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PART I

Introduction, Material and Methods
and Units of Measurement




Part I

Introduction

"We have usually no knowledge that any one factor will

exert its effects independently of all others that can%

be varied, or that 1ts effects are particularly simply

irelated to variations in these other factars..........;

' to more than one narrow aspect of his problem."

“animal breeding by the voluminous literature on
~lactation studies which have often dealt only with

1

#If the investigator, in these circumstances, confines}

his attention to any single factor, we may infer

i

~elther that he is the unfortunate victim of a doctrin-%

i

aire theory as to how experimentation should proceed,
or that the time, material or equipment at his
disposal is too limited to allow him to give attentlion:

The need to remember these woards of R.A.

Fisher has been repeatedly emphasised in the realm of

%particular aspects of the entire problem. It hasg not

| always been realised that the reactions of the dairy

|
i
|

~ities would be beset with numerous pitfalls, and mighti

| lead to faulty conclusions. The present thesis is

cow to such envirommental factors as month of calving,

length of calving intervals and age at calving, muy not
be asg stralghtforward as it would appear at first sighﬁ.

The inter-relations among these factors themselves may

|

' be so complex that any attempt at studies in herd

analysis without adequate allowance for such complex-

 therefore devoted in part to a study of the environ-



mental factors influencing dairy cattle production, amd

their inter-relationships,

It 1s well recognised that the performance of
? dairy cow is influenced not only by environmental |
Eactors but also by her heredltary potentialities for
production. When one wishes to improve the productive
jlevel of a herd or breed of dailry cattle, 1t 1is
;important to know how great a change can be brought
?bout from one generation to another by constructive
breeding. Only a selection based on genetically caused
differences between individuals will be of any lasting
&alue through an improvement in the heritable qualities
Lf the following generation. An accurate evaluation of
the genetic and environmental causes of wvarlation is
therefore of fundamental importance to any progressive
policy of cattle breeding.
| Different lines of approach have been

kecommended by various investigators as being most

ﬁikely to prove fruitful in relation to this problem.
&he method of explaining the variation in dairy cattle
?erformance by assigning gene symbols to the animals
?ccording to their level of productlon, has been
%ttempted by several workers - notably Wilson (1911,
5;925) and von Patow (1925, 1930). Even as late as 1934,
kronadher emphasised that the task of animal breeding |
%ould be very much easier 1f research were conducted |
Llong similar lines with a view to.obtaining the
&endelian list of genes involved and their dominance

%nd linkage relations. Fascinating as thils suggestion
!




- to have a complete scientific knowledge of the genetic
- make-up of a dairy cow may appear, its impracticability
- has been discussed by Lush (1936) in his review of

f Kronachert!s work where he says, "How would the author

(Prof: Kronacher) and those who hold similar views

advise the breeder to proceed even if he had perfect |
1
|
}

I

if there were 10 or 20 or more pairs of genes affecting

- knowledge of the genes and thelr inter-relations but

each Important characteristic? 1In short, the revlewer
"would like to see this reasoning extended to n genes

' to see whether such knowledge about the individual genas
would after all be very useful, since in their
%segregations and recombinations the genes would be
Jobeying the laws of Mendelism whilch automatically
result in an offspring population which is distributed
nearly like the square of the ratio among the gametes
from its parents. That gametic ratio is something 1like

- a binomial raised to the n#h

power. From this 1t seems
to follow that as soon as we embark on a breeding
- programme dealing with anything except characters
" inherited in a simple manner, such as colour, the
problem becomes too complex to keep track of single ,
genes." It is clear that if Lush's analysis 1is
accepted, little progress may be expected from this
method of study.

A secomd method of approach lies in the
reglon of planned experimentation, involving the

experimental control of all environmental factors

affecting production. The number of non-genetic



? causes of varlation is however so great, anmd some which

- opened up new possibilities, whereby palrs of cows

- to various environmental factars in order to study
their respective responses., Though extremely valuable,
. a serious limitation 1s imposed on this method by the
| very small frequency of lidentical-twin births as

- compared with single births. Untll such time as a

belong to the realm of the Internal physiological
environment are so much beyond the control of the
experimenter, that complete environmental control does
not seem feasible. In recent years, identical-twin

research, particularly in Sweden and New Zealand, has

with an identical genetic complex could be subjected

larger percentage of identical=-twlin births could be

induced by experimental techniques involving artificial

blastomeric separation, research with identical-twins
will not be a universal possibility.

A third method involving the statistical
analysis of production figures of cows llving under
natural conditlons of environment, is the one that has
been widely used for studies in herd analysils.
Enriched by the recent researches of Fisher aml other
statisticlans, its practical application to the sciencd
of animal breeding has been developed extenslvely by
Lush and his co-workers. It is this method that has

been used throughout the present study. It involves
the assessment, under proper statistical control, of
the influence of known environmental factors on

production, and the subsequent standardisation of the

|
|
|



5lactation records whenever necessary, with a view to
?eliminating the effect of these environmental influences.
;These standardised records are then used for more
.accurate estimations of heritability than could be
f:obta:!.ned from raw data.

It is beyond the scope of the present thesis
to review the very extensive literature on dalry cattle
production. Such revliews have been made from time to
‘time by different authors (von Patow 1926, Buchanan
;Smith and Robison 1933, Buchanan Smith 1939, and Shrode
and Iush 1947). Reference will however be made in the
Eappropriate sections of this thesis to those papers

1germane to the subjects under discussion.




Materlial and Methods

The choice of rellable and representative materlal 1is
fundamental to all genetical research. Accordingly,

‘the best type of production record that could be

‘employed for studies in herd analysis, is that ootainedi
%from accurate and dally records of each cow. But,
‘?detailed inquiries into the system of recording in
Scotland revealed that the number of farms maintaining i
1daily lactation records is surprisingly small. Owing |
fto the paucity of such data, it was decided to resort
‘to the offliclal records malntalned by the Scottish Milk
‘Recording Association. These offlcial recards are
based on measurements made once in every l1l4 to 28 days
§by recorders appolnted by the Association. The milk
yield of every cow on the farm visited by the recorder
is weighed over a beriod of 24 hours ard entered in the
Emilk record book speclally kept for the purpose. Each
‘day of visit 1s regarded as the middle day of the
Eperiod covered by the test, and the total yleld for the

iperiod is obtained by multiplying the actual yleld on

the day of test by the number of days covered by the ;
;test. The butterfat percentage of the milk produced by
veach cow is also determined from a random sample of th.e3
[milk by the Gerber method. The production of butterfat$

|
i

for the period 1is then calculated by multiplyling the

yleld of milk by the percentage of butterfat.
| Most investigators 1n Scotland have, 1n the

ipast, employed these official records for their studies)

gwithout, however, ascertaining whether such records are?

|
sufficlently accurate estimptes of true milk ylelds.



Buchanan Smith (1948) seems to be the only writer who
has recognised the importance of this in interpreting
the results of a constructive breeding policy.
Analytical work in dairy cattle production is funda-
mentally conditioned by the accuracy with which the
available records indicate actual differences in
producing ability. 4 preliminary investigation into
%the usefulness of the officlal Scottish M1lk recards

for genetical purposes was therefore made at the

commencement of the present work. The results of this E

i
|
|
i

investigation are presented in a subsequent section.
The collection and tabulation of data for tha%
main investigation was undertaken as the next etep. |
Although milk and butterfat recording has
been in progress for a mumber of years in Scotland, it |
was considered desirable to restrict the present study |
to a falrly homogeneous period of years during which no
drastic changes in feeding anl mamagement had talken
place. This selection was necessary in the light of
present-day knowledge of the disturbing influence of
.changes 1in herd management on genetical studies. In
éconsequence, the ten year period from 1950 to 1939 was i
i !

‘chosen. This obviated the necessity of attempting to

3correct for variations in feed-supply and their con-

|
comitant effects on milk and butterfat production

{
|

‘experienced during the later war years. Personal visits

by the author to ovér twenty herds of Ayrshire cattle |
in Scotland revealed, however, that even with this

restriction in the period of years, the utmost caution



was stlll demanded in the choice of the herds for study;

Apart from the drastic effects induced by such a major

catastrophe as war, changes in environmental conditions!

|
!
|
i

due to other reasons such as the sudden incidence of
|
mastitis or abortion on a large scale, or even radical |

!

chﬁnges in byre staff, also termd to reduce production ;
considerably. For these reasons, several herds which ‘
might otherwise have been used, were excluded from the
present investigation. No other kind of selection
occurred in collecting the material for this work.
Twelve herds of pedigree Ayrshire cattle
located in south-west Scotland were finally used as the
basis for the investigations presented in this thesis,
For compilation of the data, the original record books
of the 12 herds were obtalned from the herd owners, and

all the records (numbering about 5,000) were abstracted

and utilized, except where illness or disease had

jobviously decreased production. In order to ensure
accuracy, all figures of every testing day of every cow%
gand lactation were copled out on specially-prepared j
1sheets, so that the ultimate‘bomputations would be self;
ichecking. The data pertaining to the different
rlactations of the same cow were traced through the
different years and detailed accordingly; thereby all |
available information relating to a particular cow was
collected in compact form. This contained in addition
to milk, butterfat and butterfat percentege figures,
;other particulars relating to the date of each calving
}and age, lengths of the calving intervals and dry



- periods, and also the names of the sire and dam.

' Finally, to facilitate statistical computations all

the information for each lactation of each cow was

iResearch Workers" (1948) and Snedecort's "Statistical
Methods applied to Experiments in Agriculture and
gBiology" (1946). Wherever other techniques of

f analysis were employed, they ave indicated in the

; appropriate sections of the thesis. The computations

transferred from the abstracting sheets to a card
index. The abstracting sheets themselves were used

for purposes of subsequent checking, and also for

. calculations not needing the card index.

The methods used in analysing the data were
based malnly on Fisherts "Statistical Methods for

themselves were made with the aid of a Marchant |
Calculating Machine.



Unlts of Measurement

It wlll be observed from a study of breeding
practices in different countries, that the units of %
; measurement of dairy cattle production vary consider- |
; ably from one part of the world to another. In Sweden%
;and New Zealand, for example, where the main market ﬁ
:for mllk is for the manufacture of butter and cheese, g
" the breeders are more interested in the total yield ofE
‘fat than in any other production characteristics. 1In
Britain, however, the amount of milk produced by the
cow, and to a less extent the butterfat percentage in
that milk, seem to be the prime criteris for measuring
jdairy cattle performance. It would appear therefore
- that a study of the causes of wvariation in milk yleld
"and butterfat percentage would be of importance from

] s
~the breeding standpoint of this country. '

The usefulness of studies in butterfat percent-

‘age has, however, been repeatedly questioned by several

‘authors. von Patow (1930) stated that investigations

' on the relationship between milk yleld and butterfat

should deal with the total amount of fat secreted and
not with the fat percentage. Buchanan Smith (1939) [
also supported this contention and adduced evidence for%

-1t by an analogy based on a conclusion drawn by
i

'Bairfield Smith (1937) in the realm of plant genetics.
fHe maintained that just as the study of the grain:straw

iratio in wheat does not supply more information than

'can be given by a consideration of both grain and straw

10



sSeparately, so also would the argument apply to the i
aquestion of butterfat percentage. On the other hand, i
Johansson and Hansson (1940) advanced a counter-
argument to this on the same plane. They stated that
"it must be just as logical to study the inheritance
~of fat percentage of the milk as 1t is to study the |
genetical basls for the variation of the sugar content?
iin beets or any other similar character with which :
‘plant breeders are working.'! It is clear from this §
that views regarding the advisabillity of conducting |
studies on the fat content of milk are conflicting.

In reality, however, the controversy is an idle one,
for numerous arguments of this nature can be furnished
to support either contention. The polnt at issue 1is,
'what are the advantages in studying butterfat percent-
age 1n dairy cattle that are not gained by a study of
‘total milk yield and total fat yield? The answer to

Xthis question can be obtained if the subject is
considered from a genetical point of view. In the .
ibreeding of dairy cattle, it is obvious that the
greatest improvement per generation is attained if

i

Eselection is directed towards those qualities with
|
l

‘greatest genetic variation. Investigations by differen@

{ {
‘workers on the heritability of milk and butterfat have

'shown, however, that the degree of genetic determinatiop

1s low for both total milk yield and total fat yield.
;But, for butterfat percentage, it has been found, both 1
?in the present study and in past investigations, that i
%the hereditary fraction of the total variance is much

11



12

larger than for any other produétion characteristics.

- If the ultimate aim of breeding dairy cattle is to

 improve the production level of the cows in regard to

milk and fat, this can be achieved by selection on the
basis of elither total milk yleld and total fat yield
or total milk yleld and fat percentage. The fact that
fat percentage has a high degree of genetic deter-
mination shows that 1t 1s best to concentrate on fat
percentage and total milk rather than on total fat and;
total milk,

The next important problem was to determine

what particular measure of milk yileld and butterfat

§ percentage should be employed in the present invest-

E igation. The yield during the total lactation perilod }

' was at one time the most popular measure of milk pro-

' duction, but in recent years the 365 day yleld and
. more particularly the 305 day yield have come into

common usage. During a study of the existing liter-
ature on the subject, attention was drawn to certain
Norwegian, German and Swedish work where production
records from calving up to the 180th day of lactation
had been used for measuring the milk secreting activitj
of the cow. The use of the 180 day yleld has several
distinct advantages. In the first place, it excludes
the effect of one of the major sources of varilation in
milk yields, namely variations in length of current
calving interval. With yields taken over a longer
period of time than 180 days, pregnancy begins to

exert an influence on production, and unless due



%allowance is made for thils effect, real differences
:between cows cannot be measured accurately. Secondly,
ithe correlation between the 180 day yleld and the total
. yield has been found to be remarkably high. Tuff (1931),
Aworking with Norwegian herds fourd that the correlation
between milk yleld in 180 days and yleld during the
whole lactation period, with the calving interval held
constant, was 0.895. This high correlation has been
confirmed subsequently by Zorn and Funke (1935) working
with German herd;, and also by Johansson and Hansson
5(1940) working in Sweden with herds at a higher level
Eof production. Finally, there is the added advantage %
fmentioned by these previous workers, of the greater %
possibility of making early and more accurate progeny
- tests when using 180 day records. The importance of
%this point will be Increasingly realised when it 1is
galso noted that a number of poor mllkers in most herdsi
are generally culled after about slix months of thelr l
lactation period, with the result that if a longer
. record than the 180 day yleld i1s used as the measure
of milk production, then the material available for
progeny tests is bound to be selected to some extent at-
least.

The objection may, however, be raised that the
180 day period is tooc short for measuring a cow'!s milk
producing ability. But then it should be remembered
that the nmumber of uncontrolled physiologlcal and
environmental influences that enter into the latter

part of the lactatlion curve 1s so great, that even



Table 1

Analysis of variance of the 180 day ylelds of 326 cows, each
of which had completed the first four lactations

| | Composition of mean Variance |
Source d.f.] Mean square square component;
Between lactations| 3 | 180,184,881| of2+32607 Z+nyoy; 2 549,856
2 2
. Between herds 11 | 39,059,275 o3 2+49;%+n PR % % 344,647
Herd lactation
interaction 53 931,756| O3 *+nFur” 16, 420
Between cows 2 2
within herds 314 2,691,459| O "+49; 546,942
Rema inder 942 503,693 | 62 503,693
Intra-cow correlation within herds after o
elimination of variance due to age = ¢ = 0.521
2 2
%% *C

Table 2

Analysis of variance of the total lactation ylelds of 326
cows sach of which had completed the first four lactations
(Same cows as in Table 1)

iti '
Source d.f. | Mean square Compos soggpgf mean Zﬁ;éiﬂﬁgt
Between lactations | 3 | 22,561,189 o2+32607%n o5 ? 59,397
2 2 2 2
Between herds 11 |} 112,940,663 Oy +49,°+n Op +n,0g 988,397
Herd lactation 2 2
interaction | 33 3,197,737 | 0 *+n oy, 57,081
Between cows within
herds 314 8,382,508 | oy2+40;% 1,668,218
Remainder 942 1,709,638 | o742 1,709,638
Intra-cow correlation within herds after o=2
elimination of variance due to age = ¢ & 0.494
e 0r2+0“2
L ‘, E T ‘i{ C

-

- {Footnote: The terms 0%2, ”62, o7 HLZ, 0‘52 and 01,2 denote the variances

corresponding to the appropriate sources @.8. g7< 1s the variance between

1actations,¢7ﬁ2 is the varlance between herds, etc. The terms n, and nj

repregent res
herd, and are obta
gives in

& g BT

For further details of this met
» subsecuent sections of the pres
Winsor and Clarke (1940) and Hetzer,

3

and ny =

ent thesis

4no

hod of analysis which 1s used also in

s reference ghouldl be made to
Dickerson and Zeller (1943)]

pectively the average number of cows and lactations in each
ined from the general formula (see Snedecor 1946), which




~after correction for known envirommental factors, the
‘ accuracy of the results obtained often leaves much to
~ be desired. It is therefore concluded that a more

. accurate evaluation of the cow's inherent potentiality
. for milk production can be made on the basis of 180
day yields than on ylelds based on longer periods
imperfectly corrected.

The relative usefulness of the 180 day record
for genetical purposes was studied with the present
materlal by two analyses of varliance of the 180 day
ylelds and the total lactation ylelds of 326 cows,
each of which had completed the first four 1actations.;
The measure of usefulness employsd was the within-herd:
 correlation between records of the same cow after
% eliminmation of the variance due to age. This has been
% termed "repeatability" by previous investigators %
(Iush and Shultz 1936, Lush and Arnolﬁ 1937, and
Dickerson 1940), since 1t indicates the degree to whicﬁ
records of the same cow tend to repeat themselves fromé
one lactation to another. Tables 1 and 2 show the |
results obtalned with the present material. It 1is
apparent that the repeatability was in fact slightly
greater for the 180 day record than for the total
lactation record, proving thereby that the 180 day
yield is quite an adequate measure of milking capacilty:
in dairy cattle. It should, however, be noted that the
variance due to age is very high for the 180 day yieldé

so that the need for an age-correction is greatly
increased with this type of record. In fact, in the

14



épresent data, about 28 per cent. of the total variance
gin 180 day yields was due to age. The corresponding
flgure for total lactation records had a surprisingly
glow value of 1 per cent. - which is probably peculiar
jto this material only.

When 1t had been decided that the 180 day yield
!would'be used as a measure of total milk production, %
the next cquestion was whether any such restriction 1is
also required for butterfat percehtage. The results ofz
studles presented 1n Part IV of this thesis show quite E
clearly that the butterfat percentage of a cow is :
practically indeperdent of variations in length of the %
current calving interval. It was therefore decided that

for butterfat percentage, the total lactation period

would be used.

; Investigations on the perslstency of lactation
ihave also been carried out with the present material.
The unit of measurement employed for these studies was
based on the "shape~figure" idea used notably by
Johansson and Hansson (1940) and also by other invest-

igators. A discussion of the present method of study
in relation to previous work is given in Part III of !
this thesis. It may, however, be mentloned here that

persistency as described in this work, was measured by

the formula :-

Persistency = ‘£%;i"
where A is the milk yield during the first 180 days and@

B is the milk yield during the first ten weeks of
lactation - subsequently termed the "initial yield¥,




2tudies in [1lk Vield




Part 1II

Studies in Milk Yield

1, Accuracy of milk yield determinations made under
the official Scottish milk recording system

| Numerous researches on the accuracy of
‘different systems of milk recording have been carried
out in recent years in many countries - particularly in
gAmerica and New Zealand., The results of these invest- %
iigations have all proved to be of fundamental 1mportanc§
in establishing the actual potentialities of dairy
cattle in regard to mllk or butterfat production. The §

followlng study was therefore undertaken along similarf
;lines with a view to testlng the accuracy of milk yield?
Aideterminations made under the official Scottish milk
‘recording system.

Since 1ts inception in 1930 the Kirkhill herd :

i
i
|

jbelonging to the Hannah Institute has been recorded on
%the officlal Scottish system, while daily records were
%also kept at the same time. This herd therefore
%provided the necessary material for making a direct

{

‘comparison of the official and daily records. 4 total

of 200 lactations covering the periods 1931 to 1935 and
1941 to 1945 was studied, amd the correlations and
regressions were computed separately for the two period?.
The factors correlated were the first 10 weeks yleld, |
the 180-days yield and the 240-days yleld as measured

by the official system on the one hand, and by the

daily records on the other. The results of these
studies are presented 1n Tables 3 and 4.

16



Table 3

Relationship between determimations of milk yield made

under the official Scottish niilk recording system and

the corresponding yields calculated from dairy recordings

(Period 1931 to 1935)

{

Mean Mean Correl-|Regres-| Regression %
Description yileld | yield ation sion equation
of data on on coeffi-|coeffi-
official daily cient| cient¥®
record=-| record-
ing ing
(1b.) (1b.)
10 weeks yileld 2878.6 |2735.1 | +0.977 +1.,019 X 94.2+1.019X,
180 days yield |6230.7 |5933.6 |+0,986 |+1.029 Xy =122.7+1.029%,
240 days yield |7489.9 |7139.4 |+0.986 |+1.030 [X, =138.7+1.030X;

Regression of official record on

dairy record.

X3 1s the yileld in 1lb. according to the daily record

amd Xo 1s the corresponding yleld according to the
official record.



Table 4

Relationship between determinations of milk yleld made

under the official Scottish milk recording system and

the corresponding yilelds calculated from dally recordings

(Period 1941 to 1945)

llean Mean Correl-| Regres- | Regression

yield yield ation] sion equation **
Description on on coeffi- coeffi-.,ﬁ

of data officiall daily clent cient
record~- | record-
ing ing
(1v.) (1b.)

10 weeks yield|2274.1 | 2178.8 | +0.959 | +1.009 X2 = 75.4+1.009%,
180 days yileld |[5029.7 | 4831.8 |+0.976 | +0.981 X2 =%9.6+0.981X1
240 days yleld {6036.0 |5791.4 |+0.981 | +0.986 x2 = 325. 6+0.,986X,

¥

Regression of official record on dairy record.

X, 1s the yield in lb. according to the daily

record, and X, is the corresponding yield
according to the official record.




| The two sets of corresponding regressions for

%the periods 1931 to 1935 and 1941 to 1945 were then
;compared in order to determine whether there was any
%significant difference between them. The tests of
significance showed that the regressions were in fact |
remarkably similar. |
Finally, the percentage differences between the
official and daily records were calculated for ylelds
from 2,000 to 7,500 lb. by using the regression ema-
tions of Tables 3 and 4 about their respective ranges

of mean. It was found that the officlal record was, on

the average, 4.8 per cent. higher than the daily record}

‘This 1is in close agreement with the S5 per cent . figure
%reported by Buchanan Smith (1948). |
i It is evident from the above analyses that %
although the official records of the Scottish Milk |
‘Becording Associlation are slightly higher than the
corresponding daily records, the high correlations of

for genetical studies.

0.97 - 0,98 indicate that they are sufficiently accurate

17



Table 5

The mean and standard deviation (o) for age at calving,

initial yleld, 180 day yield and calving interval of the

1st to 10th Iactations

Iact-| No.of|- A& at calving |Initlal yield| 180 day yield Calving
iatllquix cows| Mean o~ |Mean G Mean G Mean | o
Years| Morths | Months| (1b.) | (1b.)| (1b.) | (1b.) |(days) |(days)

1 1211 | 2 | 8.7 | 3.72{2420.1 | 414.7| 5571.8| 986.2 | 417.5 | 58.8

2 1915 | 3 10.4 | 3.94|3004.3 | 499.8| 6553.9 | 1143.0 | 391.2 | 54.3

5 | 688 | 4 |11.4 | 4.30|3181.4 | 566.6 | 6994.1 | 1239.2 | 382.9 | 49.2

4 | 548 6 | 0.7 | 4.7313218.9 | 566.4| 7156.2 | 1278.9 | 388.7 | 57.5

5 | 3861 7 | 0.8 | 4.96|3272.8 |617.4| 7276.1 | 1394.4 | 380.8 | 47.5

6 | 2481 8 | 1.4 | 5.03|3276.8 |648.3 | 7283.1 | 1391.5 | 84.8 | 61.5

7 | 156 | 9 | 1.1 |5.0013285.8 | 624.7| 7385.4 | 1404.4 | 397.7 | 66.5
8 | 105 (10 | l.2 | 5.56|3319.5 |632.9 | 7501.7 | 1344.7 | 399.6 | 66.9
9 82 | 11 Be2 | 7.73|3165.4 | 593.0| 7254.2 | 1393.1 | 390.6 | 45.8
10 47 112 | 2.3 | 6.05|3153.6 |572.7 | 7095.4 | 1355.2 | 380.6 | 58.6




2. Prelimlnary examination of available data §

)

ESome preliminary analyses were made of all the avail-
éable milk production figures from the 12 herds in order
%to determine the maln statistical constants of these
data. The mean and standard deviation for the 180 day
zyields of each of the lst to 1l0th lactations were cal-
culated, and the results are presented in Table 5
together with the corresponding values for the i
associated calving intervals and age. The table also

contains average figures for yleld calculated over a

shorter perlod of the lactation curve = from calving up
|

to the 10th week of lactation. This 1s referred to as

the "initial yleld". The distribution of the production

records shows that the standard deviation for both
éinitial and 180 day ylelds was lowest for the first
%lactation, and thereafter it increased up to the sixth
éor seventh lactation. There was glso an increase in
?the mean inlitial yleld from 2420.1 1b. in the first
‘lactation to 3319.5 lb. in the eighth lactation, and a
corresponding increase in 180 day yield from 5571.8 1b.
to 7501.7 1lb.

The mean age at first calving 1n these data was
fourd to be 2 years and 9 months, with a standard
deviation of 3.72 months. 4 frequency diagram depicting
the distribution of age at first calving is presented
in Fig. 1. It shows a skewness of 0.478, which 1s

probably a reflection of the wide differences in calving
programmes in the different herds. The age at sub- !

sequent calvings increased by approximately twelve to
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%thirteen months for each lactation.

It will be observed from Table 5 that the first
calving interval was on the average about 30 days longer
than that of subsequent lactations. The frequency
diagrams, Figs. 2 and 3, showlng the distribution of
the first calving interval as distinct from that of the
third to fifth lactatlions, provide measures of the
skewness of the distribution. The curve for the first
calving interval had a skewness of 0.928, while the
%corresponding figure for the third to fifth lactations
was 2.043. The means were 417.5 + 1,96 days and

384.4 + 1.52 days respectively for the two groups. The
modal class for the former distribution was between |
380 anmd 400 days, and for the latter it was between 560

l
i
!

and 380 days. ;

The frequency distributions of the first dry
period anmd the dry periods of the third to fifth

lactations were also studied, but this was handicapped%
to some extent by the system of recording prevailing 1@
Scotland, in that it was not possible to determine from
the available data the exact date when a cow went dry.

It might have occurred on any one of the 14 to 28 days

1
intervening between the two tests made at that time by

the recorder. The figures for dry period obtained froﬁ
the data used here are therefore bound to be rather %
in the nature of estimates. However, they may be ;
considered fairly satisfactory for obtaining frequeneyi

diagrams for the population as a whole. Such diagrams

for the first dry period and for the third to fifth

19
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dry periods are presented in Figs. 4 amd 5. The modal’
iclass of distribution was between 60 and 80 days in
lboth cases, with mean values of 79 days for the first
i‘lac‘l:a‘t;:i.on and 86 days for the third to fifth lactationg.

Averages of the production figures independent
of lactation number were also calculated for the entiré
population, and these gave an initial yield of 2964.4 '
lb. and a 180 day yleld of 6616.9 lb. per cow per
lactation. These figures may be considered high when
compared with those of the country as a whole. Appendix
Tables 1 and 2 give details of the average values for |
initial and 180 day yields during the period 1930 to
11938 for each of the herds studied. The figures for
the year 1939 have not been included in these tables,
because the records of a large number of cows calving
in the latter half of that year were not avallable
during the complilation of the data. It will be
observed that on the average, the figures show little
or no permanent change through the years 1930 to 1938 =~
a fact which was verified by a preliminary analysis of
varliance of the 180 day yleld between years and herds
(Table 6).

The analysis of variance shows that the mean

square "between herds" was very highly significant,
while the mean square "between years" was not signifi-f
cant. This means that the herds differed very consid-
erably among themselves in regard %o their levels of

production, while there was no evidence of improvement

or deterioration in mean yleld between the years 1930




and 1938.

Table

6

Analysis of variance

(Based on the mean 180 day yilelds of each herd
in each year from 1930 to 1938)

Coefficient of variation = 6.2 per cent.

It should perhaps be pointed out that the above analysi
is based only on the average yields of each herd in
each year, and consequently the results might not agreé
completely with those obtalned from more detalled

analyses using the individual yields of cows (as shown

later).

there was no significant change in the mean yleld of

the 12 herds from 1930 to 1938.

Source | d.f. Sum Mean souare}] F Signif-j
of squares icance
Betﬁeen s %
herds 11 | 30,269,211 | 2,751,746 [15.71 | **% |
Between |
years 8 2,342,074 202,759 | 1.67 | N.S. |
Error 88 | 15,410,278 175,117 |
Total | 107 | 48,021,563

However, the comclusion remains valid that |

8
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5. Non-genetic causes of variation in
milk yield and their inter-relationships

It is well known among dalry farmers that the milk i
yield of a cow 1s affected by numerous environmental {
factors such as the month in which she calves, the ageg
at calving, and the length of the calving intervals. ;
As early as 1927, Sanders drew attention to the

influence of four major factors on milk production = ]
age, calving interval, dry period and season of calviéé.
Subsequent investigators, notably Johansson and Hansso@
(1940), have probed further into the problems relating;
to the non-genetic causes of varlation, while others |
1ike Turner (1927), Matson (1929), Frederiksen and
Ostergaard (1931), Tuff (1932), Copeland (1934), Plum
(1935) and Sikka (1940) have also contribmted valuable
Information on different agpects of the gubject. The
methods, statistical and otherwise, used by most of
these workers, are however open to critlcism, and

therefore a re-investigation of the whole problem

seemed desirable. Moreover, the study of Ayrshire

cattle in this country has not kept pace with the
progress of the science of animal breeding, and althouéh
certain facets of production perfarmance have been j
investigated by Kay and McCandlish (1929), Glen and 1
McCandlish (1930) and Sikka (1940), insufficient
attention has been paid to all the relevant causes of
variation.

In the present data all cows were milked twice

dailly, so that no differences existed between cows in

22



this respect. Moreover, the use of the 180 day recard
as the measure of milk production, excluded the

influence of pregnancy on lactation, because, as

mentioned earlier, the effects of pregnancy do not
manifest themselves until after the sixth month of the
current lactation. Therefore, no correction was |
required for wvariations in length of the current ‘
calving interval., With regard to dry period, Johansso$
and Hansson (1940) showed quite clearly that "there isé
a significant intra-cow correlation in length.of dry ?
period, and in the case of an individual cow it is |
practically impossible to decide If the dry period is
shaort or long owing to the heredity of the cow or owing
to environmental causes. Through a correction for
length of dry period, genetic differences between the
individuals may be eliminated." On the other hand,
variations in the length of the preceding calving
interval (of which the dry period is a part) appear to
be wholly enviromnmental. In consequence, & correction
for length of preceding calving interval would be
appropriate, and this would also eliminate the major
part of the non-genetic variation in length of dry
period.

Therefore, the factors that required invest-
igation were age, season or month of calving, and pre-
ceding calving interval. At first sight i1t may appear
possible to eliminate the influence of these environ=-
mental factoars on milk yield by standardlsing the

records on the basis of the averages for each factar.
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- But the non-genetic causes of variation in production

" do not necessarlily act independently of one another;

| subsequent calvings according to the months in which

the inter-relations among the factors themselves may
be so complex that they should be studied in order to
arrive at adequate techniques to meet these complexi-

tles. 1In the past, only the Swedish workers, Johansson

and Hansson (1940), seem to have paid sufficient
attentlon to this aspect of the problem. The following
|

sub-sections are devoted to a study of these relation-!

ships in the present data.

(1) Relationship between month of calving and age
in lactations

The distribution of the first, second, and

the calvings occurred, 1s presented in Fig. 6. It
will be observed that there was a larger proportion aof
first calvers in autumn and winter than in spring and
summer, while with increasing age of the cows spring
calvings tended to predominate. In other words, there

was a pronounced correlation between the age of the OOY

in lactations and the month in which she calved. Hence,

any attempt to standardise the lactation records for

month of cal ving and age must allow for this correlation.

The method of multiple regressions might suggest itselr,

but the regressions were dlstinctly non-llinear, and

therefore this method was not applicable.

24



(11) Relationship between month of calving and age
within lactations

The assoclation between month of calving and
age in months within lactations was also studied, and
the results for the first lactation are presented in
Table 7. No significant trend was discernible in this
distribution; it was therefore not necessary to make
any correction for it in a study of the influence of
these variables on milk yield.

Table 7

Relation between month of calving and
age in the first lactation

Month of Number of Age at first
calving cows calving
(months)

January 83 33 o4
February 70 31.8
March 68 32.8
April 77 32.8
May 56 3348
June 55 3246
July 40 - 30.7
August 63 32.3
September 159 32.7
October 196 32.8
November 197 52.7
December 144 33 .0
Total and

average 1208 35247




(1i1) Relationship between month of calving and the |
length of the calving interval |

Table 8 shows the relationship between the
Emonth of calving and the length of the associated pre-
ceding calving intervals for 1521 records of cows at
maturity (4th to 6th lactations). It will be observed
that there was a temdency for the intervals prior to
calvings from January to April to be shorter than those
prior to calvings from May to December. This could
probably be attributed to the higher conception rate
exhibited by cows during the pasture season than at any
other time of the year. But the correlation was not so

pronounced as to warrant the necessity of adopting

sultable corrections to meet it.

Table 8

Relatlion between month of calving and the
length of the preceding calving intervals
of the 4th to 6th lactations

Month of Number of Length of preced-
calving cows ing calving
interval (days)

January 180 386 .8
February 333 379.7
March 317 585.0
April 171 385 .4
May 76 396 .3
June 39 391.9
July 36 393.7
August 36 399.1
September 49 390.6
October 90 586.1
November 88 597 .4
December - 106 399.1
Total and

average 1521 387.3




{
i
|
l
i

i(iV) Relationship between age and the length of the
calving interval

It was shown in Table 5 that the calving
[interval assocliated with the first lactation was on
the average about 30 days longer than subsequent ones.i
‘It has also been possible to study the distribution ofi
the first three calving intervals in relation to the
age at first calving, and the results of this study are
presented 1n Table 9. It will be observed that there
waes no significant trend in this respect, in the present

1
data.

| Table 9 !

{ Relation between the age at first calving
| and the length of the first three calving

intervals
Age at first No. Iength of calving interval
calvin of (days)
(months Ccows 1st ond 3rd
calving calving | calving
interval interval | interval
51 and under 108 415 .5 586 .6 392.9
32 to 35 196 420.5 387 .7 383 .3
36 and over 73 414,.6 390.9 383.1
Total and
average 377 417 .9 588.0 386 .0

The relationship between successive calving
intervals was also investigated by the correlation
method., Two different analyses were made for this

purpose. The first was based on 614 cows, records of
whose first and second calving intervals were available




%The results are summarised in Table 10. The correla-
;tion -0.022 + 0.040 between the two calving intervals (
‘was not significant, showing that the calving interval}
rassoclated with one lactation was practically iniependJ
ent of the next. This point was further elucidated byé
a study of the variance of the calving interval betweeé
cows within herds. Table 1l shows the results of thisi
analysis. It was based on 377 cows from 12 herds, witﬂ
each cow having complete records for the first three ;
calving intervals. The results supported the con- g
clusion drawn from the first asnalysis, that there was E
1little or no tendency for & cow to repeat the length of
1her calving Interval in successive lactations. The

coefficlent of intra-cow correlation within herds after
elimination of the varlance due to age was only -0.024,

and was not significant.

Table 10

Correlation between the calving intervals
of the first amd second lactations of 614
cows

Average length of first

calving interval = 419.5 days
Average length of second
calving interval 2 391.9 days
Correlation

coefficient r = =0.022 + 0,040
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Table 11

Analysis of variance of the first three
calving Intervals of 377 cows from 12

herds
Mean ComposItiIon or Veriance
Source d.f.]| square mean square compon-
ent
2 -2 2
Between 2 |120,642 6% +377 I:+ndcﬁL 305.7
lacta-
tions
Between o 2 2 o
herds 11 7,578 G;.+305 +n66hL +nyoy 37 .1
Herd
tion 22 4,396 O +n o 46 .2
w o BHL
inter-
action
Between 2 2
cows 365 2,778 | O +39, ~70.0
within
herds
Remain-
der 730 2,988 | o 2 2,988.0
Inter-cow correlation within herds after 662
elimination of variasnce due to age =
° o %+a?
W c
- -0 .024

A highly significant correlation however was
found to exist within lactations, between the age of
the cow in months and the length of the preceding
calving interval. The intensity of this relationship
will be shown in a subsequent section by means of

appropriate correlation and regression coefficients.,

For the present purpose of indicating the natyre of this

relatlonship, the regression of preceding calving in-

29
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~terval on age 1is shown graphically in Fig. 7 for the
second, third and fourth lactations. The regressions
were linear. When the age at calving increased by one}

day, the length of the preceding calving interval !

i

| increased by 0.1l to 0.20 days; sk that, cows which
| calved for the second time at 3 years 7 months, had an%

i
|

| avergge preceding calving interval of 397 days, but if

|
|
|

'
(
i
!

 the second calving was at 3 years 2 months, the average
' preceding calving interval was 368 days. This relation-
Eship between age and preceding calving interval must g
?therefore be taken into consideration in arriving at
ésuitable corrections for the 1lnfluence of these

- variables on production.

% It is evident from the above analyses of the
éinter-relationships of age, month of calving and length
gof calving interval, that there are two significant
correlations which are relevant to the present study of
]the non-genetic causes of variation in milk yileld. The
'first is due to the change in seasonal distribution of
calvings from young to mature cows. The second is the
correlation within lactatiors, between the age of the cow
and the length of the preceding calving interval. It

is necessary to make due allowance for these relation-
ships in analysing the influence of these variables on
production - a point which has not been sufficiently

'appreciated by many previous investigators.




i
i

this study are all situated in the south-west region of

"Ayrshire breed, with standards of nutrition amd mansge-

"ment well above the aversge for the country. One would

- not been in complete agreement. This, however, is not |

4. Influence of month of calving on milk
yield

Although several authors have studied the influence ofé

|
month of calving on milk production, their results have

{

I

surprising, because seasonal influences are bound to §
vary in their effects from one locality to another and§

from one farm to another according to variations in th?

nature of the food supply and other external factors 04

management. This 1s revealed even within the confinesi

of the present investigation. The 12 herds used in |

Scotland, and are reputed to be among the best of the

thefefore expect a high degree of uniformity in the
effects of season of calving in these herds, but as wil
be shown later, this was not so. A

In spite of this varilation, all investigators
are agreed that, generally speaking, calving in the
summer months is less favourable to production than
calving in winter. 1In the present data, the average
difference in the 180 day milk ylelds of summer and

winter calvers was about 10 per cent. In comparison,
Sanders (1927) working with material from English cow-
testing Associations, found differences of the order of
15 to 20 per cent., while the figure obtained in i
Denmark by Frederiksen and Ostergaard (1931) was only
2 to 3 per cent. - a reflection of the wide differences

in management and nutritional factors obtaining in

1
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Table 12
Relatlon between month of calving and initlal yleld

Month 1st lactation 2nd lactation Mature lactations
of No.of | Initial|Relaiive|No.of | Initial|{Relative|No.of | ITnitial|Relative
calvingl cows | yield |yield |cows|{ yield |yleld | cows | yield |yield
(1b.) (1b.) (1b.)
Jan, 78 | 2524.8 96.0 10812909.9 96 .8 261 | 3159.9 | 97.9
Feb. 70 | 2417.0 | 99.8 131[2834.2 | 94.2 460 | 3064.1 | 94.9
Mar, 64 | 2379.8 98 3 14215072.8 | 102.2 504 | 3246.5 |100,5
Apl. 75 | 2500.5 | 103.5 7213121.,2 | 103.8 285§ 3351.1 |103.8
May 58 | 25651.5 | 105.4 4713107.1 |103.3 139 | 3392.4 |105.1
June 56 | 2498.9 |103.2 3213099.8 [103.1 63 | 3393.7 |105.1
July 39 | 2368 .5 97.8 2612915 .3 96 .9 59 | 5154.6 97.7
August 62 | 2430.2 1100 .4 3212950.7 | 98.1 57 | 3267.6 [101.2
Sept. 156 | 2486.7 |102.7 52]2991.3 99 .5 88 | 3326.5 [103,0
Oct. 194 | 2479.8 |102.4 8815084.7 }{102.6 121 | 3294.1 |102.0
Nov. 199 | 2373.0 98.0 7113086.8 | 102.6 120 | 3234.2 [100.2
Dec. 146 | 2500.8 95.0 9413012.5 | 100.2 149 | 3248.4 |100.6
Total &
average{l,197 | 2421.,5 |100.0 | 895|3007.2 |100.0 |2,306 | 3229.5 [100.0
Table 13
Relation between month of cslving and 180 day yield
Month 1st lactatlion 2nd lactation liature. lactatlons
of [No.of | 180 day|Relative|No.cff 180 :day| Relstive No.of | 180 day|Relatiw
calving] cows | yield |yileld |cows| yield |yleld | cows|yleld |yileld
(1b.) (1b.) (1b.)
Jan. 78 | 5521.0 | 99.0 [108 |6617.7 100.8 261|7168.6 | 99.9
Feb. 70 | 5839.3 |104.8 |131 [6417.7 97.7| 460|7044.0 | 98.1
Mar. 64 | 5584.,5 |100.2 |[142 |6839.2 104.2| 504{7323.9 {102.0
Apl. 75 | 5453.3 97 .8 72 |16561.4 99.9 285] 7207 .9 |100.4
May 58 | 5451 .7 97 .8 47 16215.9 94.7 139|7126.6 | 9943
June 56 | 5324 .5 95 .5 32 |6175.8 94.1 63| 6983.9 | 97
July 39 | 5173 .2 92.8 26 6237 .5 95 .0 59[6674.4 | 93.0
August 62 | 5470.6 98.1 32 16296.1 95.9 5716939.7 | 96.7
Septe. 156 | 5773.9 |103.6 52 ]16552.8 99.8 88|7325.0 |102.1
Oct. 194 | 5728.7 |102.8 | 88 [6632.6 101.0 121{7283.8 |101.5
Nov,. 199 | 5540.4 99.4 | 71 |6700.2 |102.0 120|7187.1 |100.1
Dec. 146 | 5454 .8 97.9 94 |6642.0 101.2 149{7286.7 {1015
Total &
average|l,197 |{5574.0 [100.0 |895 [6566.4 |100.0 |2,306]7177.5 10040
|

S
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|different localities.

| In the present work, the general trend of the;
jvariation in milk yield with month of calving was ;
fstudied for the first, second, and later lactations f
,separately. This grouping into lactations was consider-
fed necessary, firstly in view of the seasonal change |
iin calvings from young to mature cows reported in the
Epreceding section, and secondly owing to differences iﬁ
flevel of production among the different lactation grouﬁs
xThe results for lnitial and 180 day yields are nresented
in Tables 12 and 13 together with relative values
obtained by using the welghted average yleld as base.
iThey show that young and mature cows reacted in much
the same way to seasonal changes. In order to present
;the trends more clearly, the responses to month of
{calving have been graphed in Fig. 8. In Fig. 9 the
ggeneral trend in initlal yleld over all lactations-
(obtained by the least squares method of fitting
constants which will be described later) is shown, and
on this curve is superimposed another curve showing the
seasonal variation in the growth rate of typical grass-
lamd herbage in this country (after Watson 1939).
Comparison of these curves suggests that the variations
in initial milk yield are conditloned in large measure
by the prevailing conditions of food supply. The two
curves of productivity - milk and grassland - each
exhibit two peaks, one in May and the other in
September. The first peak in initial milk yleld

corresponds to an ample supply of highly nutritious
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- spring grass which, for a combination of reasons,

i

exerts a stimulating influence on milk production.

- With the advent of midsummer the rate of pasture growtli}

|
~declines, and the grass itself is of lower nutritive ;

ithe inltlal milk yields of autumn calvers. The close
similarity in the production curves for milk and grass+
- land becomes all the more striking when it is realised

" quantity, quality and palatability of herbage availabld

value. The lower initial milk yield of July calvers l
could perhaps be attributed to inadequate su.pplemen’t:ax'yL
feeding at this time. A second flush of grass occurs 5
in autumn, and this fact, coupled with the practice of

"hard feeding" at this time, seems to be reflected in

that the second peak of initial milk production is
lower than the first - a possible reflection of the

In the autumn as compared with the spring.

The trend of the 180 day yield cuwrves might
also be explained in relation to the seasonal wvariation
in the growth curve of grass. With spring calvers,
although the initial yield is high, this high level of
productioh cannot be maintained for long, owing to the
fact that the herbage available for grazing by these

cows in midsummer has deterlorated. In consequence,

the total yield of the cow 1s affected and is comparatively

low. The poor production of summer calvers could agailn
be attributed to the poor comlition of pasture
during the summer months, which compels the cow to draw
on its body reserves for milk production,unless the

grazing is adequately supplemented by stall-feeding.,.

33



This impoverishmejnt of body reserves during the early
peak perlod of lactation takes its toll on the entire
production record, with the result that the 180 day
yield is low. The comparatively high figures obtained
for autumn and winter calvers could be attributed in
part to stall-feeding and in part to the beneficial
influence of the nutritilous spring grass to which they
have access 1n the middle of their lactations.

It is clear therefore that if the differences
in production between summer and winter calvers are to
be minimlsed and the unfavourable effects of summer
calving eliminated, adequate attention must be paid by
thed alry farmer to the feed requirements of summer
calvers during the period when the quality of herbage
on his farm is relatively poor. Adequate supplementary
stall-feeding at such times and the development of
better systems of grassland management are probably the
only methods by which any material advance can be made
in this direction.

The v ariance of the lactation records due to
month of calving has been analysed by using the 180 dajy
milk ylelds of the third and later lactations. When
the data from the 12 herds were treated as a single
homogeneous population, the proportion of the total
varlance due to differences between months of calving
was only 0.69 per cent. (Table 14). But when the
analysis was done for each herd separately, and the
individual degrees of freedom and sums of squares

totalled, the resulting variance increased to 2.74 per

r

~
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cent. (Table 15). This shows that 2.74 per cent. of |
the total variance was due to differences between

months of calving within herds, and this is a better

measure of the effect of month of calving on milk yield
than the first. But it should be pointed out that even

this analysis does not include the component due to
herd month interactions. This was unavoidable owing
to disproportionate numbers in the sub-classes and
owing to the fact that no accurate method of analysis
is available for such data.

Table 14

Analysis of variance due to month of calving
- (Based on the 180 day milk yields of 2306 mature lact-

ation records, the data from the 12 herds being treat+

ed as a single homogeneous population)

! Composition | Variance
Source | d.f.| Mean square of mean compon-
square * ent
Between
months of o 2
calving 11| 4,111,608 | 9. "+n O 12,579
Within
months of o
calving | 2294| 1,823,760 | O 1,823,760

Percentage of total variance %ue to
- G—
= M

month of calving
2 2
%y +%

= 0.69 per cent.

* n, in this column represents the average nunber of
lactations in each month for the whole population, and

is derived from the general formula referred to in the

footnotes to Tables 1 and 2.
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. (Based on the same data as Table 14, but the analysis

Table 15

Analysis of varilance due to month of
calving

was done for each herd separately, and the individual
degrees of freedom and sums of squares totalled to
glve the following results)

Source d.f.| Mean square Varlance
compon-

ent

Between months of

calving 128 2,217,368 43,829
Within months of
calving 2166 1,554,233 1,554,233

Percentage of total variance due “to
month of calving with herds,

- 43,829 = 2,74 per cent.
43,829 + 1,554,233 |

Correction of milk yields for month of calving

It is accepted that the determination of
adequate correction factors for emnwironmental influence
is fundamental to all genetical research. The object
of such correction factors is to facllitate the
standardisation of the recorés to a common environment,
so that, ultimately, a classificatlion of the cows
according to their true hereditary potentlalities may
be possible.

Different methods of calculating correction
factors for month of calving have been used in the paét
but essentially, the correction factor for any month

1s given by the ratio of the value of the standard mont

s

h
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| however, the type of correction coefficient used has

to the value of that particular month. In detail,

varied conslderably in different investigations.

' While Sanders (1927) used the same correction factors

for all cows calving in a particular month, Kruger

(1934, 1937) corrected the individual lactation-record%
on the basis of the averagé yield of all cows in the §

|
same herd and the same season. Kruger'!s correction waé
|

g

based on the fact that the response to season of
calving varies from herd to herd. But, owing to the

scarcity of cowg calving in certain months of the year;
|
!

he used, in fact, a "moving" six-months average as the,

- basis of his correction. 'Johansson and Hansson (1940)}

|
however, have pointed out that this method suffers fro

the serious handicap that more than 50 per cent. of th
cows may calve in two of the six months, and therefore
this "moving" average cannot be very representative.
They have tried to overcome this difficulty by divid
the lactation records in each herd and each year into
those of summer and winter calvers, and then correcting
for the difference between the averages of the two
groups. BEven this method has its drawbacks. One cannot
expect to obtain as reliable results using two groups
only - summer and winter calvers -, as when using 12
different groups according to month of calving. In
fact, Johansson and Hansson themselves report that
using 2 seasons, only 3.3 per cent. of the total
variance was found to be due to season of calving in

their material, but when monthly records were used the
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figure was 5.5 per cent.
It is evident from the above studies that if

the correction factors are to be accurate, they shouldi

| be based on month of calving, and wherever significant}

herd month interactions exist, they should also be
calculk ted within herds. In the present analysis of
the influence of month of calving on milk yield, it

was therefore decided to test the significance of thesé
interactions before arriving at appropriate correction%

factors. Statlstically, a general method of analysis

to elucldate such information from multiple classific-j

' ations and non-orthogonal data has been developed by

Yates (1933). It consists of & process of fitting i

~constants by the method of least squares. "Tests of i

" between herds and months of calving, constants

significance are made by fitting comstants to represen?
' all effects other than the one to be tested, ovaluatiné

the residual varisnce between classes after fitting ha#
i
been performed, and comparing this varlance with the

intra-class variance." (Yates). In the present instance,

in order to determine whether there 1s any interaction

representing herds and months are fitted, and the
residual variance after this fitting is done, is then !
tested for significance against the within class
variance.

The results of such an analysis of varilance
based on the 180 day ylelds of 2306 mature lactations |
(third and later lactations) of cows from 12 herds are
g8lven in Table 16. It shows that there were highly
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| significant herd month interactions in milk yield,.

" indicating thereby a differential response of different

herds to months of calving. It can therefore be |
legitimately concluded that if the best results are to%
be obtained, corrections for month of calving must be :
done Within herds. In the light of this, it is evident
that the treatment of this problem by previous 1nVesti¢
gators like Sanders (1927) ard Sikka (1940), has not ,
been quite adequate. Such correction factors as they

used, cannot be expected to give the most accurate

' results, because they have no bearing on local conditiéns

within herds.

Table 16
Analysls of variance of herd month inter-
actions in milk yieldg
Mean F
Source d.f. Sum of squares square
Constants 22 619,613,933 28,164,270
Remainder
(inter- 117 | 242,877,238 2,075,874 |1.42"¥
action)
Between
classes 139 862,491,171
Within
classes 2166 |3,163,070,930 1,460,328 ;
i
Total 2305 | 4,025,562,101 |
!
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. corrections for month of calving had to be made not

. grass early in the following spring. Such variations

- in the dryness of the summer and the severity of the

40

A further consideration was necessary before
arriving at the correction factors to be applied to
the present data, It was, to determine whether the
only within herds, but also within years. It is a welﬁ-
known fact that the summer of one year, for example R
may be conslderably drier than the summer of the next,
and this would necessarily have a bearing on the |
quantity and quality of pasture available in the two

years. So also the winter of one year may be milder

' than the next, with the result that cows may be put tol

winter are bound to occur from year to year for any
herd, and these factors would influence the feed
position and therefore milk production. It may con=-
sequently be argued that the best correction for month
of calving would be one that is computed on a within
herds and within years basis. But there is one serlous
drawback to such a correction. In the herds studied,

the average mumber of cows in millk per year was in the

region of 40 to 50; and of these, the number of
calvings during certain months of the year, notably thé
summer months, was very small. Therefore, any attempt}
to correct for month of calving within years 1n a herd%
would have been subject to a high degree of chance vari
lation due to paucity of numbers. It is only in very
large herds where the basis of correction is not liable

to much chance errors that such a method could be




employed. 1In consequence, 1ln the present analysis it

was decided to correct for month of calving within

| herds irrespective of years. Unlike the yearly var-

lations which are more in the nature of fluctations,

the herd month interactions are of a more permanent

!

|

nature and are certainly more important. i

The actual method of calculatling correction |

coefficlients was in itself further designed to overcomé

[

as far as possible, the effect of small numbers in the?

sub=-groups and the consequent likelihood of chance
varlation. This was accomplished by dividing the
lgctations in each herd into three groups (1lst, 2nd,

''and later lactations), and then setting up the scheme

for testing the interaction between months and
lactations within herds. The fitted constants for
months obtained from this scheme were the best

estimates of the monthly averages, and were used to

provide correction factors. The correction factors for

the 12 herds studied are listed in jppendix Table 3,

;I
|
|
l
|

5
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5. Influence of age on milk yield

The varigtion in thé milk yleld of a cow with age at
calving has been extensively investizated by numerous
authors. There 1s general agreement that the milk i
yield increases with age up to maturity and thereafterE
declines, In detail, however, there is considerable
variation in the findings of different investigators |
in regard to both the rate of increase and the period |
for which the rise lasts, According to some, the
mature yield 1s attained by about the fifth or sixth
lactation, while others report that it occurs at a
much latef period in life. It is clearly necessary
therefore to Investigate the reason for these differences.

The early studles on the subject (Gowen 1920,
1924, Turner 1927, end others) were based on averages
calculated for all avallable records "lumped" tégether
Into classes according to the different age groups.
The results of such studies are bound to be erroneous
in so far as the later age classes would contaln a
selected population as compared with the early ones.
The results obtained by using this method for the
present data were shown in Table 5. According to this
table, peak production in both initial and 180 day ylejlds
was attained only at the eighth lactatlon.

But, if the relationshlp between age and
production is to be determined accurately, it is
necessary in the first place to make adequate allowance

for the influence of selection. The ideal method would

be to base the study on & population in which no
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culling had teken place. This is, however, almost
impossible, because the periodic weeding out of un-
profitable animals is a necessary feature of normal
herd practice. It 1s only in an experimental herd

i

specielly maintained for the purpose of research, thaﬁ

the ideal of an unselected population might be achieve&.

In consequence, 1t becomes necessary to
exercise some form of statistical control over the
data, and make due allowance for the influence of this
inevitable selection. Two possible technigues could be
utilised for this purpose. One conslsts of restricting
the data to animals that have been kept for at-least
five ar six lactations in the herd. For the study of
Ayrshire cattle in Scotland, this method was used by
Kay and licCandlish (1929). Since it 1s based on

successive lactation yields of the same cows, it

eliminates all errors resulting from selection in a

normel population. A potent objection to this tech-
nique, however, 1s that such a restriction exercises a?
limiting effect on the amoynt of data that can be

utilized for such studies. The other method of study g
I1s due to Sanders (1928), énd is termed the “paired- i
lactation" method. It 1s so called because it involves
the pairing together of consecutive lactation records

of the same cows having two or more lactations. The

first lactation figures are compared with the second

for the same group, the second with the third and so on.

For example, in the present data there were 822 cows

whose first and secomd lactation records were availabl#.
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' the difference in second lactation yields between the '

Thelir average 180 day yileld during the first lactation
was 5611.2 1lb., and in the second lactation 6587.4 1b.
These averages show the increase in yield due to age |
for the same cows from the first to the second lacta- |
tion. Similarly, there were 588 cows whose second andi
third lactation yields for 180 days were available, |
and their averages were 6680.2 lb. and 7041.8 Ib.
respectively for the second and third lactations. Th&
flrst and third lactation ylelds were then compared ?

directly by correcting for the selection evidenced by ;

|

i 822 and the 588 cows, The average yield during the

| third lactation after allowance for selection is there}

' fore given by ggg%;%_ X 7041.8 1b. This process is |

H

repeated for all other ages.
One impartant objection that could be raised
agalnst the two methods outlined ln the preceding para

graph is that an error might be introduced into the
computations by a gradual improvement in the environ-
ment from year to year. Any improvement in herd

menagement or feeding would be additive to the age

effect, and correction factors for age would thereforei
include the changes due to environmental trends. 1In

fact, if the data under investigation had extended over
& very long period of years, the degree of error Uould!
be very high indeed. But, in the present investigatioﬁ,

the period of years was restricted to ten and was

carefully chosen so as to be falrly homogeneous. More:

over, the preliminary analysis of varlance between
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years (Table 6) showed that there had been no signif-
icant trend in average production through the years
1930 to 1938. It seems unlikely therefore that such
factors could materially affect the present investi-
gation.

The results obtained by the study of success=-
ive lactations of the same cows amd by the “paired-
lactation" method are presented in Tables 17 to 20.

Comparison of the results obtained by the "lumped-

lactation" method (Table 5) with these, shows quite

clearly the extent to which the former are fallacious.

|
; When allowance was made for the influence of selectionL

' the peak of initial and 180 day production was attainefl

by the fifth lactation.

Table 17

Relation between the age of the cow as
measured In lactations and her initlal and

180 day milk yields

(Based on 187 cows, each of which had complete records
for the first 5 lactations)

Lactation | Initial milk 180 day millk

number yield yield
(1b.) (1b.)
1 2429.0 5733 .9
2 3048 .4 6763 .9
3 3512.1 7304 .7
4 3376 .8 7486.2
5 3422.9 7592.8

45



Table 18

Relation between the age of the cow
as measured in lactations and her
initial and 180 day milk ylelds

(Based on 94 cows, each of which had complete records
for the first 6 lactations)

1
Iactation Initial milk 180 day milk

number yield yield
(1b.) (1b.)

1 2457 .5 5785.1

2 3015 .4 6712.1

3 5335 &3 7589.1

4 5454 .5 7670.5

5 3578 .6 7934 .9

6 3432.4 7514 .3
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Table 19

Relation between the age of the cow

as measured in lactations and her

initial and 180 day milk yields

(Based on 40 cows, each of which had complete records

for the first 7 lactations)

lectation Initial milk | 180 day milk
number yield yield
(1b.) (1b.)
1 2439.1 5723.1
2 2905 .7 6641.7
3 5248.2 7312.0
4 474 .7 7784 ,5
5 5672.6 8250.1
6 3568.0 7736 .7
7 32090.1 7245 .8
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Table 20 i

Relation between the age of the cow as measured
in lactations and her initial and 180 day milk

yilelds
"Paired-lactation' method

'ﬁiggggggon Inttisl milk | 180 aey pile
(1b.) (1b.)
1 2424 .7 5611 .2
2 3012.5 6587 .4
3 3167 .8 6944 .0
4 3202.4 7103.4 |
5 3272.8 7241.5 %
6 3151.9 6927 .2 E
7 3076 .8 6821.5
8 2967 .2 6547 .4
9 2825 .3 6238.1
10 2765 .9 6151.2

These figures agree in the main with the findings of
previous authors who have used the "paired-lactation'
method of study. The differences that exist are

in the rate of increase in yield up to maturity.
Sanders (1928) recorded only a small increase in milk
vield in all breeds from the first to the second lact-
ation, and in Friesians the second lactation yleld was
fourd to be even lower than the first. Johansson and
Hansson (1940), working with the butterfat ylelds of
Swedish Red and White cattle, found that production
during the second lactation was lower than in the first
Sikkas (1940) on the other hand, obtained results for
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EAyrshire cattle which are more in line with the present

1 (1940) show that the first dry period in their material

findings in showing a considerable increase from the
first to the second lactation. The repart of the
English Milk liarketing Board for the year 1947 also
confirmed the latter results with "lumped" data for
all breeds.,

The variation in results reported in these

investigatlons could be attributed chiefly to differences

in the material studied. The figures and diagrams
presented by Sanders (1928) and Johansson ard Hansson

was appreclably shorter than subsequent ones. The

latter authors found that the dry period was actually
25 days shorter in the first lactation, and argued

correctly that the low second lactation yield could be
attributed to this fact. In the present data,however,
the modal class of distribution of the first dry period
and of the third to fifth dry periods was 60 to 80 days
In both cases (Figs. 4 and 5), and the means were also

not very different from each other. Moreover, the first
calving interval was about 30 days longer than that off
subseaxent lactations. In contrast, the material used ‘
by Johansson and Hansson showed not only a first dry
period of only 47 days but also a first calving 1ntervaﬁ
which was only 10 days longer than the following calving
intervals. It is probable therefore that the variation
In these two factors, dry period and calving interval,
has contributed greatly to the differences in results

obtained. It will also be seen from this that if low
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2
%yields are‘to be avoided, adequate attention must be
%paid by the dairy farmer to the provision of a
gsufficiently long rest period for his cows in order
ithat they may be 1n good condition for the subsequent
lactation. This is partiéularly applicable to the
early lactations when the cows are faced with the dual
problem of milk secretion and bodily growth to attain
maturity.

In his study of the variation in milk yield
with age, Sanders (1928) stated that "it is not the
number of lactations which a cow has had, which deter-

mines thils variation, but the number of years she has
‘lived". Working with Ayrshire cattle in Scotland, Kay
Sand McCandlish (1929) and Glen and McCandlish (1930)
ijusxed age in lactations as well as age in years and months
for their investigations. They found thet the results
obtained by the two methods were comparable, and con=
cluded that it 1s immaterial as to which of them is used.
Subsequently, however, investigators abroad (Kruger
1934, and Johansson and Hansson 1940) stated that
"the capacity of production i1s influenced both by the
number of previous lactations and by the number of years
the cow has lived". An attempt was therefore made to
throw further light on this point, using the present data.
The first four 1actgtion records of 316 cows
from the 12 herds were classified into three groups
according to the age at first calving. The average 180
day milk yield in each lactation was then calculated

for the three groups. The results are presented in




the basse.

Table 21

Table 21 together with relative figures which were

gcomputed by using the highest yield in each group as

Relation between the age at first calving

and the 180 day milk yields during the first

four lactations

(Based on 316 cows with complete records for the first

four lactations)

Age at first calving
Iactation
31 months & | 32 to 35 36 months &
number under monggg‘ over
Average | Relatd Average| Relatl gverage| Relat-
yield ive yield ive] yield ive
(b.) }yield | (1b.) | yield} (1b.) |]yleld
1 5479.1 77 .1 |5766 .6 77.416087.1 8l.1l
e 6490 .4 9l1l.3 |j68l16.1 91.4]6994.0 93.1
3 7095 .0 09.8 [7219.4 96 .,917509.8 {100.0
4 7110.6 (100,00 17453.8 |100.0}7439 .6 99.1
Average 6543 .8 6814 .0 7007 .6
S

Johansson and Hansson (1940).

They show that after a late first calving, the maximum
production was attained earlier, as measured in lact-
ations, than after an early first calving. This
indicates that production 1is influenced not only by agse
in lactations but also by age in years and months with-
in lactations, and is in agreement with the findings oﬁ
There 1s, however, one
point which may be noted, on which the results shown

here for Ayrshire cattle differ from those of the latter
authors for Swedish Red and White cattle.

That is, in
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the present data, the yield of late calvers increased.

almost as mugch from the first to the second lactation
as that of early calvers, indicating that the age-

curves were "normal" in all three groups.

It will also be observed from Table 21 that
the late calvers had a consistently higher yield than
the early calvers. This was evident in the first
lactatlion itself. But the conclusion is open to
the objection that the material iIn the late-calving
groups may have been drawn chiefly from the highest~-
producing herds.

In order to eliminate this possibility,
it was decided to s tudy afresh the relation between
ege at first calving and the first lactation yileld
by calculating the averages for each age-group in
each herd, and then finding the unweighted means of
these 12 serles of averages. It is evident that
by this method the possibility of high-producing
herds influencing the groups disproportionately 1s
obviated. The results of this study, using the
initial and 180 day yields of 1181 first lactatlon
cows, are shown in Table 22. The filgures prove quite
clearly that there was a progressive increase in

production frome arly to late calving. This could

probably be attributed to the fact that the late-calvenr

were in a better comdition of flesh and had a greater

liveweight at the time of calving than the early-calver
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Nevertheless, 1t should not be concluded from this thaé

a late age at first calving 1s to be recommended as go$d

!
herd practice. What is suggested is that wherever eariy
I

calving is practised, sufficient attention must be paiﬁ
to improve the breeding comditlion of the heifer. It %
may also be noted that from an economic point of view,
early calving 1s to be preferred to late calving,

because 1in the latter case there is an increased cost

of maintenance due to & lengthenling of the unproductive

period of the cow's life,

Table 22

Relation between the age at first calving and

the initlal and 180 day milk yilelds in the
first lactation

(Based on the unweighted means of 12 series of averaged
from the 12 herds)

Age at first Number Initial milk 180 day milk

calving of cows yield yield
(1b.) (3b.)

31 months and
under 433 2400.6 5499 .4
32 to 35 months 520 2463 .9 5687 .8

36 months and
over 228 2582.6 5891.1

It was shown in one of the preceding sections
that there was a pronounced correlation within lact-
atlions between age and the length of the preceding
calving internal. It was also pointed out that if the
true relationship between age and milk yield is to be

determined accurately, due allowance must be made for
this correlation. The next problem therefore was the
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It was therefore decided to overcome this difficulty of

| studying these inter-relationships. For example, if a

2differences in herd means and calving practices by

study of the inter-relationships within lactations of |

age, length of preceding calving interval and milk yieﬂd.

The highly significant differences that
existed between levels of prodgction in the 12 herds,
and the conslderable variation among these herds in
regard to age at calving within lactations, showed that
the different herds cannot be "lumped" together in

later age at calving was adopted in the low-yielding
herds than in high-yielding ones, then with "lumped" |
data there would be a tendency for increase in age to

be associated with a decrease in yield, and vice versa.

expressing the yields of the individual cows as devi-
ations from the respective herd averages. The yilelds
themselves had previously been corrected for month of
calving within herds by using the coefficlients calcul-
ated in the preceding section. This method of express-
ing the yields as deviations from the average of the
herd to which they belong, is a modiflcation of the
original "byre average® met:od used by von Patow (1930)
It should, however, be pointed out that von Patow's
method has been severely criticised by several authors
including Lush (1936) who said, "It seems unlikely that
the von Patow method can ever lead to a Mendelian
analysis which corresponds at all to reality." But no
objection can be raised against the method adopted here

when the records are used for the present purpose.
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Table 23

Covariation of age at calving, length of preceding

calving interval (p.c.l.), and 180 day milk yield

(Age was measured in months, p.c.i. in days ami yleld in 1lb.)

P

Iact Correlation coefficlents Regression coefficients
;2%0 Total correlation Partial Total regression Partial
correlation regression
Age- | Age-| p.c.ilq 4Age- |D.c.liq p.c.ilAYield-{VYield~ | Yield- [Yield-
p.c.ifyield | yield |yield | yleld| age age | p.c.i.| age J
Piz | T1z3 | T2z | Tis.2| Tesl
1 - j0.122 - - - - 29 «150 - - -
2 10.416 |0.167 | 0.165 [0.110 | 0.107 | 0.195 |41.638| 2.917 | 29.590| 2,059
3 [0.356 |0.138 | 0,128 | 0.100 | 0.085 | 0.141 |33.639| 2.625 |25.803 | 1.851
4 0.292 {0,146 0,138 j0.112 } 0,101 0,107 |35.015| 3.005 | 27.650| 2.276
5 [0.360 [0.081| 0.161 |0.002 0,142 0.136 |19.640| 3.432 | 6,371 3.224

00027 - 00052.

The standard error of the correlation coefficients was

The number of cows and ythe averages and standard
deviation for yleld, age at calving and length
of p.c.l. were given in Table 5.




within lactations of age, length of preceding calving
interval and milk yleld was studied with these data by

means of correlation and regression coefficients for

the first to fifth lactations. The linearity of the

regressions was tested in each case, and it was found

had no calving interval preceding it, and in that

lactation the total regression of yield on age was

therefore the best measure of the relationship between

these two varlables., When the age at first calving

increased by one month, there was a corresponding

' increase of 29.15 1b. in the 180 day yield of the first
%lactation. For the second and subsequent lactations,
;the partial correlations and regressions of yield on
!age with preceding calving interval held constant, amd
| of yleld on preceding calving interval with age held

l
' constant, were also calculated. The total correlation

3between age and yield in the second lactation was 0,167
but when the length of the preceding calving interval
was heid constant, it decregszd to 0.110. Similarly,
the total correlation betﬁéen préceding calving intervg
and yield was 0,165, bﬁt with age at calving held
constant, the correlation was 0.,107. For the third
and fourth lactationgfthe'value of the correlation and
regression coefficiénts for agé ard yleld were almost
of the #me order as those of the second lactation,

-

though somewhat smaller. But by the time the fifth

The intensity of the inter-relationships |

that strailght lines fitted the data fairly well. The |

results are presented in Table 23. The first lactatio
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 lactation was reached, yleld was found to be practic-
gally independent of age at calving.

Fig. 10 shows graphically the regression of
milk yield on age for the first to fifth lactations.
The total and net regression lines have been drawn for
the second to fifth lactations, but, for the first
lactation only one line is presented as this lactation
has no calving interval preceding it. The figure
shows qulte clearly that the yield during the first,
second, third and fourth lactations increased markedly
with Iincreasing age at calving even when the length

of the preceding calving interval was held constant,

independent of age.

These results agree in principle with the
findings of Kruger (1934) and Johengson and Hansson
(1940) that the milk yield of a cow is influenced both
by the number of previous lactations she has had, and
also by her age at calving. In the light of this, the
attempts of other investigators like Sanders (1928),
Kay and McCandlish (1929), Glen and KcCandlish (1930)
and Sikka (1940) to express yield as a function of
elther age in lactations or age in years and months

haw not been quite accurate.

Correction of milk yields for age

The standardisation of milk records for age
has been attempted by several authors, and there 1is

great diversity in the methods employed. Three main

|

but the yield during the fifth lactation was practically
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~types of corrections may however be distinguished:

(a) percentage corrections, (b) regression corrections
and (c) eddition corrections. The first of these is
calculated as & ratio (on a percentage basis) of the
value of the standard age to that of the given age.
iThus, in order to express the f irst lactation record of
a cow on a mature equivalent basis, it is multiplied by

éthe ratio of the average matwre yleld to the average
ifirst lactation yield of the entire population. This
;nathod obviously postulates that the increase in yield
with increase in age is proportional to the level of
%yield of the cow; 1in other words, the milk yield of a
;high—yielding cow shows a greater absolute change than
that of & poor ylelder. This method has, however, been
questioned by several workers. Tuff (1931), for exampl?,
stated that “the increase in yleld from young to rull-;
grown age of an individual cow can neither be sunmnriseﬁ
by a constant addition nor by a percentage addition
alone.” He suggested instead that the regression
equations expressing the relation between milk yleld at
the given age and at maturity, should be used for the
correction of the actual yleld in the first four
lactations. This standpoint was also adopted by Ward
and Campbell (1938) who adduced evidence "to point quite
definitely to the relationship between immature and
mature production being of the nature of a regression."
But subsequently, several investigators (Johansson and

Hansson 1940, Sikka 1940, and others) have pointed out |

the weakness in using regression equgtions as a method



; of standardlsing records for age, and since then the
method has been dropped. It was shown that the
regression equations included not only the effect of
age but alsoc the effect of any fluctuating or permenent
environmental factors, such as changes in feeding and
menagement, which tend to increase or decrease the
lactation yleld of a 2 or 3 year 0ld cow in comparison.
with her yleld at maturity.

| The third method of standardisation for age
that has been employed is the addition corrections
irecommended by Johanseon and Hansson (1940). They
~argued that cows which start with a low first record
show a proportionately greater increasse in yleld with
age than cows with a high first record, and therefore
percentage corrections based on the entire population |
would tend to undercorrect the first type of record a@
overcorrect the second. This has been verified with
the present materlial, and the results shown in Table 24:
agree with the findings of these authors. But, when |

the same cows were classifled into groups on the basis

of their average yleld during the first four 1actationsé,

(Table 25), it was observed that cows with a high
average level of production increased in yleld, from
one lactation to another, proportionately as rmch as
the low-ylelders. This point was also noted by the
Swedish workers. Nevertheless, they argued that
although the addition correction does not give good
results with consistently high and consistently low

Yilelders, yet, for cows which start with an extremely
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low or extremely high yleld the addition correction

?works better than a percentage correction.

They then

concluded that since extreme variations in the first

- and subsequent lactatlon ylelds are caused mainly by

environment, it 1s better from a genetical point of

view to use addlition corrections rather than percentage

corrections.

Table 24

180 day milk yield in the first four lact-

ations of 318 cows classified on the basis

of their first lactation production

180 day yield during the first lactation (1b.)

cows

Iact-| Under 5000 5000-7000 Oover 7000
aﬁion Actual ! Rela-| Actual ‘" Rela-| Actual| Rela-
0. yield | tive yield tive| yield| tive

(1b.) yield (1b.) yield (1b.) |yleld
1 4556.1 | 68.5 | 5824.1 78.4 | 7812.8]1 91.0
2 5955.6 | 89.6 | 6843.,1 92.1 | 8028.8| 93.5
3 6503.6 | 97.8 | 7288.7 98.1 | 8586.7} 100.0
4 6649.1 | 100,0 | 7426.2 | 100.0 | 8438.,7| 98.3
No.
of 81 201 36
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Table 25

180 day milk yield in the first four lact-
ations of 318 cows classified on the basis

of thelr average production during the first
four lactations

Average 180 day yield during the first
Lact~ four lactations (1lb.
a§i°n Under 7000 7000 and over
Actual Relative Actual ' Relative
yileld yield yield yileld
(1b.) (1b.)
1 5209.5 77 .6 6626.1 78.5
2 6140.7 91.5 7814 .4 92.6
3 6585 .3 98.1 8368 .2 99.1
4 6711.8 100.0C 8441,8 100.0
No.
of 202 116
cCows

A further examination of the present data was
therefore undertaken with a view to testing the validity
of these conclusions. It is no doubt true that no
corrections can ever be found which would suit every
individual cow in a population equally well. Wherever
corrections are calculated for studies in herd analysis,
they are based on average results, and therefore great‘
accuracy cannot be attained in the s tandardisation of
individual records. But it is essential that if the
correction employed is to be valid and useful, it
should be one which is applicable to the population as
& whole, independent of the varying level of production

of the individual cows = one which is in fact not |
correlated with it., From the available data, 527 cows



i whose first three 180 day records could be obtained,
i were therefore used for the purpose of determining
whether percentage corrections or addition corrections
. satisfy these reculrements. The ratio of the third
to the first lactation yleld, and the difference, =
third lactation yield minus first lactation yleld, -
were calculated for each of these cows., These ratios
and differences were then correlated with the
corresponding second lactation ylelds of the respective
i cows. The results are presented in Tables 26 and 27.
%The correlation between the difference and the second
% lactation yleld was +0.155 + 0,043, whlle the correl-
é atlon between the ratio and the second lactation yield
'was +0.010 + 0.044. This shows that the ratio of ome |
lactation yleld to another was independent of the
level of production of the cow, but the difference
between them was dependent on it. Therefore, it 1is
evident that corrections for age should be proportion-
ate, and not additive as assumed by Johansson and

Hansson (1940).

Table 26
Correlation between the third lactation minus
first lactation yield and the yield in the second
lactation of 527 cows, (180 day yields)

Average third lactation minus first
lactation yield = 1378.09 1lb.

Average second lactation yield = §722.4 1lb.

Correlation coefficient, r = +0.155 *+ 0,043
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Table 27

Correlation between the ratio of the third to the
first lactation yleld and the yileld in the second
lactation of 527 cows (180 day yilelds)

Average ratio of the third lactation
yield to the first lactation yleld = 1,257

Average second lactation yleld = 6722.4 1b,

Correlation coefficient, r = +0.010* 0.044

The correction factors for age used in the
present lnvestigation are shown in Appendix Table 4.
They were based on ylelds which had previously been

- corrected for month of calving. The average fifth

lactation yleld was used as the standard for the age

corrections, and the ylelds during the first to fourth‘
lactations were corrected on this basis. Within l
lactations, the correction factors were calculated
from the net regressions of yield on age with the pre-
ceding calving interval held constant. (cf. Table 23
and Fig. 10). The correction of records later than the
fifth lactation was not attempted, because the paucity;
of cows in these groups would make the corrections
llable to a high degree of chance variation. Moreover;
from a practical point of view, it is better to confine
one's attention to the period before the cows attain
maturity, because the evaluation of the cows for
purposes of selection occurs during the early lact-

ations.
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6. Influence of preceding calving interval
on milk yield

Adequate attention has not been pald by most imvest-
lgators to the variation of milk yleld with length of
preceding calving interval. Among the few authors who
have given any consideration to this aspect of studles,
in herd analysis should be mentioned the names of
Matson (1929), Gaines and Palfrey (1931), Kruger (1934)
and Johansson and Hansson (1940). Most of the other
investigators have confined thelr attention to the
variation of milk yield with preceding dry period
(which 1s a part of the preceding calving interwval).
No attempt has, however, been made in the past to study
the influence of elther preceding calving interval or
preceding dry period on the milk yield of Ayrshire
cattle in this country.

Table 23 shows the results of the analyses of |
variation of milk yleld with precedling calving 1ntervai
in the present material, It will be observed that an ?
increase in length of the preceding calving interval b§
10 days was followed by an increase of 26 to 34 1b. 1n§
the 180 day milk yield, but when the age at calving |
was kept constant, the net increase was 19 to 32 1lb.
These results are presented graphically in Fig. 1l. |
For the second, third and fourth lactations, the total
regression lines as well as the net regression lines ;
with age at calving kept constant, are drawn. For the
fifth lactation, the two llnes almost coincided with |

one another, and therefore only one is presented.

1t would appear from Table 23 and Fig. 11 thati
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an increase in length of the preceding calving interval
contributed very materially to an increased yleld in
the current lactation. From an economic point of view,
however, there is a limit to which the length of the
preceding calving interval of a cow could be profitably
increased. Since the varilations in length of calving
interval are almost wholly environmental (the intra-
cow correlation within herds was shown to be only
-0.024), it should be possible to determine the optimuﬁ
length of calving interval for the economic production%
of milk during the lifetime of a cow. Evidently, the |
best criterion for this purpose is the average daily
yleld of milk per cow during several years in successién.
Matson (1929), working in India, found that |
"the optimum calving interval varies directly with
milking capacity and inversely with age up to maturityi”
Galnes and Palfrey (1931) calculated fhe correlation }
between preceding calving interval and average dalily |
yleld, and also that between current calving interval
and average daily yield. They obtalned values of é
+0.142 + 0.018 and -0.134 + 0,018 respectively for theg
two correiations, and concluded that "while there is a%
small gain from a short calving imterval in the current
lactation it is very exactly lost in the following %
lactation.® It 1s obvious therefore, that i1f the ;
optimum length of calving interval is to be determined%
accurately, attention must be paid to the effect of the

calving intervel not only on the current lactation

yield but also on the subsecuent one.
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; This was done with the present material by

g calculating the net effect of the calving interval

% on the average yleld per day after allowance had been

| made for its effect on the subsecuent lactation yleld.
| For each lactetion, the total milk ylelds of the cows
were classified into groups according to the length

of the current calvling iInterval, using a class interval
of 30 days. The ylelds of the cows during the sub-
sequent lactation were also noted. Each lactation
yleld was then corrected for the effect of that calving
interval on the next lactation, and the resulting
figures used to calculate the net average dslly yleld
during the current calving intervals, Table 28 shows
the figures obtained by this process for the first,
second and third lactations. The results are also
presented graphically in Fig. 12 for the first and
third lactations. A second degree polynomial was
fitted to the actual results in order to obtain the
curves., They show quite clearly that the optlimum
length of calving interval for the flrst lactation
was about 400 days, while for subsecuent lactations
1t was approximately one year. These findings show !
fair agreement with the practical experience of dairy |
farmers who calve the heifers in autumn or early
winter, and the older cows thereafter in late winter

or spring.



Table 28

Relation between the length of the calving
interval and the net average daily yleld of

milk
Iact Length of calving interval (days)
ablcm 301- | 531~ | 561~ | 591~ |421- [451-
No. 330 | 360 | 390 | 420 | 450 | 500
No, of
1 cows 28 75 192 174 139 126
Av.daily | 18.82] 20.48} 21.69 21.82]21.03|21.22
yield (1b.)
No. of
cows 37 133 178 105 46 43
2
yiald 21 .24} 21.,94) 24,341 24,101 23.12121.73
(1b.)
No. of
COWS 27 118 146 76 25 20
3
Av.daily
{161? 24.02] 25.85124,75] 24 .45 22.67 (22,97
1b.

The method used here was also employed by ;
Johansson and Hansson (1940) for Swedish Red and White%
cattle. They found that in their material, the opti- |
mum length of calving interval for the first 1actation§
was about 420 days, for the second lactation 400 days,i
and for later ones about a year, They stated also
that persistent milkers should be allowed longer calviﬂg
intervals than cows which dry off early. This applies
équally well to the present data, as illustrated by thé
fact that first calvers which showed a high persistency
used a long calving interval more profitably than.oldeg
cows, |
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- Correction of milk yields for preceding calving
- interval

The question whether percentage or addition
é corrections should be used for the influence of the
z preceding calving interval on milk yield has been
investigated with the present data. For this purpose,
| the cows were classified into three groups on the basis
of thelr aversge 180 day milk yield during the first
 four lactations, and the regression of yield at
meturity (3rd to 6th lactations) on length of preceding
calving interval was determined within each group. The

. results are presented in Table 29.

Table 29

Regression of 180 day milk yield (1lb.) on length
of preceding calving interval (days) within
groups of high- and low-ylelding mature cows

Number of | Average 180 day milk | Regression coeff-
cows yield (1b.) icient (yleld -
preceding calving
interval)
207 5962.7 0.824
o778 7182.8 2.265
27 8339 .4 2,763
_

The trend of the regression coefficients shows tlet cows

on a high level of production increessed their yield
with increase in length of preceding calving interval,
Proportionately more than low producers. Therefore, |

percentage corrections would be more appropriate than :
the use of constant additions for variations in length
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- of calving Iinterval; there is no justification for

i the method of constant additions employed by Johansson

" and Hansson (1940).

The actual correction coefficlients used in the
present investigation are shown In Appendix Table 5.
The corrections for the second, third and fourth
lactatlons were based on the net regression of yleld
on length of preceding calving interval with the age
at calving held constant (cf. Table 23 and Fig. 11).

For the fifth and later lactations, the total regressions

were used because age at calving had little or no

- influence on these ylelds. The standard length of

. calving interval employed for the calculation of the

%correction factors varied from one lactation to

another according to the mean for the particular
population. The average yield for the whole populatkoﬁ
remeined practlcally unchanged by this method of

correction.
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Table 30

Bffect of corrections on the total variance in milk

yield (180 days) during the first four lactations of

326 cows
Mean Variance after
Source 180 day Variance correction to a
yield mean yield of
(lb.) 6748.2 1b.
Corrected Relative
variance values
Uncorrected records 6748.2 1 1,780,930.02{ 1,780,930.02 ] 100.0
Corrected for month of
calving within herds | 6782.4| 1,746,858.89 | 1,729,286.38 97.1
Corrected for month of
calving within herds
and age in lactations| 7420.0| 1,616,843.72 | 1,337,322.44 75.1
Corrected for month of
calving with herds,
age in lactations
and age at calving
in years and months 7418.,5( 1,575,933.87 | 1,304,012.28 73.2
Corrected for month of
calving within herds,
age in lsctations,
age at calving in
years and months and
length of preceding
calving interval. 7421.7 | 1,570,812.67 | 1,298,654.12 72.9




69

7. The effect of corrections far non-genetic
factors on the wvariation in milk yield

The effect of corrections on the wariation in milk

- yileld has been studied by a comparison of the "raw!
" and standardised 180 day records of 326 cows, each
~ of which had completed the first four lactations.

The results of this study are summarised in Table 30.
It will be observed that an appreclable

; reduction in variance has been brought about by

f standardisation for month of calving within herds,

é age in lactations, age at calving in years and months
% within lactations, and length of preceding calving

1 interval. The total decrease in variance was found

- to be 11.8 per cent., but the mean itself Increased

| from 6748 .2 1b, to 7421.,7 lb. When the wvarliance was

~ corrected for this change in mean, the reduction in

variance was 27.l1 per cent. A study of each stage of
standardisation separately, gives the following
distribution of varliances:-

Percentage reductlon
of the total variance

Standardisation for month of
calving within herds ....ccceceececeess 2.9

Standardisation for age in
lactations @ © 90 & 0 00 0 0000 %0 8o 8 000 S0P o 22.0

Standardisaetion for age in
years and months within lactations ... 1.9

| Standardisation for length of

preceding celving interval .....cceeee 03

Total ® 0 @0 00 000 g %0¢ %00 27.1




The greatest reduction in variance was brought

. about by standardisation for age in lactations. A

f smaller fraction was accounted for by the month of

calving and age within lactations. But, only 0.3 per

? cent. of the total wvarlance was attributable to the

length of the preceding calving interval. It should,
however, be pointed out that the correction for pre-~
ceding calving interval was mainly effective for cows
with very long or very short calving intervals pre-
ceding thelr lactations. These were relatively few in
number, and it was therefore to be expected that the
average reduction 1n variance for all cows in a

population would be low. Nevertheless, it would still

? be useful for those cows which may be termed the

! extreme variates.
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8. Relative value of different records
for estimating produclng abllity

| From their study of the relative usefulness of the first

;three lactation records as indicators of the cow'!s real

producing ability, Johansson and Hansson (1940) con-
cluded that the second lactation record is the least
dependable of the three, and that 1t should consistent-
ly be excluded from any estimates of a cow'!s production
capacity. An extensive study of this ocuestlion was made
in relatlion to the present data, and the results out-
lined below showed on the other hand that there were no
significant differences among the first three records
in their abllity to reflect the cow'!s hereditary type

for milk yleld.

Table 31 shows the variance of the first three}
lactation records (180 days) before amd after correctién
for the differences in mean yleld. The relative value%
of the corrected variance are given for purposes of |
comparison, and it will be observed that they showed ?
very little variation from the first to ths third E
lactation. In Johansson and Hansson's material, the E
varlance of the first lactation yleld was found to be
about 18 per cent. lower, and that of the second
lactation 18 per cent. higher than the varliance of thsg
third lactation. It should, however, be noted |
that their second lactation records were rather abnornql

in that the dry period preceding that lactation was on.

the average 25 days shorter than in other lactationms.
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Table 31

The varilance of the first three lactation
records (180 days) before and after corr=-
ection for differences in mean yield

Variance after
Lact-|No. of|Mean 180 Variance | soprection to a
i ation| cows (day yileld mean yield of
1 No. (1b.) 7000 1lb,
Corrected Rela-
varlance tive
val-
ues |
1 1211 5571.8 972,590.4 1} 1,535,094.2 99.8
2 915 6553.9 1,306,449.0 1,490,552.2 96 .9
3 688 6994.1 1,535,616.6 | 1,538,208.5 | 100,.0

The relative usefulness of the first three
records was also studied by the correlation method. The
first, second and third lactation records (180 days) of;
‘513 cows which had previously been corrected for month
of calving, age and length of preceding calving inmterval,

fwere used for this purpose. All the possible correl-

§ations between the first three records were calculated,i

Eand the results are presented in Fig. 13. They show |

{

that the correlations between the second lactation on ;
the one hand, and the first and third lactations on the:

|

other, were very similar, The comparatively low :
correlation between the first and third records was of i
course to be expected, because the enviromnmental factor#
and the condition of the cow would be less similar whené
the records were further apart in time than when they %

were close together. The partial correlation coefficieﬁts

which are presented in the same figure, also point quite

i

!
1
§
i
!
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clearly to the fact that the carrelation between non-
‘cogsecutive lactations was definitely poorer than
between consecutive lactations. The high total and
partial correlations shown by the second lactation
‘yield with the first and third indicate that the second
‘record would be quite satisfactory for estimating a
%cow's producing ability.

In Table 32, the results obtained by carrelating
‘Eeach of the first, second and third lactation ylelds of
§18'7 cows with thelr average ylelds during the fourth ‘
‘and fifth lactations, are presented. The total and
within herds correlations were determined for both “rawﬁ
and corrected 180 day ylelds. The trend of the correl-
ation coefficlents shows once again that their value ;
‘Increased gradually as the records approached each oths;%‘
in time. The values of the coefficients for the xecondé
;lactation showed no evident deviation from this general%
étrend, and it can therefore be concluded from these datg
;that the second lactation record would be as reliable
%as any otler In evaluating the cow's genotype for milk

|

!

Certain other information presented in Table 32
‘; |
may now be considered., This table contains in addition
g |
'to the correlations reported in the preceding paragraphi,

h

'two further sets of carrelations. These were obtained
by correlating the average of the fourth and fifth

lactation ylelds of each cow with the average of the
first and second, and with the average of the first,
second and third lactation yilelds of the same cows. It
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will be observed that these correlations were of the
seme order &s the carresponding ones obtalned by correl-
ating the average of the fourth and fifth lactation
‘ylelds with each of the second and third lactation |
'ylelds; -~ in most cases they were even slightly smaller
‘than the latter. This means that the probable yleld of
%a cow at maturity (fourth or fifth lactation) can be
[predicted as accurately from the third lectation as
ifrom the first three lactations together. In other ‘
EWQrds, as Sikka (1940) also concluded, "where the yield
of the preceding lactation is known, there is little
igain in considering the production of any of the other %
‘past lactations to estimate the probable yield in a

;future lactation.”

Table 32

Correlation between the 180 day yield of each |
| of the first three lactations and their aver- x
i ages, and the 180 day yield at maturity

Lact- Raw 180 day yield Corrected 180 day yleld
ation Total Within herds| Total Within herds
No. correla - | correlation | correla- correlation
1 + 0.453 + 0,385 + 0,469 + 0,592
2 + 0,554 + 0.476 + 0,599 + 0.507
3 + 0,712 + 0.641 + 0,702 + 0.617
Av. 1
& 2 + 0.551 + 0,480 + 0,583 + 0,505
Av.1,2
& 3 + 0,653 + 0,587 + 0,670 + 0,597




9. Variance of milk ylelds due to
differences between herds and

years

It was shown in a preliminary analysis of variance of

‘the average 180 day milk yields of each herd in each ’
;year from 1930 to 1938, that there was no evidence of '
& permanent change 1n yleld through the nine years %
}'studied. On the other hand, the differences in herd
:mea.ns were found to be hlghly significant. It was
pointed out, however, that since the analysis was basedg;

 on average figures, the results might not agree completely
with those obtalned from detelled analyses using the

‘Individual yilelds of cows. The present section is
therefore devoted to a detalled study of the variance
lof milk y'ields due to differences between herds and yeai:rs.
The analysis reported here was based on 1138 !
:ffirs’c lactation records of cows from the 12 herds over
& period of nine years (1930 to 1938). It was evident
‘at the outset, that owing to unequal numbers in the sub

T

classes the estimates of the population variance obtain

T

ed by straightforward statistical methods would not all

|

gbe indepemient. The following method of overcoming thi{s
difflculty was therefore suggested by Dr R.A. Robb, and’l’
was agdopted.

An estimte of the variance within each sub-
sample was flrst made by considering the d ata as being
classified one-way into 108 subsanmples. This estirmte
would be independent of any estimate based on the means
of subsamples, and has accordingly been used throughouf

as the best estimate of the population variance. The
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~results of this analysis are summerised in Table 33.

Table 33

Analysis of variance

Source d.f.] Sum of squares Estimatéﬂi
varlance |
% Between subsamples] 107 554,959,500
‘ Residual 1030 773,739,932 750,233
‘i Total 1137 | 1,127,699,432
|

The other independent estimates of the popula~-
étion veriance that had still to be obtained were :-

(1) an estimate based on the mean yields of the
herds over the whole period,

(11) an estimate based on the mean yields in
different years of all herds, and

(111) an estimate based on the mean ylelds of

particular herds in particular years, 1i.e.
on the mean ylelds of subsamples.

5
‘ i
?The method adopted to obtain these was founded on em- §
pirical evidence and gave sufficlently accurate results}

|
‘It consisted of replacing the actual numbers in each

|
data accordingly, and finding the estimmtes (1), (1ii)

f
subsample by proportionate numbers, altering the origin%l
i
Eand (111) from these ad justed data in the usual way. |

This method 1s applicable only where the actual numbers!

'are not too disproportionate. The fact that it was E
aPplicable to the present data was therefore verifiled by
using the chi-square test for the actual and theoretica}
proportionate numbers. It was found that the hypothesi#
of proportionality in the population was acceptable, an@

'
|
i
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therefore the empirical method was used in the analysis

iof variance. The results are summarised in Table 34,

Table 34

Analysis of variance |

| Source d.f. Sum of squares}Estimated

| | varlance

|

| Between herds| 11 | 208,238,744 18,930,795 (1)
| Between years 8 32,945,849 4,118,231 (11)
|

| Interaction 88 99,660,063 1,132,501 (ii1)
; Between sub-

i samples| 107 540,844,656

Comparison of estimate (iii) of the population:
variance with the original best estimate showed signi-;
‘ficant interaction. Comparison of estimate (i) with |
'estimate (111) gave a significant difference. Similar-;
lly estimate (1i) was significantly different from
Eestinate (111) (on the 1 percent. level).

1 The following conclusions emerge from this

%analysis ¢ -

(1) There was a significant difference between
the yields of different herds.

(2) There were significant differences between
years applicable to all herds. '

(3) There were significant herd year interactions,[
i.e. the ylelds of different herds tended to
change at different rates over the period.

From a genetical point of view, the ocuestion
now arises, what proportion of these differences between

herds and years was due to environmental causes, and :

what proportion could be attributed to differences in i
|

[
i




~heredity? If 1t were possible to estimate the magni-
étude of the envirommental fraction, then obviously a
?more accurate evaluation of the inherent differences
i‘between cows could be obtained after eliminmation of thi
| environmental differences. But unfortunately, no |
' satisfactory method of estimating the two components |

' separately has hitherto been discovered., 1In fact, it

seems almost lmpossible with the present type of data

to arrive at any satisfactory conclusions in regard toi

this matter. However, with the increasing use of the |
i

same bulls in different herds by artificial inseminatiom,
1t should be possible in the fubture to obtain an

%adequate basls for estimating genetic differences in
ilevels of production between herds. The little evidence
‘that has hitherto been collected along these lines
%(ﬁendel and Robertwon - private communication) suggests
that the greater part of the differences between herds
is due to management., Until more data are foarthcoming,
it will be well to refrain from any further discussion
of this point.
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10. Study of the genetlic improvement in
milk yilelds achieved by selection

It is a well known fact that in the breeding of any
population, there 1s an inevitable selection of certain
individuals over others on the basis of their phenotypic
unalities. These qualities naturally vary from one
ipopulation to another. However, in the breeding of f
dairy cattle in this country, the yleld of milk appears
'to form the main basis for the selection that has been
<practised by herd owners up to the present day. It
wseems desirable therefore to determine what effect thim
selection has probably had on the productive level of
idifferent herds of dairy cattle during a given time.
‘ The original methods employed for this purpose
by Ryde (1936), Lortscher (1957), and Nelson (1943) were
ibased on the assumption that 1if changes due to age are
§allowed sor, the difference in the yields of the same |
écows in successive years 1s due to environment. The
1genetic change in the whole population for the period
under study, could then be determined by subtracting
the environmentel fraction calculated above, from the

total., But owing to the fact that it is impossible to

|segregate fully the effect of a more or less continuous

improvement in environment from the effect of the chang

(]

|
in age of the cows, the conclusions drawn from such

studies cannot be considered satisfactory. In 1944,
Dickerson and Hazel, in their paper on the effectivenes?
of selection on progeny performance, suggested a methodE
of estimating the rate of genetic improvement for a

|
;
i
}

known selection programme. The application of this
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imethod to milk yleld data has been extensively develop-
ed by Rendel and Robertson (1949), and it is this
‘method which 1s employed here.

% The performance of a cow 1is generally judged by
<the dairy farmer on the basis of the total milk yleld ;
during one or more lactations., It was therefore decided
that for thisstudy on selection, it would be preferabl@
to use total lactation yields rather than figures based

on a partial lactation period of 180 days. The 1ntensqty

of selection practised in the 12 herds was then calculq
\ated in terms of selection differentials, 1.e. the
gdifference between the average yleld of the animals
Echosen as parents and the average of their own gener-
‘ation. For this purpose, the cows were classified into
'8ix groups of contemporaries, and the phenotypic selec-
tlon differential was calculated within each group by
Eweighting the first lactation record of each cow accordr
ing to the number of daughters she left in the herd,
and comparing the average yield obtained by this process
with the average of all first lactations in the group.
This apparent phenotypic selection differential was
lconverted to a genetic measure by multiplying it by the
appropriate figure for heritability - the effective
heritability being taken as 0.25 for the present data
(se@ Part V). The results are summarised in the third
column of Table 35 under the heading, "genetic super-

lority of dams based on first lactation."




Table 35

Estimation of selection differential from
culling practised

Selection Genetic superiority of Number
Periad differential dgms v of
on 1lst %gc- based on based on daugiters
tation lst lac- 1st to 4th in
(gallons) tation lactations herds
(gallons) (gallons)
1 + 10.6 + 12.4 +‘53.4 147
! 2 + 2545 + 0.9 + 19.0 112
|
| 3 + 41,3 + 23,5 + 28,0 135
| 4 + 14.4 + 13.9 + 21.3 148
1 s + 29,6 + 20.3 + 25.7 153
6 + 24,0 + 9.9 + 25.2 135
Total + 24,1 + 14.1 + 25 .4 830

¥ Mean of first lactations of cows having second
lactations minus mean of all first lactations.

However, 1n the breeding of dailry cattle it isl
found that not all the selection takes place on the
Ebasis of the first lactation itself, The actuel amount
Eof culling on first lact;tion can, in fact, be calculat
gby comparing the first lactation yleld of cows that
%also have a second lactation, with the average first

i
I

lactation yield for the whole group. The results obtaij

ed

ed from this calculation are presented in the second

have pointed out in their paper on the estimation of
genetic gain in a closed herd of dairy cattle, "the
lack of correspondence between the two columns (the

'secand and third columns in this case) 1s a reflection

column of the same table. As Rendel and Robertson (1940)

8l
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%of the degree to which parenthood was independent of
Eculling." If all the culling haed taken place on the
ﬁfirst lactation and none of the culled stock left any
éprogeny in the herds, then it is evident that the
%figures in the third columm would be one quarter of th&se
Ein the second. The fact thggjgas not so in the presenﬂ
data shows that the genetic superiority of the cows
chosen to be parents of the next generation of femalesg
should be calculated on the basls of all available ;
records. This 1s given by the following formula arriveﬁ
iat by Rendel and Robertson (1949):- |

= 2 3
ICc = i.nh1 (Yl- Y)

|
{

Ewhere I is the genetic superiority, hi is heritability

cC
zbased on 1 lactations, ¥ is the mean of the first
;1actations of the whole group, Y, is the mean of the
?lactations (corrected to first lactation) and n the
Enumber of daughters, for each cow. The figures obtain-
ied by this process are shown in the fourth column of
'Table 35 and give a total of 25.4 gallons.
Dickerson and Hazel (1944) have pointed out,
ihowever, that the best criterion of the efficlency of

any breeding prfogramme is the genetic improvement per

year rather than per generation. Therefore, the value

of 25.4 obtained above, must be divided by the total .
generation length in order to obtain the annual improve}
ment. It has been shown by Rendel and Robertson (1949)
that the total generation length, £L, for dairy cattle

can be calculated as the sum of the four components

Lo Logs Lgg 8nd Lpp, where Ly, 1s the mean age of the




‘dams when the heifer calves are born, ICB is the mean
lage of the dams when the bull calves are born, and so
on. The generation lengths for the 12 herds of dairy
cattle used in the present study were found to be as
follows :=-

Lo = 63 months

Log = 78 months

Lgg = 46 months

Igg = 47 months

<L = 19.5 years

Therefore, the genetic improvement per year through the
selection of dams of cows is given by %gfg_ = 1,3
gallons. Since the average yleld per cow ln the whole
;population studied was around 1000 gallons, this means
a rate of genetic improvement of 0.13 per cent. per yea%.

The rate of improvement calculated above was E
due to the selection of dams of cows, The same method
could be applied to determine the improvement achieved
through the selection of dams of bulls as well. The

sum of these two results would give the total improve-

ment achieved by selection in the 12 herds, since no
selection is practiéed on the male side (unless progenyL
testing is adopted). However, with the present data, é
it was not possible to calculate the improvement due tog
the selection of dams of bulls, because most of the

s8ires used were bought in from other herds, and the daté
relating to these herds were not aveilable for study . |

A detailled analysis has been made of the genetic
improvement attained through the selection of dams of

i
1
|




84

icows in each of the 12 herds, and the results are pre-
sented in Appendix Tables 6 and 7. They are self-
iexplanatory. The final figures for the improvement per
year were, however, found to be a little smaller than
ith.e actual values presented in Appendix Table 7, when %
allowance was made for the fact that some breeding stoc#
was occasionally bought jnto the herds from outside. |
In fact, an overall value of 0.l1l to 0.12 was obtained é
for the effective genetlc improvement by multiplying %
the calculated values by the proportion of home-bred g

heifers.

These results for Ayrshire cattle show falr %

|
i
i
|
i

.agreement with those obtained by Rendel and Robertson |
for Kerry (private communication). It would appear from

this that the actual lmprovement attained 1n most herds
through the selection of dams of cows 1s, on the average,
only about one gallon in a thousand gallons per year.
Comparison of this figure with the theoretical estimmtes
:made by Rendel and Robertson of the maximum possible

Improvement by this method, shows that only one half of
the possible improvement was attained by these herds.

The fact that in certain herds, 1.e. Herds B and C, |
values of the order 0.22 and 0.27 were obtained could b$
attributed chiefly to sampling errors arising from a
skewness in the population.

There are many reasons why the rate of improve-
ment actually attained in most herds is only about one
half of the meximum possible value. In the first place,
8ll the selection 1s not directed towards milk yleld
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| only; there may be selection for other characteristics
such as type and conformation, and this would tend to |
lower the selectlon differential on yield. Secondly,
there is the fact that selection as practised in most |
herds, 1s very often incomplete, in that the offspring
of cows which are themselves culled for low production
are frequently incorporated into the herd. In con=-

sequence, what 1s effectively a cull becomes part of the
breeding stock for the next generation. These, and
numerous other factors, show that the breeding of dairy
cattle by mass selection can only be a very slow proces@,

eand the results obtained from the present study of 12

' leading herds of Ayrshire cattle prove that it cannot
'be expected to bring very satisfactory results.

|




PART III

Studlies in Persistency of lactation

.
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Part 1III
Studies in Persistency of Iactation

1. Measures of persistency

EPrevious investigations 1nto the shape of the lactation
%curve have drawn considerable attention to its import-
?ance in dairy cattle breeding. Far example, Bonnler
3(1935) adduced evidence which pointed to the conclusion
1that the shape of the lactation curve is "constitution-

|

lally determined™, and he emphasised the necessity of |
E"seriously studying the cuestion as tot he possible
Ehereditary nature of the shape of the lactation curve."
.Other investigators, notaebly Gaines (1927, 1931), Gooch
(1955), Sikka (1940) and Johansson and Hansson (1940)
Lhave probed further into this problem, and although
ttheir results are not in complete agreement, most of
them show that the shape of the lactation curve exerts i
a fair measure of influence on the total lactation yield.
'The present investlgation on persistency of lactation

|
'was undertaken in order to obtain further information

|

[
on this subject. E

Part of the variation in results obtalned by

previous investigators could be attributed to differenc%s
lin the technlques employed to analyse the shape of the
lactation curve. An attempt was therefore made at the
commencement of this investligation to apnply some of
these methods to the present data and determine the
nature of the results obtained. The first method

employed consisted of finding a mathematical interpre- ;

tation to the shape of the lactation curve. It may be é
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noted in this connection that Gaines (1927, 1931) and
Gooch (1935) fitted exponential curves to milk yleld
~data, while Sikka (1940) worked with parabolic exponen;
tial curves as well. In the present instance, the search
ifor a representative mathematical curve was extended tq
cover in addition orthogonal polynomial regressian %
curves of higher degrees. The Kirkhill herd belonging
to the Hannah Institute was used for this purpose, and
in order to ensure greatest accuracy, both monthly andé
weekly records of cows were studied. But the varying

| results that were finally obtained showed that these
'attempts were beset with numerous pitfalls and would
‘hardly compensate for all the work. For example, it
‘was found in some cases that the third and fourth degrée
terms brought highly significant reductions in the
errors of estimate, while in others they were not |
isignificant at all. This meant that the cows in the
present study would have to be classified into differedt

‘groups on the basis of the best-fitting orthogomnal !

!polynomial, and this in turn would have led to the ?
?highly questionable position of making between-group f
%comparisons of this type. This was obviously very un-%
Isua.’ci.?.fetctox:'y, and therefore the fitting of orthogonal |
polynomial regression curves was abandoned.

; A measure based on the linear regression of i
lyield on time was then tested as a means of describing.
the shape of the lactation curve. This measure was :
also used by Bornier (1935) and Kronacher et al. (1936 )

i
with slight differences in detall, but they obtained |
|




. rather unsatisfactory results, probably on account of
the fact that the time of maximum yield and the

2 commencement of drying-off, between which periods they
é measured the regresaion, varied naturally from one cow?

;to another. In the present study, the length of time i

|
i

| was fixed as the period between the 30th and 300th day;

|
|
|
[ i
gand the results were then more consistent. Nevertheless,
’ :

1
\

| this method was not adopted for the rest of the study,

ibecause it was found that the shape of individual

|
?
by any rigid mathematical curve.

|

lactation curves was far too variable to be represented

|
f Moreover, any attempt to measure the shape of
fthe lactatlon curve should take into consideration the%

i

two segments that are typically characteristic of it -

1the rising segment and the declining segment. The
irising segment 1s that phase of production following
1parturition, during which the milk yleld of a cow
éincreases. Individual cows differ considerably in
regard to the perlod for which this rise lasts; some
show a rise for only a few days after calving, tut in
others the increasing phase in production lasts for
several weeks. On the average however, almost all cows

reach their peak within the first ten weeks of calving.

Thereafter, the rate of secretion begins to decline,
and here again individual cows differ consliderably.
Some decline in yield very rapidly after the period of

peak production, while others more or less maintaln
their initial level of production over a considerable

period, and show little or no decline. The former are




 termed non-persistent, and the latter, persistent cows,

5Persistency therefore is a measure of the shape of the

' lactation curve, and 1t determines the degree to which

' the mllk yleld in early lactation is maintained by a

'1s the yleld during the first 10 weeks.

cow during the rest of her lactation. A numerical f
expression of persistency can therefore be obtained by%
compering the yield after the period of peak production
with the initial yield. Such a figure has been used |
throughout the present lnvestigation, and 1s given by

the f ormula -~

Persistency = A;B s

where A 1s the yleld during the first 180 days and B

The concept urderlying this numerical measure
of persistency ls in essence, the same as the "shape-
figure" used notably by Jchansson and Hansson (1940)
and also by other invistigators. Johansson and Hansson
split up the lactation period of each cow into 100-day
periods, and used the ratios between the butterfat
yilelds in the different periods as measures of persis-
tency. The chief drawback to thelr method is that the
flrst 100-day period which is taken to represent the
time of maximum physiological activity of the cow,
Includes & considerable portion of the declining seg-
ment of the lactation curve; and therefore 1t does not
provide a sufficiently sensitive measure of persistency
when it is compared with the second 100-day period.
Among later workers, Ludwick and Petersen (1943) have

89



~evolved a formula for persistency which 1s based on
' "a summation of the ratios obtained by comparing
. production In each of a number of subdivisions of the

i
[

i
i
i

lactation period with the preceding one." But, in

. thelr computations they have omitted the yileld during
the first seven weeks of production - a step for which
there is 1little justification in the light of present-
day knowledge on the physiology of lactatiom.
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- any great degree, A study of the Inter-relationships
iof these three varilables 1n milk production was there-

2. Relationship between persistency
and yileld

The average values of persistency during the years

1930 to 1938 for each of the 12 herds studied, are
summarised in Appendix Table 8. Comparison of these
figures with the corresponding ones for initial and
180 day milk yields (Appendix Tables 1 and 2), shows
that in some herds, a combination of high persistency
and high initial and 180 day milk yields was achieved
to a fair extent; 1in others, only one or two of these

three characteristics seem to have been incorporated to

ffore undertaken in order to determine how far they aref

Fcompatible with each other,

!
|

For this purpose the second and third lactation
figures of 588 cows from the 12 herds were employed,
and all the possible correlations among the varlables
were calculated (Figs. 14, 15 and 16). The correlation
between the 180 day milk yield and persistency of the
secand lactation was found to be 0.212, and the
corresponding coefficlient for the third lactation was
0.214. The regression of the 180 day mlilk yield on
persistency was 1219.0 and 1221.6 for the second and
third lactations respecfively. Persistency therefore
contributes to a high total yield (as measured by the |
180 day period). However, the latter seems to be more
closely correlated with initial yleld than with persis-
tency - the correlations between initial and 180 day

yields being 0.839 and 0.836 for the second and third
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lactations respectively.
While the above-mentioned correlations were all
positive, 1t was found that the correlations between
‘persistency and initial yleld were negative. The
observed correlations for these two characteristics werg
of the order -0.259 and -0.265 respectively for the
Becond ard third lactations. However, in interpreting
tthese correlations it should be remembered that they
pre all compound values derived by lumping together the
Fecords of cows belonging to 12 different herds. In
}order to elucidate the true relationship between c ows
ﬁt is therefore necessary to determine separately the
Eontribution of the different components - "between
herds", "between cows within herds" and "within cows" -3
to the total correlation., The desirability of obtaining
?uch information is important particularly in regard to
%he relationship between persistency and initial yield,
ﬁecause if the persistenc& and initial yileld of different
;ows are found to be truly negatively correlated, it will
%how that it would be difficult to combine in ane and
Fhe same cow the two desirable characteristics, high

?ersistency and high initial yield.
It may be noted in this comnection that most é
studies in the past (Gaines 1927, Sanders 193¢ and Goocﬂ
1935) have not taken this into account. Sikka (1940)

seems to be the only author who has pald some attention |
o this problem, but he has not considered fully the
ifficulties of application of the analysis of variance

nd covariance to binomlal data,
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The results of the present study based on the
' third, fourth and fifth lactation records of 263 cows

from 12 herds are detailed below,

(a) Relationship between persistency and initial 13914
The total correlation between the persistency and in1-§
tial yleld of the 789 lactations from this data as g
shown in Table 36, was -0.202 + 0.034. This means thaé
there was a significant negative relationship between %
these two varlates when the data were taken as a whole;
Table 36 @

Covarlation between persistency and initial

milk yield ¥ i

Variance

Source |d.f S Persis<] Tnitial Covar- | Correlation|.

tency yield jance coefficlient

Total (788 0.0374 | 353,578.95 | -23.258 | -0.202+0.034

Between .
herds 11} 0.0034 66,758 .51 | - 6.315 -0.41910.248

Between
cows 251} 0.,0101 | 121,790.88 | + 8.175 +0.253:p.060i
wlthin o
herds

Within

cows 526 0.0239 | 165,029.56 | ~25.118 | ~0.400+0.037,

¥ (¢f. Hazel, Baker and Reinmiller (1943) for the method

employed to partition the varlance and covariance,

ﬂ The standard errors of the first three correlation

coefficients are slightly underestimated by this methad

of analysis,
After elimination of the differences between
herds this correlation was split up into a correlation

between cows In the same herd, r =« +0.,233, and

another “within cows"®, r = -0.400. The between herds

value was -0.419., This correlation based on 1l degreds
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Table 37

Covarlation between persistency and

180 day milk yileld*

Variance Covar- Correlation
Source a.t. [Foratac] 180 day iance | coefficientf
tency yleld

Total 788 | 0.0374 11,806,670.73 | +62.610 | +0.241+0.034

Between herds 11 | 0.0034 277,956 .22 | = 3.580 | =0.116+0.297
Between cows

within herds | 251 | 0.0101 824,580.89 | +48.655 | +0.533+0,045

Within cows 526 | 0.0239 704,153.62 | +17.535 | +0.135+0.043

*  ¢f. Hazel, Baker and Reinmiller (1943) for the
method employed to partition the variance and covariance.

The standard errors of the first three correlation
coefficlents are slightly underestimated by this method
of analysis.




; of freedom was not slignificant, and it therefore suggests
éthat between herds the persistency was lndependent of

é the initlal yield. The correlation between cows within

- herds, however, was positive amd highly significant,

¢ while the Iintra-cow correlation also attained a highly
significant value but was negative. This means that g
the persistency of different cows was really positivel&
correlated with thelr initial levels of production, anﬁ
the negative relationship between persistency and initial
yield observed in the total data was actually due to the
pronounced "within cows" effect. It should therefore Z
be quite feasible to combine in any one cow the two |
desirable characteristics, high persistency and high
initial yleld. But the capacity of any one cow for
; each of these qualities would appear to be fixed for
| life, so that 1f the i1nitial yield rises above her opti-
mun level, the persistency is diminished and vice versa.

These results suggest that the negative correl

T

ations between maximum yield and persistency reported by
Gaines (1927), Sanders (1930) and Gooch (1935) were
really due to the contribution of the "within cows"

cormponent.

(b) Relationship between persistency and 180 day yield
It will be observed from Table 37 that all the correl-

ations except that "between herds" were highly signifi-

cant. The correlation between cows was the highest,

i

while the lowest value was obtained within cows. This
low intra-cow corrdlation between persistency and 180 ;
day yleld could be attributed to the negatlve intra-co%

H
H
H
2
i
!
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Table 38

Covariation between initial and 180 day milk yields ¥

; 7 1
Variance Correlation
Source | def.|™7¥ial | 180 day Goveriance | coerficient |
yield yield
Total 788 |353,578.95} 1,806,670.75 | +717,808.78 | +0.898+0.007
Between
herds 11 66,758 .51 277,936 .22 | +129,419.89 | +0,.,950+0.029
Between
cOows 251 }121,790.88 824,580.89 | +299,877.76 | +0.946+0.007
within ‘
herds
Within 526 |165,029.56 704,155.62 | +288,511,13 +0.846i0.012
cows

* ¢f. Hazel, Baker and Reinmiller (1943) for the method
employed to partition the variance and covariance.

J

The standard errors of the first three correlation

coefflcients are slightly underestimated by this method
of analysis,



|
|
|

|

attained by breeding for high initial milk yleld com-

correlation between persistency and initial yileld

reported in the preceding paragraph.

These results differ from the findings of

'Gooch (1935) who observed no evidence of any ccrrelatién

| |

' between persistency and total yleld (r = =-0,050 + 0.0%6).
'They agree however, with the results of Galnes (1927),§

Sanders (1930) and Sikka (1940), who obtained signifi-

icant poslitive correlations between persistency and

total yleld.

(c) Relationshilp between initial yield and 180 day yi&;d

All the correlations between initial and 180 day yields
presented in Table 38 were positive and highly signifi;
cant, and in every case the coefficients were higher
than the corresponding values obtained for persistency
and 180 day yield. This shows once more that the total
yield of a cow is more closely correlated with initial
yield than with persistency.

These conclusions are in accord with those of
Gaines (1927), Sanders (1930), Gooch (1935) and Sikka
(1940), who have all reported similar high correlations

between these variates.

All the foregoing analyses bear out the con-

clusion that increased total milk production can be

bined with high persistency. But it should also be noted
that these characteristics can be modified very |
considerably by such environmental influences as feedl

and management, as shown by the extent to which the
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coefficients of intra-cow correlation in Figs. 14, 15
and 16 deviate from unity. This 1s particularly so

for persistency which shows the lowest repeatability.




Table 39

Relation between month of calving and persistency

Month of| 1st lactation 2nd lactatlon Mature lactations
calving | No.of| Persis~ Rela~ | No.of] Persis< Rela- | No.of | Persis-|Rela-
cows tency | tive | cows|{ tency| tive | cows tency | tive
value value value
January 78 1.3758 | 105.2 108 | 1.2911| 108.6 261 | 1.2795 [103.9
February; 70 |1.4343 {109.7| 131 |1.2670 | 106.5| 460 |1.3099 [106.4
March 64 | 1.3641 j 104.3 | 142 }1.2325 | 103.61 504 |1.2640 |102.6
April 75 1.1860 90.7 72 11.1043 92.8 285 11.1522 | 93.6 ‘
May 58 |[1l.1364 | 86.9 | 47 [0.9952 | 83.7 | 139 [1.1045 | 89.7
June 56 | 1.,1330 | 86.6 | 32 {0.99253 | 83.4 63 |1.0543 | 85.6
July 39 11.1862 ¢ 90.7] 26 |1.1363 | 95.5 59 11,1187 | 90.8
August 62 |1.2583 | 96.2| 32 11.1318| 95.2 57 [1.1205 | 91.7
September 156 11,3218 {101.1| 52 {1.1881| 99.9 88 11,2039 | 97.8
October | 194 |1.3111 [100.3} 88 |1.,1543 | 97.0) 121 |1.2137 | 98.6
November | 199 | 1,3380 | 102,3| 71 |[1.1758 | 98.9| 120 [1.2273 | 99.7
December | 146 |[1.3758 {105.2 | 94 {1.2070 |101.5} 149 11,2581 |[1l02.2
Total &
average |1,197 |1.3077 |100.0 | 895 |1.1894 | 100.0 {2,306 {1.2315 {100.0




|

|

1
|
|
|
i
|
F
|
|

Fig. 17 with the corresponding figuwre for 180 day milk
' yield (Fig. 8) indicates a close similarity in the

'+ in Table 39 together with relative values obtalned by i

;using the welghted average in each group as base,

| practically the same manner to variations in month of
:calving. The highest persistency was attained by cows
calving in the winter months, while the lowest wvalues

gwere attributable to summer calvers. Comparison of

5. Influence of month of calving on
persistency

The relationship between month of calving and persis-
tency was studied for the first, second, and later

lactations separately, and the results are presented

|
:

' Fig. 17 shows these results graphically. It will be i

 observed that young and mature cows responded in

i
i
|
|

trend of these curves. It would appear therefore that
the monthly variation in persistency could be explained
on the same basis as the variation in 180 day milk
yleld, and could be attributed in large measure to
differences in the prevalling conditions of food supply
in different months of the year.

An analysis of the response of individual herds
to month of calving was carried out to d etermine whether
there were any significant differences between herds in
this respect. Yates! least square method of fitting |
constants was applied to the persistency figures of E
2306 mature lactations (3rd and later), and the resu1t§

of this study are presented 1in Table 40:-
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-persistency. It 1s evident therefore that a study of

Table 40

Analysis of variance of herd month inter-
actions 1in persistency

Source de.f. | Sum of squares | Mean F |Signif-
sgquare icance
Constants 22 18.6418 0.8474
Remainder
(inter- 117 5.9460 0.0508{1.48] =xx
action) |
Between
classes 139 24.5878
Within |
classes }2166 74 .3753 0.0343
Total 2305 98.9631
i

The analysis shows that as in the milk yield

data, there were significant herd month interactions in

persistency 1in relation to month of calving can be
accurate only when it is done on a within-herds basis.
Fig. 18 shows the results of a study of the
shape of the lactation curve as influenced by month of
calving in the largest herd available in the present
data., Composite lactation curves based on the third
and later lactations, are presented for groupé of cows
calving in different, parts of the year. Iactations
which cormenced in two or three consecutive months are
grouped together according to the similarities they
exhibited. The figube shows quite clearly that the
highest persistency was attained by cows calving in thse

winter months, while summer calvers were the poorest

o8
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 employed for the corresponding milk yield corrections.

1n this respect. These results agree with those of
previous authors (Gaines 1927, Sanders 1930, Sikka 1940

‘and Johansson and Hansson 1940) in showing that the {

shape of the lactation curve is influenced by the
season of calving. The degree to which season exerts
its effect has varled naturally from one linvestigation

to another, and the results presented here apply to the

particular population studied. \

Correctlion factors for eliminating the effect
of month of walving on persistency were calculated on

a within-herds basis by using the same technique

These are detailed in Appendix Table 9.
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4. Influence of age and preceding
calving interval on persistency

jThe general effect of variations in age on the persis—:
% tency of yleld are shown in Table 41 which contalns th§
results of the "lumped" and "paired" lactation methods;
of study. |

Table 41

Relation between age iIn lactatlons and persistency

I%ggg' Ngawgf Lumped records Co::igzziogér :
To. lNean | oviation Hoan
1 1211 1.3080 0.1868 1.3203 §
2 9156 1.186%7 0.1979 1.1922 g
3 688 1.2088 0.2137 1.2001 |
4 548 1.2231 0.2240 1.2252
S 386 1.2503 0.2013 1.2132
6 248 1.2524 0.1828 1.2021
7 156 1.,2575 | 0.2373 1.2195
8 105 1.2720 0.1775 1.2033
9 82 1.2949 | 0.1666 1.2041
10 47 1.2540 0.1705 1.2147

-

It will be observed that the first lactation had a
rather low varlabllity as measured by the standard
deviation, when compared with the second to fifth
lactations. The mean itself was highest for the first
lactation. These results agree with those of previous
authors (Twrner 1927, Samlers 193@, Ostergaard 1931,

Gooch 1935, Sikka 1940 and Johansson and Hansson 1940 )
in so far as the high persistency of first calvers is

concerned. They differ, hbwever, from the statement
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made by Pontecorvo in 1940 that the persistency of
first calvers has a greater variability than that of
subsequent lactations. Since no evidence was presented
by Pontecorvo in support of his statement, his claim f
cannot be accepted in the light of present results.
Moreover, Sikka (1940), using a measure of persistency
rather similar to Pontecorvo'!s showed, in line with
the present results, that the first lactation persis-
tency has the lowest variability.

Comparison of the "paired" and "lumped" lact-
ation results shows how selection for yield affected
the persistency figures. With "lumped" data, the per-
sistency dropped from the first to the second lactation,
but thereafter increased progressively with age. Aftep

allowance was made for selection, it was observed that

[o 1

the average persistency of second and later calvers 4l
not show much variation. This was confirmed by a study
of the trend in persistency in the successive lact-
ations of 187 cows, each of which had complete records
for the first five lactations (Table 42).

Table 42

Relation between age in lactations and persistency

(Based on 187 cows with consecutive records for the
first 5 lactations)

Iactation Persis-
number tency
1 1.3681
2 1.2280
S 1.2129
4 1.2231
5} 1.2212
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The results shown in Tables 41 and 42 are some- |
what different from those of previous investigators. |
Sanders (1930) and Sikka (1940) found from their studisd
that the persistency values decreased as the cows grew
older. But, Johansson and Hansson (1940) obtained
results which showed that persistency decreased with ag
up to about four years, and thereafter increased., It
seems likely that this variation 1n results could be
attributed largely to differences in the methods
employed to measure persistency.

The effect of age in lactations on the shape of
the lactation curve up to the 180th day from calving 1s
presented graphically in Fig. 19. It 1s based on 536
first lactations and 527 mature lactations (3rd, 4th
and 5th), and shows qulte clearly that first calvers
had a conslderably higher persistency than older cows.

The covariation of age within lactations, length
of preceding calving interval and persistency was also
studied with the present data by means of correlation
and regression coefficients. The results of this study
for the first three lactations are summarised in Table
43, They show that the correlations between age at
calving and persistency were not statistlically signifi-
cant. But preceding calving interval and persistency
appeared to be significantly related to each other.
Nevertheless the low value of the regression coeffilcien
indicated that this relationship could be ignored far

most practical purposes.

e

ts

102



Table 43

Covarlation of age at calving, length of pre-

ceding calving interval (p.c.i.) and persistency

(Age was measured in months and p.c.i. in days)

Tect- | Correlatlion coeffi- Regression
#*
ation clents coefficients
No. Age- p.c.l.- | Persistency|Persist-
persistency|persist- -age ency-
ency p.c.l.
1 "0 0032 - "0 00014 -
2 0.051 0.113 0.0021 0.0003
3 0,032 0.094 0.0015 0.0003

% Phe standard error of the correlation coefficients

was 00029 - 000440

The number of cows and the averages and standard
deviation for persistency, age at calving, and
P.c.l. were given in Tables 5 and 41, and the

correlation between age at calving and p.c.l. was

given in Table 23.

It should, however, be noted in conclusion, that

allowance mist be made for the high persistency of

first calvers when comparing cows with different lact-

ations.

This seems to be the only type of correction

necessary for the influence of age on persistency.

103



PART 1V

Studies In Butterfat Percentage




Part IV

Studies in Butterfat Percentage

Although extensive investigations on the fat content
in mllk have been carried out in other parts of the
world, the avallable literature on the subject for

Ayrshire cattle in this country 1s extremely meagre.

Kay and McCandlish (1929) and Glen and McCandlish (1930)

studied the influence of age on butterfat percentage
by using data from Ayrshire cows which had completed
at least five lactations. Asker (1949) investigated
the Importance of heredity in the variation of butter-
fat percentage in some British breeds of dair;\cattle‘
Apart from this, very little has been done. It will
therefore be lnteresting to examine the figures for
butterfat percentage in the present data. The results

reported in thls section are based on the average

butterfat percentage during the total lactation period

1. Variation in butterfat percentage
between herds and years

The average fat content in the milk secreted by cows
in the 12 herds investigated, are presented in Appendi
Table 10 for the period 1930 to 1938. The mean butten
fat percentage for the whole population was 3.99 per
cent. But it will be seen that there was conslderable
variation between herds and years 1n this respect. Aan
analysis of variance based on the mean butterfat per-
centages of each herd in each year gave the following
results (Table 44):-

x
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Table 44

Analysis of varlance of butterfat percent-
age between herds and years

(Based on the mean butterfat percentages of each of
12 herds in each year from 1930 to 1938)

Source d.f.} Sum of Mean Signifi-
squgres sqguare B cance

Between

herds 11 2.0514 0.1865 | 15.29 X X
Between

years 8 0.2466 0.0308 252 X
Error 88 1.0767 0.,0122
Total 107 S #3747

Coefficlient of variation

-
-

2.7 per cent,

This shows that the differences between herds and

between years were statistically significant.

of the relatively high values for heritability of

butterfat percentage obtained in Part V of this thesig

there 1s reason to believe that the greater part of

these differences were genetic in origin,

therefore possible to treat the 12 herds as a single

It was

population when studying the influence of various

factors on butterfat percentage.

In view
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' mining this variation.

- of calving and butterfat percentage in the present datg

. The averages were obtained by the least squares method

month of calving and the lactation number (lst, 2nd,

2. Influence of month of calving on butter-

fat percentage

It was shown as early as 1922 by Ragsdale and Brody,
and Ragsdale and Turner, that the percentage of fat in
milk 1s influenced by environmental temperature, and
that the mllk produced during the summer months tends

to be low in butterfat percentage. In the present study

of the variation of butterfat percentage with month of
calving, it was found that part of the varlation might
be attributed to differences in temperature as suggest-
ed by these workers, but 1t seemed likely that other

environmental factors also played some part In deter-

Table 45 shows the relatlionship between month

of fitting constants, as this enabled the effect of ag
on fat percentage to be avoided. The data was first
classified for thils purpose into groups according to th

and later lactations being treated separately). The
scheme for testing interactions between months and

lactations was then set up, and the fitted constants
for months obtained from this scheme provided the month
averages presented in Table 45. Relative values,
calculated by using the weighted average butterfat per-
centage for all months as base, are also given for

purposes of comparison:-

ly




Table 45

Relatlon between month of calving and |
butterfat percentage

. \ !

Month of Number of | Average fat | Relative

calving cows percentage values
January 453 3.96 99.2
February 670 3.95 99.0
March 716 3497 99 .5
April 432 3 .94 98.7
May 238 3.97 99 5
June 142 3095 99.0
July 125 . 4.02 100.8
August 154 4,06 101.8
September 301 4,08 10243
October 401 4.07 102.0
November 394 4.02 100.8
December 391 3.97 99.5
Total and

average 4,417 3499 100.0

It will be observed that butterfat percentage
showed a relatively small variation with month of
calving as compared with the corresponding figures for
milk yield and persistency (Tables 12, 13 and 29). The
highest values were obtained for cows calving from July
to November, and these cows produced most of their milk
during the autumn and winter months. It may be possibl
that the low environmental temperature which would be
assoclated with the latter perlod contributed in some
measure to the relatively high fat content in the milk.

Nevertheless, the difference 1n average fat percentage

(=)
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between cows calving in the most and least favourable
months of the year was only 0.1l4 per cent., and could

therefore be disregarded for most practical purposes.
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5. Influence of age on butterfat percentage

Table 46 shows the results of studies iIn the variation
of the fat content of milk with age from the 1lst to the
10th lactations. In addition to the ™lumped lactation®
method of study, the "paired-lactation" method was alsg
enmployed 1n order to obtaln results that would be free
from the Influence of selection. However, comparison

of the figures obtained by the two methods shows that

hardly any selection had taken place 1In these herds on
the basis of butterfat percentage. This 1is confirmed

by the results from a selected population of 187 cows,
each of which had completed the flrst five lactations.
The average butterfat percentage for this group of cowg
was found to be only 3.98 = which was about the same as

the average for the whole population.

Table 46
Relation between age and butterfat percentage

i

Average fat per- Cows with consecu- J

Lact- | No. of centage tive recards for th
%tion cows first 5 lactations
O
Lugiped |Carected| No. of Average
records for cows fat
selection percentage
1l 1211 4,12 4.12 187 4.10
2 908 5.98 3 .99 187 35.99
3 6'78 5.95 3.97 187 3.98
4 547 3.90 3.92 187 3.93
S 381 3.92 3.91 187 390
6 245 3 .89 3 .89
7 154 5.92 5.88 Average 5.98
8 105 3.92 3.91
9 82 3.89 3490
10 47 3.95 3490
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The general trend of the figures showsthat there
was a slight decrease in the fat comtent of the milk
with increasing age of the cows. This 1s in agreement
with the findings of previous investigators (Gowen 1920
1924, Glen and McCandlish 1929, Tuff 1931 and Johansson
and Hansson 1940). However, the variation with age wag

not so great as to recommend special corrections for it

in breeding work.
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4, Influence of calving intervals on
butterfat percentage

- The varlatlion of butterfat percentage was studled in

. relation to both preceding amd current calving intervals.

- Thils study was based on the 3rd and later lactations

~only, so that the influence of age might be avoided.

The records were first calssified into groups according

to the length of the preceding calving Interval, using
a class interval of 40 days. The butterfat percentages
during the current and preceding lactation periods were

noted in each case, and the averages were then calcul-’

- ated for each group separately. The results are

i
i
i

presented in Table 47.

Table 47

Relation between length of calving intervals
and butterfat percentage

Length of | Preceding calving | Current calving |
calving interval interval §
interval [y, or Fat per-| No. of Fat per- ||
(days) lactations| centage |lactations|centage
501-340 259 3.87 167 3.92 ||
341-380 1006 3.91 670 3.95 |
381-420 565 395 350 393
421-460 205 3.9 126 3.91
461-500 89 3.95 56 394
501~ 94 3.95 64 3493
Total and

average| 2,218 3.92 1,433 3.94




The figures show that with increasing length

of preceding calving Interval there was a slight tend-%

ency for the butterfat percentage to increase, This

could perhaps be attributed to the improved condition |

of cows calving after a long preceding calving inter-
val, as suggested by Eckles (1923). With current
calving intervals, however, the variation was not so
marked. But in neither case was the variation of any

practical importance.

i
¢
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5. Relationship betwseen butterfat percen-
tage and milk yield

It 15 well kmown that in dairy cattle, the aim of any
. breeding policy 1s to increase the production of milk f
and the butterfat combenmt of that milk. It is of :
% interest therefore, to determine whether there is any i

| relationship between these two factors both between |
and within cows. The 3rd, 4th and 5th lactation records
of 263 cows from the 12 herds were used in order to |
obtain information on this subject, aml the results

are presented in Table 48,

Table 48
Covariation between total milk yileld and fat
percentage®

Source | d.f| Variance Covarl.Correl- Regres+
Milk Fat jancel ation sion of

yield percen- coeff- | fat %
tage iclent | on units
of 1000
b, milk

Total 788 {5,169,771| 0.0831 | +71.38}+0.109 |+0.014

Between
herds 11 972,260 | 0.0182 [+118.02{+0.887 +0.121

Between |
cows %
within| 251 2,280,817 | 0.0399 | =57.21|=0.190 -0,025|
herds |

Within ?
cows | 526 1,916,694 | 0.0250 | +10.57|+0.048 |+0.006

%* of . Hazel, Baker and Reinmiller (1943) for the
method employed to partition the varlance and
covariance.

The correlation between milk yield and butter-
fat percentage for the total data was +0,109 + 0.035.

i
|
{
i
i
i



% This indicates that there was a positive correlation
% between these two variates when the data were taken as
| a whole., The betwesn herds correlation was +0.887 and%
. was highly significant, which means that in the present
| data, herds with a high milk yield also tended to have,
a high fat percentage. This is borne out by Appendix

Tables 5 and 13 which give the average figures for 180,
day milk yleld and butterfat percentage for each of the

12 herds studied. After elimination of the differences

between herds, the correlation was split up into (a)

the correlation between cows within herds, =-0.190, and
(b) the correlation within cows, +0.048. This low |
value of the intra-cow correlation coefficient shows

| that the variation in butterfat percentage between
different lactations of the same cow was practically
indeperdent of the level of mllk production. Between
cows, the covarlance was negative and statistically
significant (r = =0.190). Nevertheless, the value of
the regression coefficient was so low that when the
milk yield increased by 1000 lb., the average butter-
. fat percentage decreased by only 0.025. It may there-
fore be concluded that the covariation between milk
yleld and butterfat percentage is of little practical
importance from a breeding standpoint, and that there
is no cause for any pessimistic belief that an lIncrease
in the milk yield would mean an appreclable decrease %

in the butterfat content or wvice versa.
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PART V

The role of heredity in the variation of milk
yleld, persistency and butterfat percentage

The causes of varilation in milk yield, persistency and%
butterfat percentage may be divided into two main groubs
- genetlc causes and those that arise from environment;
To the first group belong all differences which may be
attributed to heredity, while the second comprises all
the other causes of variation between as well as within
individuals., With a single cow, however, it is almost
impossible to decide exactly whether her variations
from the average production of the herd or breed to
which she belongs are due to genetical or environmental
factors. But with a large number of cows, it is possible
to estimate, by means of appropriate statistical methods,
. the relative roles of heredity and environment.
With the present material, 1t has been possible
to study the influence of such envitonmental factors
as month of calving, age, and length of preceding
calving interval, and the results of these studies have
been reported in the preceding sections. The purpose
of this section is to estimate the part piayed by
heredity in the variation of milk yleld, persistency
and butterfat percentage in Ayrshire cattle. This has
been done partly by analyses of variations and calcul-
ation of intra-cow correlations, and partly by studles

of daughter-dam correlations and regressions.

1. Intra-cow correlations

The intra-cow correlation, r, as calculated here, 1s a

measure of the stability of the quallities examined in
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g the individual cows. It is, In fact, a coefficient
. depicting the individuality of the cow, and is often
| referred to as the coefficient of repeatability. A
high value of r means that the greater part of the

varlation occurs between indlividuals and only a small

part within individuals, That is, the manifestation
of the particular character varies very little from ;
one lactation to another in the same cow, If it could§
be assumed therefore that all the cows used in the %

present investigation had lived under the same enviroﬂ-
mental conditions, the coefficient of intra-cow correlé
ation would be a sultable measure of the total genetié
! variation. But this essumption would be far from
| correct. It has been shown in the preceding sections
§ that there were highly significent differences between
the 12 herds studied, and there 1s reason to believe
that the greater portion of these differences were

environmental. It would appear therefore that the

Intra-cow correlation within herds would be a better

measure of the total genetic variation than that cal-
culated on the assumption that all the cows belonged
to a single homogeneous population. Even with this
limitation, it should be pointed out that the differ-
ences between individuals in any one herd may very well
be partly caused by environment, and therefore r canngt
simply be said to show the degree of genetic variation.
chevér, it 1s evident that the genetic fraction of the
variance cannot be higher than that expressed by the |

coefficient of intra-cow correlation within herds, and
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Table 49
Analysis of variance of the age-corrected 180 day milk yields

of 326 cows, each of which had completed the first four lactations

Source 1 d..f.r Mean square | Composition of mean Variance—-

Square component

Between herds 11 | 51,815,457 | FP+a9%4n 057 470,045
Between cows ) o

within herds 314 2,799,161 |Gy +40; 546,963

Within cows 978 611,311 | Tg? 611,311
ag=2

Intra-cow correlation within herds = c = 0.472
%%

Table 50

Analysis of variance of the persistency of 326 cows, each of

which had completed the first four lactations

Mean Compositlion of mean Variance
Source de.f« | gquare souare component
Between lactations 3 1.5991 0"2+3260’L2+n06‘HL2 0.0048
2 2 2 2
Between herds 11 05340 OT@ +40'& +noJI.{L +n10;I 0.0044
NHerd lactation o o
interaction 33 0.,0404 | 0. “+n o 0.0005
W o HL
Between cows o o
within herds (314 0.0594 6;; +406 0.0078
Remainder 942 | 0.0282 %2 0.0282
Intra-cow correlation within herds after g 2
elimination of variance due to age = ¢ - 0.217
a2,q*?
W (M

Table 51

Analysis of variance of the butterfat percentage of 326 cows,

sach of which had completed the first four lactations

Source a.f. Mean Compositlion of mean Variancet
square square componen
2 2 2 8
Between lactations 3 23024 O_W +-3260£ +n°a;IL 0,006
||
t . 2r40-%+ 24 2 .0169
Be wegn herds 11 2.0328 O"w | 406 noo’ﬁL nla;1 0
. - |
Herd lactation 2 2
interaction 33 0.0704 J.%+n o= 0.0019
. W o HL
Between cows 5 2
within herds |314 0.2173 % +4aa 0.0490
Remainder 942 0.0215 | oy 0.,0216
Intra-cow correlation within herds after .o
elimination of variance due to age = ¢ = 0,695
2 2
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éthese figures may be considered as maximum values for

the percentage of the total variance which 1s caused |

by heredity. 1In regard to most characters pertaining

to dalry cattle production, the actual figure is in fa&t

considerably lower than this. ;

Tables 49, 50 and 51 show the results of threJ

analyses of variance of the milk yield, persistency and

butterfat percentage of the first four lactations of §

326 cows drawn from the 12 herds. Each cow had compleﬁe

records for the first four lactations or more. The

of intra-cow correlation within herds were calculated
after elimination of the variance due to age. For milk
'yield, however, the corrected 180 day ylelds were used%
and hence there was no age variation. It will be
observed that of the qualities listed, the fat content
of the milk is most and the persistency is least
dependent on individuality.

Against these analyses of variation, the
objection may be ralsed that the material was selected,
in that all cows which had not completed the first fourw
lactations were excluded. But if the variation within
cows 1s to be studied at all, each cow must have com-
pleted at least two lactations, and since selection 1s
effective as soon as the first record is aompleted it i

is evidently impossible to carry out the analyses on

to base the analyses on a less selected population tha?

the 326 cows used in Tables 49 to 51, e.g. by takling
cows which had completed only three or two lactations.

|
H
H

method of analysis is self-explanatory. The coefficients

unselected material. It should nevertheless be possib}e
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Such analyses were also made in the present study, and !
they were based on the following data:-

(1) 177 cows which had completed the first !
three lactations only.

(11) 503 cows which had completed the first
three lactations or nmore.

(111) 308 cows which had completed the first
two lactations only.

(iv) 811 cows which had completed the first
two lactations or more.

Appendix Tables 1l to 22 show the results of these

analyses, It 1s evident that the results presented in
Tables 49, 50 and 51 together with those obtalned from
(1) and (111) above, provide three sets of indepéndent

estimates of the repeatabllity since each of them was

‘based on a different sample of cows drawn from the pop=

%ulation of 12 herds. The best estimates of the intra-
icow correlations for milk yield, persistency and butten-
fat percentage could therefore be obtained by averaging
each of these three sets of values. Table 52 shows the
averages which were calculated by weighting each of the
individual estimates by the reciprocal of its squared
standard error. This method 1s not without its dis-
advantages, but it does in general glve greater welght
to those estimates which were based on the greatest
amount of data. By this method the average repeatability
of milk yield, persistency and butterfat percentage was

|
found to be 0.464, 0.242 and 0.691 respectively. i




Table 52

Average repeatability of mllk yield, persis-

tency and butterfat percentage

Source

Intra-cow correlation within
herds after eliminagtion of

variance due to age

Milk
yileld

(180 days)

Persis-
tency

Butterfat
percent -

age

l. 326 cows which
had completed
the first four
lactations or
more.

2. 177 cows which
had completed
the first three
lactations
only

3. 3808 cows which
had completed
the first two
lactations only

0.472

0.372

0.51%7

0.217

0.234

0.329

0.695

0.668

0.699

Welghted average

0.464

0.242

0.691

!
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2. Daughter-dam correlations and
regressions

|

It has been shown by Lush (1940) that the resemblance

between parents and offspring is generally the most use
ful for studies relating to the heritability of milk
and butterfat production in dairy cattle. The general

principles and application of this method of approach

s
have been developed by Lush and his co-workers in a §

i

and In the Proceedings of the American Society of Anima&
Production. The principles involved are based on the
computation of the actual differences observed between
individuals which are related to one another in such a
way that their probable genetic differences could be
testimated from the laws of inheriltance.

i
i If the observed varignce between individuals

in any population is denoted by 062’ thls can be split

up into two main parts: (i) the variance due to diff-

2, and (1i) the variance due to

2
“H

2
I9g
1s then a measure of the fractlon of the total wvarlance

erences in heredity Oq

differences in environment<rh2. The function

that is due to heredity. 1In the case of a single parent
and offspring relationship, only one half of this

fraction is measured, and therefore the result has to
be doubled in order to obtain the inheritance from both
parents. In reality, however, the problem is rather
more complicated than this brief outline would show.

The total mariance<7bz is composed not only of c;éz ‘

series of papers published in the Journal of Dairy Scieﬁce
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.and o"E2 but also of an additional fraction G_HE2 which

. 1s due to the combined effect of heredity and environ-

‘ment. The fractionci2 itself may again be split up

‘into (a) the additively genetic portion créz, (b) the

2

évariance due to dominance deviations<ja and (c) the

évariance due to epistatic deviations criz. An examin-

‘ation of these components of<752 together with the

i
H
i

ifollowlng considerations shows that figures for herit-%
ability obtained from daughter-dam studies do not act-

‘ually provide an estimate of the total variance due toi

heredity. It is well known that in the transmission of
igenes from parent to offspring, only one member of a \
%pair of genes can be passed on through one gamete. InZ
vconsequence, dominance deviations are not transmitted,i
'and the genetic fractlon obtained from daughter-dam
éstudies does not include cTaz. As regards eplstatic
ideviations, only a small fraction would be included
(generally about one-farth) which would itself decrease
in geometric proportion to the number of genes that need
to be simultaneously present in the offspring for the
manifestation of the particular character. Therefore,

daughter-dam studles really provide an estimate of onlj
the varilance due to additively genetic differences and%
a small part of the eplistatic differences, If dominan&e
and eplstatic deviations are large, then this estimateg
of heritablility would be somewhat lower than the true k
value.,  But it is doubtful whether the varlances due té

dominance amd epistatic deviations are important in




i
i
H
{

'milk and butterfat production. According to Seath and

‘Lush (1940) they appear to be unimportant in the differ-

' ences within breeds, although thelr data was rather

%scanty to be very conclusive.

The actual method of computing heritabllity i
using daughter-dam comparisons, is by calculating the %
correlation or regression of offspring on dam. In many
kinds of data such as the present, where considerable
differences in management and feeding practices exist |

between herds, 1t 1is necessary to restrict the analysié

to an Intra-sire basis. As Lush (1942) has pointed ouﬁ,

"Doubling the intra-sire regression of daughter's recofd

on dam's record seems the most dependable method for

 estimating heritability in data like these where the

sire cannot express the characteristic himself, where

the dams are likely to have been a bit more highly

selected than the daughters, and especially because
feeding and management practices are almost certaln to

have differed considerably from herd to herd."

The results obtained by this method are presentied

after a discussion of the measures of inherent milk:lng!
capacity, persistency and butterfat percentage employed
in the present study. |

|

E
Measures of inherent milking capacity, persistency and
butterfat percentage employed :

|

Meny different measures have been used by |
investigators to denote the innate producing ability of
dairy cattle in regard to milk yleld, persistency and
butterfat percentage. For instance, Plum (1935) used |
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- the first avallable record of each cow for estimating

‘heritability. Lush and Shultz (1938) and Seath and

Lush (1940) used the highest age-corrected record for

- some animals and the average of a number of corrected

| records for others. In more recent years, Putnam,

| Bowling and Conklin (1943) have compared the use of agé-

corrected first records with the average of all records
in daughter-dam comparisons when proving sires, and 1
have concluded that since the difference in the results
obtained by the two methods was not significant, a reai
saving 1ln labour could be made if first records only ‘
are used.

The results obtained from the above studies

show that when dealing with a sufficiently large pop-

éulation, equally accurate estimates of heritability

i 18 made for the number of records contributing to the

| could be obtained on the basis of single recards (first,

first available, or highest), or on the basis of the |

average of several records provided adequate allowance

average (see below). In the present study, the first
avallable record was used always, except in the case of
milk yleld where, for one of the computations, the

average of several records was also used.

Herltability of milk yileld

(1) The material for the first study consisted of .
732 mates and daughters of 65 sires, drawn from the 12%
herds. The average number of daughter-dam comparisons;

per sire was 11, the minimum number being 5. Forty per
cent. of the sires had more than 10 daughters, while !
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. about ten per cent. had more than 20. The milk prod-
kuction flgures for both daughter and dam were the aver-
2age of all normal 180 day yields that had previously
;been corrected for age, month of calving and length of
2preceding calving interval. The results are sunmarised

_in Table 53. |

| Table 53

! Daughter-dam correlations and regressions
in milk yield

§ Number of daughter-dam pairs = 732
| Number of sires - 65

Average 180 day milk yield of dams = 7231.9 1lb,
Average 180 day milk yield of daugiters= %7229.2 1lb,
Total correlation between milk yields

of daughter and dam a2 0,562
Total regression of daughterts yield

on dam's yield = 0.411

Intra-sire daughter-dam correlation
for milk yleld a2 (0.181

Intra=-sire regression of daughter's
yield on dam's yileld = 0.207

The intra-sire daughter-dam regression for milk yleld
. was found to be 0,207, based on 667 degrees of freedomé
This figure describes the relationship between the
average of 3.79 lactation records per dam and 2.63 :
lactation records per daughter. To express 1t In termé
of single records, Iush (1942) has suggested the .
following equation:-




( 1+[m-1lrgq oy [l-Tgql )
( + :3— ;

( m m

b = Dbt

where b 1ls the regression of daughter on dam when singlie
records are used, b' 1s the regression when lifetime
averages are used, m ls the average number of lactatiom
records per dam, T34 is the repeatablility and Cﬁhz
is the variance of m. ,

. The variance of m in these data was 3.87. The
repeatability within herds was 0.464 as shown in the
preceding section. Consequently b had a value of 0,133.
Doubling this ylelds 0.266 for heritability.

i(11) A study of the heritability of milk production
was also made on the baslis of single records. The
material for this investigation consisted of 903 mates
and daughters of 129 sires from the 12 herds. The
minimum number of daughter-dam pairs per sire in this
data was 2, and the comparisons were made on the basis
of the first avallable corrected records of daughter
and dam. The results are presented in Table 54. It
will be observed that the intra-sire daughter-dam
regression was 0.157 in this material. This gives a
value of 0.314 for the heritability of milk yleld.
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Table 54
Daughter-dam correlations and regressions
in milk yleld

Number of daughter-dam pairs = 903
Number of sires = 129
Average 180 day milk yleld of dams = 7240.1 1b,|
Average 180 day milk yield of daughters = 7227.0 lb,
Total correlation between milk
ylelds of daughter and dam = 0,307
Total regression of daughter's
yield on damt!s yield = 0.323
Intra-sire daughter~dam correlation
for milk yileld = 0.153
Intra-sire regression of daughter's
yileld on dam's yield = 0.157
| Heritabllity of persistency
(1) Table 55 shows the results obtained from a

f study of the daughter-dam correlations and regressions
% for persistency, from material consisting of 732 mates
. and daughters of 65 sires from the 12 herds. It was
. based on the first available records of daughter and
dam. The ilntra-sire regression coefficient was found
to be 0,068. This ylelds 0,136 for the herltability

| of persistency.

(11) Another study of the herltability of persis-
tency was made on the basis of the 903 daughter-dam
pairs used in Table 54 for the study of millk yield.
The results of this study are summarised in Table 56.
They were based on the first avallable record for both
dam and daughter. These results yleld an estimate of

heritability of 0.116 for persistency. |
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Table 55

Daughter-dam correlations and regressions
in persistency

Number of daughter-dam pairs = 732
Number of sires - 65
Average persistency of dams = 1l.2412
Average persistency of daughters = 1,2465
Total correlation between persistency

of daughter and dam = 0,156
Total regression of daughterts per-

slstency on dam's persistency = 0.178
Intra=-sire daughter-dam correlation

for persistency = 0,060
Intra-sire regression of daughter's

persistency on dam's persistency = 0,068

Table 56

Daughter-dam correlations and regressions
in persistency

Number of daughter-dam pailrs = 903
Number of sires = 129
Average persistency of dams. = 11,2508
Average persistency of daughters = 1.2559
Total correlation between persistency

of daughter and dam = 0.164
Total regression of daughter's per-

sistency on dam's persistency = 0,183
Intra-sire daughter-dam correlation

for persistency = 0,054
Intra-sire regression of daughter's

persistency on dam's persistency = 0.058

-Heritability of butterfat percentage

The heritability of butterfat percentage was
also studied with theysame material as that uséd for

milk yield and persistency. The results are summarised

!
!
!
H

|
i
!

i
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in Tables 57 and 58, 1In each case, the first availlabl

W

record was used as the basls of the daughter-dam com-
parisons. The intra-sire regression coefficlents were
found to be of the order 0.281 and 0,271 respectively
for the two studies, Therefore the heritability of
butterfat percentage could be estimated accordingly as
0.562 and 0.542.

Table 5%
Daughter-dam correlations and regressions
in butterfat percentage

Mumber of daughter-dam pairs = 732
Number of sires = 65
Average fat percentage of dams = 3.95 %
Average fat percentage of daughters - 4,07 %
Total correlation between fat percent-

ages of daughter and dam = 0.426
Total regression of daughter's fat per-

centage on dam's fat percentage = 0.473
Intra-sire daughter-dam correlation

for fat percentage = 0.265
Intra-sire regression of daughter's

fat percentage on dam's fat

percentage = 0.281
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Table 58

Daughter-dam correlations and regressions
in butterfat percentage

Number of daughter-dam pairs = 905 ,
Number of sires = 129 %
Average fat percentage of dams 2 3.97%

Average fat percentage of daughters =  4,08%
Total correlation between fat per-

centages of daughter and dam = 0.596
Total regression of daughter's fat

percentage on dam's fat
percentage =  0.430

Intra-sire daughter-dam correlation

for fat percentage = 0.256
Intra=-sire regression of daughter's
| fat percentage on dam's fat
§ percentage = 0.271

The foregoing estimates of heritability mey
be summarised in the following form :-

Heritabllity of mllk yleld .cceeee..0.25 to 0.30
Heritabllity of persistency eeee¢...0.10 to 0,15
Heritability of butterfat
percentage «.......0.50 to 0,60
In non-statistical language, this means that the diff-
erence between the breeding value of any two cows was,

on the average, about one quarter of the difference

between their milk ylelds, one elghth of the difference
between thelr persistency, and one half of the differ{

i

ence between thelr butterfat percentages.
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These flgures are in agreement with the result%
obtained by previous investigators for the heritabilit&
i of milk or butterfat yleld and butterfat percentage
(Iush 1940, Iush, Norton and Arnold 1941, and Tyler
and Hyatt 1947). They show that the major source of
error 1ln connecting an animalt's phenotype with its
real breeding worth llies in the environmental circum-
stances to which the animal is subject. The genetic
fraction of the variance is such that, if cows selected
to be parents of the next generation exceed the herd
average by 100 gallons of milk, their daughters will
exceed 1t by only about 123 gallons. It may appear
from this that greater progress in dairy cattle improve-
ment can be achleved by concentrating more on environ-
" ment rather than on heredity. Nevertheless, genetic

differences between Individuals are present on a
sufficiently large scale in dairy cattle, to provide
an adequate basis for substantial Increases in prod-
uction, over and above any which may be brought about
by improved environment. However, 1t is only by a
sutcessful dovetalling of environmental and genetical
methods that the dairy farmer can hope to derive the

greatest benefits for his labours.
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PART VI

General Considerations, Summary and Conclusions

General Considerations

The problem of evaluating the breeding worth of an

i animal 1s highly important to the practical farmer who

é alms at Improving the productive level of his stock.

5 For most quantitative characteristics such as milk

, production in dairy cattle, this 1s rendered difficult

by the apparent lack of connection between the indiv-

ldual's phenotype and its true breeding value. Since

! the production of a cow depends partly on the environ—g

f ment to which she 1s exposed and partly on her immnate

é potentialities, any attempt to evaluate the latter

would be subject to some error from mistaking the

~ effects of environment for the effects of genes. The

z greater the environmental variation to which the cow

f 1s exposed, the greater will be the amount of error in
Judging the cow on the basis of her observed productio%.

| In consequence it is necessary to make due |

| allowance for the environmental effects for the proper

g estimation of a cow'!s breeding worth. Thils Involves

! the correction of the observed phenotypic values to

what they would probably have been if they were made
| under standard conditions of environment. Generally,

i the most important of the environmental effects for |
which correction should be made are those due to age
and due to differences in feeding and menagement - if -
these could be estimated satisfactorily. Length of
calving intervals may also need to be taken Into accou?t
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if they were unusually short or long, while month of

calving may be important in herds where the differences

in production between summer and winter calvers are

- considerable. If these factors are adequately allowed.

for, only a little gain in accuracy would be achieved

by other corrections. But it is important that whatevér
corrections are made, théy should be well founded and
should be applicable to the particular population. :
This point was well illustrated by the corrections for

' month of calving used in the present study. It was

é found from the analyses of herd month interactions in

' milk yield and persistency that different herds respon-

~ded differently to month of calving. This meant that |

- 1f the corrections for month of calving are to be

j appropriate, they should be calculated on a within-
herds basis so as to be truly applicable to the con-
_ ditions obtaining within the particular population.

i

| allow for the effect which a difference 1ln environment

It should, however, be pointed out that corr-

ections based on population studies do not exactly

al conditions had on all individual records. For
example, an increase in length of the preceding calving
interval by 10 days was found to raise the 180 day milk
yield by about 20 to 30 1lb., yet not all individual ;
cows would show exactly this same response to the
increased length of the preceding calving Interval., é
This is true not only of the effect of calving interval
but also of the effect of other environmental conditions

to which the cows are exposed. Therefore, for practic@l
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~ purposes it is essential that such correction factors
as are used, should be supplemented by adequate know-
ledge of the environment of each individual cow. The

. correction and interpretation of the records must be
done intelligently in relation to the particular con- .

i ditlons under which they were made, snd in relation td

~ other factors relevant to them. It is only by this

? method that the dairy farmer can hope to derive the

! best possible results in evaluating the probable .

breeding worth of an individual cow. But in this con-

nection, the note of warning given by Lush (1946)

should also be remembered - "the man who works with

~ his animals daily 1s, however, more likely to make too

- much allowance for his favourites without being aware :
that he 1s doing so." ‘

For a knowledge of the probable breeding worth
" of an animal, if i1s also supremely important to obtain
' information regarding the heritability of the charac-

| teristiecs under consideration. In fact, the cholce of
é an efflcient breeding system is baslcally conditioned %

g by knowledge of the rate of genetic improvement possi@le
é for the desired characteristics. If the characteristiks
ure highly hereditary it would indicate that mass |
selection on the baslis of the individual's own pheno~ .

. type would be the best method of breeding that the

| farmer could adopt 1n order to attain his goal. On
the other hand, if heritability is low it would point

to the adoption of a system of breeding which involves
the greater use of pedigree, relatives and progeny tesﬁs.




Information regarding the latter 1s particularly 1mporﬁ-

ant in milk production not only on account of the low

‘heritablility of this trait, but also because of the fadt

ithat In dairy cattle only the cow can be judged on her

Phenotype and the bull must always be assessed on the i

Abasis of his pedigree, relatives or progeny.

The results of the present study indicated

'that the heritability of milk yield, persistency and

|

Ebutterfat percentage are of the order 0.25-0.30, 0.10-

|
|
I
i

;of calving and calving intervals. They show therefore |
%that even after allowance has been made for these i
}factors, there is still a large amount of variation

- within herds due to chance differences in the environ-

0.15 and 0.50-0.60 respectively. These figures were
calculated after due allowance was made, wherever

‘necessary, for the environmental factors - age, month

ment. These account for about three-quarters, seven-
eighths and one-half of all the differences between
single records found in any one herd in milk yield,
persistency and butterfat percentage respectively. 1In
other words, If two cows differ by 100 gallons in milk
yield for example, only about 25 gallons of this diff-
erence is determined by genetic causes, and when matedz

to the same bull the daughters of these two cows will

only differ by 12.5 gallons on the average. This
accounts for the host of disappointments encountered b§
many dairy farmers who find that the difference in :
yield between two animals is not a direct reflection

of the observed difference between thelr parents. §
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. It 1s, however, lmportant to notice that all
‘these facts apply only to average and not to individual
‘cases. Nevertheless, they do indicate what the prob- |
abllities are for individual matings, and by using them
‘Judiclously the dairy farmer will be able to assess the
gprobable genetic value of his stock profitably.

| In conclusion, 1t may therefore be stated thaf
since genetic differences between cows are overlaid by
environmental ones to a very large extent, it is of the

utmost importance in practical breeding to discount the
latter as far as possible in order to obtain a proper

éestima.tion of the former. Well-based corrections for
éknown environmental influences and the application of
‘the present knowledge of heredity are two methods which
ievery practical farmer could combine and use to his

.advantage.
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Summary and Conclusions

1. A statlistical study of the causes of variastion
in milk yleld, persistency and butterfat percentage has
been made on the basis of 5000 lactation records from |
12 leading herds of Ayrshire cattle in south-west :
‘Scotland, for the period 1930-1939.

%2. The unit of measurement of milk production ’
‘employed was the yleld during the first 180 days of th&
‘lactation period. This eliminated the effect of
;variations in length of current calving interval on E
‘milk yield. Persistency was measured as the ratio of
A-B to B where A was the mlilk yield during the first
180 days and B was the initial milk yileld during the g
first 10 weeks of lactation. For the 1nvestigations |
on butterfat percentage, the average butterfat percent%
age of the milk secreted during the total lactation 2
‘period was utilised, since calving interval was found

;to have little or no influence on it.

;5. A study of the accuracy of milk yield deter-
;minations made under the official Scottish milk record-
iing system was carried out by using data from the Kirk{
§h111 herd belonging to the Hannah Instltute, This her@
‘was recorded on the officlal system since its inceptioﬁ,
gand dally records were also kept. It was found that

talthough the yields by the officilal recording system

‘were, on the average, about 5 per cent, higher than the

corresponding yields obtained by daily recording, they

are sufficlently accurate to be used for genetical studies.
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4. Preliminary analyses of the data from the 12
herds investigated, showed an average 180 day milk yield
of 6600 1lb. for the total population. The mean age at
first calving was 2 years and 9 months, and the calving
intervals were about 30 days longer for the first lact-
‘ation than for subsequent ones. Iength of dry periods;

‘however, varied very little from one lactation to another.

;5. From a study of the non-genetic causes of ,
‘variation in milk yield, it was concluded that the inter-
‘relations among the non-genetic variables should be |
‘considered when devlsing sultable corrections for theif
influence on milk yleld. Corrections were found to be
necessary for four factors; month of calving, 1actati&n

number, age at calving and length of preceding calvingé

interval.

‘B The effect of month of calving on milk yield
ivaried significantly between herds, and 1t was shown
:that correction factors for month of calving should beé
~calculated on a within-herds basis. The average diff-§
jerence in 180 day milk yleld between the summer and !
gwinter calvers of all herds was about 10 per cent. in

‘favour of winter calvers.

%7. A study of the variation of milk yield with
éage showed that the milk yleld of a cow is influenced
gboth by the number of her previous lactations and also&
‘by her age at calving. The types of corrections for
age employed by previous investigators have been




.10, The relative value of the first three records

!

‘investigated, and no signiflicant differences were

%found to exist among the first three recorés in this

i

‘as Indicators of the cow's real producing ability was

dlscussed, and it was shown that percentage corrections

are the most satisfactory.

8. The varlation of milk yield with length of
preceding cglving interval showed a pronounced positive

.trend. From an economic point of view, however, the §

optimum length of calving interval was found to be
‘about 400 days for the first lactation, and sbout a

|year for subsequent ones. Corrections for length of

%preceding calving interval, like those for age, were

! ;
‘most satisfactory when they were proportionate and not

‘additive.

t

e The effect of corrections for non~genetic

influences on the variance in milk ylelds has been

discussed. It was estimated that a reduction of 27.1

.per cent, of the total varliance was accomplished through

:these corrections.

i
i
'
1

respect. It was also shown that the probable perfor-

mance of a cow In any lactation could be predicted as |
accurately from the lesctation immediately preceding it,

as from the average of a number of previous lactationsg,

11. Significant differences In milk yield were
demonstrated between herds and years in the material

studied. Significant herd year interactions were also

noted.

138
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12. The effect on herd improvement of selecting
breeding females was Investigated, and it was shown that
gvery little genetic progress was actually attained by
‘this method.

13, The methods employed by previous investigators%
for the measurement of the shape of the lactation curve

have been dlscussed in the light of present findings.

14. The inter-relationships of persistency and

initial and 180 day mllk yields were studied, and it

was shown that on a between-cows basis the three char- :

acteristics are compatible.

215. The influence of month of calving on persistenpy
‘has been analysed, and adequate correction factors |

ghave been arrived at.

516. The varlation of persistency with age and
length of preceding calving interval has also been
investigated., It was found that allowance must be made
for the high persistency of first calvers when compar-

ing cows with different lactations.

17. The butterfat percentage of the milk seemed t4
be influenced only to a very slight extent by variatiogs
in month of calving, age and length of calving 1nterva1js.
The relationship between total milk yleld and butterfat
percentage was also studied, and it was shown that theﬁe
118 no cause for any pessimistic belief that breeding

for higher milk yield would decrease the butterfat

percentage appreciably or vice versa, |
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18. The role of heredity in the variation of milk |
gyield, persistency and butterfat percentage has been |
analysed by means of intra-cow correlations within *
herds, and intra-sire daughter-dam regressions. The
average repeatabllity of milk yleld, persistency amd
butterfat percentage was found to be 0.46, 0.24 and
0.69 respectively, while the corresponding figures for
heritability were of the order 0.25-0.30, 0.10-0.15 ang

0.50-0.60 respectively.
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Appendix Tables



Average initial milk yield (lb.) from 1930 to 1938 in 12 herds

Appendix Table 1

145

Herd| 1930 1931 1632 1933 1034 1935 1956 1937 1938
y'y 3000.7 | 30513 | 2961.9| 3094.3 | 3127.9 | 2795.8 | 3056.1| 2896.2 | 2954 .3
B 2917.7 | 2835.5 | 5093.4 | 3270.1 | 3455,3 | 3462.0 | 3701.8| 3456.0 | 3564.4
c 2930.9 2925.7 2942f8 2808.2 | 3068.2 | 2987.1 | 2821.3 | 2892.5 {3009.7
D 2735.2 | 2746.9 | 2911.0| 2542.5 | 2518.9 | 2707.2 | 2770.1| 2776.6 | 2961.8
E 2680.9 | 2723 .8 | 25628.1 | 2795.9 | 2677 .0 | 2612.4 | 2882.1| 2776.3 | 2924.1
F 2996 .4 | 2098.3 | 3287.0 | 3211.2 | 3532.,5 | 3623.9 | 3522.2 | 3597.1 {3431 .4
G 2910.1 ] 2693.6 | 2829.1 | 2620.,2 | 2666.3 | 2898.4 | 3408.5| 3161.5 |{3208.8
H 2644,5 | 2843.1 | 3015.4 | 3220.,3 | 5004.2 | 2769.5 | 2671 .4} 2725.8 |2849.1
I 2689.1 | 2474 .5 | 2274 .2 | 2654 .5 | 2528.0 | 2689.2 | 2825.6.| 2832.2 |2712.7
J 3004.6 | 2734 .2 | 2920.6 | 3104.2 | 3266 .4 | 3496 .5 | 3348.6 | 3213.3 |3026.2
K |3188.6 | 3220,2 | 3211.8 | 3041.3 | 3055.3 | 2726.1 | 2025.9| 3027 .4 |2949.3
L ]3102.4 | 3130.8 | 3467.2 | 5659.9 3728.2 3591 .5 | 3556.7 | 3608.0 |2825.7

Aver4

age |2856.4 | 2839.1 | 2935.2 | 2933.8 [2983.9 | 2969.7 | 3073.0 | 2999.0 |3011l.6




Average 180 day milk vield (lb.) from 1930

Appendix Table 2
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to 1938 in 12 herds

Herd 1930 1931 1952 1933 1954 1935 1936 1937 . 1938
A 6784.1 | 7038.8 | 6625.2 | 7073.1 | 6991.1 | 6457.0| 6813.0| 6641.9 | 6583.1
B 6663 .8 | 6625.2 | T133.6 |7477.5 | 7662.4 | 7711.9| 8408.5| 7960.6 | 7912.6
H 6676.2 | 6417.1 | 6762.7 | 6540.1 | 6824.8 | 6939.0| 6406.9| 6494.4 | 6654.0
D 5973.4 | 6186.2 | 6504.8 15985.1 | 5648.3 | 5915.8 | 6328.2| 5997 .8 | 6479.0
B 6021.2 | 6084.9 | 5483.,4 | 6081l.4 | 6027.3 | 5905.9 | 6184.0| 6157.9 | 6381.4
F 6798.5 | 6761.2 | 7385.4 |7425.5 | 7867, | 7T7253.6 | 7571.8| 7760.6 | 7617.0
G 6430.2 | 5865 .4 | 6453 .4 |5677.7 | 5764.5 | 6271.7 | 7148.5 | 6940.8 | 7048.6
H |5891.0 | 6356.3 | 6769.4 |7121.0 | 6872.5 | 6588,.4 | 5857.5| 6142.6 | 6181.2
I (5961.2 | 5869.2 | 5604.9 |6077.5 | 5917.7 | 6181.6 | 6502.5| 6561.5 | 6451.1
J 16567.7 | 6200.3 | 6602.6 |7170.9 | 7587.9 {7576.1 | 7431.2| 7199.7 |6400.1
K [6713.4 | 6899.0 | 6913.3 |6571.6 | 6535.4 | 5876.1 | 6011.5] 6285.4 | 630543
L [7043.9 | 6898.5 | 8072.7 [8325.5 [ 8201.5 | 7678.2 | 7699.3 | 7637 .3 | 6367 .8

Averd

age |[6339.0 | 6391.1 | 6627.2 |6680.5 | 6691.8 | 6599,7 | 6788.2 | 6630.0 | 6631.2




Month of

calving Herd A| Herd B | lerd C |Herd D| Herd E| Eerd F | Herd G | lerd H| Herd I | Herd J| Herd K | Herd L
January 1.000 1.000 | 1.000 1.000 1.C00 1.000 1.C00 1.000 1,000 1.000 1.000 1.000
February 0.990 | 0,961 | 1.012 | 0.984 | 0,923 | 1,030 | 1.004 | 1.033 | 1.027 | 0,918 | 1,084 | 1.073
March 1,020 | 1,012 | 0,990 | 0,981 | 0.852 | 0,999 | 1,015 | 0,982 | 1.020 | 0,933 | 0.922 | 0.906
April 0.994 | 1.028 1.040 {0.988 | 0.882 | 1.053 | 1.051 | 0,936 |1.050 | 0,924 | 1.056 | 0,983
May - 1.000 | 1.019 1.018 | 0.834 | 1,075 | 1.044 | 0,994 | 1.078 ’ 1,005 | 1.094 | 0.849
June 1.030 1l.241 1,025 1,041 | 0,878 | 1.180 | 1.321 | 1.089 | 1.089 | 0.944 1.}01 ‘0.946
July 1,083 | 1.185 1.170 1,052 | 0.935 | 1.063 | 1.122 | 1l.134 - 0.982 | 1.101 | 0.995
August 1.022 | 1.103 1.085 l.021 | 0,970 | 1.123 | 1.172 | 1.096 - 1.056 | 1.076 | 0.939
September 1.058 | 0.952 | 1.073 0.948 [ 0,945 | 1.038 | 1l.121 1,049 | 1.105 | 0.989 | 1.096 | 0,919
October 1,071 | 1,023 | 1.100 0.966 | 0.940 | 1.041 | 1.142 | 1.024 | 0.987 | 0.933 | 0.983 | 0.982
November 1,071 | 1.019 1.058 | 0,993 | 0,951 | 1.064 | 1.052 | 1.044 | 1.002 | 0.870 | 1.015 | 1.020
December 1.021 | 1.127 1.102 | 0,998 | 0.995 | 0.969 | 1.083 | 0.985 | 0.994 | 1.007 0,946 [ 0.991
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Appendix Table 3

Correction factors for month of calving within
herds, for 180 day mllk yleld




Appendix Table 4

Correction factors for age ¥

Age at calving 1st 2nd drd 4th
Years | Nonths iigg; Izgzgn ngggn Ia;:zon
2 0 -2 1.329 .o .o .o

3 =5 1.308 .o oo oo
6 - 8 1.287 oo oo .o
9 - 11 1.268 oo oo .o
3 0 -2 1.248 | 1.137 .o .o
3~5 1.230 | 1.122 .o .o
6 -8 l.212 | 1.106 .o .o
9 - 11 1.194 | 1.092 .o .o
4 0 -2 1.177 | 1.077 1.079 .o
3 -5 .o 1.063 1.067 oo
6 - 8 oo 1.049 1.055 .o
9 - 11 . 1.036 1.043 .o
5 0=-2 .o 1.023 1,031 1.059
3=~-5 .o .o 1.020 1.046
6 -8 .o .o 1.009 1,034
9 - 11 o .o .o 1.022
6 0-2 .o oo .o 1.010
3

*

Based on the net regression of yleld on age,

with the length of preceding calvling Interval

held constant.

The average yleld during the 5th lactation after

correction for month of calving was used as the

standard for the calculation of the above

correction factors.
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Appendix Table 5 !

Correction factors far length of preceding
calving interval ¥

Preceding ord 3rd 4th | 5th & ||
calving lLact- | ILact= Iact- later 3
interval (days)| ation | ation ation| lact- g
ations ;
301=-320 1.034 | 1.023 | 1.02¢4 | 1.039 |
321-340 1.028 | 1.017 1.017 | 1.029
341-360 1.021 | 1.011 | 1.011 1.019
361-380 1.0156 | 1.005 1.004 | 1.009 @
381-400 1.008 | 1.000 |0.998 |1.000 |
401-420 1.002 | 0.995 | o0.992 |o0.091 |
|
421-440 0.996 | 0.990 | o0.985 |0.982
441-460 0.990 | 0.985 | 0.979 |0.973
461-480 0.98¢ | o.979 | o0.972 |o0.964
481-500 0.978 | 0.974 |o0.966 |0.955

*  pBased on the net regression of yield on length of
preceding calving interval, with the age at calving
held constant. In the case of the S5th and later
lactations, however, the total regression of yield on |
length of preceding calving interval was used as the |
basis for the corrections.

The standard length of the preceding calving interval
was so chosen that the average y¥eld for the populatioh
remained practically unchanged by these corrections. |
The standard was therefore different for different !
lactations.
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Appendix Table 6

BEstimation of selection differential from

culling practised in 12 herds

Selection Genetlic superiority of | Number
Herd differential damg of
ogilst lact- Based on Based on daughters
ation. 1st 1st-4th in herd
lactation |} lactations
(gallons) (galléns)
A +18 .4 + 7.8 +22.1 76
B +56 o0 +20 .3 +36.4 37
c +35,6 +17.2 +57 .7 39
D +10.5 +14,8 +l4.1 166
E +10.1 + 4.5 +12.1 43
F +20.0 + 1.6 + 2.0 95
G +48 .9 + 5,9 +31.0 56
H +32.6 + 7.6 +27 .5 ™
I +34 .2 +15 .4 +37 .2 65
J + 7.5 +27 .3 +22.6 71
K +16.3 - 4.9 -15.2 58
L +36 .4 +11.3 +35 .4 47
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Appendix Table 7

Estimation of genetic improvement in 12 herds

Herd |Total |Genetic Genetic|Percent-
Herd average | genera- superior- improve-{ age
(gallons)| tion ity of | ment per|improve-
length | dams year ment per
(213 year
(years)| (gallons)|(gallons)
A 950 17.2 +22.1 +1.3 +0.14
B 1050 |15.9 +36 .4 +2.3 +0,22
C 950 22.0 +57.7 +2.6 +0.27
D 850 19.8 +14.1 +0.,7 +0.08
E 850 20.6 +12.1 +0.6 +0,.07
F 1050 19.5 + 2.0 +0.1 +0.01
G 900 17.9 +31.0 +1.7 +0.19
H 900 18.7 +27.5 +1.5 +0,17
I 900 20.5 +37 .2 +1.8 +0.20
J 1000 20.8 +22.6 +1.1 +0.11
K 900 18.8 -15.2 -0.8 -0.09
L 1100 21.8 +35 .4 +1.6 +0,15




Appendix Table 8
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Average persistency from 1930 to 1938 in 12 herds

Herd| 1930 1931 1932 1933 1934 1935 1956 1937 1938
A 1.2672 | 1.5413) 1.2064 | 1.2919) 1.2425| 1.3158 | 1.2335| 1.3002| 1.2195
B [1.2727 | 1.3435| 1.3124| 1.2840f 1.2231| 1.2288 | 1.2865| 1.3231| 1.2409
Cc 12854 | 1.2130| 1.3107 | 1.2679| 1.2419 | 1.3370 | 1.2707| 1l.2461 | 1.2234
D 1.2005 1.2581 1.2591 | 1.,3606| 1.,2606| 1.1921} 1.,3015| 1.1656 | 1.2002
E (1.2636 | 1.,2264| 1.1329 | 1.1786| 1.,2581 | 1.,2626 | 1.1509| 1.2383 | 1.2094
F]1.2820| 1.2658| 1.,2577 | 1.3170| 1.2302| 1,1373 | 1.1624| 1.1609 | 1.2205
G {l.2092 | 1.1823 1.28337 1.1716 | 1.1634 | 1.1608 | 1,1015 | 1.2038 | 1.2005 |
H [1.2521 ] 1.2401| 1.2626 | 1.2168 | 1.2385 | 1.3154 | 1.,2024 | 1.2658 | 1.1728
I |1.2262| 1.3850 1.4882 | 1.3133 | 1.3645 | 13134 | 1.3121| 1.3287 | 1.3805
J 1.1910 | 1.2864] 1.2692 | 13191} 1.3343 | 1.1814 | 1.2378 | 1.2494 | 1.1240
K }1.1371|1.1461| 1.1562 | 1.,1709 | 1.1484 | 1.1732 | 1.0621| 1.0908 | 1.1384
L {1.2021 | 1.2094 | 1.3478 | 1.2948 | 1.2432 | 1.2709 | 1.1804 { 1.1177 |1.2544 l

Aver-

826 11.2303 | 1.2635 | 1.2685 | 1.2859 | 1.2665 | 1.2338 | 1.2230 | 1.2206 |{1.2100




Month of '

Herd A

]

calving Herd B| Herd C| Herd D| Herd E{ Herd F| Herd G| Herd H| Herd I| Herd J| Herd K| Herd L
Jaruary 1.000 | 1.000 | 1.000 | 1,000 { 1.,00C | 1,000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
February | 0,980 | 1.006 | 0.981 | 1.029 | 0.900C | 0,975 | 0.971 | 0.998 | 0.986 | 0.984 | 0.881 |0.956
March 1.050 | 1.064 | 1.066 | 1.112 | 0.990 | 0.959 | 0.976 | 1.011 | 1.026 | 1.013 | 0.912 |0.921
April 1.180 | 1.104 | 1,174 | 1.264 | 1.101 | 1.027 | 1.094 | 1.011 | 1.219 | 1,109 | 0,957 | 1.073
May - 1.181 | 1.143 | 1.374 | 1.101 | 1.021 |1.126 | 1.193 | 1.344 | 1.162 | 1.050 |1.154
June 1,160 | 1,349 | 1,145 | 1.366 | 1.168 |1.126 | 1.280 | 1.210 | 1.413 | 1.118 | 1.093 | 1.202
July 1,150 | 1.312 | 1.106 |1.200 | 1.155 |0.980 | 1.059 | 1.035 - 1.065 | 0.985 1.038
August 1.136 | 1,039 | 1.156 | 1.238 | 1,103 | 1.048 | 1.059 | 1.022 - 1,122 | 0.963 |1.352
September| 1,068 | 1,020 |1.086 | 1,058 | 1.068 | 0.978 | 1.016 | 1,021 | 1.378 | 1,069 | 0.948 |1.026
October 1.050 |1.022 1,079 [1.072 | 1.011 }|1.036 | 1.056 | 1.029 | 1.204 | 1.033 | 0.966 |1.054
November | 1.019 | 1,065 | 1.016 | 1.050 | 1.035 | 1.024 | 1.045 | 1.044 | 1.147 | 1.022 | 0.945 | 1.064
December | 1.068 | 1.030 |0.945 |1.050 | 0.905 |0.985 | 1.055 | 1.035 | 1.086 0.924 ]0.978

1.006




Appendix Table 9

Correctlion factors for month of calving

withln herds for persistency
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Appendix Table 10

Average butterfat percentage from 1930 to 1838 in
12 herds

Herd| 1930 | 1931 | 1932| 1933|1934 1935] 1936 | 1937 1938
A [4.2014.17 | 4.26|4.22{4.20{4.12/4.08 | 4.09! 4.00
B 381l ] 3,79 3.9513.8214.,02]3.83|4.18 | 4.28|4.04
C 4.0l | 4.18] 3.907{4.10[4.2014.18] 4.39 | 4,44} 4.39
D [3477 | 3482 | 3.86]3.85[3.,98|3.86]3.77 | 3,77 5.80C
E 5692 | 3490 | 3497]3:95|4.02{3:73] 3476 ; 3.88]3.,95
F 3¢90 | 3695 | 4.04|4.,07]{4.1114.00[4.16 | 4,04| 5,90
G 3684 | 3481 53¢92] 4.11]4.06[3.98] 388 | 3,91} 3.85
H [3e93 | 4423 | 4427]4.25]4.21|4.2914.28 | 4.11]4.21
I |38l [ 3483 | 3482|394[3.99[3.96]3.98 | 4.05!5.99
J | 4.01 ]| 3.95] 4,08} 4.06{4.11]4.00/3.98 | 4,06} 3.95
K | 387 3,96} 3.75] 3482|3480|35469 3471 | 4406 4.09
L [ 4.01 ] 4,04 4.34] 4,30[4.26]4.21] 4,30 | 4.21| 4447

Aver-

age | 3491 | 3,97 4.02 4.02/4.07!3.98]3.99 | 4.01}3.99
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Appendix Table 11

Analysis of variance of the age-corrected 180 day milk
yields of 177 cows, each of which had completed the
first three lactations only

Corposition of | Variance

Source d.f.}] Mean square mean souare component

Between herds 11 | 23,501,975 6@.2+5602+n16H2 505,736

Between cows

within herds | 165 | 2,003,151 |© 1{{2+:5€C2 427,210
Wilthin cows 354 721,522 G;wz 721,522
6’2
Intra-cow correlation within herds = S = 0372
e
i o

Appendix Table 12

Analysis of variance of the persistency of 177 cows,
each of which had completed the first three lactations only

Mean Composition of mean Variance

Source d.f. | square square component

Between lactatl 2 | 0.6555 |6, 2417767 24n 6.2 0.0034
n C ons . W : L o° HL .

Between herds 11 | 0.1299 E;W2+56é2+n8;ﬁL2+nf;H2 0.0011
Herd lactation 2 2

interaction 22 | 0.0576 |y +n Ly, 0.0019
Between cows with- o o

in herds 165 | 0.0578 |6, W +566 0.0092
Remainder 330 | 0.0302 GWZ 0.0302

Intra-cow correlation within herds after elimination of
variance due to age,
602
= 0.234
G_2+6 2
W C




156

Appendix Table 13

Analysis of variance of the butterfat percentage of
177 cows, each of which had completed the first three
lacbations only

. Mean Composition of mean Variance
Source defe| gquare square companent
Between lactations| 2 | 1.4821}6 2+1776 2+n6 2 0.0082
W L o HL
& 2ing 2.6 2, ¢ 2
Between herds 11 | 1.1804|6 “+36,°+n 6. “+nC 5 0.0236
Herd lactation 2 2
interaction 22 | 0.0345 |6 . “+n6_ 0.0008
W o HL
Between cows with-
in herds 165 | 0.1639 |6 B+56,2 0.0469
Remainder 350 | 0.0235 |6 2 0.0233
Intra-cow correlation within herds after cr'z
elimination of variance due to age = —_C __ =o0.668
6 2. 2
w e

Appendix Table 14

Analysis of variance of the age-corrected 180 day milk
yields of 503 cows, each of which had completed the
first three lactations or more

Composition of Variance

Between herds 11 | 57,344,945 |G P+36,2+n6 2 456,105
Betwsen cows o 2

within herds | 491 | 2,206,381 |6 y“+36, 540,121

Within cows 1006 586,017 |G y° 586,017
642

Intra-cow correlation within herds = s = 0.480

6. °+6




Appendix Table 15
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Analysis of variance of the persistency of 503 cows, each

of which had completed the first three lactations or more

© Hean | Composition of Veriance
Source def.! gquare mean 8quare component
6 2 2 2
Between lactations| 2 | 2.7342| %y +5036 “+n Sy, 0.0053
2 2 2 2
Between herds 11 | 0.5280 |6 =+36,%+n 6, “+nE° 0,0035
Herd lactation 2 2 *
interaction 22 | 0.0789 |® w**n Sqy 0.0013
Between cows with-
in herds 491 | 0.0507 | S y2+56,2 0.0083
Remainder 982 | 0.0259 |6 .2 0.0259
Intra-cow correlation within herds after o o
elimination of variance due toage = ._.__C = 0,243
€ﬁ2+662

Appendix Table 16

Analysis of variance of the butterfat vercentage of 503 cows,

each of which had completed the first three lactations or more

Mean Composition of Variance
Source d«f 4 square mean scuare | component
Between lactations| 2|3.1973 | 642+50361%n 63,2 | 0.0062
Between herds 11 | 2.4632 | 62+3552+n & 1 2+n.6° 0.0184
Herd lactation
interaction | 22| 0.0871 | € y**n Sy 0,0016
Between cows with-| 2 o
in herds 491 | 0.1724 | 6,°+36, 0.0497
Rema inder 982 | 0.0232 |92 0.0232
Intra-cow correlation within herds after 4, 2
elimination of variance due to age = — G = o0.682
6ﬁ2+662
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Appendix Table 17
Analysis of variance of the age-corrected 180 day milk
yields of 308 cows, each of which had completed the first
two lgctations only

Composition of | Variance
Source d.f.| Mean sqguare megn sSouare compone nt

Between herds | 11 | 22,825,528 | © yR+2652+n165° | 416,565

Between cows

within herds | 206 | 2,070,255 |6 ®+26,2 705,874

Within cows | 308 658,508 | &€ wz 658,508

Intra-cow correlation within herds = —————u = 0,517
ﬂfz“gcz

Appendix Table 18

Analysis of variance of the persistency of 308 cows, each
of which had completed the first two lactations only

Mean | Composltion of mean | Variance

Source ) d.f.| square square component
Between lactetiors| 1 |2.4285 | 632+30867°+n Ey1° 0.0078
Between herds 11 | 0.1681 | 6 y*+265°n 6 S+ m6 7% 0.0023
Herd lactation 2 o

interaction 11 | 0.0303 | 6 w“+n6xL 0.0002
Between cows 2 o

within herds | 296 |0.0501 |6 “+26, 0.0124
Remainder 296 |0.0253 | 6,2 0.0253

Intra-cow correlation within herds after 6’2
elimination of varlance due to age =
6]w3+6&2

0.329
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Appendix Table 19
Analysis of variance of the butterfat percentage of 308

cows, each of which had completed the first two lactations only

' d.p | Mean Composition of Variance
Source *L'¢l square mean square component
2 2 2
Between lactations| 1 |3.3210(62+308671%+n 6y 0.0107
Between herds 11 | 1.3277 5ﬁ2+2662+n55ﬁL2+n15ﬁ2 0.0236
Herd lactation 2 o
interaction 11 10.0273 |6 z“+n 67 0.0000
W o’ HL .
Between cows 2 o
within herds | 296 |{0.1534 |6y ~+26, 0.0631
Remainder 206 |0.,0272 | 6,2 0.0272

Intra-cow correlation within herds after 4 2
elimination of variance due to age = ——-C

2,62
Sw+Sc

= 0.699

Appendix Table 20

Analysis of varilance of the age-corrected 180 dayjmilk vields
of 811 cows, each of which had completed the first two lacta-
tions or more

Source d.f. | Mean square| Composition of Variance
- mean square component

Between herds| 11 |60,206,419 | 6y2+26;%+n;6:% | 447,670

Between cows

within herds| 799 | 1,830,671 | 6y 2+26;2 638,705

Within cows 811 553,262 "wz 553,262
6 re

Intra-cow correlatlion within herds = c = 0.536

5. 5
Sw o




Appendix Table 21
Analysis of variance of the persistency of 8ll cows, each

of which had completed the first two lactations or more

160

Source d.f. | lean | Composition of mean Variance
square square component
Between lactations| 1 | 6.5557 | Sy +811672+nfpur> 0.0080
Between herds 11 | 0.4644 | 63°+26;°+n Sy *n65° | 0.0029
Berd lactation o o
interaction 11 | 0.0659|6,“+n & 0.0007
W o HL
Between cows 2 o
within herds |799 | 0.0425 |6, “+26, 0.0099
Rema inder 799 | 0.0227 | 62 0.0227
Intra-cow correlatlion within herds after 6’2
elimination of variance due to age = = 0,304

2
&6

—

Appendix Table 22

Analysis of variance of the butterfat percentage of 811 cows,

each of which had completed the first two lactations or more

¥ ¢

Mean Composition of mean Varlance
Source d.f. | square square component
Between lactatiors| 1 |7.0322 |Sw®+81161%+ngSHL° 0 .0085
Between herds 11 [ 2.7011 Cﬂﬁ2+2662+n65ﬁL2+n16ﬁ2 0.0190
Herd lactation 2 o
interaction 11 {0.1016 [Sg“+nfHL 0.0012
Between cows
within herds |799 |0.1367 |Sy2+26,° 0.0573
Remainder 799 |0.0222 |62 0.0222
Intra-cow correlation within herds after g o
elimination of variance due to age = c = 0.721
0. 2462




