that the maximum ordinate should
be attained at the start is not satisfied.



' the type two curve exhibits a ratner extreme

idivergence, In general, the differences between

are not so great,

Neither is the’relative rate of decline from
month to month constant with curves,two, three and
four. With curve two, for instance, the yield was
nearly constant during the first three perilods.

There was indeed a slight increase. However, this
was followed by a sudden decline, the relative

rate of which-continued to accelerate from period to
period., With curve four, on the other hand, the fall
in yield was too abrupt at the commencement of the
lactation. The curve flattened out four months later,
and there was little suﬂsequent decline, IT 1is
significant to point out that curves of type two were
found to be'rather characteristic of cows calving in
late séring, and those of type four typical of heifers
calving in autumn.

It will be clear from these examples that
individual lactation curves may not conform to the
exponential type even approximately and that, if the
latter type of theoretical curve 1s used to represent
such data, one may fail to distinguish real differences
between the shapes of the curves, = even when the
curves are as dissimilar as the "observed" and

JYestimated" shown as type two in Figure 2. No doubt,

"observed" and "estimated" values though well-marked,
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The Missouri workers, Brody et al, (loc.cit.),
‘have considered these variations from the "type" to be
;entirely environmental and by representing the dats
%with an exponential equation, have ignored them. In
%the absence of definite supporting evidence, their
‘view is hardly justified. It 1s quite conceivable that
:the responses of individual animals to the various
~environmentel influences may themselves vary according
.to their inherent constitution, so that a part of the
divergence from "type" may in reality be genetic. 1In
‘any event 1t is clearly preferable to measure such
Evariations, since these can then be correlated with
ithe possible causative agencies to determine how far
‘they are envirommental and how far they are hereditary.
i It has been suggested that a better fit can be
?obtained with the exponential curve 1f the declining
isegment only is used in fitting (Turner, 1939)., This
;procedure does not appear justifiable, however, since
Eit not only fails to distinguish between curves with
;rising segments of varying duration, but also involves
gthe comparison of these curves for varying perilodse.
?Mbreover, the fit will still be poor ﬁith curves of
types two and four,

It may be noted that the exponential curve does
give a good fit for the average lactation curve., This
,18 clear from curve five in Table 3, which was obtained

by averaging 100 lactation curves of individual cows.




£ 6)
foat €3

The reason for this better fit is, of course, that the

differences of curves two and four from the

exponential are compensating in nature. The fact that'

' the exponential curve gives a good fit with averages.
iof lactation curves is no proof that the rate of
fdecline of milk yleld with the advance of lactation

- is normelly exponential.

As far as can be ascertained no results have been
reported in the literature which show how far the
exponential curve fits the lactation curves of
individual cows. Gaines (192%) has compared the
- accuracy of his graphic and of Turner's ratio methods
? with,the least-square method for fitting the
:exponential curve, but he has not shown how well the
latter fits the curves of individual cows, In one of
his papers (19%1l) he has instanced two lactation curves
these conform to types two and four of Table 3.
Gooch (1935) determined the root-mean-square error#

. for each curve in order to measure how far the fitted
?curve diverged from the actual data. Her work only

%shows, however, the extent of the errors involved in
estimating ylelds from the fitted curve., It too does

not show if the exponential is really the best
fitting curve,

* 3.e. square root of sum of squares of the difference
between logarithms of observed and calculated y's
divided by the degrees of freedom.

.
?




4., Fit of the Parabolic Exponential Cmmve,

(a) Method of Curve Fitting.

In view of the considerable discrepancies.which
; were found to exist between the actual lactation
: curves and the fitted exponential values, an attempt
was made to see whether some other type of
mathematical curve would represent the lactation
curve better, As the course of the latter is
parabolic, a trial of the parabolic exponential curve,
V= A55t+ét2, was suggested by Dr R.A. Robb. This was
| studied by memns of data secured from the Institute's
; own herd. 100 lactation records were taken, and the
| milk yield of each warked out for successive 28-day
» periods. Unlike the previous data these records were
~based on the day-to-day recording of the milk ylelds
é of each cow throughout her lactation.
The parabolic exponential equation y = Asbt+et2
é may 1n ordinary logarithms be wrltten as
| logy oy = logjoh + bt + ct?

where b = bllogloe

c = cllogloe

The fitting of such a regression line may be
‘ conveniently carried out by the method of Orthogonal
| polynomials described by Fisher and Yates (1938), The
iinear constant'g in the above equation fhen
-~ corresponds to constant k of the exponential equation

Y = Aekt,




~and the parabolic equations to the data, and to judge
-whether the contribution of the parabolic constant

?13 significant in the reduction of variation. Where
the parabolic term is significant it shows that the
‘linear constant alone does not account for all the
%systematic‘variations of the data, i.e. thet the
jexponential curve does not give the best possible fit.
-{b) Discussion of Results,

- squares which the linear term accounted for varied

from 33.92 to 94.48% of the total in individual curves,

14.28+1,01%. This contribution was significant at 1%
“level in 91 curves, not significant at 1% but

:milk yields of successive periods in these five
lactations are too erratic to be satisfactorily
%graduated by any simple mathematical curve., The

“equation glves, of course, a value of b (which is a

' are graphed in figure 3. It will be observed that the

As the fitting 1s carried out in two stages 1t is

possible to examine separately the fit of the linear

This work confirmed the previous finding that the
goodness of fit of the linear term (i.e. 1its
contribution in the reduction of sum of squares) varied

considerably in the individual records. The sum of

the mean being 85.0611.43% and the stanmiard deviation

significant at 5% level in another four curves, and
not significant even at 5% level in the remaining five
curvese. The milk yield data of the latter five curves
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measure of the average slope of the curve) for each
of these lactation curves, but owing to the highly

- erratic slope at different points of these curves,

this average value has little meaning. In the

zremaining records the linear term 1s undoubtedly the
 preponderating term and represents the greater part
- of the systematic variation of rate of milk production
with advance in lactation,

The above facts do not indicate , however, that
in these records the exponential curve gives as good
e fit as 1t 1s possible to obtain, for, if this were
iso, the contribution of the additional conétants to
~ the reduction of variation would be insignificant, It
"was in fact observed that in 48 of the 100 lactations
the parabolic term brought about a significant
reduction in the sum of squares, = in 23 cases
" significant at 1% level and in the remaining 25 at 5%
- level. In the rémaining curves either the linear -

% term accounted for Hwe most of the systematic variation
;and the velue of the parabolic term was therefore too
; low to bring about any further marked reduction of
variation, or the residual variation was too high,
owing to irregular yields, to allow the contribution

- of the parabolic term to be statistically significant,
The fit of the parabolic eguation was with almost all
lactations better than that of the exponential, although

the extent of this improvement was in some instances




not high enough to justify the sacrifice of a degree
of freedom by the addition of another constant.
Table 4 shows the relative flt obtained with the two
types of theoretical curves. It will be seen that
the parabolic term 1is quite important in curves one,
two and threey in curve four, however, its contributlon
is not significant, The observed values of curve |

five are so variable that neitbher the linear nor the

parabolic term are significant,

It has already been pointed out that the shape i
of individual curves 1s too varisble to be satisfactoryly
represented by a rigid curve of the exponential type. §
Table 4 shows that the parabolic exponentlal curve is i
in many cases elastic enough to take care of this |
variebility. It is sufficiently adaptable to take |
into account satisfactorily both the varying position
of the maximum ordinate and the varying rate of change%
in milk production in successive periods, provided
. that the data are reassonably regular., The latter
~condition is important, as is clear from curve five
in Table 4,

In the perabolic logarithmic equation |

log y = log a + bt + ct?

b = Uniform rate at which log of milk yield is

changing every month, i.e. the average relative

i
i

slope of the curve.

¢ = 1/2 log of the rate of change of decline rate
(b) per month per month., If positive it means

i
i
i
i
i
!
1
i
I
|
i
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that the rate of decline is retarding, and 1if

negative that it is accelerating with the

advance of lactation.
This equation thus not only gives an average measure
of the rate of decline (persistency) fof the whole
curve, but also measures how, on an average, this
decline varies from period to period. In this respect
it has a distinct advantagse over the exponential
equation.

Tt is possible to estimate the value of the
theoretical maximum by the differentiatioﬁ of this
equation. This estimated value may be realised at
any stage during the lactation or, according to the
equation, may be supposed to occur even before the
start of the lactation (=t)e In the latter case the
value, as with the exponential equation, will be
hypothetical and extrapolated. This extrapolatién is
not safe (Snedecor, 1938 p.316). It has already been
shown how very different the theoretical maximum
(extrapolated from the exponential curve) may be from
the actual maximum. The latter will, in the writer's

opinion, provide the safer and truer measure of the

?cow’s physiological capacity for maximum milk

production, in spite of Gaines (19264 brilliant

inhibition hypothesis (by which he seeks to explain

' why A (the theoretical maximum) is not realised in

practice), and Davydov!s (19332) conclusion that A and

the actual maximum are highly correlated. It may be
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noted that Gaines' hypothesis 1s in any event in the

nature of a surmise and must always remain so, since

no experiment can be set up to prove or disprove it.
14264,

Gaines (19274 observed that 5% of the curves in

 his data differed from the exponentlial curve in as '

much as they were of the increasing rather than the
usuél decreasing type, - at least for the period far
which the milk yields were examined (10-12 months).
As Gaines himself pointed out, it "would be absurd

to suppose that the lactation curvé could continue

to ascend for more than a limited time" (19269, The
rather abnormal rise is bound to result in a decline

- sooner or later, The exponential curve cannot take
account of this fact though the parabolic exponential
does so.

From the foregoing it will be clear that the
shape of the lactatlion curve of individual cows
conforms more closely to the parabolic exponential
than to the exponential type. The use of the former
| is therefore to be preferred in graduating data for
any genetical study of the shape of lactation ocurve,
Apart from the advantage of the betﬁer fit, the
parabolic exponential curve provides two separate
constants, =~ the linear, which measures the average
slope of the curve, and the parabolic,which describes
how on an average the rate of this slope varies from

period to period. In any study of persistency it 1s
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clearly of advantage to be able to separate these two
constants, so that they can be correlated independently
with any relevant environmental or hereditary factors.

5« The Freqguency Distribution and Constants of the
Various Charecteristics of the Tactation Curve.

In view of the results reported in the previous

% section it was decided to use the parabolic
exponential curve to graduate the dats of this
investigation. However, by this time, the exponential
curve had been fitted to nearly thewhole of the data
of one herd. The parsbolic exponential curve was
therefore fitted to the data of the remaining herds

; only.comprising 1900 records.

After the work of curve-fitting was completed,
the results were transferred to special cards. One
card was used for each cows data, and bore on 1t the
% following informationg=
z l, Name and Herd Book No. of Cow,

2. Her Pedigree,
3¢ For each of her lactations (a) Date of calving

(b) Total milk yield
for 8 months.

(c) b (linear) Constant

(d) ¢ (parabolic)
Constant

(e) b Constant expresse¢d
as percentage
persistency

(f) Maximum Yield

A total of 2,828 milk records derived from 863

. different cows were thus tabulated. Of these 863




icows, 215 had only one record each. For the
éremaining 648 animals two or more records were known.,
1It was noticed that there was a far smaller variability
vin the persistency of different cows on the basis of
their heifer than their later records. It was therefor
decided to exclude all cows which had only one record.
This restriction was considered necessary in order to
secure more dependable results and it was felt that it
did not cause any appreciasble or undesiravle selection
\of the data, This procedure left 2,613 records, 2392
zof which came from herds A to E ("milk" type), and the
remaining 221 from herd F ("vessel" type). It was
considered advisable to keep the "milk" herds data
separate from the "vessel" herd data, as there are
iconsiderable differences in the systems of management
of these two types of herds. The study of the
environmental factors was made from the "milk" herds
only. The frequency diagrams illustrating the
distribution of persistency parabolic constant,Amaximum
yield and total yield of the 2,392 "milk" type records
iare given in Figure 4. The main statistical constants

of these data are given in Table 5.

four constants is slightly asymmetrical, The mode 1is

;higher than the mean in the case of persistency and
%parabolic constant, and lower than the mean in the case
éof maximum yield end total yield. The skewness 1is
%negative in the case of persistency and parabolic

?constant and positive in the case of meximum yield an
] )

[¢

It will be observed that the distribution of all the
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total yield. All the four curves are leptokurtic,
the curve for parabolic constant showing this peaked
effect to the greatest degree. The values of k indica
that the curves for persistency and maximum yield
conform to type one, and the curves for total yield
and parabolic\constant to type four of Pearsonian
curves (Elderston, 1906, p+50)s There exist very
great differences between the variability of
parabolic constant and persistency as compared with
total yield end maximum yield. The value of
coefficient of variation is the lowest in the case
of persistency ard the highest in the case of
parsbolie constant. In fact, the value of standard
deviation is actually higher than the mean in the
latter, which gives it a coefficient of variati on
which ié more then 100. This shows that the parabolic
constant 1s by far the most variable constant of the

lactation curve.
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PART II. THE LACTATION CURVE AS AFFECTED BY

ENVIRONMENT ,

l. Introduction.

The milk production of a cow 1is an expression of

- her heredity as modified by enviromment. The heredlty

of an individual is fixed at birth and remains constant

throughout 1its life, The environment may, and in
‘actual practice does, change from period to period.
That is why the milk production of a cow 1is aptvto
vary from time to time.

The observed differences between the production
of individual cows may be partly hereditaery and
partly environmentgl, For the correct estimation of
the former, it is important to allow for the effects
of the latter. To eliminate the effect of environe-
mental variations altogether (e.g. for genetical
researches) Smith (1935) has emphasised the great
value of the method of collecting data for milk
production from animals kept under conditions of
uniform environment and has pointed out that he is
attempting to follow this procedure at the experimenta
farms of the Institute of Animal Gexetics, Edinburgh,
The mumber of envirommental factors affecting milk
production is, however, so large, that the complete
experimental control of enviromment appears
impracticable. The nature of food supply is bound

to differ from year to year, and still more in
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different seasons of the same year. All cows do not

calve at the same time of the year, nelther do they
all calve in thé same state of health. Changes may
take place in the byre staff, with comsequent changes
in the methods of handling stock. Under such
conditions the records for different periods are
seldom directly comparable. As & result it becomes
necegsary to exercise a statistical control and
allow for these differences of environment. Even this,
‘ however, 1s only possible where the nature of the
environmental differences are known, and where their
effects can be estimated, When the influence of
an environmental factor is known, it is possihle to
"correct" or "standardise" the record to what it
would have been under the conditions of the standard
environment, The determination of such "correction"
factors is a pre-requisite to all genetical researches)
It is perhaps desirable at this stage to point
out that correction factors measure only the average
influence of a particular factor in the whole
population, As the responses of different individuals
to an environmental stimulus are not necessarily
identical, the records of individual animals even after
"standardisation" may differ from what they would have
attained under the standard enviromment, For this

reason each standardised record is still lisble to

error. However, if the correction factors are valid

for the population as a whole, the errors in
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individual records after "standardisation" are as
likely to be positive as negative, When éeveral
"stendardised" records of a cow are available, such
errors are likely to counterbalance one another,

Of the various environmental faéfors, feeding
and management are perhaps the most potent in
determining differences in the production of
individual animals, It has not been possible, however
to examine the influence of these factors statisticallj
in the present investigation, since the differences in
this respect between individuals and even between
- herds sare not known,

Hammond and Senders (1923) and Sanders (19278)
have shown that the season of the year in which a cow

calves, her age at the time of calving, the length

of the service period (l.e. the interval between

parturition and the following gestation), and the

length of the dry period (i.e. the period for which

she is kept dry before her next lactation starts), are
four important factors that affect milk production.

| Turner (1927¢), Sikka (1931), Ostergasard (1931) have

shown the importance of the length of the lactation,

and Copeland (1935) the number of times a day the

cow is milked, Matson (1929) has studied the

influence of the length of one lactation on the milk

production of the succeeding lactation.

In the present investigation all the cows were
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milked twice daily, so that there were no differences |
in this respect between the individual recordse. The
segment of the lactation curve used was restricted to
the first eight and a half months, and the average
service periopd was about three months. In view of the
researches of Gavin (1913%) Hammond and Sanders (1923)/
Sanders (1927 and Ostergsard (1931), no correction
has therefore been considered necessary for the
influence of pregnancy or for the length of lactation.
Moreover, since a part of the observed variation
in the length of lactation of individual animals may
" be due to genetic differences between the animals,Smith &
~ Robisan(1933) hawein any event questioned the
advisability of correcting the records of pfoduction
for the length of lactation in genetical studies.
It was not possible to study the influence of

dry period since, owlng to the prevailling préctice

of stopping the recording of milk of certein animals
| with the close of the calendar year, the length of
this period could not be correctly ascertained in ail
records., Only two important factors remained for
investigation, 1.e. month of calving and ége. The
influence of these factors was therefore studied,
using the total data of the four "milk" herds (2,392
records) and is detailed in the following sections.
It 1s possible that the influence of these factors

|
1

may vary from herd to herd. Such intra-herd variation
could not be studied,
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One further point should be mentioned, Table 6
shows the number and ages of cowsicalving in each
month of the year. It will be observed that the
proportion of animals celving in different months
varies markedly. In general many more cows calve
during the spring and autumn than during the summer,
The incidence of calving is lowest for July. It
increases untlil October, but falls during November
and December, There is a sudden rise in January, and
the higher rate is more than maintained during the
following month. There 1s again a very steep rise in
- March when the incidence of calving 1s highest., This
- 1s followed by a steep fall,which continues until
July. This seassohal variation in the incidence of
calving is shown graphically in Figure 5.

The important point is, however, that a distinct
 correlation exists between the age of the cow and the
mdnth in which she calves, This is clear from the
last column of Table 6, which gives the mean age of the
cows calving in each month, It will be observed that
the means are lowest in the autumn months and are
- highest in mid-summer, the seasonal trends being
very regular and consistent. A very much higher
proportion of younger cows calve, therefore, in the

asutumn and winter then in the spring or summer.

In studying the influence of the month of
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calving and of age on the different constants of the |
lactation curve it is necessary to allow for the
correlation reported in the preceding paragraph. The
method of multiple regression would be ideal for the
purpose, if the regressions were linear. However, as
will be shown later, the regressiﬁns are distinctly
non-linear. This method is therefore not practicable.
It was found that in the data avaeilable for the
present study there were a number of animals which
calved in the same month during two or more successive
lactations. The variation of the different constants
-of the lactation curve with age was determined from
the data furnished by such animals by the "paired-
lactatiort method, the details of which will be éxplaineﬁ
later, Such constants will be free from the influence
of month of calving. The correction factors thus
-obtalned were used to correct all records for the
influence of age. The influence of month of calving
was then studied from the corrected records and
correction factors for month of calving worked out.
Thgse were in turn spplied to the original data and
from the thus corrected data the effect of age was
studied, The weakness of this method is that the
preliminary age correction factors were obtained from
rather limited data. The correction factors for month
of calving may therefore be subject to slight errors,
the magnitude of these errors being dependent on the
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extent of the differences between the preliminary

- and the final age correction factors. It will
bhowever be shown later ﬁhat the influence of the
month of caiving wes very small in comparison with that
of sge, especially in the case of maximum and total
yield. The main results therefore cammot have heen
seriously affected,

The variation of the parsbolic constant was
studied from the raw data, 1.e. without allowing for
the correlation observed between month of calving and
age.

Throughout the present thesis the constants of
the lactation curve are (unless otherwlse stated)

defined as followss:=- (1) Persistency is the linear

constant of the exponentiai curve expressed on a
percentage basis, and represents the average relative

slope of the lactation curve; (1i) the parabolic

constant 1s the third term of the parabolic oxponential
equation, and represents the rate of change of decline

rate; (1ii) the maximum yield is the highest 30-dsy

¥ield calculated from the official milk records, and
(iv) the totsl yield is the yield of milk for the .

portion of the lactation curve studied (i.e. from 15
days to 8% months after calving) calculated as shown

in Table 2,

Se Influence of Month of Cglving.

——




(a) Variation of the Constants of the
Lactation Curve with the Month of

Calving.

The means of the four constants of the lactation

curves of cows calving in different months (after
correction for age) are given in Table 7. Figure 6
shows these results graphically.
(1) Persistency. ‘
The analysis of variance of persistency with the
month of caliing is given belows=

Source of Variation 4/f Sum of Squares Mean Square

Between means of

calving months 11 4857 8251 441.,6203

Within calving
months 2380  43805.9945 18,4059
Total 2391  48663.8176 20,3529

F = 441.6203/18,4059 = 23,9934.
The observed value of F (the variance ratio) 1is
highly significent, i.e. well beyond the 1% level,
This shows ﬁhat there are real differences‘between the
persistency of cows calving in the different months,
These differences account for

20,3529 = 18,4059 x 100 = 9.566%
20,0529 :

of the total vamiénce of persistency.

An examination of the mean persistency values
glven in Table 7 shpws that these have a véry
consistent seasonal trend. The cows calving in May
have the lowest mean, and are therefore the least
persistent. The value increases regularly during the

. succeeding months until August, remains more or less




constant until November, and then diminishes, As
compared with the mean of all months, the means for
the period July to January are higher, and those for
the remalning period of the year lower,

(1i) Parabolic constant.

The analysis of variance of the parabolic
constant with the month of calving is given below:-

Source of Variation d/f Sum of Squares Mean Square

'Between means of

calving months 11 24572.4125% 2233 ,8556 ¥
Within calving .
months 1667 204643,1415 122,7613
Total 1678 229215.5540 136 .6004

# in units of class interval,
F w 2233,8556/122,7613 = 18,1987
The observed value of F 1s again highly significant,
showing that the means of the parabolic constant for
different months vary significantly among themselves,
Their variation accounts for

136,6004 = 122,7613 x 100 = 10,1310%
1356 .6002 -

of the total variance of the parabolic constant,

It will be observed from Table 7 that the trend
of means shows a remarkaeble regularity from month to
month. This indicates that the underlying causal
influence for the observed variation is regular in
its action,

The means are positive in sign for the period

August to November and negative for the remaining




e

ik
=

months of the year, However, of the positive means
only that for October is more than twice its standard
error, and may therefore be considered to be
significant, The remaining positive means are not

significantly different from zero. The values of all

the negative means are, however, more than twice their

standard errors, and are therefore significant,

The low positive value of the mean for October
calvers shows that their rate of decline of milk
yield retards with advancing lactation, i.e. they‘
maintain their milk yield better in the second half
of their lactation than in the first haif,

The negétive value for the months December to
July indicates that the rate of decline of the curves
of cows calving in this period accelerates with the
advance in lactation, 1.e. their production declines
more rapidly in the latter half than in the first
“half of the lactation, This phenomenon of high
 persistency in the first half but tendency to quick
drying off in the latter half of the lactation was
| exhibited to a varying extent by the cows calving in
‘ different months. The spring calvers, l.e. cows
calving gggween the period February to April, showed
this to/greaztedtextent. Animals calving in months
immedlately preceding or following this period showed

1t to a lesser degres,

i
i
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Figure 7 illustrates very clearly the differences!
in the shape of the lactation curve between autumn and

spring calvers.,

(ii1) Meximum Yield.

The analysis of variance of the maximum yileld
with the month of calving is given belowi=

Source of variation d4/f Sum of Squares Mean Sguare

Between means of

. calving months 11 2319.5530 210.86856

Within calving
months 2380 152035,1256 63,8803
Total 2391 154354 ,6786" 64,5565

F = 210.8685/63.8803 w 3.3010
The observed value of F is again significant, showing
that the means of different calving months differ
- 8ignificently between themselves., These differences
in the month of calving account for

64,5565 = 63,8803 x 100 = 1.047%
- 64,5565 -

of the total variance of the maximum yield, This is
| very much lower than for the persistency or the
parabolic constant, showing that the maximum yleld
of the cows in these data is less influenced by the
effect of seasonal variations than the linear or
parabolic terms.

A study of the means given in Table 7 shows that

these are below the average for the months July to
September, and above the average for the three months %
immediately preceding this period. May and June seem

to provide the conditions most conducive tc .the




production of the highest daily ylelds, whereas
August appears to be the month when conditions are
least favourable in this respecte.

(iv) Total Yield.

The analysis of variance of the total yleld with
the month of calving is given belows=

Source of Variation d4/f Sum of Squares Mean Square

 Between means of calving

months 11 1134,6337% 103 ,1485%
Within calving
months 2380 94180,.4323 39,5716
Total 2391 95315,0660 39,8641

#in units of class interval.
F = 103,1485/39.5716 = 2.6066
' The observed value of F is significant beyond 1%
level, showing that the means of different calving
_ months differ significantly among themselves., However,
- these differences between means account for only

39,8641 = 39,5716 x 100 = 0,734%
= 39.8641

of the total variance of milk yield., From this fact
it appears that the month of calving is only a minor

| cause of the variation of the total milk yleld., This
- 1s largely due to two causes: (1) The variation of |
persistency and maximum, the two determinants of total
- milk yield, ih some months is inverse, i.e. for

months which have a relatively higher persistency the

maximum 18 comparatively low and vice versa; and (ii)




the number of calvings 1s the lowest when the yield
is also the lowest, In spite of this the means are
above the average for the period October to January
and below the average for the months April to
September, The mean for January is the highest and
that for July the lowest,
(b) Alternative Method of Study and

Calculation of_EEFEEEFTEE_%EE¥3bs.

The validity of the foregolng results relating

the variation of the constants of the lactatlon curve
with the month of calving might be gquestioned on two
grounds: (1) that the observed differences may be
- partly due to the fact that the variation of other
environmental factors which affect the shape of the
lactation curve 1s not random from month to monthg
and (ii) that the observed differences may have arisen
as a result of the tendency for the best and poorest
~ yielding cows to calve in different periods of the year,
It was not found possible to test the first
objection, and 1t was assumed that none of the other
envirommental factors (e.g. service period or dry
period) except age was correlated with the month of
calving. To make sure that the observed differences
were not attributable to the second factor, the
variations of the different constants of the lactation
curve with the month of calving were studled afresh

by comparing the age-corrected records of the same cow

falling in different calving months., It is evident




that such intra~cow comparisons would preclude the
.possibility of any of the observed differences

arising from cause (ii) above,

(1) Persistency.
The mean. persistencies for the.different

calving months obtained from this intra-cow
comparison are given in Table 8, The first two
columns compare the mean persistency of cows when they
calved in January with thelr persistency when they
calved in the other months of the year. The next two
columns give the February comparisons, and similar
comparisons are given for subsequent months in the
remaining columns.

| It will be observed that the means of the cows
calving in the late summer and autumn months are
higher than those of cows calving in the spring or
early summer months., The significance of these
- differences will become clearer, however, 1f the means
of different months are compared after standardisation
- to a cpmﬁon basis., It will then be easier to determine
whether the results given in the different columns
are consistent and mutually confirmatory. This has
been done in Table 9 by taking the means for January
as the standard and glving them the arbitrary value
- of 100,

The first column of Table 9 gives the relative

values of the persistency of cows calving in January

in one lactation and any other month in another




i in Figare 8, For comparison the relative values
. calculated from the first method (see Table ) are

- also gilven,

lactation, It will be observed that the values for
February, September and November are little different
from 100, whereas those for August and October are
higher and for the remaining months of the year lower
than 100.

Let us now examine how far these results are
supported by those of .other columns of Table 8.‘ This
can be done by taking the relative value for each
month (as given in the first column of Table 9) as a
standard, and calculating the comparative persistency

of the different months from the results given in the

remaining columns of Table 8., The values thus obtained

can then be compared among themselves, Such values
are given in the remaining columns of Table 9.

It will be observed that, although there are a
few anamolies, the values for the various months show
reasonable conslstency. The values have, therefore,
been averaged to determine the mean varigtion of'
persistency for each month, The weighted means thus

obtained are given in Table 9 and are shown graphicallj

It will be seen that in general the values
obtained by the two methods agree closely. Only those

for Fevruary, July and August calvers differ by more

than 1%.

-
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According to the results obtained by the second
method, there appears to be little difference in the |
persistency of cows calving from December to February.§
The March calvers do not however maintain their
yield so well, This decreese in persistency continues
during the following two months, The persistency
of cows calving in May is, in fact, the lowest for the
year; Some improvement takes place with the June and
July calvers and there is a steep rise in August, when
the persistency 1s the highest for the year. The
value declines again in September, though it still
remains slightly ébcve the January level, It rises
during the next two months.

These results are in accord.with the researches
of other workers (Sanders, 192%; Gaines, 1927a;
Gooch, 1935; Pontecorvo 1940).

It is important to note that the foregolng results

only give the variation of the average value of

persistency. This average value does not show how the

rate of decline of the same curve varies from month to

month. The parabolic constant measures the rate of
decline, and it has already been shown that there are
signiflcant differences in fhe value of this constant
in different months, autumn calvers having a low

posltive value, and spring calvers a high negative

value,

Considering the wvariation of both the constants
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‘together, it appears that cows calving in the spring
;months have more or less ideal conditions for the
meintenance of their milk yield in the first half of
lactation, but that these conditions become increasingly
funfavourgble in the second half, The reverse appears |
th be true for autumm calvers, though the difference
?in'the rate of decline in the two halves of lactation
?is less marked, The spring calvers are undoubtedly
able to maintain their yields better in the first half
;of lactation than the sutumn calvers, but the rate of

%decline in the latter half is so much more rapid that

over the whole lactation thelr pe rsistency is

5considerably lower,

'Note on the Relation of Persistency to
Teeding and Management .

The feeding and management of cows differ
considerably according to the season of the
year. During spring and summer the animals
are kept in the open and live largely on
pasture. On the other hand during the late
autumn and winter period they are more or less
confined to the byre and are entirely stall=-fed.
Can the observed differences in persistency be
correlated with these different conditions of
feeding and menagement?

The rate of growth of herbage in the

. pastures is highly seasonal. Watson (1939) gives
i a curve showing this variation for the different
months in England. According to this surve,
maximum growth takes place in May. The rate of
growth diminishes rapidly until July, when it

is only sbout 25% of the peak rate., This low

rate 1s maintained till the middle of August,
after which the second flush period occurs. After
the middle of September the rate falls off steeply,
and there is little growth in November and the
remaining winter months. The shape of the growth
curve of pasture grass will probably vary somewhat
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from locality to locality, and from year to year.
However, Watson's results seem to give a good
picture of the seasonal variation observed in most
parts of Great Britain in normal years. Datafrom
the Hannsh Institute Farm (unpublished 1937)
supports this view,

Woodman et al. (1926) have shown that the dry
matter of grazed pasture herbage in early summer
has the character of a protein concentrate, It
has a high protein content and a high digestibility.
However, this high nutritive value diminishes
congsiderably with the onset of drought conditions
during the mid-summer period when, owing to the
lignification of tissues, the herbage becomes
coarser, has a lower protein content and a lower
digestibility. Similar changes occur if the
grass 1is not grazed but is left on to mature.

Crempton and Forshaw (1940) have shown that
the feeding value of the herbage of any single
species changes during the growing season,

Herbage grown during spring and fall when plant
growing conditions are favourable 1s held to be of
8xcellent feeding vaslue, On the other hand,
herbage grown during mid-summer 1s stated to be
of lower nutritive value, due apparently to a
reduction in the availabllity to the animal of the
carbohydrate fractions. It may further be noted
that Morris et gl.(1937) observed that whereas the
proteins of the spring grass have a high blologlcal
value, those of the autumn grass are distinctly
inferior in this respect,

In the light of these results an explanation

mey be offered for the observed seasonal variation

in persistency. The initial flat curve of the
spring calvers may be attributed to the copious
supply of the highly nutritious spring grass. The
young, succulent herbage available at this time
stimulates milk production and maintains it at a
high pitch. This supply 1s, however, too abundant
to be used up before it gets woody. This maturing,
combined with the mid-summer drought, causes a
definite deterioration in the quality of herbage
avallable for grazing after June,so that milk yield
cannot be maintained at the high spring level.,
The diminishing blological value of the grass
prbteins as Autumn approaches probably accelerates
this rate of decline. The higher rate of decline
in the earlier part of the lactation of October
calvers 1s also attributable to this effect, and




- means Biven in Table 9 it is possible to derive the

1

the retardation of their rate of decline later
on is presumably due to their more adequate stall
feeding as soon as they are permanently housed
for the winter, and to the gradually improving
pasture conditions with the approach of spring.

It is evident that from July onwards pasture
alone is not sufficient to keep up a nish rate of
milk flow. Grazing must be supplemented by stall-
feeding at this time in order to achieve the
best results, The exact time when the need for
stall-feeding will arise will, of course, vary
from year to year and from place to place. Any
observed acceleration in the rate of decline of
yield should indicate to the herd owner the need
for immediate supplementary feeding.

Correction Factors for Persistency. From the weighted

- persistency of Jamuary calvers as the standard, such

correction factors required to standardise the records

fob the effect of the month of calving®. Taking the

fgctors are given belows=-

Month of Calving Correction Factor

(persistency for January 1.000)

February 1.004
March 1.016
April 1.031
May 1.040
June 1.037
July 1.024
August 0.979
September 0.995
October 0.990
November 0.985
December 1.002

It will be observed that the factors are higher

than unity for the period February to July, when the

% The correctwdn factor for any month is given by the

ratio the value of the standard month is to the value
of that particular month.

4
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persistency is lower than that of January, and lower
than unity for the remaining months when 1t is higher
than that of January. The observed value of persistenc
for any month must be multiplied by the sppropriate
factor to standardise it to the January basis. Ward
‘and Campbell (1939) have questioned the advisabilityi
of employing a ratio method of correction., A full
discussion of their views will be deferred until the
influence of age 1s considered. The ratio method 1s,
éit is true, defective, inasmuch as it assumes, without
‘proof, that the effect of month of calving 1s in
iproportion to the observed value of persistency,
Ealthough it is quite conceivable that less persistent
‘animals may differ from the more persistent -animals
fin this respect. However, the effect of month of
;calving id so small that the standardised values
iobtained by the ratio method would not be materially
1in error if the correction factors, instead of being
iproportional, differed somewhat with varying levels of
ipersistency. '

| (11) Meximum Yield.,
z
5

The mean maximum yields for the different calving
%montns cbtained by the second method are given in
ETable 10, and Table 11 shows these results when the
;yield of January calvers 1s taken as the standard and
:rated at 100, As with persistency, the results
obtained by the first method are also shown in the

:latter table for comparison.
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It wili be observed that the difference between
the two sets of results is more marked than with
persistency, The first method seems to have
exaggerated the actual difference between the maxlimum
of late summer calvers and of other cows, Thils
difference is reduced by the second method.,

According to the second method, the February
;calvers appear to glve a slightly lower maximum than
;the January calvers, The difference may not, however,
ébe significant. Conditions seem to be more favourable
- for higher production with March calvers, and
éimprovement continues until June, vhen conditions
%seem to be more or less ldeal. The maximal production
?of June calvers is followed by a steep decline in
- July calvers,when the yield falls to the January level,
| This decline reaches its lowest level with August
é calvers., The yield recovers during the next two
Emonths, when it is more or less onjaevel with that of
5 the January celvers. There is slight fall in
Z November followed by recovery in December, but it is
Edoubtful if these latter changes are significant,

% These variations are shown graﬁhically in Figure 8.

| The above results confirm those of earlier

% workers (Sanders, 1927a; Gaines, 1927a; Gooch, 1935)
i in showlng that the maximum daily yield of a cow may
:be influenced to some extent by the time of the year

when she calves. 5




It may be noted that in general the trend of the
curve for maximum yield appears to be opposite to
that for persisténcy. During the months when the
maximum yield 1s high that of the persistency 1s low,
and vice versa. This phenomenon will be referred to
~again when considering the variation in total yield.

The high maximum yield of the spring calvers is
‘undoubtedly due to the copious supply of highly
nutritious young spring grass. The poorer production
of the autumn calvers, on the other hand, 1is
probably the result of the inferior quality of pasture
then available,

. Correction Factors for Mexlmum Yield. The following

~table gives the correction factors necessary to
‘standardise the maximum yields for the effect of month
.of calving. As with persistency, the production for

the month of January has been teken as the standard.

‘Month of Calving Correction Factor
January, IO
February 1,008
March 0.989
April 0,967
June 0.936
August 1.049
September 1.000
October 1.000
November 1,012
December 1,007

(111) Total Yield.

Table 12 gives the mean total ylelds for the
different calving months as determined by the second

method, and Table 13 shows these results when the




yield for January calvers 1s taken as the standard and
rated at 100. To facilitate comparison the relative
‘yields for the different months as obtained by the
first method are also included in this Table.,

The results obtained by the second method differ
somewhat from those given by the first method. In
general, less variability is noticeable in the
relative values of different months according to the
former than the latter method.

The results given by the second method show that
the cows calving in July give the lowest milk yield,
about 10% lower than those calving in January.
Conditions seem to be more favourable for production
for cows calving during the following month, when the
value increases by about 5%.  This higher rate is
maintained in September calvers. The October calvers
show a further increase, their milk ylelds being very
similar to those of January calvers, The November
calvers give the highest yleld for the year, 1.e.
100.6% of the standard, though there is a distdrnict
decreése with December calvers, The total yields of
cows calving between January and July decrease
progressively,

These results are presented graphically in
Figure 8, which also gives the curves for the seasonal
variation of persistency and maximum. A study of
these curves shows that for cows calving during the

spring and early summer months the total =
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milk yield is lower, in spite of the higher dailly
meximum, than for cows calving in the autumn and
winter months, when the daily meximum is lower. The
explanation undoubtedly lies in the differences in

persistency between the two periods. This re-emphasises

the importance of persistency in the determination oftotal'

!ieldo
It will also be clear that the variastions of

'maximum yield with month of calving are in the opposite
édirection to those of persistency, at any rate during
some months. This has the effect of reducing the
%seasonal variations 1n total yield. Such variations
iwould have been far greater if the periods of high
;maximum yield had synchronised with those of high
ipersistency. In this connexion it is important to

. point out that the foregoing variations have been
éobserved with milk yields covering only an eight
?month period. If, instead, the full lactation yleld
%had been used, the superiority of the autumn calvers
%would have become still clearer; because of their
;higher persistency and therefore longer lactations
?as compared with the spring calvers.

1 The variation of the total milk yield with the
imonth of calving has been extensively investigated,

?McDowell (1922), Hammond and Sanders (1923), Sanders
(1927a), Sikka (1931), Ostergaard (1931), Cannon (1933)
and Gooch (1935) have all studied the effect of this

)
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factor. As the influence of month of calving inevitablT

|
1
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varies according to the conditions of feeding and
management which are liable to vary from one locality
to another, no attempt will be made to review the
results of these researches in detail. It will be
sufficient to state that in general they bear out
the main conclusions of this study.

One further point may be mentioned. The curve
;showing the percentage of cows calving in the dlfferent
-months 1s glven in Figure 8, It will be observed that
éduring the period when the total yields are lowest
éthe numbef of cows calving is also the lowest., Does
;this prove that the herd owners recognize that this
13 the worst calving period for milk production?
éThere can be little doubt that the best chance of
zsecuring maximum production lies in ensuring a high
%maximum with a high persistency. Nature has made the
gattainment of this possible by providing highly
;nutritious grass in spring. Only 1f the farmer can
%duplicate these conditions in the other seasons of
- the year by more adequately supplementing grazing with
sstall-feeding, can the total ylelds of his cows be
? maintained at maximum level,

?Correction Factors for Total Yield. The following

%Table glves the correction factors necessary to
- standardise the total milk yields for the effect of
month of calving. The production for the month of

- January has again been taken as tﬁe standard,
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Month of Calving Correction Factor

(Jenuary, 1.000)
February 1.021
March 1.026
May 1.050
June 1.057
July 1.098
August 1.044
September 1.050
October 1.006
November . 04994
December 1.020

4, Influence of Age,

%Lg) Variation of Constants with Age.

| The influence of the month of calving on the
éfour constants of the lactation curve was discussed
iin the last section, and correction factors were
?given which enabled these to be standardised for
idifferences in the month of cslving. The influence
;of age was next studied from the data thus standardised
ine present section reports the results of this study.
| It will be convenient to deal with each constant
iunder three heads: determinafions of variation by
?oorrelation and by the analysis of variance and
covariance, the influence of selection, and determina-
‘tions of variation by the "paired-lactation" method.
iIt will be noted that no study has been included of the
%variation of the parabolic constant with age. It has
jélready been shown that the linear term has the

‘preponderating influence im determining persistency,

and 1t was therefore decided to concentrate meantime
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on this aspect of persistency. It has already been
shown in Tsble 5, moreover, that the parabolic term
shows great variability, end that its use in genetic
investigations would therefore probably involve special
difficulties. The time available to the writer did
not permit him to undertake a full study of the
significance of the parabolic constent in relation to
the inherltance of persistency.

(1) Persistency.

Correlation and Analysis of Variance and Covariance

%A correlation table was drawn up to determine the
évariation of persistency with age. Table 14 gives
;the more important statistical constants as derived
éfrom this Teble:

Table 14 showing correlation of Persistency

with Age.

| Age Pergistency
iMean ' 3 439%0,046 90.79*0.095
Standard deviation 2,260,033 4,540,067
Coefficlent of variation 66,78%+1.642 5,00%C . 0725
Correlation - coefficient =0.15997+0.01993

The mean age 1s 3.39 lactations. Taking the age
at first calving as 2.5 years, the average age of

cows therefore works out to 5.89 years., Actually this

is rather higher than the true value, since only those
@ows which had been kept for‘at least two lactations
ﬁere inciuded in the study. If allowance is made for
:this the mean age will actually be lower than 5,89

5years. This is 1n close agreement with the results of
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‘Smith and Robison (1931s8).

A comparison of the above persistency'constants
with those of the "raw" data (as given in Table 5)
shows that as a result of standardisation the value of t
mean has been increased and that of the standard
‘deviation and coefficient of variatlion slighfly though
significantly diminished. The value of the correlation
coefficient, though less, is still highly significant.
?Its negative sign indicates that the variation of
épersistency is inverse to that of age.
| Teble 15 shows the analysis of variance and

covariance of persistency with age.

Table 15 showing the analysis of variance and
< covariance of persistency with ager

‘Source of Variation &/f Sum of  Mean F
‘ Squares Square

1Between means of age
- classes 12 8963.3 1746.9416 44,0798
‘Within age classes 2578 40295.9 16,9452

i

Total 2390 49259.2  20.6105
' Linear regression 1 1260.6 1260.6  74.3927
' Deviations from

linear regression 11 77027 70062455 41,5241
| Total 12 8963.,3

The observed value of F for differences between
means is highly significant showing that the means of

'different age classes differ significantly among

‘ﬁhemselves. Their differentes account for

20,6105 = 16,9452 x 100 = 17,.,7836%
20.6105 -

of the total variance of persistencye.

 *Based on 2,391 records.

he




ithe linear regression accounts for a significant
éportion of the observed variation between the means
{of different age classes, (F = 74,3927), the course
?of the curve showing the variation of persistency
gwith age is distinctly non-linear (F for deviations
from linear regression 1s 41,3241, which 1s highly
significant), This non-linearity of the regression
Is the cause of the low value of the correlation
coefficient already reported.

The mean, standard deviation and coefficient of
variation of each age class are tabulated in Table 16.

It will be observed that the mean is the highest
for the first lactation; 1t diminishes in value
considerably at the second calving, but there 1is
little difference between the means of second and
third lactation. After this the value increases
slowly but consistently with further:advance in age.,

The polynomial regression line given by the equation

| +0.00002667x4

where y = Percentage perisstency for any age (in
lactations)X

and X = X=X = X~6.5
describes this variation for the first twelve age

classes satisfactorily. The fit of this theoretical

- curve to the observed means 1s shown in Figure 9,

%and the means estimated from it are given in Table 20.

The analysis of the covariance shows that, though |

log v . 1.9567504+0.00272286x=0. ooo47279x2-o.00012192x3
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;According to this equation the persistency reaches
f}its minimum value at the age of 3.65 lactations.

j The velue of the standard deviation also varies
:with.age, showing that persistency with age 1is
éheteroscedastic. The value of standard deviation is

lowest with first calvers, increases up to the third

lactation, and then diminishes till the eighth
lactation. The subsequent trend i1s irregular and
uncertaln owing to the Paucity of data. The fou:th
degree polynomial regression line

T = 3.818002-0.223298x+0.081387x2+0.009922x5-0.012052x%

where y = Standard deviation of persistency for any
age (in lactations)X

and X = X~X = X=6.5
describes satisfactorily this variation of the
standard deviation with age. This is clear from
Figure 10, where the fit of the theoretical curve to
the observed values is shown. The differentiation of
thid equation gives 3.85 lactation as the age when the
value of the standard deviation is maximal,

The curve showing the change of coefficient of
varistion with age follows the same course as the
standard deviation curve. The values increase up

to the third lactation, after which they decrease till

the eighth lactation. The subsequent means are, of
course, agein based on too few observations, and their

trend is erratic.
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The foregoing results agree with those of Gaines
;(1927a) in that they show that persisbency is highest
?with first calvers, diminishes for some time thereafter
éand then increases with advancing age. However, like
gGaines'nresults, they are based on the "lumped-
;1actation" method, and are fallacious in as much as
;the limited population included in the older age class
%is definitely selected. With lumped data no
‘allowance can be made for such selection. It is
%therefore clearly desirable to determine the extent
iof selectlion 1n the present data.

Extent of Selection: The influence of selection

 may be examined in two ways: (1) By comparing the
}mean persistency for the same age class of cows kept
for different number of lactations. If there hag
been no selection, there will be no difference between
the means of cows kept for a shorter or longer time

in the herd and vice versa, (1i) By comparing for a
‘particular age the standard deviation of persilstency
of cows kept for different numbersof lactations. The
effect of the selection will be to reduce variability,
80 that the value of standard deviation for any age

class will be lower for animals kept for a longer

period than for animals kept for a shorter period.
%Boﬂh these methods were explored, with the following

|results g-
|
i
|
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The variations of means for each age class in j

;relation to the mumber of lactations for which the

- cows were retained in the herd are shown in Table 17.
;Each column in this Table shows the persistency for

- a particular age for cows kept for varylng numbersof

first column, for instance, compares the mean persisten

or more lactations, similar comparisons for the

ésecond and subsequent lactations are given in the

§remaining columns of the table. If there has been

for the same age class show no differences between the

%eighth lactation and is somewhat irregular thereafter.

' less parsllel to the base. The trend of the tenth

lactations, the latter being shown on the left, The

for the first lactation for cows kept for two, three

no selection, the intra-age-class means will not

show any significant change with the increase in age,
There will be an increase if the selection 1s positive
and a decrease if it is negative. The means for esach
age class may either be examined from Teb le 17, or
alternatively this comparison mey be made from

Flgure 11, in which the means for each age class are

shown graphically. In the latter case if the means

older and the younger cows, the graph for each age
will run parallel to the base line,
A study of Figure 1l shows that the trend of

the first five curves is definitely upward up to the

All the remaining curves except the tenth run more or

cy



v

oo

curve is slightly downward. These results show

that positive selection has taken place up to the

. £ifth lactation., The same point is equally clear

~ from Table 17. It will be seen that up to the sixth
; lactation the means are In every case higher for the
animals kept for an extra lactation than for those of
the original animals. Thus in the second column

E the mean for animals kept for two lactations only is

; 80+43 whereas that for animals kept for three

| lactations is 89.94. The difference, 0.51%0.,295, 1is

? 1,73 times its standard error and, though not by
itself statistically significant, 1s unlikely to be a
é change result in view of the similar differences

{ observed in the other age classes.

The varistions of the standard deviations for
 each age class with respect to the mumber of lactations
? for which the cows were retained in the herd are h
. shown in Table 18. These results are represented

é grephically in Figure 12, It will be observed that

; in general the course of these curves 1s not as

i consistent as those showing the mean persistencles,

% However, indications of the diminution of value with
f the older cows (up to sixth lactation) are quite

? distinct, This supports the above conclusion that

| the population included in the older age classes 1s

. definitely selected.

Parallel results for the coefficients of




! variation are shown in Table 19 and Figure 13, The

trend of these curves 1s very similar to those of the
standard deviations.
From the foregoing it is clear that the animals

included in the older age classes are not as

Erepresentative of the population as those included

in the younger age classes. Selection has been

proceeding in every lactation up to the fifth, only
the better animals being retained. It is thus
unjustifiable to compare the animals of the earlier
age classes with those of the later without allowing
for such selection. It 1s significant to note that
most workers in the past have ignored this point,
Their results do not therefore give a true picture
of this vsriation,

Unfortunately, there is no ideal method of
allowing for such selection. Fohrman's method (1926b)
of only using the original entry records and of
discarding all retest data does not take into account
the fact that the population in the later age classes
is definitely more selected than in the earlier age
classes, The method used by Kay and MeCandlish (1929)
of restricting their study to data obtained from

animals kept for at least five lactations is unsuitable

for two additional reasons (i) since the selection is

- taking place at all ages the animals which escaped

1“weeding“ for five lactations would be definitely
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Eselected; and (ii1) such a restriction greatly limits |
Ezthe data that can be used for such studles. Tocher
(1928), in his study of the milk yleld of Ayrshire
jcows, employed Pearson's method (1914) of determining
%the whole of a frequency curve when a part is known

iin order to ascertain how far selection influenced the
;correlation observed by him between age and milk yleld.
gThis method assumes, without proof, that the frequency |
curve of the milk yield of a population conforms to
a particular type.

Roberts (1928), Sanders (1928), and Sikka (1931)
have used the M"paired-lactation" method of building
;up a8 composite curve to study the variation of milk
yield with age. In this method the records which the
lsame cow made at different ages are directly
compared, However, since the population in the older
age classes 1s limited and highly selected even this
method fails to eliminate completely the influence
of selection. The results obtained are strictly
applicable to such selected individuals onlye.

To obtain results entirely free from the influence
of selection we need data of a population from which

there has been no culling. It is evident that such

a8 condition is almost impossible in commercial herds,

%which have from time to time to weed out all
iunprofitable animals. Nevertheless there 1is no doubt

‘that the "paired-lactation" method does remove the
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?influence of selection 1n so far as this is practicablel,

Moreover, it also makes full use of the available data.

‘With data from commer£ial herds 1t is therefore the
?most useful method for determining the true variation
zof milk yield with age.

"pPaired-lactation' Method. In the present data

;there were 503 cows whose persistency for the first
'and second lactations was known. The mean persistency
for the first lactation of these cows was 94.23+0.143%

|

were 363 cows whose persistency for the second and
'third lactation was known. The .mean for the second
lactation was 89,94£0.218% and for the third 89.32%
0.244%. EKnowing the relation between the means of
\first4and second lactations, it was possible to
determine from the observed means for second and
third lactations the true values of the mean for the
third lactation, as

89,32 X 89.43 = 88.81,
89.94

thus giving the persistency values 94.235, 89,43 and

88,81 for first, second and third lactations respective
i
'This process was repeated for all other ages. The

i
‘mean persistency values thus obtained are shown in the

'second column of Table 20, and represented graphically
in Figure 14.
It will be observed that the persistency

;diminishes in value at an ever diminishing rate bill

the sixth lactation, after which it 1s more or less ’

[
|

and for the second lactation 89.43+0.199%. Similerly there

13'0
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gconstant. Compare these results with those obtained
Eby the "lumped-lactation” method, which are shown in
ithe third column. No increase is noticeable with

%the "paired-lactation" method after the third

' lactation, proving that this inecrease according to
fthe "lumped=-lactation” method was fallacious and was
- the result of selection. The comparison is also

1llustrated diagramatically in Figure 15 which

provides a very interesting picture of this selection.

%It shows how by selection the herd owner has been able
Eto ad just his policy in such a way as to prevent the
inatural decline of persistency with age from occurring.
jWhether such selection is voluntary or involuntary
1t is not possible to say. Differences of persistency
between individual cows are not easily recognised, so
that the observed positive selection for persistency
may in fact be mainly an indirect result of selection
for total yield. |
Having determined the true relation of persisﬁency
with age, which is given by the mean value for each
age in the second column of Table 20, it 1s only

necessary to smooth these values. The logarithmic

curve given by the polynomial

log v = 1,9435168-0.0017648x~0.0000627x2+0,0002219x3
‘ +0.0000245%4+0,0000113x5,

iwhere Y = Persistency for any age (in lactations)X.
and  x 2 X-% @ X~6

H
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 Figure 14, The estimated means from this theoretical

| Tt will be observed that the value of the first

decline of about 5% at the second lactation and

i
| the third lactation and was approximately constant

. thereafter, Gooch (1935) found that the younger cows

i

‘decrease in the value of persistency was observed up
to the age of 3% years. The changes after this were

‘rathsr erratic, probably due to paucity of data.

reported that the value diminished from the first to

P
%

~en

)
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fits the observed means satisfactorily, as shown in

curve are given in the third column of Table 20.
If the mean of the fourth lactation 1s taken as the
standard and rated at 100, the relative persistenby

of the other lactations is shown in the fifth column.
lactation is 106.5% of the standard. There is a

another 1.5% at the third lactation. Thereafter the
value is préctically constant.

The foregoling results agree with those of other
workers. Turner (1927a) found that the persistency
was highest in the first lactation. After this the
value decreased rapidly at first but the decline slowed
up as meturity was reached. Sanders (1930) observed
that the value of the "shape figure" was highest for
the first lactation. There was a steep decline in
value at the second lactation, after which there was

& slow decrease with advance of age. Ostergaard (1931)

were more persistent than the older cows, A distinct




second lactation. onwards no very deflinite trend was
~noted. His results are in line with the present work
"in that they show that the first calvers are the most
_persistent;. However the results reported in the
;present thesis prove conclusively that the variabllity
i(as measured by the value of both standard deviation
?and coefficient of veriation) is actually lowest for
ithe first calvers and not, as Pontecorvo reports,
‘highest., It may be noted that Pontecorvo did not

%present any results in support of his claim.

i21 were obtained. A comparison of these constants é

with Age.
Age Maximum Yield
Mean 365940046 45,8210,197 *
- Standasrd deviation 2.2620.033 9,6610.142
:Coefficient of variation 66.78%+)1.642 21.08%10.318

standardisation for the month of calving has not

iCorrelation coefficient +0.,42363£0.,01678

‘with those given in Table 5 shows that the process of

Pontecorvo (1940) found that the persistency of

‘first calvers was higher and had a greater variabilityi

than that of subsequent lactations, though from the

(11) Maximum Yield.

Correlation and Analysis of Variance and

Covarlance, From a correlation table relating age and

maximum yield the statistical constants given in Table

Teble 21 showing correlation of Maximum Yield

materially altered their values., The mean, standard |
deviation and coefficient of variation have diminished '

in value but slightly. |
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The value of the correlation coefficient is
‘moderate but highly significant, showing that the
-maximum yleld of a cow 1is to a considerable extent
determined by her age.

| The analysis of variance and covariance of max1ma]

yield with age is shown in Table 22,

Table 22 showing the analysis of variance and
covariance of maximum yield with age,

' Source of Variation 4/f Sum of Mean F
: Squares Square

Between means of age
classes 12 70234.,9 5852,9083 91,1537
Within age classes 23578 15268945 64,2092

Total 2380 222924.4 9342738
- Iinear regression 1 40007.5 40007.3 623.0773
"Deviations from
linear regression 11l 30227 .6 274.,7964 4.4173
Total 12 702354.9

%The result of the analysis of variance shows that the
?means of different age classes differ significantly
%&nong themselves, the value of F being 91.1537. The
gdifferences between means account for

93,2738 = 64,2092 x 100 m 31.1605%
03.2738 -

%of the total variance of maximum yleld.
i The results of the analysis of covariance prove
that, although the linear regression line takes account

of a major part of the covariance of maximum yield

and age (F =.623,0773) the deviations from the linear
‘Begression line are quite significant (F = 4.4173),

80 that the relationship between age and maximum



§yie1d is far from linear. Filgure 16, which shows this:
:relationship, confirms this result, But for this ‘
non=-linearity of the regression line, the value of the
icorrelation coefficient between the two variables
;would have been higher than that observed, i.e,
. +0.42363£0.01678.

The mean, standard deviation and coefficient of
?variation of the maximum yileld at each age are
Egiven in Table 23,
| It will be noted that the value of the mean
gincreases up to the seventh lactation, after which 1t

fdiminishes somewhat. The rate of increase is highest

ébetween the first and second lactation and diminishes
iwith advance of age until the meximum is reached. Thus,
%whereas an increase of agbout 9 1lbs occurred between
?the first and second lactations, the total increase
éduring the next five lactations was only about 6% 1bs, |

iThe regression line given by the polynomial equation

y 2 51,08581+0.31911%=0.10446%x2=0,04775x°=0.00556x4 {
+0,00250x5,

fwhere ¥ = Maximum yield for any age (in lactations)X
~and X = X=X ®» X=6.5

Efits the data of observed means satisfactorily. The fit
;of this theoretical curve is shown in Figure 16 and
the means estimated from it are given in Table 27,

Accordiﬁg to this equation the highest value of the

maximum is reached at the age of 7.42 lactations.



‘Teking the age at first calving to be 2.5 yeaPs and

.the average length of lactation one year, this

change significantly with age, showing that the maximum
‘yleld and age are heteroscedastic., The value lncreases
‘up to the fifth lactation. The gemeral trend thereafte:
Eis definitely diminishing, although individual valueé
:are somewhat erratic. The logarithmic curve given

by the polynomial equation

fits the observed variation of the standard deviation
as satisfactorily as may be expected in view of the

zirregular values of the later ages. The fit of this

i

?theoretical curve is shown in Figure 17. According
§to this curve the standard deviation is the highest
‘at the age of 4.79 lactations. The values of the
;coefficlent of variation do not seem to show any

isignificant trend with age.

‘"lumped-lactation" method. Such results, it will be

érecalled, are liable to be complicated by the

corresponds to an actual age of 9.92 years,

The value of the standard dewviation 1svseen,to

log ¥ = 0.94336=0,019712x~0, 0036435%2+0,0008323x°

where y = standard deviation of the maximum yield
of any age (in lactations)X

X m X=% 2 X=6.5

The foregoing results were obtained by the

influence of selection. This point was therefore next

examlned,

bt 1




Influence of Selection. The variations in the

mean maximum ylelds for each age class with respect
to the number of lactations for which the cows are
retained in the herd are given in Table 24. Figure
18 illustrates this information graphically., It will
be seen that the means given in the first two
columns. of the table show a significant decrease in
value in passing from the younger to the older ages.
This definite negative selection can hardly be
voluntary, Does it, then, indicaste that only the

- reletively poorer animels could survive to an old
~age? Or 1s the larger proportion of poorer animals
In the older ages due to some other adventitlous
factor? If the results are in fact due to the first
cause, they support the views of Loeb and Lewis (1902),
Pearl (1922) and Brody (1939) who claim that

longevity is determined by the rate of living. The
present data are, however, too meagre to ensure that

' no adventitious factor is operating.‘ It would not be
safe, therefore, to stress the role of the first cause
on .these results alone,

No significant change is visible in the means
gilven in the third column, though some posifive
Selection is noticeable in the following four columns.
On the whole, the selection seems to be less stringent
in the case of maximum than in the case of persistency.

Similar information with regard to the variations

of standard deviation is shown in Table 25, and Table



26 gives the results for the coefficient of variation.;
Figures 19 and 20 respectively illustrate these
3results graphically. No significant changes are i
' noticeable in the values of either of these constants
fin the same age class as between younger and older
%cows.

"Paired-Lactatiod Method. The technique of the

E"paired-lactation" method hes already been described.
jThe variations of maximum yield with age according to
éthis method are shown in the second column of Table 27,
?The curve given by the logarithmic polynomial

logy = 1.6904227=0.0039082x+0.0001660x2=0,0000801%x°
‘_ =0,0001360x4+0,0000251x°

where y a« Maximum yield for any age (in lactations)X
end X = X~X » X=6

fdescribes this variastion remarkably well. This 1is

' clear from Figure 21 as well as from Table 27, where
?the velues estimated from the theoretical curve are
;compared with the observed means. The differentiation
ZOf this equation gives 3,91 lactations as the age of
“highest maximum yield. It will be recalled that
;according to the "lumped-lactation™ method the maximum
iyield was not found to be reached until the seventh

lactation. The present results show that this latter

‘result must have been largely due to the influence
~of selection. It is clear that animals actually attaid

|
their mature production very much earlier.

If the mesn of the fourth lactation 1s taken as



ja standard and rated at 100, the relative valuesfor
Ethe other lactations, as found by the two methods,
;are compared in the last two columns of Table 27.

th will be observed that the "paired-lactation" method
%not only shows an earllier age of maturity, but also a
zgreater subsequent decline in production with the
fadvance of age. A similar comparison 1s made
grephically in Figure 15, which shows incidentally
that the herd owner, by maeking use of selection, has
~been able to keep the maximum yield of his animals
{considerably above the normal value.

These results, which indicate a positive selection
; for maximum yield throughout the whole course of the
;curve, are opposed to the results of Sanders (19309,
:who observed a negative selection after the second

. lactation. Sanders considered this negative selection‘
to be ceaused by an assumed higher incidence of disease |
in the better milkers which, he:considered, would more

than nullify the effect of any voluntary selection.

%Ward (1939) has, however, recently shown that there are
%no indications of a higher incidence of disease in the |
. better cows, while the results of the present study
fdemonstrate that such differences, even 1if they did
~exist, would not have been sufficient to mullify

completely the influence of conscious selection on

the part of the herd owner.

The variations of maximum yleld with age have
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;been studied by several workers in the past. Gavin's
(1913b) work is probably the earliest in this field.
-He found that cows of the Shorthorn and Frieslian
‘bfeeds attained their maximum production in the sixth
lactation. More recently Turner (1926b) has employed
jcorrection factors for total yield in order to

stendardise the meximum yield for age. He evidently

considered that the error involved in this procedure

‘would be slight. However, as will be shown later,this
. view is erroneous, there being considerable differencei
ibetween the veriations of total yleld and of maximum
'yield with age., Gaines (1927a) found that the level

i
f
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- of meximum yield varied with age according to the

logaritimic equation y = a®bx+cx2+dlog x, and that the
“highest yield was given at the age of 8.89 years by

- Guernsey cows and 8.53 years by Frlesians, Sanders

%(1930) found that the maximum increased up to the age
;Of 6.58 lactations (by the "lumped-lactation" method)
;or 6.88 lactations (by the "paired-lactation" method),
~and then diminished., The mature yield was 68% higher
than the yield for the first lactetion. Ostergaard
- (1931) observed that the maximum yield increased |
gsteadily until the sixth lactation, when the value wasf
- about 50% higher than the first lactation. A subseque#t
:decreasebtook place with the onset of old age. Gooch 3
(1935) found that in Jersey cows the highest yield was
reached at about 6% years. The means of the various

age classes were subsequently somewhat irregular, though

their trend was decreasing.



(111) Total Yield,

Correlation and Analysis of Variance and

Covariance, The constants given in Table 28 were

ideri_ved from a correlation table relating age with

‘total yield. Tt will be seen that the process of

Table 28 showing the correlation of Total
Yield with Age.

Age Total Yield.
'Mean 343910,046 8316,9 £36.0
Stendard deviation 2426£0,033 1760.1 $25.8

Coefficient of variation 66,.,78+1.642 21.16t 0,319

- Correlation coefficient +0,35535£0,01790

‘standardisation for month of calving has ralsed the
‘mean by about 2% (compare Tsble .5). This is because
%the mean of the.standard month 1s higher than the mean
‘of all months, The values of the other constants

‘have not altered significantly. The value of the

correlation coefficient is moderate but highly

significant. It would have been still higher 1f,

ias will be shown later, the regression were not

curvi=linear, This shows that the total milk yleld

of a cow is influenced to a considerable extent by her
age,
The analysis of variance and covariance of

total yield with age is shown in Table 29,

v




Table 29 showing tne analysis of Variance
and Covariance of Total Yield

with Age.
Source of 4/f  Sum of Mean F.
Variation Squares Square
Between means of -
~ age class 12  17890.5%  1490.8750% 35,2519
‘Within age
classes 2378 100570.4 42,2920
Total 2390 118460.92 49,5652
Linear
regression 1 14790.8 14790.8 349 ,7304
Deviations from
linear regressim 11l 3099 .7 281.7909 6.,6630
Total 12 17890.5

%#in units of class interval used.
The result of the analysis of variance shows that
' the means of different age class differ very
;significantly among themselves, %the observed value:
iof variance ratio being 35.2579., The differences
}between the means of different age classes account
Efor

49,5652 = 42,2920 x 100 = 14.6740%
49,5652 :

“of the total variance of milk yield.
i The results of the analysis of covarignce shéw
. that the linear regression line fitted to the mean
;yields of different age classes takes account of the
%8Peater part of the covariance of maximum yield and
‘age (F = 349.7304). That this is not the best
fltting line, however, is clear from the significant
value of variance ratio (6.6630) for the deviations

from linear regression. This is further clear from




gff
Figure 22, which represents graphically the change of
the total milk yield with age. It willl be‘observed
that the regression line describing this variation 1s
distinctly curvilinesr., The means increase 1in value
at first with the advance of age and then diminish,
Teble 30 gives the main statistical constants of
total milk yield of each age class.
It will be observed that the means increase in

value, though at a diminishing rate, untlil the sixth

lactation, There is then a sudden jump, and the

yield is the highest for the seventh lactation. After

this, as a result of paucity of data and (as will be

- shown later) the influence of selection, the variation

gis somewhat erratic though the general tendency of the
:means is to decrease. The standard errors of the
means of these older age classes are very high, so
that their differences from the maximal yleld are
‘not significant,
The regression line given by the polynomial

equation

T = 9252,4115.3125%~ 37.8552%2+3,3067x°
‘where y = Total ylelds for any age (in lactations)X
and X = X=X x X=6.5
fi1ts the observed means satisfactorily. This is
clear from Figure 22. According to this theoretical

equation the age of maximum production is 7.24

1




lactations. The heteroscedasticity already pointed
out in the case of age and persistency and age and
max imum yield is also noticeable in the case of total
yield. It will be seen from Table 30 that the values
of the standard deviation increase up to the fifth
lactation and decrease thereafter. The only
exceptions to this are the values for the tenth and
twelfth lactations, which show an increase over the
value of the preceding age class. Neither of these
increases is, however, statistically significant.
The logarithmic curve given by the polynomial
equation

log y -‘3.2521255-0.0104546x-0.002214Ox2+0.0003857x5

where y = standard deviation of total yield for any
age (in lactations) X

and X mX = X m X = 6.5

describes satisfactorily the observed variation of
standard deviation of milk yield with age. The fit

of this curve is shown in Figure 23, According to this
theoretical curve the highest value occurs at the age
of 4.85 lactations.

The vardations of the coefficient of variation
with age are irregular. .The differences observed
between the values of successive lactations are
erratic and none of them are statistically significant,
though there is a tendency for a slight decrease in

value after the maximal value has been reached.

NS
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Influence of Selection. The above results are

based on the "lumped-lactation" method and are thus
influenced by‘the effect of selection. The effect of
this selection may be seen from Table 31, which gives
the mean total yield for each gge class of anlimals
retained in the herds for varying numbers of
lactations, Figure 24 illustrates these results
graphically. It will be noted that, with the
exception of eighth column, the mean 1s always
higher for the animals retained for another lactation
than for those constituting the originsl population.
For instance, in the second column it will be ohserved
that the mean total yleld of cows kept for two
lactations was 7¢47.5 1lbs for the second lactation,
though the mean of animals that were kept for

another lactation was 8075 lbs. The difference
between the two means when compared with its standard
error is not actually significant, but since such
differences occur consistently throughout the table
one can place grester confidence in their values than
1s warranted on the basis of their standard errors.
‘Moreover the differences of some of the means in
columns four to six are in fact more than twice their
standard errors, and are therefore statistically
significant., It appears that the stringency of the
selection has increased with age up to the sixth

lactation, but there are no indications of any

s



~selection after the seventh lactation. The yield of
cows kept for nine or tenllactations 1is, in general,
lower than the average, though the reason is not
'apparent. ' _ 1
Insh (1939b) has reported a similar selection for
' the butter-fat yield in the Iowa and Kansas Cow=Testing
‘Association's herds., In the words of Lush "Many cows
'die or are sold for reasons not under the ownert's
~control, yet in every year studied, the cows which

left the herd during the follbdowing year averaged

“lower in productlon than those which were kept for at
- least another year. The net effect of this culling
on the whole dairy population would be to raise the
~averege level of production somewhere between one
‘half pound and a pound and & half of fat per year, if
jmanagement were unchanged and if the bulls were out
of average cows, While this rate of improving the
dairy population by cow culling may appear low, it
can produce considerable improvement if projected 10,
20 or more years',

| Table 32 compares for the different ages the

- Standard deviations of animals retained in the herd
for e varying mumber of lactations. Figure 25

;illustrates these results graphically. Iike the means

in Table 31, the values of standard deviations are

H
!
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lower for the animals kept a lactation longer than of

animals which constituted the original population.



The only exception to this is the second column, This
‘again clearly indicates selection, even though the
observed differences are not statistically significant.

Similar results for the cvefficient of variation
are given 1n Table 33 and Figure 26, These results
~differ little from those of standard deviation,

"pPaired-Iactation" Method. The "paired-lactation"

‘method was again adopted as a check on the above
‘results. The variations of the total milk yield with

age according to this method are shown in Table 34,

The observed means are given in column two, and
the smoothened values according to the best-fitting
. theoretical curve in column three, The equation of |

this theoretical curve is

¥ = 8485,52~146 ,6356x-40 .3246x2+7 ,4574x3
'where y w Milk yield for any age (in lactations)X

“and X @ X=X m X=6

‘The fit of the curve is shown in Figure 27, It will
‘be observed that the agreement between the observed and
~estimated values is very close indeed. According to

Sthis theoretical curve the age of maximum total yield

?is 4,67 lactations. This is considerably lower than
that given by the "lumped=-lactation" curve, 1.e. 7.24
;lactations. The means for the different ages as
estimated from this latter curve are given in the %
fourth column of Table 34, It will be observed that |
after the second lactation they are definitely higher

&
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than those given by the "pasired-lactation" curve, and

that the differences continue to incrzase with advance
of age. |

If the mean for the fourth lactation is taken as
a standard and rated at 100, the relative values of
the mean yields for the different ages by the two
methods will be as shown in the last two columns of
Table 34, Figure 15 compares the actual means
graphically. It again showS that by disposing of the
relatively poorer producing cows the herd owner is able
to maintain the milk yield of his animals at a much
higher level than would be possible without such
selection,

The influence of age on milk yield has been
studied by many workers both in thils country and
abroad. [Spier (1909), Tocher (1919, 25, 28), Gowen

(1920), Hammond and Sanders (1¢23), Ragsdale et al,

(1524), Fohrman (1926), Sanders (1923), Davidson (1928},

Roberts (1923), Kay and McCandlish (1929), Glen and

McCandlish (1930), Sikka (1931), Tuff (1931), Ostergaard

(1931), Ward and Campbell (1939), Lortscher (1937)].
Most workers have employed the "lumped-lactation'
method. A complete review of the results of all the
above investigations would be outslde the scope of the
present study.‘ However, Tocher (1923), Kay and
McCandlish (1929), and Glen and VcCandlish (1930) used

. the Scottish Milk Recording Association's date for

&6



their investigations, and it ﬁill not be without
interest to compare their results with those reported
hers,

Tocher (1928), working with the published records
of the Association for the years 1911 and 1912, fouhd
that the variation: of the total yield with age was
described by a parabolic regression line. The maximum
yield occurred at the age 134 and 12% years in the
1911 ehd 1912 data respectively. It will be noted
that these results are entirely differsnt from those
reported ahove. The reason for this lies in the defect
of Tocher!s method of study, i.e. his failure to allow
for the highly selected nature of the population of
the older age classes.,

It has already been stated that Kay and McCandlish
(1929) and Glen and McCandlish (1930) studied the
influence of age on total milk yield by using data
from Ayrshire cows which had completed at least five
lactations. They reported their results in two
different ways; (i) by measuring age in years, and
(11) by measuring.it in lactations. Their results
by the second method are thus directly comparable to
- those of the present study, and are shown in the
following tables-

Age in Lectations Relative milk production of

-1.00)

Fen and McCandlish Present data

dIfTerent ages (bth lactation

1 1.16 1,179
2 1.13 1.079 |
3 1.06 1.02% |

. 1.00 |
5 1:85 1886

G
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to the selected nature of Glen end McCandlish's data.

~constants of the lactation curve with age, it should
at different ages to a standard age. To do this,

:Campbell (1938) call "percentage" correction factors,
According to this method the correction factor for a
Egiven age is simply the ratio (on a percenbage basis)
%of the value of standard age to that of the given age,

. For instance, if

observed value (yx) 1s then glven by the equation

It will be seen that the agreement between the
two sets of results 1s reasonably close, though the
writerts figures indiéate a quicker rate of attainment
of maturity. The difference is probably due to the

different methods of study and, as already pointed out,

(b) Standardisation of Milk Records. for &ge.

Having determined the variation of the different
be possible to standardise the records of cows made

nearly all workers in the past have used what Ward and |

Vs = mesn milk yield of standard-age s

Fx = mean milk yield of any other age X

by = correction factor for.,age x

then by = ¥s x 100 ceesevesss(l)
the values of ¥4 agg §x being given by the curve
showing the variation of milk yield with age.

The standardised value (Yg) corresponding to any

YS lbxoyx ..........(2)
It will be realised that this method postulates ;
that the change of the yield with age 1s strictly

in proportion to its value; 1in other words, that the



milk yield of a relatively higher yielder shows a
greater absolute change than that of a comparatively
poorer yielder.
Tuff (1931), however, concluded that "the
:ihcrease in milk yield from young to full-grown age
~of an individual cow can neither be summarised by a
iconstant addition nor by a percentage addition alone"
iand suggested Iinstead that the real relation was of
the type

Yg = atby vy cesssescee(3)

Ward and Campbell (1938) have recently
‘reiterated this point and have emphasised the fact
that insufficient attention has hitherto been drected
to the operation, under normal herd conditions, of
?age correction factors determined according to
"equa:tion (1) above, They argue that this system
%assumes (a) that the change of milk yield is strictly

in proportion to 1ts value, and (b) that the
~correlation between the production of different ages
18 perfect. 1In the light of their results,twhich
ishow a distinct regression, they consider the latter
}assumption to be unwarranted. They therefore
‘recommend that the relationship as given by equation
(3) above should be used to standardise milk yields

- for age, As will be shown later, however, these
authors have really misunderstood the importance of
the major cause of the observed regression, l.e.

the influence of variable environment at different
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ages. It will therefore be useful to examine the
implications of their method. For this purpose it
will first be necessary to determine the correlation
between the milk production at different ages.
Incidentally such a study will furnish nesults
regarding the comparative reliability, as measures

of her heredity, of the milk yield of an animal at
different ages. Such results will be of great
practical utility, since they will show which of all
the different records of a cow has the highest
repeatability and is therefore the best measure of her
‘phenotypic constitution, = so far as this latter is
‘measured by her life~time milk production. As far as
can be ascertained no information regarding the
‘repeatability value of persistency at different ages
1has hitherto been available, though Gowen (1920, 1923)
Fohrman (19364 Sikka (1933) Copeland (1938) and Berry
:and Lush (1939} have all published results relating to

‘total yield and Gavin (1913) relating to maximum yield.

' The present data are particularly suiltable for
‘such a study as they consist of life-time milk
‘records of cows kept in the same herds.

. (1) Relative Repeatability of the Iactation Curve at
‘ Different Ages.

i (a) Persistency.

Correlation Coefficlents. Figures showing the

correlation between the persistency of one lactation
and that of another for the first ten lactations are

given in the bottom left half of Table 35%,

*As these values would repeat themselves in the right
half of the table they have been omitted there.
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'To judge the significance of an observed value of a
- correlation coefficient the common method has been
to compare the observed value with its estimated
stendard error. As Fisher (1938 p.198) has pointed
;out, however, such a comparison is valid only with
large samples and moderate or small correlations,
~and is unjustified with small samples. To test the
ésignificance of an observed correlstion determined
gfrom a small sample the t test should be applied.
5 t=1r X i n’ =2

/
negn =2

éAlternatively, the significance may be judged by

- transforming the value of r into z, and by comparing

5 _ .
1the latter with its standard error. The transformation
{

'may be made by the formula

| z = 2[loge(l+r) - log o(1-7)I

\
{

| or with thehelp of the special table given by Fisher,

%The standard error 6f z is given by the formula
‘ SoEoz = 1
n’ =3

. where n = number of pairs of observebions upon
| which the value of r is based.

|
1

The advantage of the transformation of r into z lies
gin the fact that the random sampling distribution of
;z is more nearly normal than that of r, while its
jstandard error can be readily determined since,

‘unlike r, 1t does not involve any unknown parameters
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_ of ‘
of the population/which the data is supposed to be

e sample.

The values of r in table 35 are consequently
given without their standard errors. In the top
‘right half of the table the values of z corresponding
;to those of r are given for the diffefent-ages. The
.transformations of r iInto z were actually made with
:the help of Fisher's table?®,

The values of % which are less than twice their
Istandard errors (and are therefore not significant)
‘and the corresponding values of r are underlined. i
: It will be observed that out of the 45 values, 23
%are not significant. Of the correlations between
éthe first and other lactations, only those with the
%second, third and fourth lactations are significant.

.0f those between the second and other lactations only |

;the first four are significant. In general, the
correlation between the persistency of ages that
do not differ by more than three years are significant,

‘whereas the values for ages which differ by more than

i

jthis period are uncorrelated. The values of r are
‘highest for successive lactations and diminish as the

lepse of time between the records correlated 1ncreases:§

- |
As pointed out by Fisher (1938, p.211) in calculabing
the value of z, the value of r found without using |

- Shappard!s adjustment should be used. In this study,

- however, where the correlation was determined by |
arranging the data into a correlation table, Shappard's
correction had been used, and the value of z was :
determined from such values of r. This procedure is
not strictly correct, but the ¢ .gyor introduced in the

"Vvalue of z 1s only in the third decimal place. |




“such diminutions in value are in most cases significan@.
For instance, the value of r for the first and second j
lactations 1is significantly different from that of
the first and third or first and fourth lactations,
e.g. the difference between the values of first and
second and first and third lactations 1s 0,164%0.06912,
and that between the first and second and first and
kfourth is 0.25691+0.,07715, both of which are more than
 twice their standard errors. The correlations

between successive lactations, on the other hand,

does not show any definite change with age up to six
lactations. A slight increase in value is noticeable

;from tthe first to the second lactation, and agaln

?from the fourth to the fifth lactation. However,
éneitber of these increases 1s significant. This shows?
Sthat the repeatability value of the ohserved persistency
;for the first six lactations is very néarly the same; Q
The results given in the preceding paragraph are
;highly interesting in thet they show how greatly the
jpersistency is influenced by environment, and how
;large have been the changes in enviromment in these
%herds. If persistency were determined completely

. by heredity (or enviromment which had remained constant

‘during the whole life of the animal) the correlation

between the values of different lactations of the same
animal should have been perfect. The fact that the
observed wvalues are considerably lower than unity

shows that trhey are greatly influenced by environment.

i
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Again, if the environment of the animal had remained g
unaltered during its lifetime, the correlations betweeg
~the persistency of different ages should have been
the same., That they are not so proves that the
- environment has altered considerably during the
- lifetime of each animal. It 1s not proposed at this
- stage to discuss the relative influence of heredity
‘and environment on persistency. This point will be
discussed in detail in e later section., It is clear,
~however, that because of the diminishing value of the
correlation with increase in the lapse of time between

- two lactations, the value of an earlier lactation in

predicting the persistency of a future lactation also

diminishes, The best measure of a cow's expected ‘
performance in any future lactation is, therefore, her §
- performance in the lactation immediately preceding ‘its.

Regression EQpatiohs. The common method used in the‘

‘past to test whether the regression line is or is not
5}‘l:Lnear has been to determine the correlation ratio
(M) and compare the value H2-r? with its standard erron.
iFisher (1938) has strongly criticised this procedure.
. He recommends the use of the method of analysis of
fVariance for this purpose.

‘ The results of the test of linearity of regression
lines of ages with at 1east‘100 pairs of observations,

l.e. up to sixth lactation, by this better method are

shown in Table 36. It will be noted that of the

16 regression lines, only two; i.e. those for the |
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- third and fourth lactations on the second lactation,
have a significant value of variance ratlo for
deviations from linear regression. For the remaining
14 regression lines the values of F are not
significant, showing that these are linear.,

Assuming, on the basis of these results, that the
relation between the persistency at the different ages
is linear, the regression equations (which are
knecessary for estimating the expected persistency of
-a cow for a future age, - up to 10 lactations, - from
the observed value of an earlier age) are given in
Table 37.

‘ The use of these equations may be illustrated
by the following example. The values of persistency
of two cows are observed to be 90% and 85% for the
first lactstion. What may be expected to be their
%probable perdistency in the second and fourth lactations ?
‘ The regression equation describing the
;relationship between the persistency of first and
ésecond lactation, as given in Table 37, 1s
‘ Yo = 28,.,06+0.65126y;
 Now y1 for the first cow is 90% and for the second
cow 85%. Therefore their expeéted values for the
_second lactation will be
| 1st cow = 28.06+0.65126X90 = 86.67%

2nd cow = 28,06+0.,65126%85 = 85.42%
Similarly the regression equation giving the‘
relationship between the first and fourth lactation




is ’
Yy = 52.72+0.,39317y;
Therefore the expected values for the fourth lactation
Eof these cows will be ‘
ﬁ 1st cow = 52.,72+0.,39317x90 = 88,.11%

2nd cow = 52.72+0.39317x85 = 86.14%
These estimates of the expected value h;ve a
§standard error which 1s given by the formula

S.E. of estimate qJS(y-Y)z

J/n’ =2

According to this formula the standard error of the

iestimate for the second lactation is £2.95 and for
the fourth lactation % 4.29.

| The vdue of the regression coefficient in each
~of these equations gives a measure of the rellance
lthat may be placed #in the observed persistency (¥p)
zof any age in predicting the value of a future
:lactation. The higher this value 1s, the greater the

‘reliance, and vice versa, Where the value is low

%the expected value in a future lactation will regress

;to the mean of the population, whatever the observed
%persistency. | |

| It will be observed that the regressicn
%coefficients are very much higher for successilve
lactations than for non-successive lactations., The
values for ages differing by more than three lactations),
are, in fact, in nearly all cases too low to be

‘statistically significant.




For instance, the regression coefficients of the
first five equations of the lst lactation have the

following standard errors:

Regression Regression Standard t
Equatlon coefficient error
1st 0.65126 0.05493 11.86
2nd 0.54324 .0.08311 6.54
3rd 0,39317 0.09713 4,05
4th 013031 0.14185 -
S5th 0.12392 0.14185 : 4

‘The t- values show that the first three regression
jcoefficients are significant. However, the observed
"values of fourth and fifth coefficient are even lower
;than thelr standard errors so that they are definitely
:not significant.

The above discussion shows that (at any rate with

ithe data used in this study) the persistency at ages §
gnot differing by more than three lactations can be
;predicted with some accuracy from the observed value
éof an earlier 1actatioﬁ. When the gap between
Elactations is greater than this, the expected value
?roughly equals the mean of the population.

f The regression coefficients of successive
Elactations are all about equal in value. The decrease
from the first to the second lactation (0.0926610.07514)
?is not significant. This supports the previous
%conclusion that the observed persistency for all ages

-up to six lactations is equally accurate in predicting

;the probhable performance during the immediately

succeeding lactation. ' 5

Finally, it is significant to point out that the |



obgserved values of regression coefficients are too

low to meke possible a very accurate prediction of

the future performance of a cow for any age. This is
clear from the following results, which compare the

- observed standard deviation of the age the persistency
of which is predicted, with the standard error of the

estimated value.

Standard Standard error S.E.x100
deviation of estimate. Yp
of : :

Yo from y3 4,46 5495 . 88,56
Y5 from y, 4,66 4.05 86.91
Y4 from ys 4,51 3491 86,70
Y5 from y, 4.48 3.92 87450
Yé from Ts5 4,08 | 340 83435
YS from v 4,68 4.42 94,44
I, from yj 4.42 4.29 97.06
Y5 from y; 4.42 4.42 - 100,00
Yg from yp 4,18 4.18 100.00

It will be noted that, when the persistency of
ﬁa future lactation 1s predicted from the observed

. value of the lactation immediately preceding it -
the standard error of the estimate is roughly 87%
iof the observed standard deviation, the gain in "
%accuracy in prediction being therefore approximately
13%, It will be agreed that this is a poor result.
;waever, as will be clear from the results of the
non-successive lactations given above, there is no
‘galn whatever in accuracy when the ages of the two

‘lactations differ by more than three years,
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(b) Maximum Yield.

Correlation Coefficlents, Figures showing the

§

coreelation between the maximum yield of one lactation
and that of another for the first ten lactations are
.given in the bottom left half of Tgble 38, As with
‘persistency, the values of the correlation coefficients

are given without their standard errors, Their

‘significance may be judged, however, from the transformed

values of z which are given in the top Pight half of
the table., All those values of z which are not
significant (i.e. are less than twice their standard
‘error) and the corresponding values of r have,been

funderlined.

| It will be noted that of the 45 values 16 are not }
;significant. All the correlations between the first |
éand seventh lactations are significant. The
‘correlations of first, second, third and fourth
‘lactations with eighth, ninth and tenth lactations
are not significant, as also are those of fifth,and

‘ and the

'8ixth lactations with the tenthf seventh and eighth
ilactations with the ninth lactation.

The values of r for maximum yield are invariably |
:higher than the corresponding vales for persistency.
‘Further, most of these differences are signifi;ant.
‘This shows that in predicting the expected performance
of one lactation from thé observed performance of |

‘another, the prediction is more accurate wlth maximum

vield than with persistency. In other words, maximum

()¢
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yield is much less influenced by environment than
persistency.

As observed with persistency, the correlations
for maximum yield are higher between consecutive than
non=consecutive lactations, though the differences in
this respect are much less marked than those reported
for persistency, - at any rate over the first seven
lactations. The values of r for consecutive lactations
’are approximatély the same up to the fifth lactation,
but they then diminish. For instance, the difference

between the values of z for the fifth and sixth, and

‘sixth and seventh lactations is 0.2306+0.1363 which, |
though not statistically significant, appears definite;.

‘This shows that up to the fifth lactation the maximum

i
|

:yield for each age is of equal value in predicting the
‘probable maximum of the succeeding lactation., After
fthis there is a marked decline 1n accuracy of .
‘prediction,

| Gavin (1913b) has reported the followlng results

iregarding the repeatability of his "revised maximum"s-

Lactation r with highest "revised maximum".
1st +0.39410. 031
2nd +0.45240.030
3rd +0,50610.028
4th +0.60510.024
5th +0.762£0.016

'These results show a distinct increase in the value of

T with the increase in age. As these correlations

are between the "revised meximum" of each lactation and!

‘the highest "revised maximum", they are not-éifgctly



 However, some of these values (those for the lactations

?for which r 1s not significant) are not statistically

) considerably higher than those reported for

comparable with the present results. However, a part
of this increase in the value of r with age is probabl?
due to the fact that there 1s smaller difference betweén
the older ages than between the yownger ages and the
age of highest "revised maximum",

Regression Equations, Table 39 shows the nature

of the regression lines for maximum yield for the
first six lactations. It will be observed that of
these 16 regression lines 12 are linear and only
four are significantly different from linear, the
probability significance level for three of the
latter being 5% and for only one 1%. This shows that
no great errorvwould be involved if the linear regression
1line were to be used to describe the variation of
maximum yield of one age with that of another age.
The equations necessary to estimate the future
performance of a cow for any age, up to ten lactations,
from the observed yield of an earlier lactation are giyen
in Table 40. It will be noted that the values of the

regression coefficlent in these equations are
persistency, a fact which again shows that the maxlmum

yield of oﬁe lactation is a more accurate measure of

the performance of another lactation than persisteﬁcy.

significant, e.g. those relating the eighth, ninth

and tenth lactations to the first lactation. This
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;13 clear from the following figures:

Regression Coefficient Standard error t

- 8th on 1lst +0.,52815 +0.26813 1.97

. 9th on 1lst +0.,00625 10.25077 .o

110th on 1st +0,37905 +0.23880 1.58

E The value of the regression coefficients 1is the
ghighest for consecutive lactations and some decrease
1s noticeable with the increase in the lapse of time.
%The probable maximum yield of a cow in any lactation
écan therefore be more accurately predicted from the
%observed performance of the preceding lactation
jthan from a lactation further removed., This 1is
ifurther clear from the results given in Table 4l.

i It will be seen that for successive lactations
%the standard error of the estimate is roughly 75% of
gthe observed standard deviation. This representé a
gain in acéuracy of about 25%, which is double that
lobserved for persistency. Héwever, the gain is
definitely of a still lower order for non-suscessive
lactations, the greater the difference between the ages
;the higher being the relative standard error of

estimate (i1.e. expressed as percentage of the standard

deviation),

(c) Total Yield.

Correlation of Coefficients. Figures showing the

correlation between the total yield of one lactation
and that of another for the first ten lactations are
glven in the bottom left half of Table 42. The

fcorresponding values of z are given in the top right

half of the same table. As before, those values of

iUy



%z and r which are not significant are underlined.
The very striking similarity of these results
;to these reported for maximum yield will be noted.

’Out of the 45 values of r, 17 are not significant. All

1the correlations between the first and seventh lactatio 8

1
are significant, although the correlationsbetween

these and the ninth and tenth lactations are not
gsignificant. The correlations between the first,

third, and sixth lactations and the eighth lactation

are similarly not significant, while those of second,
Efourth and seventh lactations are significant, The
correlations between eighth, ninth and tenth lactations
!are significant.

| As with maximum yield, the value of r for total
yield is invariably higher than the corresponding
value observed for persistency. The differences betwee
values for total yield and for maximum are irregular.
The former are usually higher, but in a few instances
ithey are lower. However, the differences are in no
I;case significant.

The correlations are higher for consecutive than

non~consecutive lactations. The values of r are

practically the same for the first five consecutive

lactations, after which they decrease.
| These results are in agreement with those of
%PreVious workers., Fohrman (1926a), for instance, has

freported "a slight tendency for the correlations to
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jdecline as the lapse of time between initial and
;re-test records increases", More recently Berry and
iLush (1939) have presented indirect evidence
‘indicating that the correlations between non-consecutiv
,records average somewhat lower than those between
gconseéutive records. Gowen (1920) found that the
?values of r were 1n general higher for the younger
‘than for the older ages. Copeland's results (1938)
époint to a similar decrease in the value of
gcorrelation with age.

Regression Equations. Table 43 shows the nature of

‘the regression lines for the total milk yield for the

gfirst s8ix lactations. It will be observed that of the |

516 regression lines only fiege are non-linear, the
%probability significance level of three of these being
;5% and of the two others l%. - In the remaining eleven
gthe linear regression line-gives a good fit.

i Assuming that in every case the regression lines
gare in fact linear, the equations needed for estimating

!

| the expected performance of a cow in a future lactation
f

(up to the age of ten lactations) from the observed
?milk yield of an earlier lactation are given in Table
44,

| It will be observed that the values of the
sregr6831on coefficients for total yield are very much
‘higher than those reported for persistency, though

. about equal to those for maximum yield. The general




. trend of these values for total yield actually
differs but little from that of meximum yield, so
. that in order to avoid repetition the subject will not

' be discussed in detail, Results similar to those

' that, in predicting the performance of the following

:lactation, the value of the first four lactations 1s

 that of another is far from perfect. (ii) The
f observed correlation is lowest for persistency and
. about equal for meximum and total yileld. (1i1) The

'~ correlation between non-consecutive lactations

| maximum yield or persistency) of one lactation with

given in Table 41 for maximum yield are given in Table
45afor total yield.

These results confirm the previous conclusion

about the same, though with the fifth and subsequent
lactations there is a distinct diminution in value.
The data tend to show § moreover, that, for the

first four lactations, a slightly more accurate
estimate of the total yield of a succeeding lactation
is possible from the observed yield of the preceding
lactation than is true for maximum yileld.

(ii) General Discussion,

From the above results the following concluslons
may be drawns:= (1) The correlation between the

production (whether measured in terms of total or

is definitely poorer tHan between consecutive

lactations. In general, the diminution in the value
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of r is in proportion to the lapse of time between
%lactations. This phenomenon is most marked in the case
of persistency. (iv) Because of the imperfect
correlation ovbserved, the prediction of a future
lgctation when estimated from the ohserved
performance of an earlier lactation is subject to
gconsiderable error. This error is the least in the
‘case of maximum and total yleld and greatest in the
case of persiétency. Again it is minimum with
consecutive and maximum with non-consecutive lactations
(v) The first four or five lactations are of sabout
equal value in predicting the future performance of
a cow.

How greatly the record of production of a cow
may be affected by the various environmental influences
1s too well known to need any emphasis. The state of
health of the animal, the nature of the food supply
and the conditions of management all affect her
performance., The observed differences in the milk
production of the same cow at different ages are not
only the result of the physiological changes in her
body due to advancing age (l.e. growth and senesence),
but are also caused to a marked extent by envirommental
factors which vary from year to year. The conditions
of environment are as likely to be favourable as
unfavoursble in any given year. When conditions are

ifavourable, production will be normal or above normal.
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On the otner hand, comparatively unfavourable

;conditions in a following year will depress production.

Such alternating conditions of environment will
naturally affect to some extent the regression of the
!milk yield of one’lactation on that of another. Yet
if the 1nfluence of .age on milk yield is studied by
1the-correlation method (as Ward and Camphell (1938)
have recommended), the whole of the observed
regression will be ascribed to the influence of age.
On the other hand :.eertain environmental
changes, instead of being of the fluctuating type,may
be permanent in nature., For instance, the management
policy of the herd may have to be changed completely

for economic reasons, or disease may permanently

impair the functional ability of a cow or a group of

|
i

cows., The effect of such changes will be to bring

about a permanent and more pronounced change in milk

‘Production, Environmental changes of this type are

|
I

%1ikely to influence milk yields over a relatively
‘long period of time, so that the consecutive records
éof a cow will be less influenced than non-consecutive
grecords. This is why the correlation between
fconsecutive records 1s highest and why there 1s a
3greater regression with non~consecutive than
Econsecutive records. This latter point is particularly

‘important, as it indicates one great wehkkness of Ward

and Campbell!s method of standardisation for age, - a W

eakness

‘Which they seem to have overlooked.



It has already been pointed out that when the
:correlation between two lactations is low, i.e. the
regression is high, the predicted milk yield
approximates more nearly to the mean of the population
than to the observed yield. This implies that, whether
& cow has given a low or a high yleld, her standardised
milk record approximates to the mean of the whole
population., Where the observed low yield 1is due to
some accidental factor, such as unfavourable
:environment, the standardisation may raise the
predicted yield to a more correct level, On the other
hand, where the poor production is due to the genetic
;make up of the animal, the result is highly misleading.
%The method 1s thus apt to confuse real differences
between individuals and is therefore unsuited for
’genetical investigations. Ward and Campbell have
attributed the observed regression to supposed
ﬁifferences between high and low yielders, and have
argued that high yielders may not show as much increase
in yield as they mature aé low yielders. As they
%themselves have pointed out, such differences, 1f they
@xist, have not been studied. Sanders (1928), however,
has shown the difficulties and fallacies involved in
the evaluation of such differences. In the writer's
view, any differences which do exist in this respect
are likely to be but slizht, and will in no case
account for the whole or even for a major part of the

regression reported. Further, it will be shown later
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“how some allowance may be made for this supposed

- regression.

~standardisation of records for the influence of age
?with the prediction of the probable performance of a

cow. Gowen (1924) has clearly pointed out the

_probable performance of a future lactation is to be i
.estimated the regression method is more appropriately
;used, as this corrects not only for the differences
%in age but also for the influence of varying
éenvironments. On the other hand, where the object is
Esimply to standardise for age, this should be done with
- the help of the curve showing the variation of milk ’
jyield with age. 1In this connexion it is Important to

ére-emphasise the fact that the correction factors are

gbased on average results, and that great accuracy

gis therefore not possible in the standardisation

éof individual records. Neither 1s such accuracy
%attainable by the use of regression equations, since
;these also are based on average results, Moreover,
?since the envirommental differences may vary from herd
Sto herd, the regression equations of one set of data
Emay not be applicable to another. This definitely
‘limits the utility of the method for use by practieval
breeders, There is no evidence to show, on the othrer

hand, that the results from the mean curve are not

Obviously Ward and Campbell have confused the

difference between the two procedures. Where the
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equally applicable to all the different individuals
gwithin a breed,

(111) Correlstions with Combined Recards.

Correlations, Simple and Multiple, We have so

éfar discussed the correlation of one lactation record
fwith another, It has been observed that the highest
E?correlation is obtained between the production

~of consecutive lactations. Even then, however, the

- value of r does not exceed +0.,74 for total yileld,
+0.€9 for maximum yield and +0.54 for persistency. The
values forj%gzgecutive lactations are considerably
%lower. The use of these cofrelations in predicting
?the probable performance of a future lactation has
?beenkindicated. It has been shown that the predicted
:value has a high standard error. This error is
;highest with persistency and very much lower with
ibcth maximum or total yield.

| BEach milk record of a cow may be looked upoh as
& measure of her phenotypic constitution as modified
?by environment, It is from such modified phenotypic
;values thet we have to estimate the genotypic
;differences between cows. It is unfortunate that the
:repeatability of these phenotypic values is far from
‘perfect. This means that, because of the confusing

‘effects of environment, we cannot make an exact

estimate even of the phenotype, let alone the genotype.;

!

It was thought that it might be useful to

determine whether the repeatability value of different %
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‘records could be enhanced by a combination of two
Eor more records. Obvicusly such an increase in
kcorrelation, if attainable in practice, would make
gpossible a more accurate prediction of the future
;perfofmance of the cow,

It 1s scarcely necessary to point out that such
;an increase in the value of the correlation 1s
‘possible on theoretical grounds. It is easy to show,
;for instance, that if r is the value of the correlation
coefficient between the milk yields of any two of the
different lactations, 1, 2, 3¢... n, and & the value of
1‘s'candard deviation of each lactation then the value

| of the multiple correlation coefficient R between the

Yield yj and ¥25 Y3, Y4essee¥pn 1s given by the

R:r/'n—-T
v 1+r(n=2)

= r24 = r34 = +0,5

formala

Thus if

- r
Tyi12 = Tyiz * Tyie * 725
and  6y; = 6y5 =673 = 6ya
Then R1(23) will be +0.,577

 and R1(234) will be +0.612
It will be instructive to see empirically how

far this theoretical increase in the value of the

- correlation is actually realised., It is possible to

Edo this by the method of multiple regression from

_the results already reported in the last section,

However, to obviate the change of the results being

A

1
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‘affected by the weeding out of cows at different ages,
it was considered more appropriate to study the whole
‘subject afresh from results which were free from this
?defect.

» It was found that there were 221 cows whose
%records for the first four lactations were available,
?The data furnished by these cows was therefodre used.
iThe study was confined to total yield and persistency
ionly. It will be obvious that the results for total
'yield will apply equally to meximum yield, since the
%cofrekttions are very sinilar for both.

T The important statistical constants of these
édata are given in Table 45.

| A comparison. of these results with those already
éreported for the whole data shows that therntotal yield
;of the fourth lactation is the same in both. The

' yield of the first lactation is slightly lower and that
jof the second and third lactations slightly higher
;with the selected data. Similarly the persistency
%is higher for the first three lactations and
gpractically the same for the fourth lactation. The
Evalues of the standard deviation and coefficient of
?variation do not differ materially. However, based
;as the present results are on comparatively limited

ld&ta, too much reliance cennot be placed on these

small observed differences,
The values for the correlations between the

production of different lactations is shown in Table

46,



It will be observed that the correlation is
ghigher for successive than non-successive lactations
‘both in the case of persistency and total yield.
éThe differences between the three values of successive
Slactations are not significant, but those between
'gsuccessive and non-successive lactations are very
gdefinite and generally significant. These results
;thus support the conclusions of the previous section.

i Now let us compare the multiple correlation
%coefficients with the ordinary correlation coefficlents
glt will be observed that the value of R is invariably
ﬁhigher than the corresponding values of r, e.g.

;le = +0,76556 though Rl(ZS) = +0.79218, This would
jbe anticipated., However, it is important to note
%that this increase is In every case very slight as
compared with the value of r between the successive
ilactations. For instance, take the case of Rj(234),
éﬁhe value of which for total yield 1s +0,74296. The
évalue of rzs 1s +0.72267, so that the increase 1n
gcorrelation is hardly apprecisble, This means that
?the yield of the fourth lactation can be predicted
gnearly as accurately from the third lactation alone
‘a8 from all the first three lactations together, or,
jin other words, where the yield of the preceding

lactation is known, there is little gain in

considering the production of any of the other past

lactations to estimate the probable yield in a future

!

i
}

‘lactation. This conclusion is further confirmed by

oo,
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the values of regression coefficients given in the |
fnext paragraph.

Regression Ecquations., Table 47 shows the nature

:of regression line for each of the six comparisons,
It will be observed that the only regression lines
iwhich are not linear are those for the third
‘lactation on the second in the case of total yleld end
for the fourth on the second lactation in the case

. of persistency. The probability significance ievel
éwith both is 5%. All the remaining regression lines
Sare linear, | |

The equations of the various regression lines
;and the standard errors of estimate for each are
jgiven in Table 48. These results are completely in |
iaccord with those reported in the last section, and
-call for no remark. They are given here chiefly
for later comparison with the resultd of partial
‘regression equations,

Partial Regression Coefficients. The values of the

various betas (partial regression coefficients)
;necessary to determine the probable performance of a
‘cow from the earlier observed yields are given in
Teble 49,

It will be observed that in every case the value

‘of beta 1s highest for the lactations nearest to the
one whose yield is to be estimated, and vice versa.
In fact all the betas for the first lactation in the |

case of persistency and all except one in the case of

H:;a\
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jof total yield are not significant. The one that is
;significant in the case of total yield is 'GYC’;S]_ 2
l.e. where the yield of the third lactation is to be
;determined from the observed yield of the first and
gsecond lactations.

j The regression equations needed to determine the
;probable ylelds of subsequent lactations from the
5observed yields of earlier lactations, and the
;standard errors for each, are given in Table 50,

;A comparison of the standard errors of estimate for
:the different regression lines given in this table
‘with those given in Table 48 shows that the gain in
‘accuracy in predicting the probable performance of a
future lactation from the observed value of all the
;previous lactations is but slight as compared with
%prediction from the immediately preceding lactation,
éFor instance, the standabd error of the estimated
7ield of the third lactation is 1070.8 1bs when
gestimated from the second lactation alone and 1018.1
'1bs when this is done from both first and second
;lactations. Similarly the standard error of the
ffourth lactation yield is 1258.8 1lbs when estimated
éfrom the third lactation as against 1228.5 and 1208.7
;lbs when estimated from the second and third, and the
gfirst, second and third lactations respectively. The
iresults for persistency are very similar. If anything,

‘the advantage is even less marked.

ach,
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- 0.008 between the highest corrected milk yield of any

' lactation and the average corrected production of

%great value of the highest yield as the measure of

?a cow!s real producing ability. As Berry and Lush

performance of a number of other lactatioms is little
- higher:than between two successive lactations. With
;the data employed the value of this correlation was

;found to be approximately +0.7 for total and maximum

yield and +0.5 for persistency. This means that no

' (1939) have shown, however, this high correlation is

' phenotype than any other single unselected yield.

@& cow is taken to represent her true phenotype,

?it is clear that the record of production of each
jlactation will help in making a truer. estimate of
this value. The observed correkation between two

- variates is, after all, due to the elements common

Discussion., These results are disappointing in

that they show that in practice the correlation between

the performance of any one lactation and the average

one lactation record is a perfect measure of the

phenotype of the cow,
Copeland (1938) obtained a correlation of +0.92%

five records. He has consequently emphasised the

spurious, having arisen as a result of ex post facto
selection, so that the highest yield in any

lactation is a no more accurate measure of a cow's

If, however, the average lifetime production of

'in them being simply the ratio of the common to non-

common elements¥.

FFor & full discussion see Snedecor (1938) pages 128-131.
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' The larger the number of lactations on which the

“average 1is based, the greater will be the correlation

i of this average with the average lifetime production

of the cow,

(iv) Correction Factors for Age.

The smoothed values of the means of each age for
the persistency, maximum and total yield have alréady
been given in Tables 20, 27 and 34 respectively. It
is possible to correct the production of any age x
to standard age § from these values by using the
formula

Yg = Tgt(Tx=Fg) ecceee(4)
where §Jg4 = mean of the standard age s
¥x = mean of the observed age x
and Yx = observed yield at age x

However, this ddes not take into account the
heteroscedasticity already reported (Holzinger, 1924,
Arthur, 1924). It i1s important to allow for this,
This can be done by the formula

Yy = Bt (y7x=F5) %8/%x o..u(5)

where sé = mean standard deviation of the standard
age s

and ¢y = mean standard deviation of the age xX.
The regression curves showing the variation of

the standard deviation of each constant with age have

- already been described and smoothed. These latter

- curves give the following values for the different

ages, which may therefore be used for standardising

. for heteroscedasticitys~-

; < ey
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| Table 51 suowing the variation of standard
’ Jdeviation With ace.

e Persistency . Maximum Total Yield
{in lao%ati ons) % 1bs 1hs
1 3,105 6,354 1440.3
2 4,333 7 .628 1581.8
) 4,720 8.551 1679.0
4 4,612 9.054 1731.4
5 4,287 9,150 1742,.9
6 3949 8.958 1724 .9
7 36728 8.565 1684.2
8 34684 8,098 1632.1
9 3806 7.661 1578.2
10 4,007 7 «335 1530.9
11l 4,132 7.190 1497.2
12 3,950 7 « 298 1485,.,2 5
|
It will be observed that this method of correction§
postulates a constant increase or decrease in value {
for any age with cows of different grades‘of productioni

Ft is consequently different from the tratio" method
%hich was described earlier and was criticised by Ward
;nd Caﬁpbell. Although no experimental evidence has
%een sdvanced to show that the use of this method is
@ore warranted than the ratio method, it has been
%sed because the writer considers it to be fairer %o
?nimals of different grades of production. Since,
?ccording to this method, all animals are assumed to
%how the same absolute increase or decrease of
?foduction with change of age, the relative rate of
if;ch&nge is very much higher with low than with high
%ielders.

i Gaines (1927a) standardised persisténcy in
?elation to maximum yield rather than to age. He

adopted this procedure as he found that, al though




persistency and age and persistency and maximum yield
were both negatively correlated, the correlation
between age and persistency vanished when maximum

- yield was held constant. He thus considered that the
;variation of persistency with age was due entirely
;to the variation of maximum yield with age. There are,
ihowever, two objections to Gaines! procedure, In the
- first place his regressions are distinctly non-linear,
%and the partial correlation method is therefore not

~applicable. The present data confirmed his result

' provided that this non-linearity was ignored., For

example, if persistency = p, maximum = m, and age = a,
then

= +0,423635+0,01678

r ~031026£0.01849

pm

Top.n T =0+03313£0.02044

rmp.a = =0,27119%0,01895

It is clear that r (the correlation between age

apem
and persistency with maximum yield constant) is not
significant., Using Wright!s method of path

' coefficients (1921a) to measure the comparative

influence of the different causal factors, the
Ecausation of the variation of persistency by age and

émaximum is represented diagramatically as followsg=

'

40y
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In this figure the values of the observed correlations

are repregented along the curved lines. The straight

~lines indicate the direct paths to persistency from

jage and maximum yield, the values of these paths being |
glven by the standard regression coefficients (betas).
;There is, however, another indirect path from age to
:persistency via maximum yield, the value of which 1s

" glven by Tamﬁpm.a and which equals 0,12520, It will

' be noted that the value of this indirect path is

- very much higher than that of the direct path showing

. corrected records of the same cow, no such correlation

exists between different cows. There is, therefore,

- persistency and maximum are separate physiological

that the variation of maximum yleld as a result of theé
change of age is the important cause of change of
persistency with age.

However, as has already been pointed out, the
regression lines of both maximum yield and persistency
on age are definitely curvi=-linear, so that neither
the partiasl correlation method nor the method of

path coefficients is tenable.

1

In the second place, as will be shown in the next
section, although there #xlsts a negative correlation

between persistency and maximum yield within age-

no valid reason for correcting the persistency of

different cows for the maximum yield. Moreover both

" entities and should therefore be studied separately. f

It is only by such means that we can ascertain how far

i
i



it is possible by breeding to combine in the same cow

1high maximum and high persistency.

5. The Frequency Distribution and Constants of the
Various Characteristics of the Lactation Curve
after Standardisation.

The influence of age having been studied, all
the records were standardised for age with the
;correction factors previously reported. The fourth
§lactation was chosen as the standard age for this
lpurpose. The standardised constants for each cow
were then entered in her card. Figure 28 illustrates
the frequency distribution of the 2,392 records for

persistency, maximum yield and total yield, and Table

52 gives their important statistical constants.

It will be observed that a2ll three curves are

' 8lightly asymmetrical, The mode is lower than the
'mean in the case of total yield and maximum yleld,

and higher than the mean in the case of persistency.

All three curves are leptokurtic, the degree of

kurtosis being highest with persistency. The K values

indicate that the curve for maximum yield conforms

. to type one and the curves for total yield and
persistency to type four of Pearsonian curves.
The process of standardisation has significantly

increased the means for total yield and meximum yield

'and significantly diminished the mean for persistency

(See Table 5)., The value of standard deviation ¢~

b




of maximum yield and of coefficient of variation of
‘total yield and maximum yield have significantly
‘diminished. The diminution has, however, been higher
jin the case of maximum yield than total yield, so
;that the value of the coefficlent of variation of the
?former is significantly lower than that of the latter,

6. Correlation between Persistency, Meximum and
Total Yield,

Having corrected the data for the two

environmental factors, month of calving and age, let

|

%us study the relationship between persistency, maximum
|

Eand total yield. The correlation between the first
%two will show how far they are compatible, and the
gcorrelation between each of them and the total yield,
gtheir relative importance in determining the latter.
{

In exemining these correlations, it 1is essential

to realise that the avallable data consist of records

}
?of cows belonging to different herds, and that the
gcorrelation determined from the total data is a
?compound value dependent on (a) correlation "between
iherds" and (b) correlation "within herds", The latter
;13 again a compound value being dependent on (a)
correlation "between cows" and (b) correlation "within

~cows", Since it is possible that the values of

these component correlations may differ between them-

selves, it is important that the method of study should

“be such as to permit their separate determination, in

addition to their total. Fortunately such a method is

available in the analysis of variance and covariance.

E 5/: 5)
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It should be noted that past studies have not
taken this point into account. For instance, Gaines
(1927a) and Gooch (1935) have both reported a negative
- correlation between maximum and persistency. Neither i
of these authors has shown, however, whether this |
Enegative correlation in the total data actually exists%
between the means of records of different cows, as
distinct from a negative eorrelation between the means
~of wvarious records of the same cow. It is clearly !
important to secure such information for, if the
means of persistency and maximum of different cows !

are found to be truly negatively correlated, 1t will

show that it would be difficult to combine a high

‘meximum yield with high persistency in the same
individual,

(a) Relation between Persistency and Maximum Yield.

The detailed results of the analysis of wvariance
and covariance for persistency and maximum yield

fusing the data firom the "milk" herds, i.e. 2,392

records) are given in Table 53, For the present purpmﬁ the
chief interest lies in the covariance of these variates|,
The discussion of the results of the analysis of variance
wlll be deferred. to the next section.

The value of r for the total data is =0,08045.

The corresponding value of z is -=0.08650%0.02046 which,

{

though very low, is significant. This indicates that
|

there is a slight negative correlation between these

two variates when the data are taken as a whole. |



? The "between herd" value
|

of r is =0.63468, with
a corresponding value for z of =0,74930+0.70711, This
correlation is not sisnificant, which nme ans that
between different herds the persistency is independent
of the maximum yield,

Let us next examine the intra-herd correlations.
From the intra-herd values of r given in Table 53 the
values of z given in Table 54 were obtained.

Table 54 showing valuesg of z for maximum and

persistency (intra-herd).,

!

#not significant

EThe "intra=herd" value of z for the total data 1is

=0.06596+0,02046 which, though very low, is still

Herd "Within Herd" "Between Cows" "Within Cows".
A -0.14122 #-0,09091 -0.23146
%0.04740 10.09853 £0,05431
B =-0.09573 #20,05991 -0.15028
£0.04725 t0,09449 t0.05480
C #20,04896 #+0,08249 =0.,26124
£0,03753 10.07372 $0.04373
D #-0,06593 #-0,03198 #.0,13156
$0.06415 $0.12403 10.07559
E #4+0,00456 #+0,06370 %40.,05604
£0,04340 £0,09167 £0,04945
Total =-0.06596 #+0,00093 -0.16666
¥0.02046 £0.04099 ¥5.02420

%significant. However, only two of the five individual

iherds have such a significant negative value. In the

remaining three the observed values are not significant
In no herd are the "between cows'" correlations signific:

‘though the "within cows" correlations are significant

w A
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in three of the five herds. Similarly



' the "within cows" correlation for all herds taken
1together is highly significant.
The results thits show that the negative correlati&n

between maximum yield and persistency which 13‘observed

in the total data is really due to the "within cows"

effect., A cow can have a high maximum yield and a

- high or low persistency. Howevef, her capacity in
ithese respects seems to be fixed for life, so that
when the maximum is higher in any lactation then what |

fmay be called her optimum capacity, the persistency

is diminished, and vice versa. There are of course
"distinet differences in this respect between the

different herds, some showing a more pronounced effect

than others.

Sanders (1930), using an altogether different
: method, concluded that the variations of the
standardised milk yield of the ssme cow from one

lactation to ahpther were negatively correlated with

changes in standardised persistency. He has not,

however, presented any results to show whether a

' similar relation existed between different cows.

I Kartha (1934), by standardising persistenqy for
?the initial rate of yield instead of for age, found
3that the rate of decline of milk production increased
1with increése of maximum yield. This result 1s not
;unexpected since the peraistency is highest in the
ffirst lactation, when the maximum yield is lowest, and!

~diminishes thereafter with increasing maximum yield. |




fComparing pedigree Sahiwal cows with Indian Crossbreds,
‘Kartha found that, whereas the former had a lower
‘maximum than the latter, they had a slighily higher
‘persistency. In view of the positive correlation
observed between maximum yield and rate of decline,
he forecast that "the pedigree Sahiwal would lose
her reputation for higher persistency when her level
of production equals that of Crossbreds". Since the
present study shows that between cows persistency is
~independent of maximum yield (if allowance has been
made for the variations of both with age), there seems
to be no cause for this pessimisme.

'(b) Relation between Persistency and Total Yield.

The detailed results for the analysis of
‘variance énd covariance of persistency and total yleld
‘are given in Table 55. The value of r for the total
:data is +0,40021 and that of z +0.,4239010.02046. This
moderate but highly significant positive correlation
shows that the total yield of a cow 1s partly
determined by her persistency, i.e. that the relatively
persistent ‘cows give higher ylelds than those which
‘are less persistent, and vice versa, These results
‘are contrary to those reported by Gooch (1935), who
found no evidence of any correlation between |
persistency and total yleld (t = =0,05040,026) though
they agree with those of Gaines (1927) and of @anders

(1930), both of whom observed a similar positive

!
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?correlation.
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The value of r for "between herds", i.,e. =0. 48702,

is not significant, the value of z being =0. 5321510.7071L

The transformed values of the various intra-herd

§corre1ations, are given in Table 56,

1 Table 56 showing values of z for the Total
| Yield and Persiscency (intra-herd)
Herd "Witnin hera® "Between cows! "Within cows"
A +0.25022 +0.26869 +0.23629
10.04740 $0,00853 t0,05431
B +0.53234 +0,54980 +0.51100
20.04725 0.09449 %0.05480
¢ +0.54875 +0.62067 +0,43334
| $0.03753 fo.07372 £0.04373
D +0.50858 0.58464 +0.36775
+0,06415 $0.,12403 %0,07559
E +0,44555 +0.49967 +0.39118
£0,04340 £0,00167 £0,02945
' Total +C.45359 +0,4870% +0.39273
! £0,02046 £0.,04099 10,02420

|
i
i

épositive and significante.
'are in every case the highest and the "within cows"
gvalues the lowest, though the only difference between
gthese two sets of values which is actually significant
i3 that between the values of herd C, i.e. 0.18733
;*0.08571.

The "between cows" values

It will be observed that a2ll the values are

The negative "within cows" correlation

| v
 between maximum yield and persistency, which has

ﬁalready been reported, is the cause of thls lower

""within cows" correlation between total yleld and

persistency.

. There are significant differences betwee

i
|

|
g
|
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|

| shows that: the herds with the higher maximum yields

the correlations observed in the different herds,
showing tnat the role of persistency in determining
the total yield varies from herd to herd, e.g.,
persistency seems to be more important in herd C
than herd A.

(c) Relation between Maximum and Total Yield.

i and the corresponding value of z 1is +1,12085%£0.,02046

The detalled results of the analysis of variance
and covariance of maximum and total yield are given in
Table 57.

The value of r for the whole data is +0.81101,

Thls extremely high positive correlation shows the
important role of maximum yield in'determining the
total yield. Gaines (1927a), Sanders (1930), and
Gooch (1935) have all reported a similar'high
correlation between these two variatgs.

It will also pbe noted that this correlation is
far higher than that reported for persistency and
total yield., The difference between the two values
of z is 0.70595%0.,02893, which iséyighly significant,
Meximum yield thus appears to be/much more important fg
in determining the variation of total yield than
persistency. The relative importance of these two
determinants of total yield will, however, be

discussed again.

The value of r for "between herds" is +0.,95726
which is significant, z being +1.,9120610,70711. This

ctor




also had the higher total yields, and vice versa,

The values of z for the various intra-herd

correlations are given in Tsble 58,

It will be seen

Table 58' showing the values of z for Maximum

Herd

A

E

Total

éthe highest and the "within cows" values the lowest,

and Total Yield (intra-herd).

"Within herd®

"Between cows!

+1,39931
£0.04740

+0.,95670
£0.04725

+0.99874
t0,03753

+0.99898
£0.06415

+1,17952
£0.04340

+1,10682
10.,04099

+1,61299
£0.09853

+1,14050
$0.09449

+1,27106
t0,07372

+1,07963
$0.12403

+1.36099
10.09167

+1.30407
10.,04099

"Within cows™

+1.,06459
t0.05431

+0,71966
£0.05480

+0.68145
20,04373

+0,89145
£0.07559

+1,01876
$0.04945

+0.85946
10.02420

 that all the values are positive and highly significant.

As with persistency, the "between cows" values are

%Further many of the differences between these two

jpersistency shows that the correlation of maximum with

itotal yield is in every case significantly higher than

that of persistency.

' sets of values are gignificant,.

| differ between different herds.

!maximum and total yield.

The values also

Herd A, which

showed the lowest correlation between persistency and

total yield, showed the highest correlation between

A comparison of these results with those given fon

[
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(d) Relative Importance of Persistency

5 maximum yield in determining total yield may now be
i examined in detail. There is no doubt that the

- relative influence of these two factors varies from
§ herd to herd. However, such individual herd differences
§ have not been explored and only the average results |
- from the combined data will be discussed. The relative

% influence has been measured by Wright's method of path

- coefficients (192la).

the "within herds" differences in total yield due to

t

and Maximum Yield in determining
Total Yield.

The relative lmportance of persistency and

Results "within herd". The relative magnitude of

persistency and to maximum yield respectively is
shown diagramatically in the following figure. The
straight lines in this diagram indicate the direct
paths, the direction of thée~line indicating the
direction of the paths, while the curved lines
indicate the correlations between the different

variables, The indirect paths are not shown.

¥
Total Yield
T Ry
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The values of the direct paths (i.e. the
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gstandard regresslon coefficients) from maximum and

‘persistency to total yield are +0.83456 and +0.,47984

' and that of indirect path from persistency through

on this point, although his method of study is not

§ Since the value of the latter is the sum of the values

 gives a diagramatic representation of the relative

of milk yleld.

of all path coefficients, itmy be deceptively large o3

regpectively. The value of the indirect path from

meximum to total yield via persistency is =0,05499

meaximum is -0,03182, These results show that
maximum yield is just three times as important as

persistency in determining the "within herdsg variance
Sanders (1930) has also reported certain findings

free from criticism, He used the square of the
observed value of the correlation to measure the
relative influence of each factor, although, as
Wright (1921a) has shown. in the case of correlated
characters, the real contribution of a particular
factor is represented by the value of the path

coefficient and not the correlation coefficient.

small depending on the values of these paths (Snedecor
1938, p.281-282). 1In spite of this technical error
Senders''results agree with those now recorded in
showing that meximum yield is far more potent than
persistency in determining lactation yield.

Results "between cows". The following figure

L4




influence of maximum yield and persistency on the

i
|

;"between cows" differences in total yield.

| Meximum
\ .
=\
x%
Iy
Total Yield;t
‘ké;

S
d

Persistency.

; It will be recalled that no correlation exists
gbetween maximum yleld and persistency when compared
gon a "between cows' basis, The values of the direct
fpatns are consequehtly given merely by the correlation
fcoefficients, there being no indirect paths. The
%square of the path coefficient. from maximum to total
zyield is 4.11 times the square of the path coefficient
éfrom’persistency to total yield, showing that maximum
'¥ield is over four times as important as persistency

§in determining the "between cows" differences,

Results "within cows". The "within cows" results

iare represehted diagramatically in the following

1

figure:~ “
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It will be observed that the value of the direct
'path to the total yield is +0,77891 from maximum yield
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and +0.50234 from persistency. The values of the
indirect paths are -0,12862 and =0,08295 respectively.
These results indicate that maximum yield 1s 2.4 times és
potent as persistency in determining the "within cows" |
variation of milk yield. |
Finally, 1t seems desirable to emphasise once
:again that the foregoing results were calculated from
Ethe "lumped" data of all the herds; and that there
Eare considerable differences between individual herds

;
in this respect.




PART I1I., THE LACTATION CURVE AS AFFECTED BY HEREDITY,

Introduction.

e

It is well recognised that heredity influences
milk production, The practice of selective breeding
iwhich is adopted by every progressive milkestock
‘bbeeder rests on the belief that there exist
‘hereditary differences between the milking capacities
of individual animals which will be transmitted from

‘parent to offspring according to the fundamental

‘law of heredity that "like begets like",

Numerous researches have been directed in the

!
i
I

past to the study of the mode of inheritance of milk

yield., Smith and Robison (1933) have already summarisedE
~the results of the various workers, and it would |
;therefore serve no useful purpose to review the whole
‘subject afresh. The general view is that the mode of
‘inheritance is mendelian and that it is,like any other';
:quantitative character, of the multiple~factor type. :
‘Further, it is claimed that both the parents are
jQQually important in transmitting their qualities to
‘the offspring (Gowen 1924, 1934), though the Edinburgh f
'school is inclined to believe that some of the genes ;

involved are sex-linked (Smith et al., 1930; Smith

;and Robison, 1931; Smith, 1937). Marchlewski (1939)
has also presented some evidence supporting this

latter view.,

If there is sex-linkage in the inheritance of

4
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milk yield, it would mean that a male of fspring would
geb all his sex=-linked inheritance from his dam and
none from his sire, while the female would inherit
from both sire and dam. However, the differences due
'tq this phenomenon are in any event unlikely to be
very Important., Of the thirty pairs of chromosomes
(Krallinger, 1931) which cattle possess, twenty-nine
pairs are autosomes and only one pair heterosomes,
If, therefore, all the various pairs of chromosomes |
‘are assumed to carry the same proportion of genes, the %
‘ratio of heterosomal to autosomal genes will be 1329,
Unless the genes borne on the sem chromosomes are very ;
much more important (which is, of course, possible), |
or unless they constitute a very much higher proportionz
of the total number of chromosomes, the effect of '
sex=-linkage will inevitably be slight. The fact that
jthe practical breeder does not attach any greater |
'importance to one side of the pedigree than to the i

i

other lends further support to this view, Nevertheless§

i

it must be confessed that the point cannot be settled
Puek Wi_—jum&ntv ot

definitely by,the statistical method of approach so |

far resorted to. As Smith (1937) himself has pointed g

out, the latter is useful for reconnaissance only. ;

PFinal and crucial evidence must be derived from

planned experimentation involving reciprocal crosses.
Such work is already in progress at Edinburgh, so that

in due course, we may hope to get definite experimental.

evidence for or against sex-linkage.

e



Another important aspect of the inheritance of
milk yleld 1s the defree to which observed differences
in individual animals are hereditary as distinct from
environmental, If, for instance, the total variance
of milk yield observed in any population is representedi
by 62% and the parts of this variance due to hereditary§
‘and environmental causes by 6H2 and 6E2 respectively, |
we do not know yet whatis the value of 6y2. There can

62
be no doubt that such knowledge would %rove most

|
valuable to the herd owner in that it would enable ;
fhim to estimate what improvement might be expected
‘as a result of the action of a certain selection i
fdifferential. In the absence of such information he
;13 inclined to believe that all the observed difference%
;between his animals are genetic. Accordingly he mates §
ithe best animal to the best, only to find that the
progeny may show distinect resression. The cause of ;
‘such regression lies largely in the fact that, in
reality, only a part of the observéd superiority of
the parents is due to genetic causes, i.e. the progeny

only inherit that part (¢ge) of the selection differ=-

ential which is genetic.

® The observed variance of (6%) for any character
may be really composed of three fractions: (1) due to |
hereditary differences ope; (il) due to envirommental |
differences, GEZ, and (1115 due to the comhined :
influence of heredity and environment, SHE". i

The fraction.6H2 may again consist ofs (1) the
additive genetic variance which Fisher (1930) calls
genetic variance and Wright represents by 6g<; (1)
variance due to dominant deviations from the a@ditive
scheme, 632, and (1ii) variance due to_epistatic
deviations from the additive scheme 6I%,

(;4’ " i.



So far few attempts have been made to investigate
this point. Gowen's work (1934) shows that in cattle
included in the American Jersey Register of Merit
50-70% of the variation of milk yield and 75=85% of
fat peecentage is due to genetic causes, Wrighi (19530‘

has estimated from Gowen's data of American Guernsey

and Holstein~-Friesian cattle that heredity accounts
for 75% of the observed differences., Plum (1935),

however, reports that in cows of the Iowa Cow Testing i

Association not more than 40% of the observed differenc%s

are hereditary (in fact he states that the value may §
be as low as 20%), and emphasises the great desirabilitf
of further work’to determine the true value, i
It is clear that the value of €y< will vary from |
population to population, and that in any given
population it can be changed by either breeding or
by altering the environment. For instance, continuous f
inbreeding will, within a few generations, reduce the j
genetic varisbility considerably, thus increasing ;
the proportion of 6E2. This point is well demonstrated§
by Wpight!s work with guinea pigs (1920). The results %
from a particular set of data are thus rigidly f

applicable only to that data alone and it is therefore

not surprising that Plum's results were so different

from Gowen's. Gowen's date were much more selected
than Plum's,and referred to animals which were kept
under markedly different comditions of management,

A 3
No work on the relative .roles of heredity and

LTS



environment in the variation of milk yield of Ayrshire

‘cows has been so far reported in this country. It
will be interesting therefore to study these data
from this standpoiht. |

Existing knowledge regarding the heritability
of peréistency and meximum yield is extremely meagre.
jThis is particularly true of persistency. Although it
iis the general experience of the breeders that
individual cows differ in their ability to maintain
milk yield, and that animals of the beef type have
éa very much shorter lactation than those of the
?dairy type, doubts have been expressed by some

workers as to whether persistency is an inherited

Echaracter. Other workers hold the opposite view ,

élt will therefore be useful to give a brief summary
;of past work,

| McCandlish et al.(1919) compared the persistency
of scrub, grade and purebred dalry cows, and found the
latter type to be the most persistent, while grades |
;were intermediate and scrub cows the least persistent. }
é Sanders (1923) reported that the variabllity of f
fthe "shape figure" of different lactations of the same ;
écow Was less than that of all cows considered together,;
;and interpreted this as evidence of the fact that ﬁ
;Persistency was dependent on the individuallty of the |
cow. He subsequently confirmed these findings from

more extensive data (1930). ganders! interpretation is;

open to the objection that the resemblance between the
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different lactations of the same cow may have been

due to the effect of the common enviromment. He did
not produce any supporting evidence, such as
correlations between the persistencies of animals
related by a cormon line of descent, to prove that this
Ewas not the case,

| Cole (1925) reported that the milk production of
jJersey and Angus crosses was intermediate between that
sof the two original breeds, with high production
‘tending to be dominant. The higher production of the
?Jersey was found to be the result of a higher maximum
;yield coupled with a higher persistency. The cross-
‘breds resembled the Jersey rather than the Angus parent |in
jregard to both these characteriatics.

| Turner (1926a) has expressed the view that each

‘cow inherits a definite maximum persistency which,

jthough it cannot be increased by overfeeding, is
éliable to be lowered by unsatisfactory feeding and !
?management. In a later paper Turner (1927b) reported
?certain comparative values of the persistency of fat
%secretion of the daughters of Guernsey sires, from
éwhidh he concluded that high maximum yield of fat 1is
;not necessarily associated with persistency, and that

‘Within groups of sires having similar daughter averages,

Ean increasse in a dam's persistency 1s accompanied by
1ittle increase in her daughters! persistency. j

Gaines (1927a) from a study of records of

Guernsey and Holstein cows, concluded that Jpersistency!



of lactation is nearly as definite an individual
character as is initial rate of yield, judged by the
’fact that with the herd constant the correlation
[between two lactations records of the same cow is

T w0.370 for persistency and r =0.400 for initial
'rateﬂ However, this view was not substantiated by the
results of correlations between animals related by a
common line of desceht, For instance, whereas he
observed a significant correlation between the
persistency of dam and daughter and of maternsal

?half Sisters, no correlation wgs found between full
isisters or paternal half sisters., These anamolous
%results led Gaines to doubt if "there is really any
'genetic difference between individuals within either
gof the two breeds with respect to persistency of
fproduction“, and he went on to say that "as compared
éwith initial rate of yleld, or rate of yield at later f
%stages of lactation, persistency is a much less i
gimportant factor in determining the ordinary lactation f
yield"., Finally he concluded by stating that "it is 1
ga question for serious consideration whether we may notg
gprogress as well or better in breeding and selecting
‘high-yielding cows on the basis of a short-time yield
;soon after calving, as we may on the basis of a
fshort-time test later in the lactation or on the basis
‘of the lactation yield itself. Given high initlal
irate of yield, and regular frequent reproduction,

persistency of lactation seems to be of minor




importance in the problem of breeding and selecting

efficient cows",

Again in another paper, Gaines (1$31) reported
"the stability or permanency of the persistency
character is very low, the correlation between
first and second records in different herds being

0.20810,051, Persistency as such, seems therefore to

be a questionable character. Primary rate is evidently

much more definite, the corresponding correlation

being 0.420%0.027. The l0-month's yield, from these ;
two, primary rate and persistency, shows still more |

stability, r =0.565+0.022. From these observations

the conclusion might be drawn that the lactation yield f

is a better measure of milking cepacity than either of %

the lactation curve constants. Before such a cqnclusioﬁ

is drawn, however, it is well that the inheritance of |

these characters be investigated".
: Becker and McGilliard (1928) have concluded from |
rather limited data that both maximum yield and o
~persistency aré inherited characters. The time of |
attainlna the maximum was found to be inherited, the g
scrub cows attailning it earlier in the lactation period‘
;than the pure-bred Holsteins and Jerseys. The absolute[
irate of decline was more rapid in the higher f
‘Producing cows after the maximum haed been attained; |
‘the milk flow of scrub cows declined less rapidly (1bs

per day) but they had shorter lactation perlods.

Ll
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"Pinally, both sire and dam contributédto the
inheritance of persistency of lactation of their
progenye. {

- Bonnier (1935) in a paper entitled "Is the shape
~of the lactation curve genetically determined?",
zreported the inability of over-feeding to altef‘the, !
' shape of the lactation curve, and quoted this in
-support of the view that the shape 1is constitutionaily
‘determined.,

Gooch (1935), from a study of Jersey cows, found
fa greater variation between the different lactatlions
‘of the same cow than between the lactations of
?different cows. She interpreted this as being due
%to the fact that the particular group of cows studied
‘was probably genetically homogeneous.

’ Copeland (1937) reported that persistency,
:though largely influenced by envirommental factors,
iseemed to be an inherited character.

Fohrman and Graves (1939) compared the persistencies
iof the two-year old milk records of the daughters of
‘a bull with the persistencies of their dams., Only in

t

'seven of the 18 daughter=-dem pairs were the daughters

more persistent, This was teken to indicate that |
Ethis particular sire tended to decrease persistencye. f
Mention was also made of evidence (not detailed) which ;
they showed that persistency is also transmitted from i
dam to daughter.

Pontecorvo (1940), from a study of persistency

W



in a herd of Ayrshire cows, concluded"that persistency
is to a grest extent an expression of an animalts
individuality and that the physiolozical causes
determining the repeatability of persistency in the
different lactations of the same cow are approximately
of the same importance as those which tend to diversify
i1t from one lactation to another". In the limited dat+
examined, no correlation was found between the
persistency of dam and daughter ( r a 0.16610.17)
It is clear from the foregoing summary of previous
work that thie views regarding the heritability of
persistency are conflicting. In reality, however,
the controversy is an idle one, for strictly speaking
every character is nhereditary in the sense that,
however suitable the enviromnment, it cannot develop
. without the presence of the necessary genes. On the
other hand the genes cannot show their proper effect
in the absence of a suitable environment, The point
at mésue really 1is, therefore, not whether persiétency
is a hereditary character, but (as with milk yield) how

far the observed differences in a particulsr population

are hereditary and how far they are environmental.

. Thus, even if it were shown that in a particular
; population the observed variance was entirely
' environmental, this latter result might still be

either the outcome of the breeding system practised

' or the effect of particular environment.

Finally it may be stated that existing knowledge.
| i



regarding the heritability of maximum yield is itgelf ;
very meagre, and there is again no information ‘
avallable as to the relative influence of heredity %
and environment in causing observed differences betweeA
individuals.

It appears, therefore, that two major points
require to be investigated: (1) the relative

'stability of the different constants of the lactation

curve, and (ii) the portion of the total varlance of |
~each constant which is due to hereditary causes. i

These points are dealt with in the succeeding sections.

2. Staebility of the Lactation Curve.
The first point worth examining is the variation

of the different constants of the lactation curve in
the different years and herds. A study may then be
made of the intra-herd differences to determine how
far they are due to differences "between cows" as
distinct from differences "within cows". These
latter results will give the requisite information
regarding the stability of the different constants
in these data, as these will show to what extent a
cow's performance is more apt to repeat itself in
different lactations than it is 1likely to resemble
that of its other herd-mates chosen at random.

It will be recalled that the data for the
present study was derived from six herds, five being

of the "milk" type and one of "vessel" type. Since




the conditlions of management vary between the herds
~of these two types, the results from the "vessel" herd
~will be presented separately.

(a) Variance due to differences
between years.

(i) Persistency.

The annual variations in persistency of the

 five "milk" herds are shown graphically in Figure 29,
It will be observed that no significant trend 1s

' noticeable in herd C, the variations being of the
fluctuating type. On the other hand, in the remaining
four herds a distinct rise occurred about the period
1932-33, which was later followedl by a definite fall. |
The period of rise synchronises with the inauguration
~of the Milk .Marketing Board, so that the cause of
this rise 1s probably envirommental., The herd owners,
' being assured of a better market for their milk,

will presumebly have improved their method of feeding
and management., On the other hand, if this does
represent the actual cause of the increase in
lPersistency, it is not clear why the value fell at a
later date. It may be noted that these variations are
of a temporary nature, and that no permanent change
‘1n the value of persistency was noticeable in any

of the herds during the complete period of 20 years

covered by this studye.

The analysis of variance of persistency due to i
the year in which a record was made 1is shown in Table

59. The mean squares for both "between years" and



Table 59 =howins anelysis of variance of pereistenc
e to the year of record (Toteal dats Wmilied

herds).,

Source of d/f Sum of Squares Mean Square F

Variation -
}Within years 2322 48527,.7296 2246184
Between herds 4 644,1334 161.0333 #*7,119
‘Between years 14 262243333 187.,3095 *8.231
'Herd year
_interaction 51 228547171 44,8180 *1,932
| Total 2391 54080,5372
| #gignificant

;“herd year interaction” are highly significant., This
;ShOWS that the means of the different years differed
%significantly among themselves, and also that the
gvariations of persistency in the various herds in any
particular year were different.,
The analysis of variance of individual herds is

given in Table 60, It will be noted that herds D and
E show the greatest "between year" effect, about 11%

of the total variance of pergsistency in these herds

'beinz due to this cause. This corresponds to a
%correlation of 0.1l between the persistency of two
;records chosen at random from the same year and herd.
§0n the other hand, herds A and C did not show the
'%“between year" effect to any marked extent, only 3% of

?their total variance being due to this cause. Herd B

éwas intermediate, the differences "between years"”

' explaining about 8% of its varlance.

(ii) Meximum Yleld.

The annual variation of the maximum yield of
?each.of the five herds i1s shown graphically in Figure

?50. It will be seen that, unlike those for persistency,

I



these graphs exhibit a distinctly regular trend, the
year-to-year fluctuations being practically absent,

In herd C a slow but steady increase is noticeable
throughout the whole period studied. In Herds A, B
Xand E a definite increase took place between 1924-27.
iThis waé followed by a period of more or less constant
ﬁroduction up to 1931, after which a steep rise
occurred up to 1934, The yield diminished slightly
during the following period. Herd D also experienced
8 similar increase up to 1934 and a slight decrease
ihereafter. The greatest increase occurred in herd A,
the order of the remaining herds in this respect being
B, E, C and D,

| The analysis of variance of meximum yield due to
‘the year in which a record was made 1s shown in Table
6l. As with persistency, the mean squares for both

Table 61 showing analysis of variance of
persistency due to the year of
record. (total data 'milk" herds).

Source of d/f Sum of Sguares Mean Square F
Veristion
Within years 2322 135497 «30 5845587
Between herds 4 111%35,78 2033 ,9450 *50.279
Between years 14 1732.62 123, 7585 * 2,121
Herd year
‘interaction 51 47265 o84 926,7812 *15,882
Total 23591 196231 .54
#significant

"between years" and “herd year interaction" are
significant, showing that the means of the different

years differed significantly among themselves, and that

ard,
}"L}
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| records selected at random from the same year in this

the variations of the yield of the different herds in
a particular year are not similar,

Table 62 presents the results of analysis of
variance of individual herds. It will be observed
that there were very great differences between the
different herds with regard to the "between year"
effect., In herd A, which shows a maximal effect;
56.5% of the variance was due tb this cause. This

corresponds to a correlation of 0.56 between'two

herd. 1In the remaining herds the effect was of a
lower order, viz. in herd B 22.7% of the total
variance was accounted for by this cause, in herd E
16.7% and in herds C and D 6.4% and 4.5% respectively.

(1ii) Total Yield.

Flgure 31 shows graphically the anmal
variation of totel milk yield of each of the five
herds, It will be seen that the variations in
each herd in this respect are very similar to those
already reported for meximum yield. In herds A,

B, D and E the highest production was reached in the
year 1934, and the yield then diminished to a varying
extent, 1In herd C, however, the highest yield
occurred in 1931, diminished slightly the following
year, and then remained constant; the increase in
1938 was probably not significant owing to the
small number of animals included in that year.

The analysis of variance of total yield due




to the year in waicehi a record was made is shown in

Table 63. The mean sqguares for both "between herds"

showing that the means of the different years differed
slgnificantly among themselves and that the variations
| Table 63 showing analy31é of variance of total

vield due to the year of record,
(Total data "milk" herds).

end "herd year interaction" ars ssain highly significant,

Source of 4/f Sum of Sguares Mean Square ~F
Variation
Within years 2322 5444711676 2344837 ..
Between herds 4 562207160 90851790 *38.617
Between years 14 917951165 65567940 *27.963
Herd year )
interaction 51 727822137 14278865 ¥ 6.089
Totsal 2391 7452692138

! #gignificant.
fhe different herds in any year are not similar.

The results of analysis of variance of individual
herds are presented in Table 64. Herd A again shows

the most pronounced "between year" effect, the

differences between yearly means accounting for 57% of

the effect was agzain of a lower order, viz. in herd E
18%, in herd B 10.8%, in herd D 10.C% and in herd C
2.7%.

(iv) Discussion.

The "between year" effect may be the result:-of

genetic and Jor environmental causes. The genotypes

of the cows constituting the populations in the
different years will change as a result of selection
é(if operative), or through the periodic changer of

|

the totel variance in this herd. In the remaining herds

of
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bulls. Similarly the conditions of feeding usually
vary somewhat in different years. The management
:ﬁolicy may also.be altered for economic reasons,

ithus increasing any year~to-year variations.

It would clearly be desirable to separate
gvariations due to environmental changes from those

;due to genetic causes, since 1t would then be possible
ito determine to what extent the production of a
éparticular herd had been permanently albered during
;the period studied.

The German school, led by Von Patow (1930), have
proposed the "byre average" (stalldurchschnitt) method
;to allow for the influence of year-to=-year varlations
gin management, As ILush (1936) has already pointed out,
Ehowever, this method regards the annual changes of
3production as being entirely due to environmental
ginfluences and thus ignores the genetic causes of the
%change. Lortscher's researches (1937) have substantiated
;Lush's view,

j There can be 1little doubt that a fairly large
épart of the improvements in meximum and total yileld
éWhich are recorded above are due to environmental
ECauses. Conditions of feeding and managemeht have
;definitely improved within the past 20 years as a
éresult of a more efficient advisory service, of
improved prices for milk, and of better marketing

facilities. But to assume that the whole of this




é
gimprovement has been due to such factors and that

Eselection and breeding have played no part is just
as unjustifiable as to credit the improvement solely
{to genétlic causes,

| Judged by the average value for the different
gyears no permanent improvement of persistency is
gnoticeable in any of the herds., If anything, the
average for the last four years of this period is

lower than the value in the first four-year period.

.(b) Variance due to differences between herds.

(i) Persistency.

The mean: and standard deviation of the persistency
in each herd are given in Tgble 64a,

Table 644 showing the variation of persistency
of different herds,

Herd Mean Standard Deviation
A 89.80%0,207 4,37+0.146
B 88,45+0,229 4,870,162
C 89,320,185 4,940,131
D 88,96£0.315 4,94%£0,223
B 88.88+0.195 4,51+0.138
F 87 «66+0.361 5.3630.255
#4,76+0,070

Average (weighted)® 89,3310.097
)
A to E )

#The slight difference from values given
in Tapble 52 is due to the differences in
the method of calculation. These values
given now were obtained without grouping:

the data, |
The mean of herd F, which is of the 'essel"

1

type, 1s the lowest and its standard deviation is the

ihighest, the differences of these values from the
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iweighted averaze values of the remaining five herds |

'being sifnificant., The differences between the various
8

|

Mt 13! hgrds, although much less marked, are neverthele%

significant. This is clear from the value of the mean‘

square for differences "between herds" which has already
been given in Tsble 59.

As will be noted from Table 67, which gives the

analysis of variance of persistency due to herd and .

cow, the "herd" effect accounts for only 1.02% of the

total variance of the "milk" herds.

(ii) Maximum Yield.

Teble 65 gives the mean and standard deviation

of the maximum yield of each herd.

Table 65 showing the variation of maximum
of different herds.
Herd Mean Standard deivationd
A 51,73£0.490 10.37+0,347
B 54.65%0.396 8.,42+0.280
c 48.,7610.290 7.76£0.205 |
D 53,660,561 8.80£0,397
B 50.21£0.387 8.95%0.274
P 39,47%0.448 6.65L0.317
#51,2640,.185 9,06+0.131

ﬁverage (weighted)
‘A to E ‘

#3ee footnote under Table 64a .
|

Both the mean and the standard deviation of the J
r

|

the "weighted average" values of the "milk" herds or /
|

"veasel" herd F are very significantly lower than eith

| The mesns

the values of any individual "milk" herd.

and standard deviations of the Ymilk" herds also

' differ significantly among themselves, though these

;differences are ndt so marked as with herd F. The



;value of the mean square for differences "between
%herds", which is given in Table 61, is significant.
%The-very much higher standard deviation of herd A
!is largely due to the large "year" effedt which has
already been reported. |

Tt will be observed from Teble 69, which gives
the analysis of variance of maximﬁm yield due to herd
and cow, that 5.82% of the total variance of Mmilk"
herds 1s due to hefd differences. |

(1i1) Total Yield.

The mean and standard deviation of thé total

yield of:each herd are given in Table 66,
Table 66 showing the variation of total yield
of different herds.

Herd Mean Standard deviation
A  9121,7£90.7 1919,.,71+64.1
B 9292641791 1679.6%55.9
C 8394 ,4160.2 1608+4%42.6
D 9320,5£114.8 1801.4%81.2
E 35806417345 1697 .2452.0
F [5542.5&88.5 A21515.4162.5
Average (Weighted)"8836.7136.l T 1765.5£2545
A to E )

%*gee footnote under Teble 64
As already reportéd for persistency and mexlmum
' yield the mean and standard deviation of the tyessel®

herd are both considerably lower than eitlierthe

E weighted average values of the "milk" herds or the

' individual velues of any of these herds, Similarly

i the values of the various "milK herds differ

 significantly among themselmes,'the value of the mean
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squares for "between herds" as given in Table 63,
Ebeing significant., The differences between the means
?of herds A, B and D are not significant, though the
gdifference; of each of them from the mean of C or E
gis significant. The standard deviation of ﬁerd A

gis significantly higher than that of herds B, C and E,
'though its difference from the value of herd D is

‘not significant., Similarly the differences between

‘the standard deviations of herds B, C, D and E are not

significant.
|

’ Table 71, which gives the analysis of variance
of total yield due to herd and cows, shows tha t the
herd differences account for 4.70% of the total

variance of "milk" herds.

(iv) Discussion.

It will be seen from the foregoing results
that, though there are significant differences among
the means of different herds, the herd" effect 1s not
an important caﬁse of the variance of elther persistency

maximum or total yield in the "milk" herds. This means

that these five herds constitute a nearly homogeneous

bopulation.
| Plum (1935), working on the fat yilelds of cows
@eloﬁging to Iowa Cow Testing Associations, found that
&he influence of this "herd" effect was so strong that
it accounted for 3% of the total variance. Plum's

date were, however, derived from 95 herds containing

?nimals of different breeds. The strong "herd"
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. effect noted by him is therefore not surprising. The
animels in the present study all belonged: to one

~breed and one locality., Their owners work in

; relatively close cooperation and to some extend

: depend on each other for their bulls. Their systems
E of feeding and management are also similar., Under

§ such conditions a pronounced "herd" effect cannot be
Jexpected.

. (e¢) Variance due to Differences between
and within cows.

(1) Persistency.

Table 67 shows, for the "milk" herd data, the

3 analysis of variance due to herd and cow,

Table 67 showing analysis of varlance

of persistency due to herd
and cow ("milk" herds datal

% Source of dff Sum of Squares Mean Square F

: Variation

| Between herds 4 644.1334 161.0333 %12,550
| Within herds 2387 53436 ,4038 22.35864

i - Total 2391 5408045372 22.,6184

i Between cows %
. within herd 593 30417.9184 51.2950 34998

Between records

of the same
cow 1794 23018 ,4854 12,8308

#significant.
j Portion of total variance due to differences betweeng-

Herds 22.6184 -~ 22,3864 x 100 = 1.,025%
22.6184 :

Cows £22.6184 - 12.8308 x 100 243.273%
22.6184 :

Portion of intra-herd variance due to differences

between cows:

00,3864 = 12.8308 x 100 =42.685%
22,3864 -




The part of the variance which is due to differences

' between cows may be expressed in terms of the total or
of intra-herd variance., It will be observed thét
42.7% of the intra-herd variance 18 due to differences
between cows. This means that there is a squared multi
correlation of 0,427 between the persistency of a cow
as the dependent variable and all those causes which
affect her persistency in different lactations alike,
but are different for the other cows in the same
herd, These causes which meke two records of a cow

in the same herd resenble each other may be both
hereditery and environmental., If they are entirely
hereditaery then the value 6f 6H2 in these data 1s

42% in the case of persistency. If on the other hand,
some of this resemblence 1s the result of the common
environment in different years, then the value of
§gwill be still lower. Thbis point will be examined
again in the next section,

If the influence of the individual herds ;s
ignored and the data of all herds are lumped together,
there is a correlation of 0,433 between the records
of the same cow. This is slightly higher than the
intra-herd value reported in the last paregraph (0.427)
because of the small herd effect which is included.

Since the herd and cow differences together
vaccount for 43,3% of the total “variance; the balance

. (56,7%) 1s due té differences between the records of

ple

the same cow. There can be mghy causes for this

thouch these are all envirommental,

t

intra~-cow variation,
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gthe term enviromment being used in a broad sense to

'include variations due to the érrors in estimating

t
|persistency besides those caused by definite
environmental factors, such as conditions of feeding

and management, state of health of animal, eté¢,
|

The above results pertain to the combined date
from all the "milk" herds., The value of the intra-

herd correlstion for different records of the same

(cow varies, however, from herd to herd. The analysis
of variance of individual herds has already been given
in Table 53, The results are summarised in Table 68
in such a way as to show this variation.

The results are self explanatory and need little

comment. The value of the correlation between the

different records of the same cow varies from 0,336 in

herd E to 0.538 in herd D. The value in the "vessel!
herd F nearly equals the average value of the "milk"

heI'ds;;,' i.eo 0.42'7.
(i1) Max 1nmam Yield.

Table 69 shows the analysis of variance of

maximum yield due to herd and cow,

Table 69 showing the analysis of variance
of maximum due to herd and cow,

I
f Source of d/f Sum of Sguares Mean Square F
| Variation
 Between herds 4 11735.78  2933.045 ¥75.858
| Within herds 2387  184495,76 77 .2919
! Total 2391 196231 .54 82,0709
 Between cows )
' within herd 593 115109.99 194.1147 # 5,019
' Between records
of the same
-cow ° sem 1794 69385,77 38,6766

*significant
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!Portion of total variance due to differences between:=

Herds 82,0709 = 77,2919 = 5 825%
82,0709

| - Cows 82,0709 = 38.6766 =52, 874%
82,0709

Portion of intra-herd variance due to differences

between cowss-

| 77 o 2919 - 38,6766 .49.960%
‘ 77 o 2919

It will be observed that the differences between
lcows account for about 50% of the intra-herd and 53%
of the total variance. The former result corresponds
;to a correlation of 0.50 between records of the same
cow in a population of cows all belonging to the same

‘herd, and the latter to a correlation of 0.53 between

records of the same cow in the total population of cows
fkept in these five herds. Since the herd and cow

differences together account for nearly 53% of the

total variance, the balance of 47% is due to differences
‘within the records of the same coWw.
% The results for individual herds, as summarised

%from.the detailed results given in Table 53, are given

in Table 70.

§ It will be observed that the "between cows"

differences account far 61% of the total variance of

herd A,sbout 50% in the case of Lerds B, C, and D,
| .

§and only 40% in the case of herds E and F, Herd E 1t~

3Will be recélled had the lowest value for persistency

as well,
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(1i1) Total Yvield.

Table 71 gives the analysis of variance of total

| yleld due to herd and cow.

Table 71 showing the analysis of variance of
total yield due to herd and cow,
("milk"™ herds data).
Source of d/f Sum of Squares Mean Square F
Variation -

Between herds 4 362207160 90551790.0 *59,137

Within herds 2387 7090484978 2070458 .7
Total 2391 7452692138 3116977.0
Between cows
within herd 593 4740792182 7994593,9 ¥ 6,104

Between records

of the same
cow 1794 2349690796 1309749 .6

%gignificant.

Portion of total variance due to differences between:

Herds 3116977.0 = 2970458.7 = 4.701%
116977 .0

Cows  3116977.0 = 1309749.6 =57. 980%
3116977.0

Portion of intra-herd variance due to differences

between cows:

2070458.,7 - 1509749 6 = 55, 907%
Z58.7 —
The differences between cows are responsible for

nearly 56% of the intra-herd and 58.0% of the total

variance of milk yield., This means that there is a

correlation of 0.56 between the milk yleld in

different lactations of the same cow in a population
‘ and

of cows all coming from the same herd/of 0.58 if the |
total population of the five herds is Jumped together4

|
Since the herd and cow differences together are f

l

responsible for 58% of the total variance, the f
l



}balance of 42% 1s the result of the variations
fbetween the different records of the same cow due %o
ﬁenvironmental influences,

| The results for individual herds in this respect
ghave been summarised from the detailed data given in
;

iTable 55 and are shown in Table 72. These results

éare very similar to thoese already reported for

!maximum yield, the only difference being that the

Eportion of total variance due to differences between
1
‘cows is higher than with maximum yield. This increase

;id particular marked in herd C.

i

(d) Relative Stability of the Different
| Constants of the lLactation,Curve.

| The foregoing results show that the correlation
ébetween the performance of the same cow during
%different lactations varies from herd to herd with all
ithree characters, i.e. persistency, maximum and total
gyield. The results also show that no one herd has the
Ehighest values for all three characters, although herd
fE invariably has the lowest. In every individual
%herd, except D, the correlation for persistency is the
jlowest, that for maximum yield is intermediate, and thg
%for total yield is the highest. In herd D the value
;for persistency is higher than that for maximum yield,
ithough the difference between the two is very slight.

Considering the average value for tne data from the

' are 0.42 !
"milk" herds, the intra-herd correlations s i

6.49 énd 0.56 for persistency, maximum and total yield:

respectively., This shows that total yield is more

&N

——ran,

R
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!stable througzhout the life time of the cow than either

!

%persistency or maximum. Gaines (1931) has reported
{similar results.

The greater consistency in maximum yield as
compared with persistency i1s easily explained. The
measurement of persistency extends over the complete
lactation, while the maximum yield isrrealised in a
comparatively short period. It is obvious that,
in comparing different lactations of the same cow,
there will be a greater probability of chance variation
over the complete lactation than over part of it.

The above results definitely disprove Gaines!
view that persistency is a questionable character,
The repeatability value of 0.42 for the persistency
of the different lactations of the same cow is as high,
for instance, as that reported by Plum (1935) for the
fat yield of cows in Iowa Cow Testing Associations,
8o that in the present data persistency seems to be

as definite a character as the fat yield in Plum's

'data.
It has already been pointed out that the
correlation between the performance of different

i
i
i
|
1
|
i
i
{
1
i
|
i
|

ilactations of the samm cow may be associated with
§b0th hereditary and environmental factors. The above
;results show that the value of GHZ for persistency,
gmaximum and totel yield is no higher than 0.4%, 0.49
ana 0.56 resvectively. It may actually be less if

this resemblance between the different records 1is, to

!any extent, due to the intre=herd correlations between‘
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ithe environment to which the cow has been subjected
in the different years and between the cows!
!

environment and her heredity. This question of the

{
i

irelative influence of heredity and enviromment will

ibe examined in the next section.
|

i 3, Methods of Measuring the Heritability of

i

Individual Differences.

| (a) General Discussion,

i
H

" The relative importance of heredity and

ienvironment in determining the observed differences

gbetween the different individuals of a population

3may be best studied experimentally. It is well known

'that no genetic differences exist among the individuals
l .

'constituting a pure line, all varigtion in them being

{

jof the random fluctuating type and thiis environmental,

|
This was first shown experimentally by Johannsen in
1

ghis studies of the Princess bean (Babcock &nd Clausen,

§1927, p.207-211)., The observed variance in a mixed
éPOpulation, on the other hand, may be due to both
?environmental and genetic differences. If, therefore,
§the variance observed in.a mixed population is
?Companed with that present within pure lines, we can
‘obtain an estimate of the part ¢f the total variance
§Which is due to genetic differences. Pure lines
?eXist normally in autogamous species of plants. Even
'in allogamous species, which are generally cross=

‘pollinated, it is pure lines which can be gquickly
ossible to subject

‘established, provided that it 1s p



jthem to self~-pollination. ©No pure lines exist

; normally among the higher animals, which too are

; allogamous, although it is possible to establish
?strains showing a high degree of homozygosity by
gpractising continmious inbreeding for a number of
ggenerations. Ten generations of brother-sister
%mating,will, for instance, reduce the heterozygosity
?to 5.7% (Pearl, 1914, Jenning, 1914, Wright, 1921),.
§H0Wever, this procedure is impracticable with such
%slow breeding animals as cattle,

Isogenic lines are encountered in animals in the
jform of monozygotic twins, and it should be possible
jto study the relative influence of heredity and
%environment by comparing the variance in the total
' population with that observed within such lines.
%However, the number of twin births in dairy cattle
Eis only one in 50-60, and, as,estimated by Johannson,
gonly 6.0%t1.2% of twin births are of the monozygotlc
jtype (Lush, 1928, p.325) so that, on an average, one
iidentical twin is born in every 1000 births. This rate
fof birth would clearly provide insufficient animals
gfor reliable results.

Y Another experimental method of approach is to
}practise selection,both in the plus and minus direction
'jfor a number of generations. The difference produced

in this way between the means of the population

‘divided by the extent of selection practised gives a




'a measure of the true genetic variance present in

- that population. This result is obvious since, as

‘already pointed out, the resultant shift in the value

the

of mean due to selection is ng (HR? in the narrow

'sense) of the selection differential, If, therefore,

the value of 62 1s zero, the difference produced as

a result of certain degree of selection will nearly

‘equal the selection differential. On the other hand,

?if'égz is zero then 6 will approximate in value to

;6? and no permanent change will be possible through

jselection.

The foregoing method of selection has been used

Ewith both plants and snimals to study the extent to

fwhich selection is effective in producing changes in

‘a population. The more important examples are the

‘work with maize carried out by the Illinois School

?and Castle's experiments regarding the hooded pattern

in rats (Babcock and Clausen, 1927, p.221-228).

Both the above experimental methods are of

‘limited application with such slow-breeding animals

‘as dairy cattle. The alternative statistical method

of determining the heritability from the observed value

of correlation between the/individuals\related,due to

'a common line of descent, though not as accurate, is

the only practicable one. This method which was first

|
|
t

‘used by Galton and his associates to measure the

"strength of heredity" between different relationships,

postulates that the observed correlation between E
|



‘related individuals with resard to a particular
ftrait is due to the influence of common causes. The

jidentical genes possessed by related animals is an

Eimportant, though not the only, cause of this
'correlation, For instance, a parent glves a sample
'half of its germ-plasm to each of its progeny who

Emust, as s resuit, show a certain resemblance in their
§traits. For the same reason there should be a

f

icorrelation between the parent amd offspring. The
imore identical are the genes possessed by two such
‘individuals the higher 1s the correlstion and vice
i versa., The values of the genotypic correlations
gbetween individuals showing different degrees of
relationship, both direct and collateral, under a

i system of rendom mating are given in Table 73.

Table 73 showing value of correlation between
related individuals.

Parents and Offspring 0.50
Grandparents and Offspring 0.25
Pull sibs 0.50
Half sibs 0.25

The values given in Table 73 are for genotypic
gcorrelations under conditions of random mating. If
;the variation of a trait is not determined completely
iby hereditary causes the value of the correlation will

‘be lower. Fisher (1930) has suggested the method of

i"dividing the square of parental correlation by grand-

|
{
‘Parent correlation to get a good estimate of the ;
fraction of the total observable variance of the ﬁ

|

1]
‘measurement which may be regarded as genetic variance@.



‘Wright (1921) has expressed the correlation between

‘parent and offsprimg by the equation:

junder conditions of random mating, no dominance, no

|
i
i
|
|
i
i
i

i

- on the observed values of the parent-offspring

]
;
i
i
1
|
.
i

~of the observed value of correlation, for both
dominance and epistasis have the same effect. The
;parent—offspring correlation measures the truly
?additive part of the genetic variance, - what Fisher
?(1950) calls the "genetic variance" and Wright
denotes by the fraction g2 of the total hereditary

-variance (h2), (the latter including, in addition to

lcomplete determination by heredity. It is, therefore,

correlations, if the necessary conditions for the

;82, the fraction (d2) which is due to dominance
‘deviations from the additive scheme, and (I2) due to

‘epistatic deviations)} The influence of dominance

‘under conditions of random mating, and with complete

‘dominance and no epistasis, the v

Tpo = %—hg

correlation between heredity and enviromment, and

possible to determine the part of variance that is

due to hereditary causes by the use of this formula

spplication of the formula are satisfied.,
However, the influence of envirorment may not

be the only factor responsible for the diminution

has been studied by Fisher (1922), who reports that

alue of gz for the

effectsof each gene pair is

2 (1-9),

2 =4



?where q represents the gene frequency of the

fdominant gene, This gives the valueg%q for d2, l.e.
‘the portion of h2 which is due to dominance and which
’Fisher calls "dominance ratio". He regards % as the
most typical value for d2 for most characterlstics,
Knowing this relationship, it is possible to determine
h? from the observed value of g. Wpight (1931b),
however, considers that the "domlnance ratio" is more

near.% thanA;, and that the dominance is in general

&)
not so complete as Fisher holds. If Wrightt's view is
correct, then he is ggg. Nothing so definite is
known regarding the influence of epilstasis in
lowering the value of ,observed correlafion.

Again, the observed value of correlation may
be too high for one or both of two reasonsi (1) the
breeding, instead of being random, may be assortive,
and (1i) there may exist a correlation between the
related individuals due to a common environment.,

As regards the first point, Wrizht (1921) has
shown that, if there is assortive mating, wheither on
genetic resemblance such as inbreeding, or on
sometlc resemblance, the value of the genotypic
correlations 18 higher than that given in Table 73,
For instance, as a result of single generation of
brother-sister mating the value of the correlation
between parent and offspring is 0.671, instead of

the value of 0.5 as for random mating. Similarly

under conditions of perfect assortive mating, based

on somatic resemblance ( m = correlation between mates




= 1.0), the value is 0.816,

As regards tie second point, an increase in value1
results if there exists a correlation between the f
enviromments of the related individuals. Such a
correlation is normally present in most data, and its
value varies with the relationship of individuals.
Generally, the greater/lapse of time between the
periods to which the records of the related individuals
belong, the lower will be this correlation.
Accordingly, there is a lower correlation due to this
cause between the production of parent and offspring
than between the sibs*, Of the latter, paternal
half=-sisters, who are generally contemporaries, have
a greater resemblance due to environment than
maternal half-sisters or full sisters. Again animals
kept in the same herd resemble one another more than
those kept in different herds.

Fisher (1939, p.193=197), has stréssed the
importance of taking into the account the probable
effect of such environmental correlations when
estimating the "strength of heredity" from the
observed correlation between related animals.

As TLush (19392) has pointed out, when
heritability is being estimated from the resemblance
between relatives, the most dependable estimates are

based upon the closest relationships, because the

% 3.,e. collateral relation.

A
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‘sampling errors are thereby kept relatively small,
}For this reason relatives more remote than half-sibs
gare rarely of use for estimating heritability. Further,
(in Iush's own words) "the correlation between parent
and offspring is generally the most useful approach,
if environmental correlations can be discounted
adequately. The correlation between dam and offspring,
within groups of offspring all by the same sire, is
a very useful way of automatically discounting most
environmental correlations and deviations from random
mating".

.Finally it must he mentioned that since the
character of milk secretion is manifested by only
the female sex, direct correlations are possible only
between females. The correlation between sire and
daughter caﬁ only be measured indireetly from the

observed resemblance between paternsl half sisters.

'Gowen (1924) and Smith et al. (1930) have employed

Ethis latter method.

i(b) Measure of Inherent Milking Capacity
3 EnElOEed.

Meny different measures have been used to denote

Ethe innate milking capacity of a cow. Gowen (1920),
ETurner (1927c¢), Copelamd (1938), and Fohrman and
|

fGrav&;(lS&Q), for instance, have argued that the
?highest age-corrected milk record of a cow is the best

measure of her physiological capacity for milk
iproduction, and have therefore recommended its use |

for genetical stuaies, Copeland (loc.cit.) has also

claimed that the hishest milk record of a cow is very



|
'closely correlated with her average milk production

for a number of lactations, slthouzh Berry and Lush
(19%9) have shown that this hirk correlstion is

|
’spurious and is the result of ex post facto selection,

In his later investigatlons Gowen (1924) used the
milk record nearest to the age of maximum productivity,
i.e. eight years, after correcting it for age. Smith
et al. (1930) and Smith and Robison (1931), on the
other hand, employed the average of all corrected
records of an animal to measure her milk yielding
capacity., Plum (1935) used the first available
record of each cow. ILush and Shultz (1938) and Seath
and Iush (1940) used the highest corrected record for
some animals and the average of a number of corrected
records for others,

As has been pointed out already, each unselected
record of a cow is a measure of her_phenotype as
modified by environment. No one record is perfectly
correlated with another record or with the average of
a number of other records, so that no one lactation is
a perfect measure of a cow's phenotype. In genersal,
!the environmental conditions are as likely to be
.| favourable as unfavourable in any lactation., If the
highest corrected record is chosen to represent a
cow's milking capacity one is selecting a record made |

under the most favourable conditions of environment,

| When cows, all of which have not completed the same

number of lactations, are compared on the basis of



gtheir highest corrected record, the animals with a

Elarger number of known lactations obtains san

gadvantage over those with fewer lactations, in as much

as they have had greater chance to make a high record. 
In the writer's opinion the two alternative

procedures which are above criticism are either (1)

to use the record for a stipulated age for all

animals regardless of the'magnitude of that record,

'if otherwise normal; or (11i) to use the average of

all available, normal age-corrected records., Since

one record is more liable to be influenced by the

vagaries of environment, it will be preferable to

use the average of all available normal age-corrected

| records. Accordingly, this latter procedure was

adopted 1n the present study, and the values noted

in the following sections for persistency, meximum

and total yield therefore represent the mean values

for all recorded iactations.

4, Correlation between the Production of Dam

and Dgughter,

The correlation between the production of dam

!

and daughter was obtained by two methodss: (i) 338

dam=daughter pairs were included in the "milk" herds

fdata, and the correlation was obtained from these
;total data; (1i) the correlastion between dam and

‘daughter within groups of daughters all by the same

bull was studied for those bulls which had at least ;

five recorded daushters, This latter method furnisned



' 238 daughter-dam pairs, the daughters being the
;progency of 25 different bulls., ZExcent for a few
daughter~dam pairs, the records of both dam and

. daughter were made in the same herd., Similarly

%nearly all the different dauzhters of a bull came from

1
i

' the same herd, so that 1t was possible to determine
the correlation for each herd separetely. |

| The results obtained by the two methods will be
presented separately.

(a) Dam-Dauchter Correlations, Total data.

(1) Persistencye.

From a correlation table drawn from the values

of persistency of dams and daughters the statistical
constants shown in Tsble 74 were obtained.

Table 74 showing the correlation between the
persistency of dam and daughter,

Dam Daughter.
Mean 828.79+0.209 88.2110,234
Standard deviation 3.46+0,148 3.80£0.,166
Coefficlient of
variation 3.85%0,148 4,310,166
| r +0.20162
'3 +0.,20440+0,05464

It will be ocbserved that the mean of dams 1is

| significantly higher than that of daughters. The

t

standard deviation of the daughters, on the other

~hand, is slightly, though not siznificantly, higher.
‘The value of z is significant, showing that the
?observed positive correlation is significant. This

?means that the dams with persistency higher than the

470

ote



- average had daughters whose persistency was 2l1so

“higher than the average, and vice versa. The observed

fValue of r is, however, very much lower than the
igenotypic value of 0.5 which would be expected if
gthe parent-offspriﬁg correlation were solely due to
%heredity. This shows that a major part of these
differences 1s due to environmental causes,.

Table 75 gives the results regarding the nature
;of regression line of daushters! persistency on dams!?
 persistency.
Table 75 showing results abouﬁ test of regression

line of daughters! persistency on dams!
persistency.

' Source of Variaticn d/f Sum of Sgaires Mean Square
? ~ ,

' Between arrays 18 544,2
‘Within arrays 319 4325,.2 13.5586
| 337 4869 .4
' Linear regression 1 198.0
'Deviations from %
linear resression 17 346.2 20.3647 |
|
Total 18 544.2 §
| !
! F = 1.502

%The observed value of F for the mean square of deviati#ns

ffrom the linear regression i1s not significant at the
%5% level, showing that the regression line describing
\the relation of daughters! persistency to dams!?
?persistency is linear. The equation describing this

‘regression line 1s

P, = 68.30+0.22175pg

and Pg = observed persistency oI dam.

!
{
|
|
5
{

where Po = expected persistency cf daughterJ



pomel

The standard error of the estirate of daushters!

-persistency according to the forezoing equation is

_i3.72%, which 1s 1little lower than the observed

. standard deviation of the daushters, i.e. 3.80. This

 shows the very strong resression of the persistency |
| of individual daughters towards the mean of the total
population of daughters.

|

(1i) Meximum Yield.

From the correlation table drawn for the maximum
yields of dams and daughters, the statistical
constants given in Tgble 76 were obtained,

Table 76 showing the correlation between the
maxirmy. yield of dams and dauzhters.

Dems Daughters
Mean 50.56%0,378 52.2110.,409
: Standard deviation 6.9610.267 7.52%0.289
Coefficient of
variation 13,760,539 14.41%#G,565
r +0,36087
z +0.3780110.05464 g

' Both the mean and the stendard deviation of the

daughters are significantly higher than those of the

dams, although the difference between the value of ‘
.the coefficient of variation is not significant. The f

'value of z is highly significant, showing that the

‘positive value of r is not a chance result. The g
|
|

)value of r is nearly twice that reported for persistencp.

t

iHowever, as will be shown later this difference 1is
ilargely due to the effect of assortive mating.
The regression line descridinz the relation of

dauszhters! to dams! maximum yield is linear. This is



clear from the results zgiven in Teble 77, where the

.value of F for the mean square of deviations from

-the linear resression line is not significant at the

. 5% level.,
Table 77

showing the results about the test of

linearity of rezression line of

daughters! maximum on dams! mexXimum,

?Source of Variation

d/f Sum of Sguares

Mean Square

'Between arrays 34 4325 .59 48.6845 |

‘Within arrsys 303 14751 .40 i
Total 337 19074 .99 |

: !

Linear regression 1 2485,43 %

i Deviations from

; linear regression 33 1838.,16 55,7018

i

| Total 34 4323,59

| F = 1.1441

‘The equation of this regression line is

| My = 32.47+0.39042mg

where Mo = expected maximum of dauchter
and m3 = observed maximum of dam

The standard error of the estimate of daughters!

'maximum yield sccording to this equation is 7,03 1lbs

as against the observed standard deviation of 7.52 1lbs,

| (111) Total Yield.
From a correlation table drawn for the total

%yields of dams and daughters, the statistical constant#

‘given in Table 78 were obtained.

Table 78 showing the correlation between dams?
total yield and daughters! total yield.
Dam Daughter
Mean 8886 41175,0 8835.0179,.8
Standard deviation 1572,1£53,0 1467 ,6156.4

Coefficient of wvariation 15.5k 0,811 6.6 0,856
r +0,315821

z +0,3283420,05404
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‘There are no significant differences between the
‘values of mean, standard deviation or coefficient of
‘variation of dams and dausnters. The value of r,
ihowever, is highly significant., The correlation of
total yield is slightly lower than that reported for
fmaximum yield, but higher than that for persistency, =
although its difference from these two correlations

is not significant.

The rezression line describing the relation
between the total yield of deaughters and dams is
:linear. Tris is clear from the results given in
Table 79, where it will be seen that the mean square
of the deviations from the linear regression line is
actually lower than that within arrays.

Table 79 showing results of the test of linearity

of resression line of dauczhters! total
vield on dams! total yield.

Source of Variation d/f Sum of Squares® lfean Square?

gBetween arrays 28 1930.92 ;

' Within arrays 309 0682.28 313342

| Total 537 11615,20 |

| Linear regression 1 1153.86 !

' Deviations from

i linear regression 27 777 « 06 28,7800
Totsl 28 1930.92

1

| # In units of class interval %
used., f

1

{

' The equation of this regression line 1is

Yo = 5852.2+0.33568y3

where Y, = expected total yield of
daughter

and Y3 = observed total yield of dam.



;The standard error of estimate of the dauz
yield according to this equation 1s *1394.8 lbs, as
compared with the obscrved stanterd dgviation or
1467.6 1bs.

ub) Intra-3ire~Dam-Daushter Correlations.

? We have seen that the daughter dam correlations
z
|

for persistency, maximum and total yield are 0.,20162,
0.36097 and 0,31521 respectively. If these results

are free from the influence of assortive mating and

common environment, then according to Wright!s formrula

= 3h%

Tpo = 2
the value of h9g2 for persistency, maximum and total
yield is 40.324, 72.194 and 63.04ZFrespectively.
However, be fore any reliance can be placed on these
values, it mmst be established that the mating was

really random and that the observed correlation is

not due to any extent to the influence of common
?nvironment.

i The breecing practised may not be random as a
éesult of either inbreeding or of assortive ﬁating
#ased on individual performance or the performance of
near relatives. The extent of inbreeding practised
in the Ayrshire breed is slight., Fowler (1932)
gstimated it to be 4£.6% for the whole breed. It is
ﬁnlikely that the value differed markedly from this in
ény of the herds under study. The observed value of

parent-offspring correlation cannot, therefcre, be

affected greatly by this cuuse. The same does not,

rhters?! totsl
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:howevey, hold for assortive mating. 1In fact various
iworkers in the past have shown that the system of
fbreeding practised within a breed is definitely
assortive in this respsct., From the data of Guernsey
sires Goodale (1926) has, for instance, reported that
"tinse sires whose daughters average the largest

yield of butter fat were mated to cows of superior

raverage butter-fat production, while sires whose

!
i
|

;daughters averaged the least, were mated to cows whose
average was comparatively low", Gowen (1954) has |
| shown that the system of assortive mating practised
in Jersey cattle gives a correlation of +0,20%0.02
between the milk yields of a slire!'s mate and his daﬁ,
Jand of +0,1240.03 between a gire's dam and his '
imate's dam. Iush (1935), discussing the correlation

arising as a result of assortive mating, has stated

that "it is not unreasonable either from the genetic

principles involved or from the published studies of

dairy data to suippose that this correlation within

dairy breeds might well be as large as %,15 or 0.20%, |
To remove tre influence of this assortive mating
from dam~=dsughter correlations Turner (1927c) adopted
ithe procedure of correlating daugnter=dam production
‘'within groups of sires having the same averace progeny

performance. This method postulates, however, that

'sires having the same average progeny performance have

'similar transmitting ability, and ignores the influence
“ i



of the dam in determining the progeny performance of
the sires. Turner himself has admitted this, as is
clear from the following statement “It is guite

'obvious that the fault with any classification of

i
i

Isires using the progency performance a8 a measure of

their transmitting ability 1s the difficulty of
equitably evaluating the dam's contribution. On the
other hand, to detercine the relation between dams

‘and daughters some measure of the sire is necessary.,

‘It is a vicious circle for which as yet no entirely
?satisfactory golution has been found',

The method proposed by Lush (1939a) of

of daughters, all by the same sire, eliminates the
influence of assortive mating, if present. Since the
sire 1s constant for the various daughters of a bull
' this intra-sire correlation measures the average
contribution of the dam to the daughter for any
character.

The results obtained by this method are detailed

below.

(1) Pers:istency.

The correlations between the persistency of the

mates and daughters of each of the 25 bulls are given

'4n Table 80, It will be observed that the value of r
for individual sires varies consideradbly, the lowest
positive value being 0.04889 and tie hizhest 0.92465.

'Four out of the 25 correlations are negative, showing

determining the daughter-dam correlation within groyps

A% vy
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ga strong regfession of daughter!s persistency towérds
;the mean. The average intra-sire correlation and the
xvalue of hzgz for the different herds is given in
Table 81,

Teble 81, showing the intra-sire daughter-dam

correlation for persistency in the
case of individual herds,

Herd r z hzgz
A +0,26897 +0.27577£0.12403 53,794
B +0,27487 +0.2821410,12217 54,974
C +0.18610 +0.188331£0.16440 374220
D +0.355525 +0.37144%0,21822 71.050
E +0.07122 +0.07153£0.,17408 14,244

All +0.,23764 - +0.2422810.06523 © 47.528

Because of the small numbér of observations updn

which each correlation is based, the standard errors

of z are &ery high, so that the differences between
the individual values of z are not significant. The
average intra-herd value of'r must therefore be taken
as a measure'of parent-offspring correlation, It is

| significant to note, however, that, except for herd
C, the order of values of r of individual herds is
the same as that already reported in Table 68 for the
repeatability of persistency of the same cow in ;
different lactations. Herd D, which has the highest
repeatability value, has the highest value of r, gnd
herd-E.isithe lowest in both respects.

From the averasze value of r, the value of h2g2

works out at 47.5%. Increasing the latter value by j

% and %, (accordiﬁg to Flsher's and Wright'!s estimates

respectively for value of dz), gives the values of




' 71.3 and 59.4% for h®. These results are based upon
the assumption that the observed dam-dauchter

resemb lance is entirely cue to genetic causes, and that
' there exists no correlation between the enviromment ‘
- of dam and daughter., This assumption is, however,
?erroneous, since it has already been shown in Table 67
;that 42.,7% of the total variance is due to differencesg
jbetween cows. The value of h® cannot therefore be |
" bhigher than this. The inevitable conclusion is that

? much of the observed resemblance between dam and ;
~daughter is cue to the influence of common environment%
ifor which, unfortunately, no allowance can be made. g
%Even if it were assumed that there is no dominance,
éi.e. that d° is zero, the estimated value of‘hzgz is
%slightly hizher than the maximum possible value of b=,

- There exists, however, definite experimental evidence,

in the Jersey X Anzus crossbreeding work reported by

Cole (1925), that nigh persistency is partially i
%dominant to low persistency, so that absence of 5
?dominance cannot be the cause of the high value of h2g?.

(1i) Maximum Yield. |

Table 82 gives the correlations between maximum
' yield of mates and daughters of the individual bulls.,
"It will be observed that the value of r varies ’
with individual sires, the lowest positive value beingt
0.04343 and the hizhest 0.92698, and 1s negative for
six bulls., The average intra=-sire correlation and the

estimated value of hggz for each herd are given in

Tgble 33,
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Table 83 showing intra-sire dauchter-dam correlation
for maximum yield in the case of Individual

her@gL
Herd r z h2§2
0
A +0.25706 +0.26297+0,12403 51,412
B +0,24657 +0,.25178+0.,12217 49,314
c +0,.31335 +0,32428+0,16440 62,670
D +0.35830 +0,37494+0,21822 71.660
E =0.07988 -0.08080%0,17408 15,976
All +0,22262 +0.22644%0,06523 44,524

The negative value of r of herd E 1s not

Esignificant, neither are the differences between the

. values of r of individual herds. The intra-herd
§value calculated for the total data must therefore be

ftaken as an estimate of the correlation.

From this average correlation the value of h2g2

gworks out at 44.5%, and the values of h? at 66.8 and |
- 55.%% according to Fisher's and Wright's estimate of

- ae respectively. Both these latter values are higher
| total
than 50%, the portion of/ intra-herd variance of

%maximum yield due to differemces between cows which
; was reported in Tsble 69. This shows that either

; the observed value of rpo is higher than the real
value, due to the influence of common eneiromment, j
or that the value of 4% is zero, i.e. the influence
' of dominance is lacking.

(iii) Total Yield.

|
|
|
i
\
|
]
i
|

The correlations between the total yield of
" mates and daughters of individual bulls are given in
| Teble 84. It will be observed that, as with persistenéy
" and maximum yield, the value of r for individual

sires varies consideradbly and is nesative in three



cases. The average Intra-sire correlation, together
with the eatimated value of h2g2 for each herd are
glven in Table 85,

Tgble 85 showing the intra-sire dam-dauzhter

correlation for total yield in the
case of individual herds,

Herd r z ' h2g 2
EO

A +0.23967 +0.24444£0.12403 47,934
B +0.24484 +0.2499410,12217 48,968
E +0.56112 +0.65452¢+0.16440 112.224
D ¥0.22376 +0.22764+0,21822 44,752
E +0.07665 +0,076821+0,17408 15,330
All +0.26514 +0.2695110,06523 52.628

It will be observed that, except for the
difference between the values of z in herds C and E,
none of the differences between the different herds
is significant. No reason can be given for the
abnormelly high value: of herd C except tnat it may
be the result of enV1ron“ental influences. The
average intra-sire correlation for the total data

gives the value 52.6% for h% <, and 78.9% and 65.8%
for he according to Fisner's and Wright's estimate

of d% respectively. Since the maximum possible value
of h? as already reported in Table 71 (on the basis
of that portion of intraherd variance which is due

to differences between cows) is 55.9%, both these
estirates of h® are too high. This shows either that
the value of h2g2 is too high on account of the
contribution of the common environment Bo the dam=-

daugnter correlation (for which no allowance is made)

i or that there is no dominance. Gowen's experiments

| with dairy and beef crosses (1920b) and extensive
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é crossbreeding work carried out in India have shown
f definitely that high yield is partially dominant

% to low yield, so that lack of dominance cénnot be
the cause of the high value of hzgz. This must
therefore presumably be due to the influence of

. environment.

| (c) Discussion.

The intra-sire values of dam=-daughter correlation

| for persistency, maximum and total yield are 0.23764,
5 0.22262 and 0,26314 respectively, as compared with
| 0.20162, 0.,36097 and 0.31521 respectively obtained
from the total data. The difference between the two
sets of values is due to the influence of assortive
mating. The intra-sire values which are free from
the effect of assortive mating are =211 about equal,
their differences from one another being not
significant,

All the intra-sire correlations are too high,
owing to the correlation between the environment
| of dam and daughter for which no allowance can be
made., As a result it is not possible to determine
' the exact value of h2 for these data. All that can
| be done is to indicate the maximum values that are
possible., If the influence of comron environment

. 1s equal in all three correlations, these maximum

' values are approximately 43,50 and 56% for persistency,

| meximum yield and total yield respectively. It is

| possible, however, that the influence of environment

Vs



may not be identical, in which case these values
would require modification.

From the foregoing results, it will probably
not be incorrect to state that, of the total variance

observed<in these data for each of the three

characters, only 40-45% is due to genetic causes (h2),

There are indications ﬁhat this value is very much
lower for herd E, where probablr;r;;ore than 15=20%
of the total variance is hereditary. The value 5f
h2g2 for the total data is approximately 30%, if
there 1s complete dominance., Since it is the additive
genetic part (h2g2) of variance that is gained by
selection, the results show that, corresponding to a
selection differential of 100 lbs in any generation
the real advance will be 30 lbs., The average intefwal
between generations in the case of dairy cattle is’
four to four and a half years (ILHsh, 1938). This
means that the annmal rate of advance will be

approximately 7% of the selection differential, This

can hardly be termed an encouraging rate of progress.

5. Influence of Sire and Correlation between

Paternal Half-Sisters.

In the last section the correlation between
dam and dsughter with regard to the different constant
of the lactation curve was discussed. Let us next
examine whether any genetic differences exist between

the different sires used in the herds under stmdye.




- results that there exist distinct differences between
| the mean persistency of the daughters of different

" bulls, and that these differences are not entirely

- mates of different bulls. Bulls bred to mates having

~ between the transmitting abilities of the different

i bulls. This is equally well shown in Tgble 86, which

. daughters and mates of individual bulls (those with

. been given in Table 30. It is guite clear from these

Goviously the metnoa employed in the last section, 1i.e.
a direct. correlation between Tre performence of parent

and offsprinz, is not zpplicanle, PReliznce must

- therefore be placed on the indirect metnod of study

~1.e., the relation between pater:;al half-sisters.

(a) Fersistency.

(i) Influence of 3ire. The rean persistency of the

- at least five daushters) used in these herds have . ;

due to the differences between the persistency of the

a persistency above the average bezot daughters below
the averaze, and wice versa., The influence of the

sire is thus substantiated, as also are the difference

——

gives the analysis of variance of the persisbency of

the daughters of different bulls.




Table 86 showing the analysis of variance of
persistency of daughters due to bulls,

i
i

|Source of Variation d/f Sum of Mean F
f Sguares Sguare
' Between herds 4 194.0505 48,5126  *4,25d
Within herds - 2335 2957,.,9376 12.6952
Total 237 3152.0381 13,2997

Between means of

#significant.
Portion of total variance of daughters due to
differences between

Herds 13,2997 = 12, 5952 4.545%
13.2997

Bulls 13, 2997 - 11.3912 =14.350%
13 2997

Portion of intra-herd variance of daughters due to
differences between

Bulls 12,6952 = 11,3912 =10. 2725
12,6952

‘It will be observed that the mean squaresfor both

| "between herds" and "between sires" are significant.

the means of daughters belonging to different herds,
vand between the means of daughters of different bullsN
belonging to the same herd., The "within daughters"
mean square is 10.3% lower than that "within herds".
This corresponds tora correlation of 0.105 between the

persistehcy of paternal half-sisters in a population

This shows that there are significant differences betwe

daughters of
different sires 20 531,6685 26,5834 #2.33
‘Within daushters of
different sires 213 2426.5191 11,3912
Total 233 2957 .,9876

en




| Between means of

sires 20 246,0205 12.3015
' Within mates of
different sires 213 2630.,7019 12.3507
Total 233 2876,.,7314

 fact, is less than the "intra-herd within mates" mean

of paternal half-sisters belonging to the same herd.
This point will be discussed again, however, in the
light of results obtained from more extensive data,

That the differences reported in the preceding
paragraph‘between the daughters of different bulls are
not due to differences in the mates of different
bulls is clear from the results given in Table 87,
which shows the analysisnof variance of persistency
of mates:of different bulls.

Table 87 showing analysis of variance of persistency
of mates due to bulls, '

Source of Variation d/f Sum of Mean F
Squares Square

Between herds 4 74,1589 18,5397 1,501
Within herds 253 2876,7314 12,3465
Total 207 2950.,8903 12.4510

mates of different

Netther the "between herds' nor the intra-herd "between

sires" mean squares are significant. The latter, in

square,
The last column of Teble 80 shows the persistency
"index" of each sire calculated according to formula

Sire ihdex » 2 X daughter'!s performance - dam's |
performance

With minor modifications this formula has been




recommended by Hansson{1913), Schmidt (1919), Yapp
(1924), Wright (19231d), Rice (1933), and Lusa (1933).
The index for each bull measures his transmitting
ébility. It will be observed that there are very
great differences between the different bulls in this
respect,

(11)Correlation between pabernal half-sisters., We have

discussed so far the results from sires with at

least five daughters. There were only 25 sires which
satisfied this condition, although there were 88 sires
who had two or more daughters each. The study of the
correlation between paternal half-sisters was made
from this latter material,

It must be emphasised at the outset that the
correlation between sibs is of the‘intra-class type,
as distinct from the inter~-class type that exists
between parent and offspring. The general method so
far employed to determine the intra-class correlation
éhas been first to construct a symmetrical correlation
{table (Gowen, 1924, 1933, 1934), and then to determine
the correlation from this table according to the well-
known formulae, In this study, however, we used

Fishert's method of analysis of variance to accomplish

the same.
i It has already been mehtioned trat there were
|

;88 bulls with two or more daughters. The number of
ffamilies of half-sisters was therefore, 88. These 88

‘families came from five different herds, and the total

|
i
i
i

|
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;number of paternal half-sisters included in these
Zfamilies was 479. Table 88 shows the resulits of the
;analysis of variance of persistency of these paternal
: ;half-sisters.

Table 88 showing the analysis of variance of
persistency of paternal half-gsisters.

' Source of Variation d/f Sum of Mean F
Squares Square

Between herds 4 235.6429 58,9107 #4.877

' Within herds 474 6752,2472 14,2452

| Total 478 6987.8901 14,6190

Between families 83 2029.3223 24,4497 %#2,024

' Within families 391 4722,9249 12,0791

Total 474 6987.8901

' *Significant;
Portion of total variance of persistency of paternal
half-sisters due to differences between

Herds 14.5190 = 14,2452 = 2.557%
14,5190 -

Fanilies 14,6190 - 12,0791 =17.374%
14,6190 -

Portion of intra-herd variance of paternal half-sisters
due to differences between famllies

14,2452 = 12,0791 =215.206% *
14,2452

It will be observed that the mean square "between

herds" is significant showing that the means for

persistency of half-sisters coming from different herds
Ediffer significantly among themselves. The differenceé
fin this respect account for 2.6% of the total variance.

;Similarly the "intra-herd"between families" mean §



_square is hishly significant. The "intra-herd within

families"™mean square is lower by 17.4% and 15.2%

' than the %otal’ and "intra-herd" mean squares ?

respectively. The former results corrésoonds to a
correlation of 0,174 between paternal half-sisters in
the lumped data for all five herds, and the latter
result to a correlation of 0.152 in a population of
half-sisters velonging to the same herd. The latter
result also represents a correlation of 0.592 between
the "sire" and daugkters on an intra-herd basis, if the
term "sire" is used to denote not only the sire himself,
but also all other factors which are cémmon to
paternal half-sisters belonging to the same herd., It
will be observed that this value is considerably higher
than the dam-daughter correlation already reported.
This is mainly because the corrciation due to the
common environment is hizher between paternal half-
sisters, who are generally contemporaries, than between
dems and dsughters, whose records for the same age are

separated by a period of at least three years,

So far the combined results from all the five
|
herds have been considered. A study of the results of |
kindividual herds, however, revealed distinct differences

between the values of haif-sister correlations. This

'1s clear from Table 89, which summarises the results |
| |
ffor individual herds. It wlll be observed tlat the f
| ' !

‘mean square "between families" is significant only in

‘herds B and C. In the other three herds it is not i
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ésignificant even at 5% level., In herds B and E only |
;eg}of the total variance is due to differences between2
ithe means of families, and in herd A this value is é
:only 10%. This indicates that the transmitting
abilities of the sires of most of the daughters in
These three herds, particularly in herds D and E,
were almost identical so far as persistency is
concerned.

(b) Meximum Yield.

‘(izInfluence of Sire. Table 82 gave the mean maximum

yield of the mates and daughters of each of the

25 bulls who have at least five daughters. Tt will
be observed that the means of the daughters of
different bulls differ considerably, and that these
differences are not altogether due to the differences
between the means of mates of different bulls. Bulls
bred to mates having a maximum yield below the
average begot daughters whose maximum was above the
average, and vice versa. This proves conclusively the
important and independent role of the sire in
determining the maximum yield of his daughters, as
also the fact that there are distinct geénetic
differences betwean the different bulls in their
transmitting ability with regard to maximum yield.
These conclusions are further supported by the results

given in Tables 90, 91, and 9.
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Table 90 showing th: analysis of variance of
maximum of dausghters of different

bulls,
Source of Variation d/f+ Sum of lean F
Squares Square
Between herds 4 1612.74 403,1850 %10,.476
Within herds 233 11820,08 50,7299
Total 237 13432,82 56 ,8'786

Between means of

daughters of _
different bulls. 20 3622.65 181,1325 #* 4,707
Within means of

daughters of

different bulls 213 8197.45 38 4856

Total 23311820408

#significant.
Portion of total variance of daughters due to

differences between

Herds 56,6786 = 50,7299 = 10.495%
56 .67686 :

Bulls 56.6786 - 38,4856 = 32.098%
56.6786 A

Portion of intra-herd variance of daughters due to

differences between bulls

50,7299 = 38.4856 = 24.136%
50,7299 :

It will bé observed that the mean- squares for
"between herds" and "between sires"™ are both significant.
However, as is clear from Tzble 91, there are simllar
significant differences between the mates of different
bulls., There is a correlation of 0.168 between the
different mates of a bull in a population of mates all

belonging to the same herd.

i
I

i
t




| daughters of different bulls for differences with

Teble 91 showing the analysisof variance of
mates of different bulls,

Source of Variastion a/f Sum of Mean F
Sgquares Square
Between herds 4 878,53 219.6325 %5,724
Within herds 233 10751 .53 45,1441
Total 237 11630.11 49,0722
Between mates of
different bulls 20 2578.,35 128,2175 %#3,360
Within mates of
different bulls 213817 3.23 38,3720
Total 233 10751, 58

#3ignificant
Portion of total variance of mates due to differences
between

Herds 49,0722 - 46,1441 = 5, 967%
' 49,0722

Bulls 49.0722 = 38,3720 .21.805%
49,0722

Portion of intra-herd variance of métes due to
differences between bulls |

46,1441 = 38,3720 = 16.843%
46,1441

We must, therefore, determine whether:the’observed
differences between the mean performance of daughters
of different bulls are explained by the differences
between the mates of the different bulls, or whether
they are due to the independent influence of each
bull. This examination can be made by the method of

analysis of covariance after adjusting the means of

respect to the mates., Table 92 gives the results of

such an examinatiom.

T
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The Lilghly sligniiicant valace oif & leads to the
conclusion that the differences hetwesen the mates do
not explain the differences sctween the bulls; after |
these differences have been adjusted to a common basis |
so far as the yield of mates is concerned, they still
differ significantly., It is therefore clear that the
differences between the daurshters are due to the sires,

The "index" of maximum yield for each sire is
given in the last column of Table 32. A comparison
of these values with those already reported for

persistency shows that the two characters are quite

inc@pendent.

(ii) Correlation between paternal half-sisters, As with

persistency, this was studied from the total data by
the method of analysis of varisnce. The results are

given in Table 93,

Table 93 showing the analysis of variance of
maximum of paternal half-sisters.,

Source of Varistion d/f Sum of Mean F
Squares Square

Between herds 4  2620.60 655.1500 #%18,748
Within herds 474 22529.43 47,5305

Total ' 478 25150.08 52.6152
Between families 83 8865,70 106.8157 * 3,057
Within famllies 391 13663,78 34,9457

Total 474 22529 .48

a"s:‘Lgnif:'LcaLn’(:.

Portion of total variance of half-gsisters due to

differences vetween

Herds 52,6152 = 47.5305 = 9.664%
52.6152

Families 52.6152 - 34,9457 =33.582%
52,6152




Portion of intre-terd veriance of hsilf-sisters due
to differences between

Femilies 47.5305.~ 34,945%7 = 26.477%.
47 45305

It will be opserved that the mean squares both
"between herds" and "between Families" are highly
significant. The herd differences account for 9.7%
of the total variance of half-sisters. The mean
square "between families" is 33.6% lower than the
gross mean square and 26.5% lower than the intra-herd
mean square., This indicates that there is a
correlation of 0,336 between paternal half-sisters
in the pépulation of half=-gisters in the lumped data
for all five herds, and a correlation of 0.265 between
half-sisters in the population of half-sisters all
belonging to the same herd. The latter correlation
corresponds to the sire-dauchter correlation of 0,51,
which is considerably higher than the value reported
for dam and daughter in the last section. This higher
value is due to two causes: (i) the influence of
assortive mating, as indicated by the correlation of 0
between the mates of the same bulls, and (ii) the fact
that the correlation due to the common environment is
higher between paternal half-sisters than.between dam
and daughter,

Table 94 gives the results for individual herds.
It will be observed that the mean square for herds
A and B are significant, whereas those for herds C,

D and E are not significant, even at 5% level, "".e

. 1684




jThe portions of total variance of paternal half-sisters

% which are due to differences between families are

; about 8, 5 and 6% respectively in the latter herds,
| This shows that, so far as maximum yield is concerned,‘
there 1s little genetic variability between the
' various bulls used in these herds. On the other

hand, the correlation betwecen half-sisters is too
high in herds A and B, where r = (0,5446 and 0,3984
respectively, instead of 0.25 which is the value of
the genotypic correlation between half-sibs. This
points to the large influence of common:environment
and assortive mating in determining these correlationsi

(¢c) Total Yield.

(1)Influence of Sire. The mean total yield of the

i mates and daughters of each of the 25 bulls having
five or more daughters has been given in Table 84,

' It will be observed that the means of both daughters
. and mates of different‘bulls differ considerablye.
However, the daughter differences are not entirely

| due to the differences between the mates. Bulls bred |
| to mates having total yields above the average begot
| daughters whose total yield was below the average,
and vice versa. This agaln proves the important and
| independent fgle of the sire in determining the total

I

| yield of his déughters. It also shows that there

- exist definite hereditary differences between the

| various bulls and their transmitting abilities with

regard to total yield. These conclusions are further




|
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bulls. i
Source of Variation d/f Sum of Mean F
Squares Sguare |
Between herds 4 55162614 13790655 %9.214
Within herds 233 4565854922 1959463
Total 237 511717536 2159146
Between means of
| daughters of different
 bulls 20 137772151 6888625 #*3,516
Within means of
daughters of
different bulls 213 318782771 1496633
Total - 233 456554922 1959463
%*gignificant

FERS
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supported by the results given in Tables 95, 96, and
o7.

Table 95 showinz the analysis of variance of
total yield of daugnters of different

{
i

Portion of total variance of daughters due to
differences between

Herds 2159146 - 1959463 = 9.248%
2150146 :

Bulls 2159146 = 1496633 =30.684%
2159146

Portion of intra-herd variance of dasughters due to
differences between bulls

1959463 = 1496633 = 23.620%
1959463

It will be observed that the means squares

"between herds" and "between sires" are both significant

&he differences between herds account for about 9%

. !
| |

Ff the total variance of the daughters, whereas the

!

i

differences between bulls account for about 24%. As

%ill be clear from Table 96, however, there are also

ot
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;significant differences between the production of the
;mates of different bulls. This assortive mating is
?sufficient to cause a correlation of 0,154 between
the different mates of a bull on an intra-herd basis.

Table 96 showing the analysis of variance of
total yield of mates of different

bulls,
Source of Variation d/f Sum of Mean F
. Squares Scuare -
Between herds 4 32516107 8129027 #5,167
Within herds 253 433049549 1858582
Total 257 465565656 1964412

Between means of

mates of different

bulls 20 97979862 4898993 #3,114
Within means of '

mates of different

bulls 213 335069687 1573097

Total 233 433049549

#gignificent
Portion of total variance of total yield of half-sisters

due to differences between

Herds 1964412 - 1858582 = 5.387%
1964412 :

Bulls 1964412 - 1573097 #19.921%
1964412

Portion o intra-herd variance of total yield of
half-sisters due to differences between bulls

1858582 ~ 1572097 =15.36%
1858582 .

That the observed differences between the daughters
‘of different bulls are not entirely due to the

differences of mates of different bulls 1sshown in

Teble 97, which gives the results of the analysis of

covariance after adjusting the means of daughters of




idifferent bulls for the differences with respect to
the mates. It will be noted that the value of F is
highly significant. This proves the independent
‘influence of the sire in determining the production
of his daughters.

The last column of Table 84 gives the "index"
of each sire for total yield. It will be seen that
these indexes have a large range, theylowest value
peing 5858 1lbs and the highest 12,170 lbs, This
demonstratesthe great differences between the transmitting

abilities of the various bulls used in the herds under

study.

1
1
E (ii)correlation between paternal half-sisters. The

results of the analysis of variance of total yleld of

baternal half-gsisters derived from the total data are
\
Fiven in Table 98,

. Table 98 showing the analysis of variance of
| total yield of paternal half-gigsters.

Eource of Variation a/f Sum of Mean- F
[ Squares Square
|
Between herds 4 89531539 22382885 %*13,772
Within herds 474 951814288 2008047
Tﬁ Total 478 1041345827 2178548
éetween families 83 316350886 3811456 # 2,345
ithin families 391 635463402 1625226
Total 474 951814288
#significant.

Portion of total variance of paternal half-sisters due




%o differences between

Herds 2178548 = 2008047 = 7.826
2178548

FPamilies 2178548 - 1625226 =25 .,399%
2178548

Portion of intra-herd variance of paternal half-sisters
due to differences between families

2008047 = 1625226 =19.064%
2008047 v

It will be noted that both the mean squares
"between herds" and "between families" are highly
significant. The herd@ differences account for 7.8%
of the total variance, and the family differences
for roughly 25.4% of tle total variance and 19.1% of
the intra-herd variance, These latter results h
correspond to a correlation between paternal half=-
sisters of 0.254 in the lumped data for all five herds,
and of 0.191 on intra-herd basis. The intra-herd
correlation gives the value 0.45 for sire-daughter
correlation which, for the reasons already explained in
the case of persistency and maximum, is again considerably
higher than the daughter-dam correlation. Plum (1933)
studying the data of milk yield of a large Jersey herd
observed a correlation of 0.48 between daughters and
sire.

The results for individual herds are.given in
Table 99. It will be observed that the only significant
mean squares are for herds A and B. The means square

for herd E 1is not significant at 5% level, wrereas




respectively in these herds. This, as already polinted

i

value of the dar-daughter correlation was entifely

¢
for herds C and gﬁﬁgan square "within families" is
higher than that "between familiesg', This indicates
that in these two herds paternsl half-sisters varied
slightly more than unrelsted cows, i.e. trat the
individnal sires did not cause any differentiation of
their progeny into distinct families each with a
different level of production. The "sire" effect, is

however, very strong in herds A and B, the correlation

between the paternal half-sisters being 0.526 and 0,300

out in the case of maximum yield, 1s due to assortive
mating and thwe influence of environrent,

(@) Discussion,

Under conditions of random mating with no
dominance and complete determination by heredity, the
correlation between half-sisters (r,,) may be represent

as

Too ™ %hz

If, however, a part of the resemblance between half-

sisters is due to the influence of common environment,
then
Too = -%:hz"' e?
Wright (l92ﬁ3 has evolved alternative formulae
to allow for the influence of dominance and assor&ive
mating, if present. Gowen (1933, 1934) has quoted

and employed these formulae in his studles. For this

purpose Gowen (1934) assumed (i) that the observed

2{})

the result of senetic resemblance, and (il) that the

o
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teffect of the common environuent was the same with

3full sisters as with half-sisters. From these
éassumptions and from the observed values of correlation
i‘between sire and dam, dam and dauzinter, full-sisters

and half-sisters, Gowen was able to separate approximatély
the part of variance which was due to hereditary causes;

from that which was due to environmental causes common

to both the full and half-sisters. !
The results reported in the last section definitel&
prove that the first assumption does not apply to |

these datge Similarly there seems little justification

for the second assumption. Paternal half-sisters

are gensrally contempora®ies, armd therefore the correlation A

between them 1s influenced to a greater degree by
environment than the correlation between maternal

half-sisters or full sisters,

Since we do not know the exact value of hZ as . !
determined from parent-offspring correlation, it is not i
possible to separate fro: the observed correlation

between half-sisters, tnat part of their resemblance

which is due to the effect of common environmente.

However, from the results now reported it is gquite

iclear that definite genetic variability does exist
|between the bulls used in the different herds, and,

when each herd is considered individually, between the

bulls used in herds A and B in regerd to maximum and

total yield and in herds B and C in regard to

persistency.
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GENERAL SUNNMARY ,

A review of the existing knowledge regzarding
the inheritance of milk yileld indicated the néed
for a more extensives investigation of the subject,
particularly witih reference to (i) the inheritance
of the various components of the lactation yield,

and (1ii) the differentiation of hereditary from

In the present thesis an account 1s given of
such an investigation, the requisite data being
obtained from six prominent herds of tuberculin
tested pedigree Ayrshire cattle, The bfficial milk
records of all the recorded cows in these herds were
used as a basis of study, (i.e. the investigation
was not limited to published records and therefore
to selected datg). The available data comprised a
total of over 2,300 lactation period milk records.
The pdrtion of the lactation curve studied was
between the period 15 déys to eight and a half months
after calving and the milk production of' each
record in successive 30-day intervals over this
period was computed.

The first step was to find a satisfactory
mathematical expression to describe the shape of the
lactation purvé. After reviewling the previous work,
the use o;?pronential curve was decided upon, As

a result of preliminary work, however, it was

discovered that, althouch this curve gave a good fit.

W
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with some lactations, the fit was extfemely poor ;
for others. The parabolic exponential curve was next?
tried and it was found thatwithmost cows the addition?
of the extra constant considerably improved the fit |
of the exponential curve. As a result of this work
it became clear that, to describe the shape of

individual curves satisfactorily, two constants were

required: (i) the linear (exponential), which
measures the average slope of the curve, and (ii) the
parabolic, which describes how on an average the rate
of this slope varies from period to period. With
most lactations the former term was, however, found
to have a preponderating influence in graduating the
time-chahge of milk yield, and in view of this fact
and of the very high variabliity exhibited by the
parabolic term, the latter was not included in the
subsequent work (except in the study of the effeect of
time of calving).

Because of the poor fit of the exponential curve
in some lactations, the maximum yield as given by the
fitted theoretical curve was very different from the
observed maximum. It was, therefore, decided to use
the latter instead of the theoretical value to

measure the paximum yield of any lactation.

A special study was made of two environmental
factors which are known to influence milk »roduction

and on which quantitative data were available, namely ?

' month of calving and age.

Two methods were adooted in studying the
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influence of month of calving, one of whtch was
based on the lumped data for all lactations and the
other confined to intra-cow comparisons. The results
obtained by the two methods are discussed in the
text and an explanation offered of the observed
variations. Correction factors were worked out
for persistency, maximum yield and total yield.

The influence of age was next investigated
from data corrected for the effect of month of
calving, two alternative methods again being
employed. The influence of selection was studied and
allowed for in working out the correction factors
for persistencj; maximum vield, and total yield. A
study was also made of the correlation between tﬁe
production of a cow at different ages. The bearing
of these latter results on the question of
predictability of the future performance of a cow,
the value of,each'production record as a measure of
a cow's genetic constitution, and the meth&i of
standardisation of records for the influence of age
was indicated.

The predictability of the perfofmance of a cow
in o future lactation on dhe basis of her production
in all the earlier lactations was studied by the
method of multiple rezression. It was found that the
performance during the lactation immediately

preceding that to be predicted givesnearly as good

5

an estimate of the probable productlon as the yield
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for all the previous lactations.

standardised for the influence of aze. It was found

iobtained by this method were indicated. The parent=-

S
—

The correlation between persistency, maximum

yield and total yield was determined from data

that; though there existed a slight negative
correlation between persistency and maximum yield on
an intra-cow basis, the persistency was independent
of the maximum yield when the means of different cows
were correlated., The value of this result in
practical breeding was indiceted.

The relative role of maximum yield and persistency
in determining ﬁhe variations of total yield both
"between cows" and "within cows" was investigated.

In studying the observed variations of the
standardised data, special attention was devoted to

a determination of the relative parts played by
heredity and enviromment. The portions of total
variance due to differences between years, herds and
cows were determined and the relative stability of the
different constants of the 1éctation curve investigated
Different methods of measuring the heritability of a
particular character were reviewed, and 1t was shown
that in the case of farm animals the only practical
course was the use of the method of correlation
between animals related by a common line of descent,

The major pitfalls in the interpretation of results

| offspring correlations and the correlatiocn between i

~3




paternal half-sisters were reported, and it was
shown that the genetic differences (in the broad sensej
between the animals studied could not account for |
more tran 40?45:% of the observed variance of

persistency, maximum yield or total‘yield.in the

"Jumped" data,
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Table I,

shcwina No, of Tecords for each herd anc the VYear to which these FRecords belonsed,

perd 3;;328 1921 19022 1923 1924 1925 10926 1927 1628 1¢2C 1930 1¢31 1632 1933 1934 1835 1936 1¢37 1538 1939 Total
A 45 13 18 22 24 26 25 20 29 27 24 27 23 26 23 24 26 26 28 485
B 1 17 25 32 32 28 35 30 33 31 44 31 36 37 31 34 1 478
C ) 1 2 2 ) 42 61 55 45 47 65 64 56 62 62 67 71 61 12 781
D 4 18 25 30 31 32 38 36 35 25 274
B S 11 26 25 43 39 30 51 45 46 54 49 62 50 33 567
F 12 8 10 12 19 16 20 17 20 20 15 18 20 16 8 S 4 3 243

Total 60 22 30 37 66 120 164 158 165 172 182 218 205 225 210 219 236 206 132 1 2828
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Neme Tattoo Markings Herd Book No. Born llarch 1919
Sirse Herd Book No. Dam Herd Book No,
Date of Calving 8/3/23. No. of Iesctation 2nd Date of Last Service 4/6/23 Service Period 88 days
Date of Last Calving 3/10/21.Date of Drying Last Dry Period Before Sex of Calf Heifer,
No. of Times VMilked. Twice Lactation 20/12/22 Current lactstion 78 days
Year NMilk in Gallcons Per cent Lbs. of No. of _ MIIK RECORD BY PERIODS,
1923 lbs of Milk of Fat Butter Days No. of No. of Daily Total Per Fat Total Total Average Daily
Dates Daily for days Fat for Period Days Milk Milk cent Yield Milk  Fat Milk Yield for
e eedays Yield Yield of Fat 1lbs. Yield Yield each Period,.
lbs. 1bs, lbs, 1lbs.
18/3 47,5 95 3e€ 842 20 15 47,5 712.5 3.6 25.,6 1712.,5 25.6
5/4 40,5 73 4,1 299 18
21/4  41.5 66 3.7 238 16 1 5 47,5 237.5 3.6 8.6
/5 3045 67 4,0 268 17 18 40,5 729.0 4.1 29,9
28/5 46.0C 92 3.6 331 20 7 41,5 290,5 3.6 10,4 1257.0 48,9 41,9
16/6  42.5 81 3.8 308 19 2 9 41,5 373.5 3.6 13.3
8/7 37.0 81 4,1 332 22 17 395 671,85 4.0 26,8
27/7 32,0 61 4,1 250 19 4 46,0 184.,0 3.6 6.5 12200 46.6 41,0
17/8 31,0 65 349 254 21 ) 16 46,C 73640 346 26.6
4/9 24,5 44 4,3 189 18 14 42,5 595.0 3.8 22,8 1331.,0 49.4 44 .4
27/9 2045 47 5.0 235 23 4 5 42,5 212.,5 3.8 3.0
15/10 16.5 30 4.8 144 18 22 37.0 814,00 4.1 33.2
3/11 14,0 27 5.C 135 19 3 32.0 96.,C 4.1 4.1 1122.,5 45.3 37 o4
22/11 18.5 35 4,6 161 1¢ 5 16 32,0 512.0 4,1 20,9
8/12 18,5 25 4.4 110 16 14 31.0 434.0 3.9 16,8 946.,0 37,7 3145
22/12 14.C 20 4.8 96 14 6 7 31.0 217.0 3.9 846
18 24,5 441.0 4,3 18.9
5 20,5 102,55 5.0 5.0 760.,5 3245 2545
7 18 20.5 369,0 5.0 18.5
1z 16.5 198.,0 4.8 9.6 567.0 28,1 18.9
8 6 16.5 99,0 4.8 4,8
19 14.0 266,0 5.0 13.5
5 1845 92.5 4.6 4,1 457.5 22.4 15.2
9 14 18,5 259.0 4.6 12,0 (*7670.5)
16 15.5 248,0 4.4 11.0 507.0 23.0
10 14 14,0 196.0 4.8 9.6 156,0 9.6
Total 909 4,07 3692 299 299 9086." 369 .1 9086.0 369. 1

“*MAtal far ei~ht neri ons.
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Table 4 comparin: the fit of the “xponent ' sl ang Fere.ciic -Xponetici U irves,

1. 24 3 | 4, o | 5,

Month (bserved Estimated Ovgerved Estirated Creerved Smatliatan goserved Vot iented Crserved Zstirmated
Yield Yield Yield Yieid Yield Yield Ve ld Yisld Yieln Yield
Expo- para= JvoCe=  para- IXpo~= para=- Lxpo= pere- LXpo= pam
nential Dolic nential bolic neritizl Do.ic nential Holic nentizl bolle
1 5l.2 71.2  50.6 55,9 7542 5.5 RO Cll.E 28,3 52.0 27 o3 2549 BZ.4 38,3 3F .2
2 51,9 56.,0C Ze2 A5 44 52,1 5% .5 22.2 £ el 3C a3 24 49 2544 25.2 40,9 37.1 3€ .3
3 52,4 43,8 50,7 49,5 50,7 57 .5 25 .1 2763 2549 20,2 22.2 22.5 5% e2 5549 368
4 42,3 4.0 43,5 52,0 41.5 51,2 2% .2 £5.4  22.6 2.8 2l.1  2C. 34.4 34,3 37,2
5 54,7 2F 45 549 42,0 37,9 41. 20,7 2.7 2042 13.4 10,3 8.2 Z4.7 33,7 35.1
5 2.4 22-5 25 4% 2169 2"7.’7 E1a4 1=, 224 12.6 19.5 17.6 17.1 ST a4 3247 CY
! l".z 'x’_}.l 15.3 ‘dl .Q 26\.(&. 2 °V7 2:-1 2‘:05 1904 &’7.2 1601 lSQC 55.2 Zl.’? 31.4
3 2,5 12.5 2,3 1&.5 13.5 3.2 195 1960 200 14,4 14,7 15, 2.4 Z0,7 29.0
£73 YR N 12,2 E70.3 104,02 02.1% 5.0 34.2 20.2 72.4 51 .4
Total sur of sguares 35749635 3356327 202121 00732819 .0189474
Sum of sguares
accounted for by
CY: T ATy I>1s : =S B .
il'.in'?o.r"tf/'_f? o . 04930’258 .3??4912 o O $~1u «05880121 JNO79356
: peradolic ¥ ,0784£43 (586064 0247721 0033488 « 2015354
N NWRegidusl M « 0034200 $ Q04451 CECEOA 0095210 0090754
Mean Sanare Y « 0005374 L00123¢ s 01155 « 001004 001315
Varience Paiio - ‘ . 20013
Linesr term..  *718,2 25,10 ¥51.7 ¥z2,670 4,3
Varisnce Ratio
parabolic term, %¥114.4 * 43,904 #21.5 1.75 1.07
o C
311 eont,

k- 8 e oot
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Table 7 showing the variation of the different constants
of the lactation curve with month of calving.

Month of Calving Perg;%ﬁency Parabolic Constant Maximum Yield Total Yield

“1bs 1bs
January 90.85 ~0.00338 45,76 832345
t0.265 £0.00030 t0.485 t 90.5
February 89 .43 =0,00607 45,03 7843,9
$0.284 £0.00036 $0.443 £ 90.9
March 88,88 =0.00757 45,94 794042
$0.216 0.00032 $0.401 it 78,.8
April 88.16 =0.00616 46,80 780049
£0.239 £0.00036 ¥0.400 f 9.4
May 87.78 «0.00301 48,34 7837 .5
$0.372 ¥0.00048 $0.753 3138.1
June 88.20 ~0,00161 48,63 777549
$0.570 £0.00077 31,233 1216,.5
July 90.23 -0.00163 44,23 7525.0
$0.918 £0.,00080 0,986 t214.9
August 91.58 +0,00036 43,12 7634 .4
$0.538 %0.00096 1+0.882 $194.3
September 91.30 +0.,00069 45,13 7836 5
$0,.323 £0,00043 20,646 $127.5
October 91.64 +0,00102 45,79 8119.4
0,269 $0,00037 $0.532 $108.3
November 91.97 +0,00033 45,76 8224.,3
+0,267 £0,00039 0,557 $108,.7
December 91,11 -0,00124 46,02 8176.1
£0,260 $0,00039 £0,611 7 +122.4

Mean of all
months 89492 =0.00370 45.98 Z964-5
0,092 20.00014 fo.104 2.2



the seme cow when calving in different months.

Table gcomparing the persistency (corrected for age) of

parison Comparison
Comparison Comparison Comparison Comparison Comparison Comparison Comparison Comparison Compiggson Com&ighso P L th
with with with with with with with with Sentember october November
January Februar March April May June July August TR whgg Mean wnen Mean when Mean when Mean when Mesn when
Mean when Mean when Mean when Mean when Mean when lean when Nean when Mean when Mean when Mean when Mean when Nean when Yean when Mean when Mean when  Mesan when emivina ealving calving calving calving calving
calving calving calving calving calving calving calving calving calving calving calving calving calving calving calving ca%g;?g+ mc;th i1s+ month is month is month 1s month is month 1s
month 1s month 1s month is month is month is month is month 1s month is month 1s month is month is month is month is month is month is mon tie Sg tember &8 on the Octoher as on the November as on the
January as on the February as on the March as on the April as on the May as on the June as on the July as on the August aslo?t pte: left left left
left left left left left left left °
February 90,999 90,666 oo oo oo o e oo X oo ' oe oo o i *° *° e ** "
March 91,435 89,318 89,517 88,027 .o .o o . oo . . .o . . o . . .t "t h
- April 91,650 88,180  89.984 88,658  89.630 88,789 .o . e . .o oo . o o . i .t " a
. . P LX) L4
May 92,375 88,771 90.414 87,586 90,192 88,933 88,433 88,088 oo oo oo oo .o oo o e ** **
() L os *
June 91,273 88 .664 89.212 88,181 894940 87 «320 88 .826 884672 87 ¢552 87 .651 . oo .o .o o °* *t )
s o0 LN
July 92,173 89 .447 91.090 88,440 904223 91.457 87,986 90,510 904259 89.885 90,675 93,228 oo oo oo oo °e ' *°
o0 o oo e e
August 92,240 93,432 90,718 94,930 89,787 94,801 86,841 94.290 89,180 94,557 91.072 90,932 90,084 90,296 oo oo oo
' o se oo
September91.319 90,980  90.124 91,221 88,629  91.016 88,017 92,813 88,316  92.737 91,690 91,370 90,416 91,381  92.063 92,387 oo . .
91,858 oo oo i
October 91,492 92,270 89.912 92,192 89,039 92,5563 86,688 02,373 80,008 91.554 89,711 034541 94,256 934316 91,065 92,450 91.820 oo )
092,714 91,987 92456 oo Mg
November 91,265 91,506 89350 92,135 89,354 92,461 874770 93.581 89,899 035,631 90.053 91,725 90,632 92,684 91,736 954650 91,067 . o - o 288
: 5 91,973 92,557 91, . .
Decembar 92,152 91,310 88,864 90,802 89,164 90,906 88,976 91,368 894397  91.599 89471 904439 87 970 91,220 90,404 90.584 91.88 .




Table g comparing the Persistency for different months of Calving.
(Value of January calvers s 100,00)
Month of January February March  April May June July August September October November December Weighted Camparstive
Calving Mean value by
1st Wsthod
January 100,000 oo oo oo oe .o .o oo oo oo oo oo 100,000 100,000
February 994625 99,623 oo oo X °e oo .o oo oo .o oo 904623 98,437
March 074684 OB4965 974684 oo oo oo oo oo oo oo oo oo 08,443  97.832
April 96213 984155 964767 964213 oo oo o .o oo oo oo oo 97,006 970039
May 964098 96,507 966320 95,837 96.C98 oo oo .o oo oo oo oo 96,112 96.621
June 97141 08,471 944837 96,046 96,207 97,141 oo oo oo oo oo oo 96,457 97.083
July 974042 964724 99,019 98,972 095,699 99.876 97,042 e oo oo .o oo 97468 994318
August 101,292 104,247 103,139 1044465 101,892 96,991 97.270 101.292 .. oo oo oo 102,182 100804
September 99,628 100835 1004315 101.455 100.908 96,801 98,077 101.648 99.628 oo .o oo 100.49C 1006495
October 100850 102,148 101,539 102,523 98,846 101.288 96,094 102,832 99,660 108850 oo oo 100,963 100870
November  100.264 102,727 101,080 102,582 100.087 98.944 99,239 105,613 101.429 101.485 1004264 oo 101.497 101.233
December 994086 101,795 99592 98,799 98,465 98,191 100,627 101,494 99,723 100,059 100,170 99,086 99.832 100.286
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the same cow when calving in different months,

Table jo comparing the Maximum Yield (corrected for are) of

Comparison Comperison Comparison Comparison Comparison Compearison Comparidon Comparison Comparison Conmizison Comf.iﬁs on
huar brus aroh NSty ot n Ttk AW1tht Se;g}r;ber ‘ 0:1: oher November 6
January February March April ) May June July ‘ ugus .
Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean wher Mean when Mean when Mean when  Mean when Mean when — Mean Whin Mearlxv;:hen Mgzgvgﬁen ﬁf,i?vﬁgn Mﬁ:ﬂ’wing
calving calving calving calving calving calving calving calving calving calving calving calving calving calving calving calving  calving °Q%V1nf—‘ ca th ?g month 1§ month 18 month 1is
month is month is month is month is month i1s month is month is month is month is month is month is month is month is month is month 1s month is month is month is mont . s O ihe  Fovenber as on the
January as on the February as on the March as on the April as on the May as on the June as on the July as _on the August as_on the September as on the October left 1eft
left Jeft left left left left left left left
February 45012 44,74 oo ) oo oo oo oo oo ) o0 oo L e oo oo oo oo oo o0 X oo
March 44058 46004 45.28 45.52 oe oo ) se .o o0 oe oe oo LX) (X} e oe ee LX) oo L4 L4
April 44,02 46 457 44,81 44,79 45,65 46 426 oo oo oo e eeo oo oo ') X LX) X .o o oo o X
May 45,38 47,33 46.43 46 .65 46.82 47 .47 46 .47 48,01 . .o .o . . . . . . . .. . . .
L o0 + LX ]
June 45,72 50.71 48.23 47,93 46,16 47 .63 44,98 47 .47 46,54 47 .29 . . . . oo .o .o o .o .
July 47,93 45,86 47.64 44,73 50.35 41,40 48,40 47,12 44,98 45,17 47 .48 45.18 . e . . .o . . . .o .o
August 44,95 42,46 43,95 43,38 46,28 43.10 47 449 43,61 52,53 43,08 57,20 46,00 5178 51.76 .e o .. . . °t ° N
[
September 48 .68 45,19 43,19 47,32 47 .80 45,92 50426 46.75 45,69 42,69 54420 48,62 42,38 46.80 42.52 44,77 oo oo oo oo oo .
L
October 47,44 46,57 47,57 47,87 47.19 47.21 49,61 46,62 50,26 47,44 47,77 47.16 58476 43,05 41,40 43,14 43,22 45.14 .e .o "
81 46,28
November 46,69 46,02 46.72 46.82 48,60 47,98 49,71 46 .83 47 .64 44,58 48,15 48,04 48.16 40.36 40.87 41.44 43,92 45436 48.6 o oo

.53 +59 48.24 47 .02 45,93
December 46 .89 46,41 46,38 46,09 46,22 45.89 47 .89 43,94 47.12 46,46 49,11 47 .80 48,98 50.81 43.21 45.13 45,77 50.5 48 .




Table I comparing Maximum Yields for different Months of Cdving.

(value of January Calvers s 100,00)

Month of January February March  April May June July August September October November December Welghted demmuuﬁe
calving Mean value by

lét Methad
January  100s000 o, . . . . . . . . . .e 1004000 1004000
FPebruary 99,157 99,157 oe oo oo oo oe oo oo oo oo oo 99,157 98,405
March 103,275 99,683 103,275 ,e oo .o oo oo oo oo .o oo 101,104 100,393
April 105,792 99,112 104,655 105,792 ee oo oo oo oo oe oo oo 103.414 102,273
NMay 104,297 994626 104,708 1094297 104,297 e oo oo oo oo | o oo 105,627 105,638
June 110914 98,539 106,563 111,648 105,977 110,914 .. ae .o oo X oo 106,787 106.272
July 05,681 93,099 84,917 102,994 104.737 105,540 95,3581 o oo oo oo | oo 100.104 96 4656
August 94,660 97,871 96,178 07,148 85,534 89,196 05.644 98.660 os oe oo oo 95,354 94,231
September 92,830 108,638 00,212 98,403 974449 994494 105,660 99,668 92830 oo o oo 99,799 08 623
October 976744 99,782 103,318 99415 98,445 109,498 106,271 98,638 96,954 974744 .o oo 99.958 100,066
November 08565 904369 101,957 994662 97,597 110,660 80,183 95,980 95,873 99.179 98,565 ) 98,778 100,000

December 98,976 98,536 102,538 97,065 102,836 107,955 99,256 98.866 102,483 07,039 064279 98,976 99.284 100,568
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Table 41 comparing the Total Vield (corrected for age) of

the seme cow when calving in different months.

Comparison Comparison Comparison Comparison Comparison Comparison Comparison Comparison Comparison Comparison Comparison
with with wlth with gith msiths £ith with with with with
January February March April Mey June July August September October November
Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Mean when Méan when Mean when Mean when Mean when Measn when Mean when Mean yhen Mean when Mean when Mean when
calving calving calving calving calving calving calving calving calving calving calving calving ocalving calving calving calving calving calving calving calving  calving calving
month i1s month is month i1s month 1s month is month is month is month is month is month 1is month 1s month is month 1s month is month 1s month is month is month is month 1s month is+ month is month %s
January as on the February as on the March as on the April as on the+ Mgy as on the June 88 on the July as on the August as on the September as on the October as on the November as on the
left left left left left left left left left left+ left
February 8117 7951 oo LX) o0 oo oo (X o0 oe LX) oo oo oo oo oo (X} oo oo oo X oo
March 8080 8024 7941 7814 o PO oo e oo .o .o .o .o oo P oo o oo e X X3 ve
April 7975 7813 7919 7527 7929 7763 oo .o .o . .o .e ceue oo .o oo oo oo oe oo .e oo
May 8288 7853 8264 7657 8303 8010 7766 7718 oe .o .o .o .o oo oo 99 oo P oo oe o oo
June 8351 8204 8267 7731 8310 7555 7744 7693 7424 7513 .e oo oo oo oo .o oo oo .o oo oo oo
July 8902 7829 8507 7377 9237 7581 8176 8084 7681 7589 8321 8192' .e .o .o oo oo .o oo oo oo oo
August 8484 7696 7980 8253 8202 8158 7892 8207 8473 8421 9666 8031 7848 7679 oo oo oo o e °° e e
Septemberssl? 7711 7784 7934 8183 7T 8237 8326 7188 7742 9198 8245 7228 8033 7471 7738 oo oo oo e o e
October 8525 8470 8504 8629 8233 8626 8085 8539 8507 8317 7868 8584 7250 8297 7173 7862 7476 8005 . . . .
November 8373 8204 8257 8605 8428 8801 8113 8823 8272 8339 8153 8315 7202 7469 7219 8045 7736 8457 8101 8330 o o

December 8485 8312 8135 8299 8066 8211 8123 7998 8338 8680 8271 7907 8016 . 8724 7445 8073 8055 9095 8841 8619 8541 8337




Table /3

comparing Total Yield for different Months of Calving.
(Value of January calvers = 100,00)

Month of  January February March  April May June July August September October November December Welghted Campeaxilwe
Calving Mean value by

1st Method
January 100,000 oo oo oo oo .o oo oo oo oo ) oo 100,000 100,000
February 97 4954 97,954 oo oo .o o oo oo .o s oo oo O7 «954 04 237
March 99506 96 4387 99 .306 oe oo oo oo oo oo s oo oo 97 ¢435 95 ¢395
April 974968 93,104 97 4227 97,268 oo oo oo .o oo o oo oo 964280 93,721
Mey 94,751 90,758 954801 97,362 94,451 oo oo .o oo oo oo oo 95 264 94.161
June 08 ¢339 91,603 906283 974322 95,886 98,239 oo 9o oo oo oo o 94,597 934421
July 87946 84,942 81,502 96,865 93,616 96,715 87,946 oo oo oo oo oo 91,040 90,407
August 904711101.305 986773 1014878 94,169 81,622 86,052 906711 oo oo oo os 95,763 91,721
September 87,456 99,842 94,378 99,026 102,053 88,060 97,741 93,952 87456 oo oo .o 954265 94,149
October 00354 99 4393 104,046 103,469 924634 107,179 100646 99,424 93,644 99 ¢354 oo .o 99,436 07 «548
November 97,981 102,082 103,700 106,541 95,518 100,190 91,206 101,090 95,380 102.162 97,981 oo 100,611 98,808
December 97.961 99,928 101,091 96,460 984,637 93.815 95,713 98.352 ©8.747 98.868 95.640 97.961 98,083 98 ¢ 229
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Table ,7 showing variation of Mean Persistency (Percentage) with age.
Age in lIactations.
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1st .e 89 443 89 .26 89,66 89 .66 90,13 91,14 91.15 91,.68 92,53
$0.199 $0.246 0,275 $0.329 $0.389 $0.442 $0.488 $0.928 $0.927
2nd 94,23 .o 89,32 89.71 89.84 89,97 90.82 90.68 91.83 92,29
¥0.143 $0.244 ¥0.274 $0.330 $0.373 $0.467 £0.555 $0.624 $1.108
3rd 94,71 89.94 oo 89.62 89,59 90,00 90.95 91,12 91.35 92,52
$0.149 $0.218 $0.274 20.330 20.380 30.464 0,501 $0.845 $1.189
-] 4th 93,94 90.33 90,01 .e 89,66 90,02 90.86 90.79 91.39 91,90
§ ¥o.172 ¥0.242 $0.253 }0.314 $0.354 +0.415 £0,460 10.677 31,062
Ee]
g|5th 95,33 90.64 90,04 90.10 .o 90,04 90.92 90.84 91,55 92,08
§ $0.190 20.274 20.296 $0.202 $0.346 $0.368 20.450 $0.674 $0.894
ol 6th 95,13 90477 90,22 90.24 90.51 .o 90.75 90,70 91,20 90,81
- +04257 +0.304 +0.364 +0.359 +0.316 +0,385 40,435 +0,656 +1,011
()
2l 7tn 94,88 90,76 90431 90,46 91.01 90,70 .o 90.75 91.18 91,28
20,374 10,424 20,484 $0.442 $0.394 $0.387 $0.446 to.623 10,993
8th 94,85 90.80 90,59 90.92 91.27 90434 90,73 .o 91,07 91.16
£0.526 20,569 20,567 30,494 20,431 20,460 20.429 $0.591 31,032
9th 94,51 90.42 91,06 90,57 91.38 90,91 91,32 90.96 oo 91,26
$0.879 20,759 o.781 $0.668 $0.590 20.627 $0.547 $0.610 $0.930
10th 94,46 90,01 90,99 89,80 91.05 90,07 90695 90.68 91.14
$1.083 t1.008 $0.834 ¥0.873 ¥0.681 $0.824 ¥0.649 20,774 £0.656




Table showing Variatlion of Standard Deviation of Persistencz with ége.
Age in Lactations.,
lst nd 3rd 4th S5th 6th 7th 8th 9th 10th
lst .o 4,46 4.68 4,42 4,42 4,18 3.45 3.24 ' 4,04 3.59
20.141 20.174 0.195 $0.233 $0.275 $0.312 $0.393 $0.656 %0.655
2nd 3.21 .o 4,66 4,43 4,42 4,05 3.85 3.20 3,06 4,57
$0.095 $0.173 £0.104 $0.233 £0.264 $0.330 £0.345 ¥0.442 $0.783
3rd 2 .85 4,15 .o 4,51 4,55 4,65 3.85 3.36 4,05 4,61
%0.1086 $0.154 $0.194 30,233 10,304 10,328 30,354 $0,.598 30.841
sf4th 2,76 3.92 4,16 .o 4.48 4,05 3,67 3,31 3.58 4,51
g t0.122 $0.171 £0.179 to,222 $0.250 $0.294 £0.325 £0.479 $o.751
o .
£|5th 2.54 3.68 4,08 4,17 .o 4,08 3440 3.37 3.75 3,90
g 20,134 $0.194 £0.209 $0.206 $0.245 20,184 30,318 20,477 $0.632
_jeth 2.76 3.30 4,00 4,11 3,72 oo 3.69 3.26 3.82 4.63
- %0,182 20,215 20,257 20,254 30,223 20,272 $0.308 30,464 0,715
(]
7tn 2.92 3.50 4.02 3490 3463 3,72 .o 3.56 374 4,76
¥o0.264 ¥0.300 20,342 $0.312 20.279 $0.274 $0.315 10,441 $0.702
8th 3,07 3.73 3.80 3.56 3,22 3.44 3.43 .o 3.60 4,84
20,372 £0.403 $0.401 20.349 10.304 30.326 10,303 $0.418 10,730
9th 3.83 3,72 3,75 354 3.28 3.66 3.28 3,71 oo 4,65
30.621 20.537 20.553 0,472 30.417 $0.,444 ¥0.387 $0.421 £0.658
10th 4,20 4.15 3.23 3,71 2,97 3,78 3.11 3,63 3,28 .o
+ + + + + + + + +
=0.766 =0,712 =0,590 =0.617 =0.482 =0.583 =0.459 =0.547 =0.464




Table ;9 showing Variation of Coefficient of Variation of Persistency with Age.
Age 1in Lactations.
1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1st oo 4,99 5424 4,93 4,93 4,63 3,79 3457 4.41 3.88
v $0.158 $o0.195 $0.218 $0.260 $0.306 $0.343 $0.434 $o0.717 $0.710
ald 3040 [ X } 5.22 4.95 4.92 4.50 4024 3.51 5.35 4.95
0,139 20.104 20,217 %0.260 $0.204 0,364 o0.379 20,481 %0.851
3rd S3.01 4,61 .o 5.03 5,08 4,65 4,24 3,69 4,44 4,98
$0.112 0,171 $0.217 10,265 30,304 10,361 $£0.389 $0.656 i0.011
o 4th 2,94 4,34 4,63 .o 5400 4,51 4,04 3465 3,92 4.90
8 20.130 20.190 20.200 20,248 20.279 20.324 20.358 20,524 Zo.827
i
! 5th 2,67 4.06 4,53 4,63 .o 4,54 3.74 3.71 4,10 4,23
g $0.141 30.214 20.236 30,230 $0.273 $0.287 0,351 d0.522 $0.688
_| 6th 2,90 3.64 4,43 4,56 4,11 . 4,07 3459 4,19 5.10
- $0.101 20,237 £0.290 o.282 0,247 £0.300 $0.340 ¥0.509 $0.789
(]
& 7th 3,08 3.86 4,45 4,31 3,99 4,10 oo 3,93 4.10 5.22
£0,.279 20,331 20,380 20,346 10,307 $0.302 to,.348 $0.484 0,771
8th 3.24 4,11 4,20 3,92 3453 3.81 3.78 .o 3,95 5.31
20,393 20,444 20,443 $0.384 30,334 $0.361 10,335 30,460 30,803
oth 4,05 4,11 4,16 3.90 3,59 4,02 3,59 4,08 .o 5.10
£0.659 20.504 20.401 %o0.522 $0.457 $0.489 20.424 $0.475 $0.722
10th 4,44 4,61 3455 4,13 3.26 4,19 3,42 4,00 3.60 .o
$o.812 to.792 $0.649 20,689 £0.530 $0,.648 $0.505 $0.605 $0.510
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Table a4 showing variation of Mean Maximum Yield (1lbs) with Age.

Age in Tactations,

l0th

1st 2nd 3th 4th 5th 8th 7th 8th 9th .
1st .o 45.41 48.81 49.87 50.52 50.31 51.40 52474 47.89 48.27
$0.345 20,446 £0.548 £0.735 20.871 $1.143 t1.640 $1.409 $1.478
2nd 36 429 .o 48.68 49,74 50451 50.80 51465 51.76 48,46 41.80
$0.284 $0.454 30,539 20,744 £0.809 t1.011 $1.394 $1.143 $1.670
3rd 36 440 45.52 oo 49,79 51,03 50.62 51437 51.34 48,90 48.13
t0.337 $0.415 $0.536 $0.710 to0.842 £1.059 £1.208 f1.152 $1.567
al4th 36410 45.29 48.83 .o 50.43 50.77 51.85 51.38 48.11 47,07
S 20,397 $0.486 $0.524 $0.688 $0.805 $0.952 £1.275 $1.103 $1.338
+
3l5th 35,12 44.83 48,72 50.54 .o 50.79 52.15 51.803 48 .48 47491
% £0.460 $0.564 $0.640 $0.615 ¥o0.762 $0.926 $1.101 $1.058 £1.446
=]
s[6th 34,42 43,98 47.96 51.11 50.93 . 52.00 52.282 48457 48,16
A $0.603 20.682 t0.838 to.777 $0.792 20.872 $1.17¢ t1.024 t1.48¢
&
<l7th 34.19 43,71 47,51 51.83 51.28 52.29 oo 51,453 48.89 48450
$0.861 $0,.887 $1,158 £1.019 £1,051 %0.912 t1.076 £0.997 +1,.451
8th 34,35 44,08 48,79 52446 52.23 53454 52.98 .o 49450 48 .24
21,021 $1,042 $1,462 £1.315 t1,327 $1.114 $0.996 41,133 $1.492
9th 32.65 43,12 47,52 50,71 50,09 50466 51.91 504473 . 50446
31,344 31,384 21.970 11.327 $1.383 $0.921 $1.245 $1.230 31.600
10th 31,73 41,90 46,25 50.29 48 37 48 ,700: 49,64 49,927 50.50 oo
t1,576 t1.670 to.746 £1.993 t2,142 t1.082 $1.304 $1.551 t1,344




Zable § showing veriation of Standard Deviation of Maximum Yield with Age.
Aze in lactations.

1st 2nd Srd 4th Sth 6th 7th 8th 9th 1o0th
lst oe 7.74 8.49 8.78 9.87 9.35 8.93 9.56 6.14 5,75
| %0,243 %0,315 %0.388 %0,520 £0.616 %0.808 #1.160 £0.996 %1.045
%d 6‘58 L X 8.66 8.75 9.99 8.78 8.3‘ 9.14 5060 6.11
+ + + + + ; + + + +
=0.200 20.321 20.381 20.526 20.572 . $0.715 20.986 20.808 $1.047
srd “0‘2 7.90 C XY 8081 9078 9.26 8.80 8071 5052 6007
20.2%8 20.203 20.379 %0.502 20.595 20,749 $0.918 $0.314 $.108
4th 6435 7.86 8.61 .o 9.83 9.22 8.41 9.19 5.84 5.68
. 30,281 20,344 20.370 20,487 20.569 20,673 20.902 30.780 20,946
2] .
& 5th 6.17 7:56 8.83 8.78 e 8.99 8.54 8.91 5.89 6.30
E £0,325 $0,390 20,453 £0,435 40,539 %0,655 %0.842 #0.748 %1 ,022
fé 6th 6.47 7.41 9.22 8.90 9,33 .o 8.37 8.79 5.97 6.80
@ + 20 + + + po 2 : $1.049
0.426 -482 =0.592 =0.550 =0.560 =0.617 0.830 0.724 .
o .
~l7th 6.73 7.51 9.62 9.00 9.69 8,75 .o 8.61 5.98 6.96
Eg 20.609 0.627 %0.819 20.721 20,745 20.645 20,761 20.705 %1.026
8th 5.60 6.84 9.81 9.48 9.93 8.34 7.97 .o 6.89 7400
%0.722 20,737 21,034 £0.930 20,938 20,788 £0.704 $0.801 $1.055
9th 5.86 6.78 9.45 7,02 7.70 5.43 8.75 7.48 oo 8.00
£0.950 £0.979 £ ,.393 20.938 20,978 %0.658 20.795 20.870 $).132
10th 6,10 6.88 10.64 B8.41 9.34 4.96 6.25 7.28 6.72 oo

$1.114 $1.181 $3.042 £1.40 $1,.516 20,765 20,922 $1.097 £0.950




Table 216

‘:‘ u\

Yy fed

showing variation of Coefficient or Variation of Msximum Yield with age.

Age in Lactations.

1lat 2nd 3rd 4th 5th 6th 7th 8th 9th 1oth
1st .o 17.04 21,88 17,60 19.53 18,58 17,37 18.13 12.82 11.86
20.553 20.850 $0.801 ¥1.068 $1.266 $:.620 ¥2.270 32,114 22,1905
2nd 17,57 oo 17.79 17455 19.77 17.29 16,15 17.66 11.55 12.89
$o.57m1 $0.681 $0.790 ¥1.082 $1.159 $1.420 $.063 $1.690 $2.247
3ra 17.65 17 436 .o 17,70 19.18 18429 17.13 16 .96 11.30 12.61
¥o0.675 $0.663 30,785 $1,034 $1.215 £1.500 $1.839 $1.687 32,338
< 4th 17,59 17,37 17.63 .o 19,50 18,15 16.22 17.89 12,14 12,06
§ 20,801 20,781 20,782 $1,001 $1.158 31,333 $1.810 11,645 32,039
§ 5th 17,58 16.86 18,12 17,37 oo 17,69 16,37 17.21 12,15 13.16
3 20,955 20,914 20,974 %0.885 $1,094 $1,.239 31,673 31,565 2,171
| 6th 18,79 16,84 19.22 17,41 18433 .o 16,09 16.81 12.30 14,12
~ $1,282 11,127 £1.230 $1,108 $1.135 $1,.216 31,633 31,513 i2,222
)]
'ﬂ 7th 19,68 16,73 20,25 17,37 18,91 16,73 oot 16,73 12.23 14,34
$1.849 31,474 31,793 31,432 11,500 $1,267 $1,.519 $1,.487 $2,158
8th 17,34 15,52 20,11 18,08 19.01 15,57 15,04 .o 13,92 14,51
22,158 31,713 32,203 $1.830 %1,860 £1,506 $1,359 %1.649 22,233
oth 17,94 15,72 19.88 13,84 15.38 10,71 13,00 14.83 .o 15,86
33,002 22,325 $3,045 t1.885 £1,999 31,314 $1.557 1,761 32,208
10th 19.23 16,47 23,00 16,73 19.31 10.18 12,60 14.58 13.31 .o
2,156 $2,900 24,415 $2,865 3,247 1,587 1 .387 $2,243 $1,915
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e Bad

fo e
Table J/ showing variation of Mean Total Yield (1lbs) with Age.
Age in Tactations,
_ 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1st »e 7947 o5 8551.3 886343 8983 .3 9007 +6 9329.9 962540 887044 9028.5
% 70.38 % 84,68 f108.66  f136.67 $160.17 1218.89 2209.58 2400449 1366490
2nd 7268 .1 . 85361 8844 .4 9015,.3 906547 9367 46 9537 .8 9020,8 887044
t 65.01 t g7.29 t110.01  %141.81 1154 .45 t208.61 t247.36 t279.46 £395.06
3rd 736343 8075 .4 .o 8850.0 9076 .3 9054 47 9375,0 9475 .0 889245 9114,3
L 75.45 t 83.66 t100.28  f138.24 t154.51 £205.67 $220,39 tz19.m $403.82
7| 4th 73506 8111,6 8652 .8 . 8997.5 9079 42 9375.0 9409 +6 8892.8 870045
o t 89,95 t 98.21 t 98,96 $132.50 $151,34 t188,41 $220,13 $312.01 £361,53
o
| 5th 721245 8130.5 8676 43 9035,5 .o 9107 .0 9516 .5 9495.5 90190 8845,.8
E $106.38 $118.08 $120.86 $120.22 $145.54 t188.09 $219.45 t277.12 1395.65
[
g| 6th 7053 42 7968 o2 8649,.8 9146,0 9254 45 .o 94375 9526 +8 8922,6 8702,4
: £135.02 £143,.83 £158.48 £155.,20  $154.36 £175.38 $216.53 £266.86 £347.04
H7tn 6899 6 78125 854849 931743 93897 9529 49 oo 9425.8 9041,2 8882.8
f191.89 t181.71 $214.42 $210.73  ¥200.96 t167.83 2198.94 $257,.53 1334.02
8th 7029 .4 7904 40 873641 9586 ¢5 958943 976748 969144 oo 9019.8 87820
$231.87 t212.98 $242.39 t275.06  $241.83 $211.43 t181.67 I259.51 $341.75
9th 660040 76771 8470.7 908043 9177 .6 9280.9 9728 45 9280,4 . 9105.0
$265.05 1259.32 $344.69 $201.21  d225,99 1218.13 2240.77 <249.21 303,76
10th 633042 7496 .3 8262.3 8866.0 8808.8 8790.0 gzoz.o 3145.7 2245.0 .o
1282.75 $311,.47 $379.02 $z92,50 289,54 2218.55 $304 .33 2296.05 $283.96




Table

32 showing variatlion of Standard Deviation of Total Yield with Age,

fef

26

Acge in Lactations.

1st ond 3rd 4th 5th 6th 7th 8th 9th 10th
1st oo 1578.5 1613.4 1738.5 183346 1717.6 1709.6 1746 .8 1745,.7 1421,0
E a9, ¥ 59.88 ¥ 76.83 ¥ 96.64 $13.26 154,78 $211.83 $283,19 250,43
2nd 1458.,0 .o 1663 .0 1795.2 1902.6 1677 .8 1720.2 1622.1 1369.1 1628.9
¥ as5.97 ¥ 61.72 ez ti100.27 t100.21 Y147.51 tiva.01 ti97.61 Yo279.35
3rd 1437 .6 1594 .0 .o 17957 1905.5 1699.6 1691.9 1538 .8 153343 1564.0
¥ 53,35 T 59,16 T 77,27 t g7,75 $109.26 144,02 $i162.20 f226.,07 285,84
s 4th 1439,.2 1589.7 1626.1 .o 1892.4 1732.2 1664 .0 1652.3 1651.0 1533 ,9
g t 63.60 % 69.45 ¥ 69.97 t 93.69 $107.01 $133,23 t162.02 $220.62 1255.64
i
£15th 1427.2 1584 .3 1666 .0 1717.0 .e 1692.3 1734,1 1642,.2 1543 .0 1724.6
g * 75,22 t 83.50 t 85.46 t 85,01 3101.50 $133.00 $155.17 $195,99 2279.77
_|6th 1447,9 1562.4 1743 .2 1776 3 1819.9 . 1673 .1 1620.4 1556.1 1590.4
B t 95,47 %101.70 £112,06 £109.74 $100.15 t123.34 153,11 188,69 245,39
(<))
#7th 1498.7 1498.5 1781.0 1861.1 18528 1601.0 .e 1591.5 1545,.2 1601.,9
$135.69 ¥123.49 3i151.61 149,01 %142.10 $118.03 Y140.67 ¥182.10 $236.19
8th 1352,0 1396 ,.6 1626 .0 1983 .5 1809 .7 1582,2 1453 .4 .o 1578 .6 160340
$163,96 $150.60 $171.40 $194,.50 $171,00 149,50 +128,46 $183,50 241,65
9th 1155 .4 1270.4 1653.1 1540.9 1258.3 }371.9 1444 .6 151549 .o 1518.8
$187.42 $183.36 fo4z.73 fo05.01 t150.79 2154,.24 £170.25 176.21 214,79
10th 1095,.1 1284 .2 1468 .0 166542 1262.1 1001.5 1459 .5 1288 .6 1419.8 .o
$109.93 t220.24 t268.01 tor7 .54 £204,73 $154,.54 $215,19 3209.34 £200.79
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Table JJ showing variation of Coefficient of Variation of Total Yield with Age.

Age in TLactations,

lst 2nd 3rd 4th S5th 6th 7th 8th Qth __loth

1st oo 19.86 18.27 19.62 20,41 19,07 18.32 18,15 19.68 15,74
20.651 20,725 £0.900 $1.120 $1.302 1,714 22,272 33,314 32,044

2nd fo.oe .o 19.48 20,30 21,10 18,51 18 436 17.01 15,18 18,36
$0.657 £0.750 20,923 $1.161 $1.245 $1.626 31 .886 $2.240 $3,253

3rd 19,52 19,74 .o 20,29 20,99 18,77 18,05 16.24 17.24 17.16
$0,752 $0,761 0,908 $1,123 $1,248 %1,586 1,757 $2,617 3,224

aj4th 19.58 19.60 18,79 .o 21,03 19,08 17,75 17.56 18 .57 17 .63
- $0.898 $0.889 20,837 21,086 $1.221 %1,.465 1,774 2,565 3,028

_.5th 19,79 19.49 19.20 19.00 oo 18.58 18.22 17,30 17.11 19.50
. $1.083 $1.065 $1,020 ¥o.,074 t1.152 21,443 %1.682 2,235 i3,281

}sth 20,53 19.61 20,15 19.42 19,67 .o 17,73 17.01 17,44 18,28
= t1,409 $1.325 £1.347 $1.244 £1.224 £1.347 £1.653 2,178 $2,013

Tth 21,72 19,18 20.83 19,97 19.73 16.80 .o 16.88 17.09 18,03
$2.057 21,704 ¥ .849 2 .662 f1.5m1 31.273 ¥1.534 2,072 2,744

8th 19.23 17.87 18.61 20.69 18 .87 16,20 15,00 oo 17.36 18,25
22,417 $1.964 t2.029 t2.114 t1 .,846 $1.759 t1.355 32,078 $o2,.842

9th 17.51 18,55 19.52 16 .97 13.71 13,70 14,85 16.33 .o 16,68
32,925 32,453 t2,.085 2,332 1,74 $1.693 £1.788 $1,949 $2,424

10th 17,30 17.13 17,77 18,78 14,33 11,42 15,86 15.18 15,36

$3,251 t3,023 t3,.344 t3,239 2,372 t1.785 £2.400 2,341 t2,223
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Table ;3§

oo
g %

showinz the Correlation between Persistency of Different Acses,.

Age in Lactations,

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1st .e +0,5077 +0 43437 +0,2508 +0,0751 +0,0815  +0.1810 +0,1439 *0,2129 -0,2058
t0.04472 %0.05270 t0.06287 10.07516 10.09449 %0.1313 $0.1796 $0,2500 to,2887
2nd +0,4681 .o +0.5459 +0,4663 +0+4250 +0,1199  +0,0296 +0,0031 ~0.3995 -0,1387
£0,05270 +0,06214 $0.07516 $0,09325 $0.1240 $0,1581 $0,2182 $0,2673
3rd +0,3308 +0,4974 oo +0.5488 +0.4632 +0,2775 +0.3168 +0,1582 =0,0354 +0,1499
¥0,06120 #0.07313 *0,09206 £0,1231 00,1543 £0,2236 £0,2387
4th +0,2457 +0.4352 +0,4991 - .o +0,5336 +0,4105 +0,3042 +0,1671 +0,1389 +0,2699
£0,07053 £0,08839 £0,1155 +0,1429 +0,2000 £0.2582
/2]
fth +0,0750 +0.3140 +044327 +0,4834 .o +0,6007 +0.3595 +0,4512 40,1535 -0,1577
. to.08575 %0,1104  %0.,1374  f0,1800  %0.2500
o]
Hth +0,0813 +0,1193 +0,2643 +0.3889 +0.5375 oo +0.5449 +0.,3557 +0,1296 +0,2511
q ¥.1060  to.1374  ip,.1796 $0.2357
<
ATth +0,1791 +0,0296 +0,3066 +0.2951 +0.3448 +0.4967 .o +p,2002 +0,2209 +0.,7377
2 $£0.,1280 $0.1741 $0.2236
«
8th +0,1429 +0,0031 +0,1569 +0.1656 +0,4229 +0.3414 +0,1976 oo +0,4383 +0,4702
£0.1715 $£0.2294
9th -0,2098 =0.3796 ~0.,0354 +0,1380 +0,1620 +0,1289 +0,2174 +0,4126 .o +0,7889
. - $0,2085
1och -0.2034 -0.1349 +0,1488 +0,2635 -0.1564 +0,2459 +0,6277 +0,4384 +0,6578 .o
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Table 34 showing the Results of the Test of Iinearity of Regression Lines of Different Aces for Persistency.

Decrees of Freedom Mean Squ are¥® Variance Ratio

Regression WIithin arrays Deviations Within errays Deviatlions from Iinear for Deviations

line for from ILinear regression rom Linear
regression regression
yg on ¥, 483 18 15,4896 17 .6333 1,1384
Yz on ¥y 345 16 12,3936 22,9687 1.1843
Y4 On ¥p 240 15 18,7979 11,9666 oo
Y5 on ¥y 165 13 18,7085 2¢,9077 1,5986
g on ¥ 100 13 17,1350 2142000 1.2372
Y3 on yg 338 23 15.1715 34,2086 2.1768
Y4 On Yo 239 21 15,1983 25.8761 1.7026
Y5 on ygo 160 18 17,3681 21,0611 1,2126
Y6 on Yo 100 16 15,0520 24,3125 1.6152
Y4 On y3 249 19 15,1787 16,9368 1.1158
Y5 on y3 170 18 16,2488 22,9944 1.,4151
Yg On yz 101 18 17,2623 19.8166 1,1480
Y5 on ¥4 182 20 14,9703 19.2650 1.2869
Yg On ¥gu 111 18 13,0594 20,0388 1.5383
Y6 on Vs 121 16 11,5727 14,8312 1.2816

Remarks,

F significant at 1% level,
F siznificant at 5% level,

) Sa, 4L B
¥ The qé%gi& indicates the age in lactations
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Y7 0w73.22+0,21218y3

Y1ow63.12+0,32048y4

Y10z 3.96+0,96013yy

Yq ow3e .18+o.58455/1y8 Y1026 .26+0,93261y9

Table 37 showing the resression eguations to estimate the expected Persistency (Yp) for any Age from that of observed Persistency (yp) for Anothsr Age.
Age in Lactations for which the — Persistency (yp) is observed,
K 1 2 3 . 5 6 7 3 10
/5] 2 Yo =28.06+0.65126y; . |
EIE Y3 287.8140.54324y) Y5 =30.08+0.5586y2 .
éi 4 Y, »52.72+0.39317y7 Y4 ®45,25+0,49224y5 Y, =41,02+0.53991yz .e
gi 5 Y5 #77.24+0,13031y] Y5 #55.63+0.37735y2 Y5 w46.17+0,48224y3 Y5 #42.31+0.52547y4 .o
28 6 Yg #78.35+0.12302y, Y #76.68+0.14645y5  Yg w65.05+0.27645y; Y5 w55,46+0,38209y, Yg =35.75+0.58981y5 .o
§§ 7 Yy 71.0440,21185y; Yy =03.78=0.03262yp, Yy =64.41+0,20384y5 Y, w65.77+0.27720y, Y, we1l.59+0.322287p Yy 244,53+0,50963yg .o
g%. 8 Yg w76.37+0.1508y] Yg #90.90+0,00273y2  Yg w78.52+0.13915y% Yg w76.78+0.154R4y4 Yg #50.50+0.44197y5 Yg =61.53+0.32289y;  Yg =72,13+0.2052yny oo
'fg 9 Yg slI2 .61=0,22150y; Yg mll9.99=0,31142yg5  Yg =94.84=0.03834y3 Yo w78,73+0,13981y, Yg =77.09+0.18528ys5 Yo =78.96+0.13468yg Yo m68,56+0,24769yy  Yg =49.028+0.45278yg oo
;:' 10 Y] osi08.89-0,17324y; Yq,ml0565-0.14848y,
<
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Table 38 showing the Correlation between Maximum of Different Ages.

Age in Lactations,

2nd 3rd 4th 5th 6th 7th 8th 9th 10th
1st .o +0.8490 +0,7131 +0,5226 +0.5345 +0,4341 +0,8239  +0,3417 +0,0062 +0,4285
20,4472 £0,05270 %0.06287 10.,07516 %0,09449 20,1313  $0,1796 $0,2500 30,2887
2nd +0,5906 - +0.,8270 +0,6453 +0,5415 +0.3041 +0,6757 +0,3102 -0,0131 +0,2346
t0,05270 *0,06214 *0,07516 $0,09325 +0.1240 £0,1581 £0,2182 00,2673
3rd +0,6126 +0,6789 oo +0,7655 +0,6184 +0,4794 +0,7032 +0.,1796 +0,3525 +0.2659
¥0.06120 #0,7313 $0.,09206 $0,1231 £0,1543 £0,2236 £0,2887
é 4th +0,4797 +0.5685 +0.6443 . +0,7765 +0.,5704 +0,5288 +0,1442 +0,2785 +0,2750
S £0,07053 *0.08839 *0.1155  *0.1429  #0,2000  #0,2582
2 .
31 5th +0,4888 +0.,4941 +0.5500 +0,6507 .o +0,8113 +0,6014 +0,3526 +0,4006 +0,4271
§ _ to.08575 10,1104 10.1374 $0.,1890 $0,2500
ol 6th +0,4087 +0,2050 +0,4457 +0,5157 +0,6703 oo +0,57C7 +0,3215 +0,3842 +0,4583
o £0.1060  #o,i%4  0.1796  £0,p857
()]
& 7en +0,6772 +0,.5887 +0,6064 +0,4845 +0.,5989 +0,5159 oo +0,6037 +0,2688 +0.6003
$o0.1280 30,1741 30,2236
8th +0,3290 +0.3006 +0,177% +0,1432 +0,3441 +0,2199 +0,5396 oo +0.2303 +0.,7358
$5.1715 to0.2204
9th +0,0062 ﬁgzglél +0,3386 +0,2715 +0,3805 +0,3664 +0.2625 +0.2263 o +1,1029
' %0.2085
10th +0,4040  +0.2304  +0.2598  +0.2683  +0.,4029  *0.4287  +0.5372  +0.6266  +0,7670 oo




Table 39

Recression
line for

3%
Jg on ¥y

Y5 on 3y
g 00 ¥}
Y On ¥

Jg o0 T3

Jz on Jg
Y4 o0 Yo
Y5 On J2
y6 on y2

y4 on y5
J5 on yg
'y's on ¥z

Vs On Vg
Y5 on ya

Jg On Vs

Loty

2

L

showing the Results of the Test of ILinearity of Regression ILines of Different Aces for Maximum Yield,

Degrees of Freedom

Mean Square*®

Within arreys Deviations

Within arrays

467
028
225
151

89
a23

. 222

146
87
230
150
87
162
92
99

from Iinear

regression

34

53
29
27
24
38
38
32
29
38
38
32
40
a7
38

31.4931

43,0899
59.2182
74,5781
64,0325
40,1207
49,4495
77,6356
74,1723
44,5421
63,0220
56,4459
35,9302
60,7260
40,3464

“Deviatlons from

Variance Ratio

from Deviations

Iinear regression

from Linear

regression
30,1235 .o
65.8818 1.5289
64,0034 1.0808
74,2298 .o
108,087 1.6880
44,0236 1.0973
65,0868 1.31562
67 44875 .o
61,7344 .o
52,0526 1,1686
83,3815 1.3230
104.2625 1.8471
13743975 348240
68,0793 1.1211
56 43289 1.3961

Remarks,

F significant at 5% level,

F significant at 5% level,

F significant at 5% level,
F significant at 1% level,

~ :
# The 5&%@%& indicates the age in lactations.
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Yg wd7.69+0,00625y7 Yg =48.92-0.01078yg  Yg £34.49+0.19796y5 Yo #36.66+0.22580y4 Yo m33.91+0.29093y5

: ¥10219.52+0.58811y¢ Y10w18.84+0,50754y7  Y1owlB8.15+0.60264yg  Y10w4.33+0.91337y9
Y1 om35424+0.37905y4 Y10=58.83+0.,20430y2 Yq10=41.27+0.14822y3 Y71 0®37.97+0,18107y, Y1om34.75+0.27191y5

Table 4o showinz the resression eguations to estimate the expected Meximum Yield (Yp) for any Age from that of Observed Maximum Yield (yp) for another Aze.
Age in Lactations for which the Meximum Yield (yp) was observed,
1 2 3 4 5 8 7 8 °
1 oo

EE 2 Yo 214.81+0,84336y] .

ol

25 8 Yy =19.34+0.80979y] Yz wl4.81+0.74389yg o

- m .

Rt Y4 25.94+0.66298y1 Y4-u21.17+0,63083y2 Y4 217.58+0.65962y3 .

Slo

Bl 5 Yy »23.07+0.78145y; Y5 =21.25+0.65256yg Y5 =21,33+0.,60959y% Y5 wl3,59+0.72897y4 .o

PR

0]

S e Vg 229,98+0,50058y7 Yg w35.42+0.34986y2  Yg #29.15+0,44773yz Yg w23.47+0.53415y4 Y6 =17.93+0.64532y5 .

n!

il 7 Yy w21,47+0.89882y; Yy w22.30+0.6714ly, Yy w25.02754Q 5544y5 Yo m23.38+0.45266y, Yy w25.10+0.52742y5 Ty =26.19%0.49357¢ .

o + =20 57+

E;g 8 Yg »34.59+0,52815y Yg #34,05+0,40188yp  Yg =44.7505+0,15779y3 Yg =44.87+0.14771yy Yg w35.67+0.30895y5 Yg #34.22+0.33737y6 Yg =20.57+0.58277y7 °e

§§ 5 Yo u28,14+0.40327y¢ Yo w37.73+0,21501yy Yo w38 .98+0.80834yg oo

"o

£oK
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Table 42 showing the Correlation between Total Yield of Different Ages.
&53 in Isctations,
1st 2nd 3rd 4tn 5th 6th . 7th 8th 9th 10th

1st .o +0,9558 +0,8239 +0,5744 +0.5221 +0.4941 +0,7317 +0.3397 -0,0491 «0,0305

£0,04472 20,05270 *0.,06287 %0.07v516 £0.,09449 $0.1313 £0,1796 £0,2500 £0,2887

2nd +0,7423 .o +0.9278 +0,7634 +0,6283 40,4052 +0,5169 +0.5864 +0,0142 -0,0921

t0,05270 20.06214 $0,07516 20.09325 20,1240 10,1581 10,2182 10,2673

3rd +0.6772 +0,7296 .o +0,9117 +0,6906 +0,5781 +0.6554 +0,3061 +0,1171 +0,0621

t0,06120 *0.07313 f0.09206 $0.1231 $£0.,1543 $0,2236 10,2887

2l ath +0,5186 +0.56431 +0,7219 .o +0,9380 +0,5306 +0.5568 +0.3115 +0,0258 +0,0172

3 to0.07053 *t0,08839 %0,1155 t0,1429 £0,2000 10,2582
L

-§ 5th +0.4828 +0.5499 +0.5984 +0,7343 .o 40,7545 +0,7181 +0,4958  +0,2316 +0,2676

g 30.08575 t0.1104 10,1374 £0,1890 £0.2500

Sl 6tn +0,43749 +0.3844 +0.5213 +0,5584 +0,6378 . +0.,6168 +0,2627 +0, 8558 +0,2088

° to,1060 10,1374  t0,1796 10,2357
¥4

< 7th +0.,6241 +0,4753 +0,5753 +0,5056 +0,5498 +0.5489 .o +0.5860 +0,0774 +0,3579

30,1230 30,1741 10,2236

8th +0,3272 +0.5273 +0,2969 +0.,3018 +0,4588 +0,2568 +0.5270 o +0.,4218 +0,4590

—_——= - f0.1715 f0.2204

oth =0,0491 +0,0142 +0,1166 +0,0258 +0.2275 +0,2501 +0.,0772 +0,3984 .o +0.9895

‘ *0,2085

1oth -0,0305 -0.0919 +0.0620 +0,0172 +0.2614  +0,2902 40,3434 = +0.4293 +0,7572 .o
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Table #) showing the Results of the Test of Linearity of Regression ILines of Different Ases for Total Yield,

Dezrees of Freedom

Mean Square¥®

Variance Ratilo

Rerression WItThin arrays Deviations Within arrays Deviations from Linear for Deviations

line for from Linear recression from Linear
regression regression

+

Yo on yy 467 34 17,7989 15.8235 1.,1137

V3 on yy 330 31 22,1721 27 3193 1.2321

Y4 0n Iy 225 29 37,0564 23,3517 .

¥5 on ¥y 150 28 40,5100 46,7178 1.1532

g6 °0 Y3 89 24 43,6831 38 41250 .o

Y3 on yg 330 31 19,9481 29,3290 1.4703

¥4 on yo 230 30 3065117 30,6833 1.0122

Y5 on Jyo 150 28 3743193 58,3535 1.5636 "

Yg on yp 92 24 32,1804 63,7583 1.98153

¥4 on ¥z 235 33 23,7068 32,5666 1.3737

¥g on ¥z 158 30 85,3380 28,8370 1.3821

Yg On ¥z 91 28 29,0098 49,9785 1,7228

J5 on ¥, 172 30 25.1209 34,6434 1.,3791
Ye On ¥4 108 27 29,0450 49,3222 1.6981

Y6 on vs 108 29 22,3555 46,1068 2.,0624

I 8ignificant

F Significant

F significant

F gignificant
F Significant

Remarks.

at 5% level,

at 1% level approxi=-
mately

at 5% level

at 5% level,
at 1% level,

# Tn units of class interval,

+ The su££éf indicates the age in lactations,
Sudscachd~
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Table 44 showing the Recression equations to estimate the expected milk

vield (Yp) far any age from that of Observed yield (yp) for another are.

Total Yield (yp) was observed.

Age in Lactations for which the

5

6

10

Age in Lactations foe which the expected

Total vVield (YP) is required.,

K} D

O O g9 O U 9 w»

X

oo
Yo w2106.3+0,80368y1
Y3 =2955.34+0,75998y]
Y4 #4258 ,0%0.,62652y;
Y5=24509 .4+0.62028y1
Yg ®m5870,9+0.44472y3
Yy w4418,0+0.71191yy
Yg w6653.6+0,42271yy
Yg=u9360,2=0407421y]
Y1 pw9278¢9-0,03955y4

Y5 w2389.5+0.76116y0
Y4 =2953.5+0.72623y2
Y5 »8345,7+0.66042y2
Yg ®5775.7+0.412897,
Yy 25104.5+0,546587y
Yg »4696,9+0,61245y0
Yo #8903.2+0.01532y2
Y o=97453.9-0.11652y5

Y4 wl952.3+0.79717y3
Y5 =313840+0.68443y5

- Yg =4658,7+0,50823y3

Yg =7020.,440,28097y3
Yg #7976.5+0,10813y3
Y, w8584 ,6+0.06411y5

Y5 =1685,1+0.8093y4
Yo =3946.3+0.5727y,
Yy =5163.5+0,45203y,
Yg #6999,7+0.25139y,
Yg =8641.4+0.02769y4
Y7 ow8560.5+0,01581y

oo
Yg wB518,5+0,59306y5
Yo w4687.6+0,51460y
Yg w5503,4+0,41631y5
Yg=u6458 ,6+0,27398y5
Y1 o®5700.8+0,85718y;

Y #397049+0.573637¢
Yg =5083.1+0,50595y¢g

Ys #3833 .6+0.57702yy
Yg =3237,7+0.08259y

Y10m5556 . 7+0,3614637

Y9 =5241.,3+0,41485y8

Y10=4249.1+0.,49558y8 Y1021616.8+80997y9

[ X J
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Table ' 47 showing the results of the tests of Linear!ty of regression line of Different A7es for Total Vield and Persistency.

Degrees of Freedom ¥ean Square Variance Ratio

Regression Total Yield Persis tency Total Yield+ Persistency
line Within Deviations Within Deviations Within Deviatlons Within Deviations Total Yleld Persistency
errays from linear arrays from limear arrays from linear arrays from linear
regression reoression recoregssion ' recression
Y2 on yq 190 29 204 15 16,5408 18,8068 13,0318 13,3200 1l.1142 1.0221
¥z on ¥y 190 0 204 15 22,1094 18,5586 16,7495 10,9733 oo oo
Yy on yy 190 29 204 15 39,6131 22,6689 19.8250 15,0000 oe oo
Yz on yo 190 29 198 21 16.8500 28,1551 12,5737 13,7666 %1 ,6709 1.0949
Y4_ on y, 190 29 198 21 3042121 25,1896 15.2465 27,3857 ) *1.7962
¥, on y3 187 32 200 12 23,9486 29.0968 14,9505 18,1421 1.2150 1.,2135

4+ In units of class interval used,

% significant at 5% level.
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Table #9 showing the values of betas (partial regression coefficients).,
Total Yield Persistency
-+
PYgyieve By 0.7 BYgy172 BYayoem
Yz on yy and yg +0,31468£0,06386 +0.5256640.06386 %40,01629£0,06479 +0.5144940,06479
PYyy1e72 | R APE N BYyy172 PYgyoem
Y, on yp and yo | #+0.06567£0.07898 +0.60456+£0,07898 %+0,0370240.06771 +0.43529£0,06771
B B B
Y4¥173 R AT Y4T173 Y4T371
Y, on y; and yg #4+0.,019504£0,06699 +0,70872£0,06699 %4+0.11363£0.05959 +0,483242045959
B B
YT 2073 %Y 35070 YyyoeT3 Py yaag
Y, on yg and vz +0,2449010,07085 +0.53518£0.07085 +0,254354£0,06601 +0,37885%£0.,06601
By By B B ‘B B,
¥ 4717273 X4y2.7173 X4Y3.7172 4 Y4T1eTH3 J47247173 4737172
#40,030861+0,06328 +0,24066£0,07184 +0,3783010,06613

Y4 on yygend v %2041141940,07401 +0,30413£0,08038 +0.,57153£0,07445

*not significant,

+ B Pzzndloﬁt Lela C-é)



Table Jo givino the resression equations.

Total Yield _Persistency
Recression equation Standard ror Regresslon equation Standard error
» of estimate of estimate
Ve from jl end yo 1602,3+0,35861y;1+C.55612y9 1018,1 39.,92+0,02369y7%+0.,53019y9 3487
Y4 from 7, and Yo 2655.4+0.08085y1+0.69082y2 1377 .8 40.07+0.05841y1+0.486’75y2 44,06
Y4 from Yo and V3 1545.0+O.27984y2+0.57801y3 1228 45 26.8'7+O.284.42y2+0.41109y5 378

v, from y1 To and ¥z 1647,7=0,14055y1+0.34752y+0.61727y3 1208 7 23 ,60+0404369y7+0.26910y2+0.41051y3 3.79
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Table 53 showing analysis of Variance ang Covariance of Maximum (M) and Persistency (P) corrected for month of calving and age.
Herd Total R .__Total Between herds
Records 3IM2 SET —SHP (3My2 7+SP (STM)'FS% thuWithin - _ Herds Within cows Correlation Coefficlent
L gl T ss;gween cow:P S T mZ 5p2 sSmp “Within berd Between cows Within COWS
A 448 1246959,31 3621389.3114 2078319,.261 115985103 3612835.600?' 80811653364 447 48108,.28 8555,7113 ~2846.102 105 338131,76 4543,0226 =1124.821 342 14276.52 4012,6887 =1721.282 %0,14029 =0.,09075 ~0.22742
B 451 1378960.92 5539264 ,9019 21’78427.413 134705965 3528588, 0394 21801873740 450 31901,27 10676 .8625 =1760,327 114 80144,.,49 6049.5262 = 660.754 336 11756.78 4627.3363 =1099.573 -0, 09839 -0,05986 -0,14908
C 713 1738227,74 5705114 .8845 3103985,594 1695400,81 56877421009 31083183459 712 42826,03 17272.6846 =1332,865 186 26346 4,77 10565,6831 13734075 526 16480,.16 6807.0015 =2705.940 -0,04886 +0,03230 =0.25548
D 246 727242,13 1952740,1546 1173543,092 1708281,.,95 1946754 ,3213 1174242.860 245 18960.18 598’5;"7253 -~ ¥A,768 67 12313.32 3977.0408 - 283.740 178 6646,86 2008.6825 =~ 478,028 -0,06587 =0,03197 -0,13082
E 534 1388962,76 4225027 .9044 2410083,.,654 1346263.66 4314182,4823 2409082.874 533 42699,10 10845, 4291 08,780 121 22473 .65 5282.6457 693 .298 412 20225.45 5562.7764 = 594,518 +0.,00459 +0,06363 =0.,05605
Total 2392 6480352,86 19143537 ,1068 10944359,014 629585'7.1019090100.7030 10960901297 2387184495 ,78 53436 ,40313 :5;4é,28§ 593 115109.99 30417.9184 + 57,058 1794 69385.77 23018.4854 =6599,341 -0,06589 +0,00096 -0.,16513
orrection 6284121,3219089456,5€96 10952646 ,307 6284121.5219089456.5696 10952646 ,307 |
196231 ,54 54080,5372 =8287 ,293 11735.78 644,1334 -1745 010
r z
Total data ~0,08045 ~0.,0865040,02046
Between herds =-0,63468 ~0.749300,70711



e
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Table 55 showing analysis of variance and covarince of Persistency (P) and Total ¥leld

(Y) corrected for Month of Calvingand Age.

-0,5321540,70711

Herd Total Total Between herds Within
Rocords sp2 52 SPY (sp)? (sY)2 (SP)(SY) Total Botweor go=2
— -"44 8p2 552 Py I SpZ 87~ 8py
A 448 3621389.5114 38923572365 367897967,95 36128336001 37276195587 366977781.17 447 8555,7113 1647376798 920186 .78 105 4543 ,0226 1233453408 621200.36
B 451 3539264 .9019 40212474015 372486920,79 3528588,0394 38942939315 370688390 ,67 450 10676 .8625 1269534700 1793530,12 114 6049 .5262 818264640 1113297.79
C 713 5705114 ,8845 52083662283 537393199,81 6687742.1999 50241749877 534567227 .74 712 17372.6846 1821912406 2825972.07 186 10565 .6831 1270581290 2021082, 85
D 246 1952740,1046 22165520691 204991118.82 1946754 .3813 21370517746 20396850014 245 5985,7233 795002945 1022618 .68 67 3977 .,0408 539068201 770206 .36
E 534 4325027 .,9044 * 40851385090 413545915,92 4314182.4823 39314726961 411838446 .91 533 10845.4221 1536658120 1707469 .01 121 5282.6457 879426645 995492.76
Total 2392 19143537 ,1068 194236614444 1896515125,29 190901007030 187146129466 1888045346.63 2387 53436 ,4038 7090484978 8269776 466 593 30417 .9184 4740794182 5521280.12
Correction 19089456 .5696 186783922306 1888280588460 19089456 .5696 186783922306 1888280586 .60
5408045372 7452692138 8034536 ,69 644,1334 362207160 -235239 .97
T 2
Total data +0,40021 +0.42390£0,02046
Between herds =0,48702



2¢® of Persgist

ency (P) and Total Yield

and Age,
Herd &
Within Correlation Cx:ffiCiesithin cCOWS
Between cows 7 5z Within Co:;z 3Dy Within Herd Between co -
8p2 sy= apy 0.26242 0.
0.24510
4543,0226 1233453408 621200.36 342 4012.6887 413923390 29898642 o 047073
° d .
0.48715 .
6049,5262 818264640  1113297.79 336 46273363 451270060 680232,33 N o 20814
L4 . ° ) 0.49957 *
L0565 ,6831 1270581290 2021082,85 826 6807.0015 571531116 804859.88 0.52605 0.35204
. . .46878 .
5977 .,0408 539068201 770206 .36 178 2008.6825 255984744 2o041z.52 ot L6186 0.37236
. 0 - 0.41825 0.
5282.6457 879426643 99549276 412 5562.7764 657231486 711976.25 o 45078 0.37372
) ) .42485 .
04179184 4740794182  s552120.12 1794  25019.4854 2349690796 2748496 ,54 0
) . . )
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Table 57 showing analysis of variance and covariance of Vaximum (M) and Total Yield (Y) corrected for Month of Calving and Age,
Total _sbrcen reris e Witkin Herd Tithin —5 —Gorrelation Coefricient
Total sKe sY® Sy (8:)° (3Y)* ($7)(37) Total Between cows 5 ) Within herd Between cows Within Sows
Herd  Records . T sme T smy a/f sm® 8y° BMy 9/t _ sm = =L 78740
.0 88521 «92360 .
A 448 1246959,21 38923572365 2102772.9.8 1198251.03 37276195567 B11396705,0 447 4°108.28 1547276798 788045349 105 33831.76 1253453408 5966341.9 342 14276.52 413923390 1914112 . . e
%36 96,7 74288 814 .
B 451 1272600492 40212474015 237735800.C 1347059.65 38642039315 229033124,3 450 31901,27 1269534700 4727675,7 114 20144.40 818264640 3307179.0 336 11756,78 451270060 1420496. 08 s0246
81796448 76107 . .
o 713 173R227 ,74 52(83€62233 298615508.7 1695400.31 50241749877 2918559063.5 712 42826,93 1941012406 6759545,2 186 26346.,77 1270581200 4941580.4 526 16480,16 571331116 1 i o506 1211
o 701 .9 76550 . .
D 246 727242,12 221€5520691 126C01904.6 708231.95 21770517746 123029832.5 245 18960.18 795002045 2072022,1 67 12513.32 SS@OBB201  2043230.2 178 6646.86 255934744  928791. sreaz 6056
| 82730 . .
E 534 1238962,7C 40051385090 236782170,2 1348207 .07 TO31472C081 2TCCCN235,.2 533 42690.10 1536658129 6701302,4 121 £2473.65 .GT0ERBEAS  3896278.7 412 20225.45 657251486 2805025.7 s o506
' ppe 389.1 80294 . .
Total 2392 6420352.96 1545356144441114420601,3 €295557.1018714612046€ 1025571802, 0 BLT 174465 .78 7U00424073 20040999 .3 503 115100.90-*ET40794182 20154610.2 1794 69385.77 2349690796 8686
Correction ©234121,32105% -T2 25.061083407970.2 6284121 .32 186783922306 10834 07970,2
!
196231.54 7452692138 31014631.1 11735.78 362207160 1973631.8
i o ’ r yA
| Total data +0,81101 +1,12985£0.02046
I Between herds  +0,95726 +1.9120640.,70711
|
|
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Table 80 showing the intra-sire correlation between the persistency of dam and
daugshter and persistency "index" of each bull,

Herd Bull Dem and Mean persistency _Mean Square r Regression equation Bulls!
| Daughter Dam Daughter Dam Daughter daughters persisbency index
f pairs % % from dems persistency

A 1 18 89,17 90.18 12.44 11.58 +0,19839  73,11+0,19144x 91.19
2 13 89.04 90.81 8.42 1.36 ~0.45767  107.19-0,18393x 92,58
3 7 91,74 85.81 6427 21.56 +0.,18923  53,83+0,35085x 79 .88
4 7 89 .67 87.52 645 18.61 +0.62625  =7.90+1,06416x 85,37
5 7 89.33 88,76 13,77 7476 +0.16627  77.61+0,12482x 88,91
6 6 89.91 87 .85 15.11 16 .58 +0.41150  48.09+0.43110x 85.79
7 5 89 .25 86459 22,71 8.59 +0.92465  42.31+0,49613x 83,93
8 5 92.64 90,97 1.82 4,57 +0.80880 1.50+0,96581x 89 .30
All 68 89,80 89.02 10.89 12453 +0.28897  65,19+0,26542x
B 1 219, 88 .49 87.84 19.24 13,44 +0.38417  59.36+0,32180E 87.19
2 8 87479 88.83 6451 8.99 +0,19650  68.55+0.23095x 89 .87
3 10 88 .94 84 .62 4.66 14,23 -0.26925  126,46-0.47040x 80,30
4 8 89.82 84.80 11.70 9,06 +0.44451  49,.67+0,39113x 79478
5 6 90.03 91.21 3.12 19.60 +0,12522 62.96+0.31377x 92.39
6 29 89.06 87 .37 20.16 15,41 +0,34358  60.61+0.30045% 85 .68
All
70 88.99 87 .24 13 .46 16433 +0.27487  62.93+0.27319x
| c 1 8 90,08 83 .54 10.99 7459 +0.37055  80.80430796x 87.00
2 8 89 .99 $3.21 10.02 10.16 +0,78345  17,22+0.78892x 86,43
3 7 . 89.11 89.71 26.72 7494 -0.22212 100,50-0,12108x 90.31
4 10 91.51 86.62 3.32 25,03 +0,07276  68.34+0,19978x 81.73
5 7 92.47 90.42 7499 4,14 +0.27331  72.24+0.19660x 88.38
All |
40 90.67 88 .53 11.24 12,67 +0,18610 _ 70.87+0,19477x
D 1 5 92,05 87,84 24,82 gggi +0.90395  52,68+0.38196x 83,63
2 19 89,20 86.44 Q.47 ltjA A +0,25351 62.98+0,26303x 83.66
Al1 24 89,79 86.73 13,12 nga +0.,35525 59.18%0,30681x
E 1 17 89.33 88,85 9.5 8,38 +0.02628 86.67+o,6é438x 88 .37
2 7 92.22 89439 2,61 13:19 =0,49755 188,58=1,07551x 86456
, 3 5 88.96 88,62 22431 6448 +0,69439  55,37+0,37371x 88,28
| 4 7 89430 89467 27489 8239 +0,04889  87,27+0.02688% 90.04
R11 36 89.83 89.08 13,66 8,24 +0,07122  83,87+0,05795x

% ' Total 233 89,71 88,19 12,45 - 1530  +0,23764  66.87+0.22822x




Table 82 showing the intra-sire correlation between the ~aximum yicld of dam
and dsucnter and maximum yield "index" of each bull,
Eerd Bull Dam and Mean Maximum Mean Square T Regression equation Bulls!
Daughter Dam Daughter Dam Deughter davchters maximum Index,
pairs yield for dams maximm
vyield
A 1 18 51.84 58,12 43,24 55.20 +0.29863 34,77+0,45042x 52,686 4.40
2 13 50.12 54,81 25,22 85.04 +0,.,29565 27 .60+0.54293x 59,50
3 7 59 .39 64,70 51,76 18,26 +0.,4€959 47 ,43+0,29077x 70,01
& 7 42,42 45 .&¢ 19.1C 13.28 +0,04343 45,.,49+0,03621x 48,55
5 7 44,69 44,24 18.3C 16,75 +0,34092 30,27+0,32611x 44,99
6 6 59,42 57.17 23,22 43,98 ~0.49496 97 .64~-0,68105x 54,91
7 5 42.84 56 .08 3454 19,01 +0.21187 55,04+0,42118x 69 .32
8 5 45,12 53 .48 54435 4.37 =-0,67454 80.,79-0,60525x
_All 68 86,10 54.92 58 436 71,60 +0.25706 39,22+0,513532x
B 1 9 52,39 53,58 42,41 41,41 +0,41419 52.14+0.,40¢24x 54,77
2 8 54,92 63 .32 22.C2 17.66 +0.072C9 59.,77+0,06456x 71.72
3 10 55,81 55,34 30,80 50,79 +0.22967 38 .90+0,29492x 54 .87
4 8 52,16 47 .56 44,99 26,25 +0.32666 54,54+0,24957x 42,56
5 6 55.18 52,32 67,01 35.62 +0,772909 21,.,48+0,55896x 49 .46
6 29 51,12 S57.72 57459 35.58 +0.11854 52,95%+0,00333x 64,32
All 70 52.86 55.87 47 .45 50,61 +0,24657 44,58+0,81351x _
C 1l 8 50,99 48,02 44,75 19,39 $0,45477 32,76+0.,29935x 45,05
2 8 47.03 48,81 18,70 31,36 +0.66332 8.41+0,.,85898x 50,59
3 7 49,53 51.40 37475 34,99 -0,10234 56 .,28~0,09853x 53,27
4 10 48,09 47,02 61,07 11.60 +0,.,03795 46 ,22+0,01654x 45,95
5 7 49,56 51,53 22.28 20,43 +0,92698 -1,27+1,06537x 53.50
All :
40 43,96 46,13 58,65 25,07 +0,31335 37 2 Q0+0,24972x
D 1 5 51.2C 52426 636 .07 +0,76653 «0+41+1,01100x 52.62
2 19 55,20 53.92 57,18 . +0.,34575 34,16+0,35801x 52.64
All 24 84,62 52467 43,85 j§390 +0.35830 33,19+0,37377x
E 1 g 48,42 51,08 31,79 55.69' 40,11309 45,15+0,12248x 53.74
2 " 50.63 49,43 22,38 23.30 =0,10875 56470~0,11095x 48,23
3 5 49,92 51.84 15.82 55,93 =0,26175 76 .41=0,49218x 83,76
4 7 49,04 50.04 51.03 An,70 =0.43304 69.05-0,38717x 51,04
A1l 36 49,18 50.66 29.71 39,81 -0,07988 __ 55,23-D,00207% - |
Total 238 51,03 53.44 49,07 56468 +0,22262 _ 42,06+0,32298% i
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Table 84 showingc the intra-sire correlation between the total yield of dam
and daugsnter and total yield "Index" of each bull.
Herd Bull Dam and Mean Yield Mean Square b o Regression equation Bulls!
daughter Dam Daughter Dam Daughter Daughter toml Yield 1index
pairs for dams total yleld (20~D)
A 1 18 9124.3  10456,7 1545520 1179708 +0,18379  8949,0+0,16524x 11789,1
2 13 8625.5 9815.1 881832 330518 =0,008534 11457,.,3«0,19039x 11004 ,7
3 7 10902.6 10611,3 1590364 2434058 +0.84310 =7680.4+1,04303 x 10320,0
4 7 7467 .3 7519.7 817573 1150058 +0,67670 2247.6+0,7062x 7872,1
5 7 7848 .6 7675,.1 1051009 948521 +0,02004 7525 ¢740,01904x 7801.6
6 6 10634 .8 9797 .0 599773 1521231 +0.15728 7133 ,140.25049x 8989.2
7 5 7471 .6 9336,.,0 909701 1162350 +0.87522 1944,2+0,08932x 11200,4
8 5 8423,2 9545,.8 245807 758854 =0.,30794 14103.,3=0.54107x 10668 .4
All
68 887043 9553,7 2188473 2701963 +0,.,23967 6896.,2+0,30174x
B 1 9 8944 .4 9171 .4 1731598 1440469 +0.,49034 5171.2+0,.44723x 9308 .4
2 8 0467 .3 10818,7 10281063 2236182 +0.,49594 4066 ,3+0,71327x 12170.1
3 10 9717 .5 8587 ¢ 1514587 1755689 +0.33665 4541,9+0,41629x 7466,9
4 8 9301.1 7579 .6 1141404 486528 +0.19039 6423 ,.,5+0,12430x 5858 ,1
5 6 9781.2 9383 .2 549598 1995675 +0,54541 ~782.4+1.03930x 8985.2
3] 29 8823 ,0 © 9624,6 3832071 5842455 +0,00245 8880.,2+0,08437x 10426,.2
All
70 9176,.8 9300,2 1700400 2290514 +0,24484 705043 +0,24517x
C 1l 8 8961.2 8010.7 2179701 1598291 +0,72657 2435 ,3+0.62217x 8010.7
2 8 8448.1 8337.0 1642441 1000016 +0,79262 3111.,7+0,.61852x 8225.9
3 7 8515.1 8732.4 2743072 856475 +0,44074 6635,.,4+0,24627% 8949 .8
4 10 8431.4 7808 45 1411369 952031 +0.04732 7480,.,9+0.03886x 7135,6
5} 7 9135,0 9089.4 1284010 993705 +0,94237 1516,3+0,82902x 9043.8
All 40 8678 .5 8340,.5 2L 05 +0,56112 4584 ,0+0,43285x
1 5 98150 866046 414408 79 +0.,78448  -1987.7+1,08490x 750642
D 2 19 9717 .5 8921.0 3096657 . 152 +0,19383 7600,1+0,13593x 8124,.5
All 24 973748 88667 2495541 +0.22376 7276.1+0,16334x
1 17 8160.1 8499.5 1308750 +0.06994 7868 «8+0.,07421x 8839.1
E 2 7 8952,.7 8220,7 598952 +0.50304 4'707,6+0,39241x 7488 .7
3 5 8352,4 8629.2 803040 =-0.15762 10508,9-0.21786x 9026,0
4 7 8406 .9 8489,.7 220692¢ 9.08229 7914 .84+0,06080x 8429,7
At 36 8406.2 8458,.1 1277688 0.,07666 7830,7+0,074684x

8945.5

9040,.2

1964412

0,26314

6744 ,2+40,26666x
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