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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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‘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
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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.
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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,




6" 2%
LS|

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
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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
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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




Sy
L
€

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




JoouY

;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
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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
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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.

J0



'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
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
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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.
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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~-
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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=

'
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