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I N T R O D U C T I O N 

Present Knowledge of the genetic principles 
underlying milking capacity. 

The art of Breeding is of ancient origin, but 

the science of Genetics is still in its infancy. Yet', 

in spite of its comparative newness, it has secured 

very considerable knowledge relating to small animals 

`and to the more easily measured characters of larger 

;ones. The science has, however, owing to the 

difficulties encountered, made but little progress in 

those branches which relate to the inheritance of 

productivity in the larger farm animals. In 

particulars there is one branch which has resisted all 

methods of investigation and experimentation and that! 

'is the genetical aspect of milking capacity in cattle. 

For many years, even in the Pre -Mendelian period, this 

problem had attracted the attention of investigators 

of many nationalities, and from such points of view 

as the biological, statistical, cytological and 

purely economic. A study of the results of this 

work gives rise to much surprise. Although many 

assumptions and theories have been suggested and 

attempts to prove them have been made, yet practical) 

no definite conclusions have been reached as to the 

actual mode of inheritance of milking capacity. There 

are certain general principles which are widely 

accepted. 
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accepted - such as the factor ,or factors responsible 

for high milk yield being dominant over those for low 

milk yield, but theories as to the actual number and 

the mode of transmission of the hereditary factors 

involved are many and of great diversity. The 

review following makes some attempt to bring together', 

for comparison, most of the theories which have been 

offered in the past as contribution towards the 

solution of the problem. 

A comparison of the data provided by the official 

milk records over a period of years shows very clearly 

that improvement, as estimated by increased yield, 

has been disappointingly slow. An examination of 

Table I will show that over a twelve -year period, 

there has been an increase of only 98 gallons in the 

average yearly production per individual of the cows 

and heifers recorded by the English Milk Recording 

Societies. It may be assumed that these animals 

represent the best stocks in the country. 

TABLE I/ 
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TABLE I (296). 

Increase in Average yearly milk production of all 
cows and heifers recorded under the Scheme of the 

Ministry of Agri culture . 

Year 
Oct. 1. to Oct. 

No. of Cows and Average per Cow 
1 Heifers Recorded or Heifer 

1917 -18 19093 426 gallons 
18 -19 37,880 450 
19 -20 61,323 479 
20 -21 97,903 495 
21 -22 117,023 517 
22 -23 127,151 534 
23 -24 138,086 535 
24 -25 148,905 513 
25 -26 154,322 529 
26 -27 156,847 524 
27 -28 149,971 513 
28 -29 144,812 524 

Before 1924 -25 the average yield was calculated 
at the equivalent of 104 lbs. per gallon and sub - 
sequently at 10 lbs. 

The increase of 98 gallons per. annum is not 

!principally due to improved breeding practices. 

!During the last twelve years, feeding methods have 

received great attention and in all probability, the 

greater part of this increase is the result of better 

nutrition rather than the application of a knowledge 

of genetics. 

;B Cytological aspect of inheritance in dairy cattle. 

At present little is known regarding the 

cytological basis of inheritance in dairy cattle. 

There is even controversy as to the number of chromo -': 

somes. Masai (285) found 33 chromosomes in the bull,' 

and/ 
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and Wodsedalek (293, 294) postulates lS pairs of 

autosomes, plus one sex chromosome in the male and two 

sex chromosomes in the female The position and 

relationship of the genes in the chromosomes 

responsible for the characters of milk production have 

not yet been ascertained. The chromosomes carry 

factors which cause the development of the characters 

of the new body The characters inherited by the new 

organism from its parents are dependent on the 

distribution and recombination of these genes in the 

chromosomes. At fertilisation, each parent contri- 

butes, according to Wodsedalek, 18 single autosomes 

thus making a total of 18 pairs in the individual of, 

next generation. Of the sex chromosomes, the female 

always contributes one, whilst the male may, or may 

not, make a like contribution. When both parents 

contribute a sex chromosome, the resulting animal is 

a female, whilst a male arises when the dam alone 

contributes a sex chromosome 

TABLE II/ 
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These xor sex- chromosomes 1not only determine 

sex but also carry other genes which are therefore, 

in their transmission, connected with the sex 

determining mechanism. The female possesses two x- 

chromosomes and always contributes one of these 

chromosomes to her offspring irrespective of sex. 

The female, as opposed to the male, can have in her 

genetic constitution a greater variety of these sex - 

linked factors upon which to draw. The sex of the 

offspring makes no difference to the transmission of 

sex- linked factors through the female. On the other 

hand, the male, if carrying sex- linked factors, must 

pass them to his daughter but cannot do so to his son 

as the son receives his single x- chromosome from his 

mother. Sex linked factors are therefore inherited 

in an alternate sex direction - that is from sire to 

daughter and thence with equal chances, to her son or 

daughter. Such factors cannot be transmitted from 

sire to son. 

The result of this is that in three generations, 

and assuming the stock carries certain sex - linked 

factors, the granddaughter will have no sex -linked 

:factors from her paternal grandsire but one sex 

chromosome must come from her paternal grandam while 

the other has equal chances of coming from either of 

the maternal grandparents. 

TABLE III 
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It is not improbable that some of the factors 

responsible for the characters of milk yield may be 

resident in the sex chromosomes in which case some of 

these factors may be sex linked. In the late 19th 

century, the possibility of what is now termed sex - 

linked inheritance of milk yield was considered. 

practice, in some herds, especially those of the 

Jersey Breed, and also in the grading up of native 

stock with British breeds, the possibility of sex 

linkage occurring in milk yield inheritance is 

recognised and breeding practices formulated 

accordingly. 



I. REVIZi OF JJITERaTURE. 



-9- 

I . A Review of Literature on the Inheritance of Milk 
Yield and Butter Fat in Dairy (sattle. 

The number of investigations and the amount of 

data concerned with the problem of the inheritance of 

milk and butter fat yield in dairy cattle are very 

considerable. This problem has been investigated 

from many and varied angles and the results of 

analyses published in various forms - from the popular 

article of the agricultural weekly to the scientific 

paper. Data have been described and re- interpreted. 

It would indeed be difficult to find another subject 

'which lends itself so readily to this kind of treat- 

ment. The dissemination of undigested information 

and vague hypothesis is largely due to the acute 

desire by breeders throughout the world for any 

available knowledge on this subject.. In the first 

place, the results of an experiment, or of a statisti- 

cal analysis, usually appear in a concise form in 

some purely scientific journal. Later the same work 

will be published in a semi- popular paper. Finally, 

after much simplification and the inclusion of many 

obvious remarks, it will end in a farmers' publication 

It is granted that results of scientific work should 

be translated and elaborated for the benefit of those 

concerned with the practical application of research, 

but with the problem in question, this is somewhat 

overdone/ 
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overdone- especially considering the lack of any real 

advance in knowledge of the underlying principles of 

the genetic constitution of dairy cattle. 

The last remark calls to mind the second out- 

standing feature noticeable in the literature on milk 

inheritance. Many papers may be read and scoured 

for definite facts regarding the mode of inheritance,, 

but all in vain. Paper after paper is written but 

the results are not conclusive because the assumption 

made by the authors cannot be proved, perhaps owing 

to insufficiency of data, and always to the intricate 

and elusive nature of the problem. Experiments are 

costly and of long duration, and statistical analyses 

require large quantities of first class data which 

are seldom obtainable. 

Owing to the above two facts, the compilation of 

a bibliography on this subject is not easy. Also, 

many papers are written m the nutritional, or from 

the environmental, aspect of milk production with 

only a certain amount of inheritance data interwoven.''. 

This makes the process of elimination extremely 

difficult. However, the aim during the compilation 

of this bibliography has been to try to include all 

the outstanding work and as much as possible of the 

data of less importance, and lastly to avoid 

including material which does not bear upon the 

underlying/ 



underlying problem of inheritance. 

Several possibilities as to the classification 

of this data presented themselves but it was decided 

that greater clarity could be obtained by making two 

main divisions, which are as follows:- 

1. Examination and treatment of material. 
2. Results of statistical and genetical 

analyses. 

Between these two methods there is much overlapping 

and differentiation is not at all times easy to 

accomplish. 

x x x x 

Before dealing with the data falling under these 

two headings, mention should be made of the earlier 

views upon inheritance of milk yield. The breeding 

practices of earlier times are of extreme interest 

especially as many still prevail. It cannot be 

denied that those old time practices won for Britain 

her reputation as the "Stock farm of the world". 

At that period nothing definite was known concerning 

heredity: it wasmainly the question of breeding the 

!best to the best. The conceptions of the old time 

breeders, such as Bakewell and Bates may be 

summarized under:- 

1. Conception; of the desired type. 
2. Mating the best to the best. 
3. Appreciation of Pedigree. 
4. Use of the Progeny Test. 

The/ 
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The views of the Pre -Mendelian Period are 

!described in detail by Von Patow (161) 1926, and 

1 

therefore will be enumerated briefly. In this period 

;there were three determinants of the methods of 

!breeding of dairy cattle. Firstly, there was 

¡formalism, secondly, a conception of heredity based. 

upon Galton's law of ancestral inheritance and 

finally, milking tests which dealt only with absolute¡ 

yield. 

Formalism (that is selection by form) even to- 

day bears far too much influence on the methods of 

selection and judging of dairy cattle. Pott (183) 

was one of the first to realise that performance, 

rather than selection of the ideal type, should be 

the first consideration. Schrewe (207) also 

realised that in addition to selection by form, 

performance of the female ancestors of the bull must 

be taken into consideration. However, it will be a 

long time before formalism takes the place of minor 

'importance that it should. In practically all 

countries, except Denmark, type is one of the most 

;influential factors in selection although, with the 

development of milk recording schemes, the value of 

performance records as a slight indication of the 

possible genotype of an animal is being gradually 

recognised. The effect of formalism is lasting. 

Many/ . 
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Many sires had, and still have, their reputation 

owing to prizewinning ancestors, these ancestors being 

judged purely by their appearance. That such a 

practice is dangerous to the improvement of production 

records is obvious. 

Vogel (239) states that colour formalism no 

longer exists in Germany and he expresses doubt as t 

the fundamental soundness of the points considered in 

judging cattle. He advocates that conformation plus 

constitution be considered in helping to estimate 
MILKING 

innate,capacity. He is also a supporter of the 

method of written judgments being given at shows. H 

considers many distinctions made are too fine 

especially for breeding animals. Lauprecht (283) 

1930, is in disagreement with the above statement 

regarding colour as he states that the German Short- 

horn breeders never show a white cow. 

Statistical Investigations. 

Age and Origin of Data. 

Some of the data examined statistically date 

back for many years. The records of von Patow go 

back as far as 1873, whilst those of Schrewe date from 

1873 for milk yield and 1894 for fat content, and 

lastly those of von Lochow to 1876. Following these¡ 

records in chronological order came those.of 

Flei sehmann 1891 and Hittcher (1894 -99) . Work of 

this/ 
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Work of this type in England is of comparatively 

recent origin Speir ( 213) 1904, was the first . 

British worker, but his studies on Ayrshire cows did 

not yield very conclusive results. From this period 
! 

onwards the number of investigations has increased 

and there are none worthy of individual note. 

The origin of data which have been statistically, 

examined varies considerably. Formerly records were, 

collected from individual herds which had been 

recorded for some time - such as -those of von Patow 

and Schrewe, but these are limited in number. When 

such data are available and providing the records 

have been fully maintained throughout the period, 

they are of great value. Apart from the source of 

old records there are many other sources. Most 

!common and numerous are the data from zdvanced 

!Registry Records and the Register of Merit Those 

two sources have been used by Gowen, Turner, Ragsdale, 

'Brody, Hooper and other American workers. Some few 

.American investigators such as Copeland have used 

material from Jersey Cattle Clubs. In Britain, 

records analysed have usually been obtained from the 

Ei*ish or Scottish Milk Recording Societies. Other 

sources of material are competition records of 

!Breeding Centres as used by Funkquist, Blue Book datai 

examined by Marshall, Swedish herd books by Richard - 

isen, whilst many workers have used Breed Society 

:or/ 
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or private records. The drawback to many of the 

statistical studies for which published records 

provide the data is that these usually exclude the 

low yielding animals. 

Measures of Comparison. 

There are many opinions held as to the actual 

figure which should be taken as the measure of milking 

capacy in dairy cattle. 

Various correction factors have been calculated 

and applied almost universally. Adjustment for 

length of lactation, dry period., service period, age 

etc., have all been made. These correction factors 

are from great masses of data but, as would 

be expected, when applied to the individual,often 

fail. It would appear, therefore, that there is 

danger of defeating the very purpose of the study if 

too many correction factors are applied, for by their 

application, individuality is lost. Also, some of 

the variations may be due to genetic as well as to 

environmental and physical causes. Certainly, 

statistical data should, and usually do, deal with 

great numbers, yet surely greater accuracy would 

result from less material so selected that corrections 

factors need be extremely limited in application. 

Another outstanding feature is the expression of 

butter fat in terms of both yield and percentage or 

content / 
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oontent Many investigators, especially in America, 

base their work on fat expressed as a percentage. 

Percentage per lactation is often calculated by 

taking the average of the butter fat tests which are 

taken during the lactation period. These tests are 

expressed as a percentage. Therefore the final 

average percentage is not a true indication of the 

fat content of the milk as it is not based upon the 

total quantity of fat in the total quantity of milk 

but upon the average of several percentages Löwe 

(137) draws attention to this point by explaining 

that although he used fat percentage, the percentage 

was calculated. by Fat Yield x 100 Secondly, fat 
Milk Yield. 

percentage is influenced by quantity of milk and 

quantity of fat. If milk quantity increases without 

a proportionate increase in fat yield,the percentage 

will fall indicating less fat which is not necessarily 

true, as the cow may have secreted the same quantity 

of fat but of greater dilution as there is more milk. 

External influences affecting the yield of milk will 

be reflected on the butter fat percentage although 

the yield may still be about the same. Von Patow 

(161) 1926, rightly states, "The use of fat -content 

for the testing and. calculation of the correlation 

betwen milk and fat yield is entirely out of place 

In/ 
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In the first çtibtMtcejone does not yet know whether 

there is any relation between the two,but when one 

performance is expressed from the beginning in the 

percentage of the other, such a relation is assumed 

beforehand ". Later on, von Patow proves that the 

amount of fat must be the actual expression of fat 

production. 

Formerly, only the absolute yield was used. 

Although Schrewe (207) examined his data with great 

care and realised the importance of non -hereditary 

factors, yet he used absolute yield. Other workers 

of this period were Fleischmann and Hittcher, whom, 

von Patow states, calculated milk yield for 500 kgs. 

of body weight and 300 days of lactation, abnormal 

lactations being eliminated. This. calculation is 

interesting as there appears to be no other mention 

of employing body weight in estimating corrected yield. 

The next outstanding measure is that first 

introduced by Peters, but latterly used by many 

German workers. Peters wished to introduce a method 

which would eliminate, as far as possible, the effect 

of environment and so for this purpose he compared 

individual yields with the average of the byre. For 

correcting to the "byre average" the herd average -was 

taken as being 8 Kgs. of milk and 300 gr. of fat per 

day, and the following formulae applied:- 
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Byre Average (for milk yield) = 
8 (absolute performance) 

Byre average 

(for fat yield) 
300 (absolute performance) 

Byre Average 

By using this calculated yield, the effect of 

weather, feeding etc., are common to both individuals 

and the herd as a whole and therefore they are 

eliminated. There are two objections to this 

measure - the herd might be too small (Peters, 1924, 

places the limit at twenty) and secondly, the 

genetical composition of a herd may vary within a 

year. 

The "Byre Average" has been largely used by von 

Patow. The method followed by Rinecker (194) is 

somewhat similar. He compared, the yield of indivi- 

dual animals with that of their stable companions of 

the same age and. year (if possible). All first 
icEw isE 

lactations were disregarded and.,those animals with 

only two or three lactations. Dettinger (31), 

working on data from cattle of the lower Rhine district 

also used a modification of the "Byre Average". 

Bonnier (12) employed an original method. First he 

calculated the individual correlation of every cow of 

the 79 Swedish Ayrshires. This was obtained by 

correlating the figures for butter fat percentage and 

milk/ 
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milk yield per animal throughout the test period. 

Having obtained this correlation, he calculated the 

coefficient of correlation between these correlations 

and the average butter fat .percerrale. 

For ordinary dam and daughter comparisons,Pearl 

formerly used the difference between the average 

performance of daughters and that of the dams in 

order to test the transmitting ability of the sire. 

This measure was also used by Driehaus, Löwe, Hayden, 

slat Carroll, and to a certain extent by Feige. Hover 

approves of this system provided a sufficient number 

of pairs can be obtained. A modification of this 

devised by Hansson and used by Terho (219) can be 

expressed as:- the average performance of daughters 

plus (average performance of daughters, minus average 
i 

performance of dams). 

The ordinary dam daughter difference method of 

estimating a sire's transmitting ability is criticised 

by Yapp (260) on the grounds that (1) No allowance is 

made for the widely varying transmitting ability of 

¡cows, (2) Physiological limits of production are 

determined by total produce rather than pounds of milk 

and (3) No definite value is set for the transmitting 
me 

ability of a sire regardless ofrreproductive capacity 

of the cow to which he is mated. Added to this is 

the disregard of the yield of the dam; if a sire is 

able/ 
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able even to maintain in the yield of his offspring 

the high yields of their dams, he must be good. 

Yapp attempts to overcome some of these difficulties 

by using the following formula for his bull index:. 

x = 2a - b 

x = transmitting ability of sire, expressed in terms 

of milk of 4 percent butter fat, a = yield of milk of 

daughters and b = yield of milk of dams (both yields 

being reduced to a 4 percent butter fat equivalent) . 

Goodale (59) does not attempt to standardize the 

product but uses the formula: - 

When daughter's average yield is greater than dam's 

Bull Index = Av. D. t 1.4 (Dr - D) 

When dam's average yield is greater than daughter's 

Bull Index = Av. D. 3.3 (D - Dr) 

D = Dam's average yield Dr = Daughter's average yield. 

This method penalises the sire whose daughters are 

lower yielders than their dams. 

Another objector to Pearl's method is Walther 

(243) who points out that the difference between dam 

and daughter should be compared with that of the dam 

and maximum yield of the breed - this comparison being 

expressed in a percentage form. Further, he is 

regretful that attempts at a practical explanation of 

the mode of inheritance should be outweighed by a 

scientific explanation. Turner (231) (and his 

colleagues/ 
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colleagues, Ragsdale, Gifford. and Elting) also bring 

forward certain objections to the dam and daughter 

comparison method as a measure of sire's transmitting 

ability. He holds the sire's influence constant by 

comparing progeny with small variations - that is 

grouping data according to 50 lbs. fat classes. 

Turner points out that Gowen does not hold the sires 

constant. Having grouped his material as above he 

next proceeds to determine the partial correlation. 

Latterly the - method devised by Pearl and used by. 

Pearl, Gowen and Miner (167) involved dividing the 

population into four equal parts and designating 

values to the amount of milk (1) above the third 

quartile line . (2) between medium and third (3) between 

first and medium and (4) below-first. Each dam and 

daughter under consideration can then be given a value 

of A, B, C or D. From the relative proportion of 

daughters and dams in higher classes the sire was 

evaluated. 

The problem of devising a true "Bull Index" 

requires further investigation but it is not the 

purpose of this paper to evaluate the different methods 

as this would make a study in itself. 

Many opinions 
. are held as to the best measure of 

innate milking capacity in cattle. One of the Most 

generally/ 
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generally used measures is the lactation yield; 

normal and probably corrected for age of animal but 

discarded if of too long duration and the cow non- 

pregnant. The number of lactations considered 

necessary in order to obtain a true lactation average 

varies Löwe (137) holds that three lactations are 

essential whilst Johannson (114) takes the mean of thé 

three best normal years in sequence. Terho's (2l8) 

measure is similar with the exception of discarding 

calving intervals of more than fifteen months dura- 

tion. He is also responsible for an index which 

expresses the performance of the best five months as 

a percentage of the total performance. Rinecker 

(194) discards the first lactation and only takes 

data from animals having at least two or three. 

Driehaus also refrains from using the first and any 

abnormal lactation but apart from this, uses the 

absolute yield. Peters (177) discards five of the 

best and five of the poorest animals from each herd 

(over twenty animals) and then has three years of 

undisturbed performance. Per Tuff (221) is somewhat 

original in using the first lactation to standardize 

conditions (although he realises that it is useless 

as an indicator for life performance) , the second 

lactation as an indicator and finally the average of 

the two. There appears to be some objection to this 

method 
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method in that the first lactation carries half the 

weight in the mean if only two lactations are used.. 
9E(( TUFF- 

In other investigations, together with Langmark (220) 

in uses material having only the first lactation. 

They consider that the combined lactation plus dry 

period - that is the calving interval, is the true 

measure as it automatically allows for the drop in 

yield due to pregnancy. They also suggest the 

maximum yield as a suitable measure, for by this 

means the effect of environment is eliminated. This 

opinion is supported by Wilson (252) 1925, who takes 

the average of the three successive maximum weekly 

records. Gavin (53) makes a slight modification in 

that he suggests the maximum daily yield reached 

three times or exceeded. Pearl corrects lactation to' 

the year of maximum production which he considers to 

be at eight years of age. Gowen (73) 1924, also 

applies correction factors and includes animals having: 

only one 365 -day record, or if several records, takes 

that nearest to the time when the cow is eight years 

old. Animals having a shorter time record are 

discarded. Hays (102) works on a ten -month -corrected 

for -age basis - that is the first ten months following 

. Hesse (106) considers five lactations are 

required.. Sanders (198) introduced a measure of 

yield/ 
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yield which takes into consideration total lactation 

yield and maximum yield and is termed the "Shape 

Figure" (S.-2-) 

3.F. = Total lactation yield 
Maximum yield x R 

R = a value taken from a table drawn up by Sanders 

which makes adjustment for month of calving. 

The Shape Figure is not well adapted for practi- 

cal use but its value lies in its attempt to measure 
tke-ref 0-re. 

persistence and4can be used in studies which deal with 

the main features of the lactation curve - i.e. 

persistence and maximum yield. 

Bruun (15) uses a method somewhat similar to 

that of Sanders in that the performance of each 

lactation month is expressed as a percentage of the 

total Calving interval 

Turner (231) in his studies of Jersey sires, 

converts 305 -day Register of merit records to a 365 - 

day record basis by means of factors determined from 

Guernsey data dealing with the rate of decline of fat 

secretion during the lactation period. By the use of 

these conversion factors, Turner avoids ignoring the 

very important persistency factor and thereby not 

giving due credit to sires having daughters of low 

persistency but high maximum He states that the 

application of the correction factor 11.15) to the 

305 -day record tests gives remarkably accurate results 

wh en/ 
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when compared with the 365 day record averages. If 

there was more than one 305 day record per cow 

available, her highest record was taken as being the 

best indication of her milking or fat producing 

capacity 

Smith, Scott and Fowler (212) in their analysis 

of li.yrshire data, used only records which were not less 

than 245 and not more than 365 days in length,, and 

where the cow calved again within 132 months. 

Correction factors were applied for age of cow and thé 

average of all corrected records per animal were taken 

as the final measure. 

Von Patow, in estimating the byre average, 

discardedall abnormal lactations as well as the first 

two, as during this time he thinks the animal is 

still undergoing bodily development and therefore 

cannot produce to the full extent of her milking 

capacity. He considers that the calving interval 

and not the lactation period is the most desirable 

measure There is much to be said in favour of the 

omission of abnormal lactations. 

Kolác"ek (120) 1930, wrote an interesting paper 

on the Black and White cattle of B:o.hemia in which he 

fully describes his method of analysis. His object 

was to obtain an unalterable production capacity and 

for this purpose he takes the first 305 lactation 

days/ 
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days His standard is as follows: - 
we 

Milk and fat duringAfirst 305 lactation days, &Te 

followed by 60 days dry period therefore calving 

interval = 1 year. The seventh tc eighth year is 

taken as the age standard. 

Formula for normal production of milk or fat = 

Pn = P305.1 + (S + 0 + lq) 

= Production in 305 days x.l + (sum of' 

¡coefficients for age + S, length of dry period + 0, 

and month of calving ± M) . 

For this purpose, certain correlations (such as milk 

or fat yield and age, or dry period or season of year) 

were worked out and tables determined. 

Kolacek maintains that it is possible to obtain 

from the yield of the first lactation, the Pn value 

when 
which can be used making dam and daughter comparisons 

of the same sire thereby estimating the hereditary 

value of the bull. 

There are various opinions as to the number of 

daughters which are required to estimate the value of 

a sire. Turner, Ragsdale and Gifford indicate that 

ten daughters are sufficient except when dealing with 

Ayrshire data which must have been more limited as 

Gifford and Turner here base their investigations on 

four or more daughters per sire. Pearl considers two 

or more dam and daughter pairs whilst Graves considers 

six or more yearly recorded daughters are essential. 

Experimental Investigations. 

Mention/ 
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Mention will be made of the advantages of 

experimental as opposed to statistical investigations 

of this problem and also of the general methods 

followed. There are some outstanding herds which 

have been run as a long time breeding experiment. 

Amongst these may be mentioned the Bowlker herd. of 

Massachusetts now located at Illinois, the Danish herd 

and the Wisconsin Experiment Station herd. There are 

several investigators opposed to statistical treatment 

of data whose papers will be briefly mentioned. One 

of the oldest of these papersis that by Mailer (154) 

1910, who demands experimentation in order to trace 

the mode of inheritance of characters, and causes of 

variation in milk yield. Von Patow discusses the 

relative merits of both methods of investigation and 

emphasizes the mistake which is often made of applying 

results obtained from mass statistics to the 

individual. 

Johansson, as reported by Funkquist (48) 1921, 

also objects' to the use of statistics on the grounds 

that investigation of individual pedigree and progeny 

as individuals is neglected to a great extent. 

Pearl and Miner stress. the importance of preceding 

biological studies by statistics. Spöttel (214) 

states that he places no reliance in herd book studies 

but/ 
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but does not suggest an alternative method of 

procuring data for preliminary investigations. 

Main Trends of Thought resulting from statistical and 
Experimental Investigations 

Genetical Relationship between milk yield and butter 
fat. 

Kirchner (119) 1901, appears to be one of the 

first to conclude that butter fat percentage is 

inherited. This conclusion he reached is a result of 

comparing the butter fat percentage of cows of two 

families which were crossed. Van i ormah (238) 1908; 

studied the 17 year records of grade Guernseys, and 

concluded that there is great individual variation in 

the transmitting ability. of sires but generally, pure 

bred sires bring about greater improvement in the 

butter fat and milk yield of their progeny than grade 

sires. Muller 1910, indicates that there is unequal 

transmission from sire and dam. Hansen (97B) 1924, 

states that not until this yearjas the knowledge 

common in German breeding circles that the inheritance 

of milk yield was affected by the sire as well as by 

the dam. Where great success in the inheritance of 

increased milk yield and especially fat percentage had 

been obtained, the majority of cases have been 

connected with definite blood lines. Hansen further 

states that it is possible to have all combinations 

ofi 
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of fat content and milk yield,and a desire to raise 

milk yield need not necessarily result in a decreased 

fat content thereby indicating that milk yield and fat 

content are separately inherited. This point is 

illustrated by results of analyses of figures obtained 

from the East Friesland Control Association. The 

effort made by West Friesland to increase butter fat 

percentage by breeding methods is shown by the fact 

that 50 percent of all the cows of this district 

belong to the Association.ml The Lowland Cattle 

Breeding Herd Books demand that the sires' dams have 

a minimal milk requirement and in Friesland a minimal 

at content of 3.25 percent on the part of the 

paternal dam. Similarly, Frölich (47) emphasizes the, 

need to study the fat content of the sire's dam, and 

he also states as a result of Bison and Yak crossing, 

that different factors are responsible for milk and 

for fat yield. 

Ellinger (36) carried out experiments in Denmark 

on Red Danish and Jersey purebreds and crosses. His 

results indicate that from Red Danish data, milk and 
i 

butter fat percentage are quite independent (r = 

'+ .055 + .044) whilst Jersey data (approached by 

different methods and the use of partial correlations)' 

give a correlation of - 0.332 + .051 between milk 

yield and butter fat percentage. This correlation 

obtained/ 



-3o- 

obtained from the various crosses (crossbred, 4 Danish 

4 Jersey and 7/8 Jersey) gradually returns to the 

parental correlation. Red Danish and Jersey F1 

generations have intermediate yields but slightly 

nearer the Danish. Second back crosses to Danish 

have a milk yield practically the same as Danish, 

whilst second back crosses to Jersey have a yield 

,slightly higher than the Jersey. 

Graves (91) analysed data gathered from the dairy 

cattle breeding experiment initiated by the :bureau of 

Dairying, Washington (1918) and concludes that 

percentage butter fat and milk yield seem to be 

inherited independently. Reagin (188) states that 

ihigher milk yield is negatively correlated with fat 

percentage but a high positive correlation appears . 

with total fat yield. 

Copeland (25) working on American Jersey Cattle 

Club figures, considers that a parent may prepotent 

in increasing fat percentage separately from affecting 

;milk yield or may increase or decrease both. In 

;agreement with other investigations, he obtains a 

dnegative correlation for fat yield and milk yield. 

He finally states that an increase in total fat can 

ibe accomplished by selection for high percentage as 
higt, 

well as,,milk yield. 

Lowe/ 
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hówe (137) discusse6 in some detail the problem 

of breeding for increased fat content and he draws 

''his conclusions from various herds', and individuals. 

He points. out the necessity for establishing good 

female lines to ensure the maintenance of high fat 

content. Milk yield and fat beiinherited 

!independently, increase in fat need not produce .a 

decreased milk record as both can be raised. 

simultaneously. 

Peters (177) examined the twenty -eight years 

`records of East Prussian Dutch Cattle and amongst his 
/ 

I 

observations, states that within a single herd, cows 

giving the most milk have the lowest fat percentage, 

also on the whole, good mothers have good daughters 

but yields of daughters of inferior dams are usually 

higher than that. of the dams. There is need to 

select cows coming from good families as well as good 

parents. Woodward (256) carried out work similar to 

Peters, and found that high producing daughters come 

from dams with relatively high rècords although the 

difference between the daughters is not so great as 

between the dams. Davenport, as reported by Hansen 

(95) 1917, concluded from the results of analyses of 

sixty -eight good producing Advanced Registry animals 

that dams of the same yield class gave daughters of 

different/ 



-32- 

different producing capacity and cows of any 

particular class were descended from widely varying 

dams. Cows of all yield classes have daughters of 

varying records, therefore good cows may have only 

fair daughters but usually good daughters come from 

good dams. 

Studies relating to progeny tests and improvement of 
production by use of pare -bred sires. 

The work of Sederholm (210) 1900, represents one 

of the earliest Swedish papers on this subject Ile 

analysed the records of offspring of five herd sires. 

The F1 generation of three of these sires showed 

marked improvement in quality of milk, one Fl genera -'' 

tion was slightly improved and the other was inferior 

to the dams' records. Sederholm wished to 

demonstrate that ancestral yield influenced that of 

the offspring, especially the influence of the sire 

on the fat content of milk of the progeny All later 

investigations of this nature give very uniform 

results. Beam (9) found that of the transmitting 

powers of seven herd bulls, two failed to increase 

the average production of their daughters The state- 

ment of O'Callaghan (157), that dairy sires with good 

production pedigrees almost always produce good 

daughters and that Guernsey sires are more successful' 

than any other breed in this capacity, seems to need 

confirmati on/ 
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confirmation Lawrit son Hendri ckson and Nevens (133) 

emphasize the need for progeny tests and state that a, 

bull's pedigree should contain (1) milk yield and 

' butter fat of his dam and her daughters, and records 

of her other sons' daughters and (2) records of his 

sire's daughters and his other sons' daughters. 

mackintosh (146) supports LaWritsan as to the value 

of progeny tests and states that sires should be 

chosen preferably from line bred stock thereby 

ensuring a concentration of blood of a family of cows 

,Ltkeson, L.athi eson and Fourt (8) studied 3,700 Idaho 

cows and found that as the yield of the darns increased 

the. fewer were the number of sires who increased their 

offspring's record over that of their, dam, thus 

showing the need fo?r progeny tests. Of other work 

along these lines might be mentioned that of áchäningh 

(Black Pied East Friesian cattle data) , Faber (Danish 

methods) Meade (Guernsey data) Davidson, Carroll 

(Holstein Friesian data) Yapp and M'Candlish. Feige 

(41) mentions the point before discussed - progeny 

records do not distinguish between those sires who 

raise a low herd average from those maintaining or 

raising a high herd average He further adds that 

selection by the male side alone is very slow as only 

exceptional sires will improve an unequal herd as the 

effect/ 
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effect of a sire varies in heterogeneous matings. 

Pearl (164) in emphasizing the value of progeny 

tests, points out that measuring the ability to trans- 

mit by advanced Registry records,is poor when applied 

to the cow, but is a good indication of the bull's 

value because he enters as a result of his daughters' 

yield - the one being phenotypic selection and the 

other genotypic. Pearl also describes in full the 

Aroostook Jersey Sires' Futurity Test which appears 

to be a good form of progeny test. In 1920, Pearl 

(166) states that sires which are good for trans- 

mitting high butter fat percentage do not always 

transmit high milk yield, as for instance "Hood Farm 

Torono" and "Spermfield Owl ". Much less than half 

the Jersey sires raised the butter fat yield of their 

progeny over that of the dams, but about half raised 

milk and fat percentage. Pearl, Gowen and Miner 

(167,168) carried out further studies along these 

same lines. Similar results have been obtained by 

the Mount Hope investigators in Guernsey cattle. 

Terho (219) investigated the inheritance of 

!economic characters in the indigenous Finnish Cattle. 

He concludes that five progeny per sire should be 

examined as early as possible and by the time the 

bull has reached six years, his transmitting ability 

should be-known with a moderate degree of accuracy. 

In/ 
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'In a preliminary study, Terho (218) made dam and 

,daughter comparisons from which he gathered that 

'sires influence fat content. Gifford and Turner (55) 

1928, conclude from au _analysis of Ayrshire sires and 

'dams, that the butter fat index of the daughters is a 

better indication of the sire's transmitting ability 

to his granddaughters through hissons, than is the 

dam's index an indication of her transmitting ability 

Ito her granddaughters through her sons. Later, (56) 

in 1929, they estimate that a unit increase in the 

`yearly production of the dams affected, their sons' 

daughters' production to the same extent as 4Ltitnit r 

increase in the sires' Progeny's average record 

influenced his sons' daughters' production. Turner 

(228) 1926, calculates from Guernsey sire data a 

,formula for the sires' potential transmitting ability; 

(P.T.A.) 

P,T,A, = Daughter's fat Production 0.15 (dam's fat 
0.85 production) 

He also states that sires are better able to 

transmit their potential fat capacity through their 

sons to their granddaughters than are dams able to 

'transmit their own production through their sons to 

their granddaughters. Turner considers that sires 

appear to contribute more to their daughters' yields 

but this is 4ou:btful-. for the reason that the sire 

is/ 
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is measured purely by his genotype/whilst the dam can 

only be measured by her phenotype. Hansen (95) also 

studied the problem of progeny tests and(for his data 

drew evidence from the Lowland Breed in Sweden and 

also the ñyrshire and Fjall breeds from which he 

,gathered that the male has great influence in the 

',transmission of butter fat characters. Wriedt (257, 

258) was also a strong supporter of progeny testing 

and recommends that a bull should be mated to twenty 

of his own daughters. 

Many investigations of great economic importance 

have been conducted with a view to the improvement of 

scrub herds by the use of pure bred sires. The 

majority of these investigations have been undertaken 

in _America. M' Candli sh has been one of the most 

active of the investigators and gives some very 

interesting results. In 1920, he alone (1394 and 

also with Gillette and Kildee (141) measured the 

effect on the improvement of scrub stock (1) by 

improved nutrition (2) by improved nutrition and the 

use of Guernsey, Jersey or Holstein-riesian sires on 

scrub cows. They found that the offspring of a 

scrub sire had an average increase in milk yield of 

10 percent and in fat yield of 13 percent over those 

of their dams. This, presumably, is due to environ- 

mental improvement. The average of first generation 

(grades shows an increase of 39 percent in milk yield. 

and 35 percent in fat yield, the highest increase, 90 

percent/ 
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percent in milk and 59 percent in fat being found in 

the Holstein- Friesian grades. Second generation 

grades show a total increase of 130 percent in milk 

and 109 percent in fat above that of their scrub 

grandparents. Persistency in scrub cattle is also 

low. M' Candli sh and Winters (143) 192U, draw 

attention to the problem of "nicking" which they 

maintain is not sufficiently recognised, and also to 

the necessity of rigorous selection even in purebred 

herds as some purebred sires are not good enough to 

head a purebred herd whilst Iowa results show that 

some are not even good enough for a scrub or grade 

herd. Later, as a result of further grading -up 

investigations carried out on scrub cows brought up 

from .Arkansas in 1907, and crossed with purebred dairy 

sires, M'Candlish concludes that all F2 grades are at 

least 50 percent better than their scrub grandparents. 

Other similar results have been obtained by .iay, 

Stevens, Weaver, Matthews and n.ildee, White (A.' .) , 

McDowell and also Olson and Biggar. 

Studies ertaininP to the character "Persistence. 

Milk quantity per lactation is determined by 

persistency and maximum yield. Persistency is 

therefore a very important character although it has 

not received the attention of many workers. Sanders, 

has/ 
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has thoroughly investigated this problem in some 

detail and as a result devised a measure, the "shape 

(sT) 

figure ",,,which takes into consideration both maximum 

yield and persistency. 

To quote Sanders (199) 1930, "There are three 

aspects of the association of maximum and persistency 

Genetic, dairy husbandry and physiological 

';respectively. From the comparison of the breeds, no 

relation was apparent between maximum and persistency" 
I 

The S.F. rises markedly and definitely from low 

to high producers. In good milkers the maximum is 

'lower relative to the total yield than in poor 

milkers. 

Sanders (200) finally considers that persistency 

seems to be a nutritional factor rather than a genetic 

one. His explanation is not very clear as he states 

that the growth of the gland is the main characteris- 

tic of the persistent milker. Also the persistent 

'milker is one which has the capacity to utilise great 

quantities of food for the purpose of milk production. 

The difference between good and" bad milkers is merely 

their profitable utilisation of food. Bruhn (15) 

:1928, from East Finnish cattle data, concluded that 

the shape of the lactation curve is hereditary and 

therefore can be used for selective purposes. Gaines 

(51) 1928, criticises the use of seven day records 
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in statistical studies as such a short time record 

takes no account of persistency, whilst a yearly one 

.does. Further, he as that inheritance of 
!persistency is through the female rather than the 

!male, sires showing no difference in their transmitt- 

ing ability of this character. This conclusion was 

reached as a result of a study of Guernsey data. On 

the other hand, Petersen,as reported by Becker and 

MoGilliard (10) holds the opposite viewshaving found 

that Jersey sires take an important part in transmit- 

ting persistency of lactation to their female off- 

; spring . In 1928, Becker and McGilliard (11) state 

that there are three heritable factors which govern 

milk production in cattle. They are (1) Maximum 

daily yield (2) Fat content and (3) Stimulus for 

persistent milk production. Both sire and dam con- 

tribute to the inherited persistency in the offspring 

and maximum yield is also a genetic characteristic, 

these statements being based on results gained from 

analysis of Jersey and Holstein- Friesian material. 

Later, however,(1930),they are given cause to doubt 

,these statements. Graphs were obtained from a cow 

who had a non -fecund lactation. 11 comparison of 

normal and abnormal lactations showed that in the 
1 

;abnormal lactation, maximum yield was reached at a 

!later date, and rate of decline was much slower owing 

to/ 
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to the absence of a diminishing influence of an 

internal stimulus. Maximum daily milk yield, follow 

ing normal reproduction, was from three and a half to 

five times as great as that induced by mechanical 

stimulation alone. They conclude, therefore, that 

internal stimulus is not necessarily a factor in 

determining the persistency of milk flow as indicated 

by the duration of the lactation period. 

Turner (225) 1926, states that the normal or 

hereditary rate of decline in milk secretion during 

the early lactation period is retarded due to 

further divisions of cells which become functional 

(through the stimulus of the "follicular" hormone. 

There is a distinct decline in persistency during the 

second and third lactations as compared with the 

first. As an index of persistency Turner uses the 

ratio between total yearly milk or fat production and 

the maximum month's production. He considers that 
Imkcci in 

persistency and maximum yield are notninheritedhce. 

With an increase in dam's persistency 

there is only a small increase in the daughter's 

persistency. 

Inbreeding in Relation to Milk Yield. 

Amongst the earlier papers bearing on inbreeding 

in relation to milk inheritance, may be mentioned 

that/ 
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that of Hesse (106) 1913, who investigated several 

,Test Prussian herds and came to the conclusion that 

,'inbreeding does not influence milk yield unless 

practised in good "blood lines" thereby favouring the 

concentration of characters for good yield and butter' 

fat. 

Hover (112) 1916, wrote on the subject of finding 

the prepotent si re for which purpose he studied 

Guernsey .dvanced Registry records. The value of a 

sire can be estimated by dam a~zd daughter differences 

provided there are a sufficient number of pairs 

available. The lack of numbers is a great drawback 

as good sires may be in small herds and pass un- 

¡noticed owing to the small number of offspring. 

.although some of the good sires are outcrosses, yet 

strongly prepotent sires usually belong to certain 

strains or families, indicating that prepotency is 

enhanced by inbreeding. Hays ¡102) concludes from 

the results of analysis of a limited amount of 

Guernsey data, that inbreeding to a slight degree 

seems to be associated with the best production. 

Increased number of males appear to result from 

increased inbreeding. 

Hansen realises both the value and harm which 

may result from inbreeding. He believes that 

inbreeding tends towards the production of a homozy- 
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homozygous strain of stock but this homozygosity may 

not be only uniformity of good, but also of bad 

characters and therefore inbreeding should only be 

used with care. Driehaus (32) attempts to establish 

the genotype of the bull by a comparison of the 

performance of dam and daughter, but does not regard 

with very much favour the practice of inbreeding. 

Pearl, Gowen and Miner (167) 1919, studied the 

transmitting qualities of Jersey sires and calculated 

measures of inbreeding using the following formula: - 

100 (Pn + 1 - Qn + 1) 

Zn- Pn +l 

Pn + 1 = maximum possible number of different 

individuals involved in n + 1 matings 

Qn + 1 = actual number of individuals involved in 

these- matings. 

Zn = inbreeding coefficient for the n + 1 the 

ancestral generation. 

The progeny of all sire's was classified accord- 
. 

ing to the quartile scheme (before described) and it 

was found that twice as many Jersey bulls in the 

Jersey breed lowered the butter fat percentage and 

milk yields of their daughters than increased 

production. The degree of inbreeding varies from 

0 - 41.18 percent of the total possibilities. 

Superior sires are slightly less; inbred than inferior 

ones/ 
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The percentage for inferior sires being 9 .65 

percent as opposed to 7.08 percent for superior pure 

['Island bred ones, the ratio of good to bad sires 

¡being 1:1.7. The appearance of famous animals in a 

¡pedigree is no indication of a gurantee that the 

I 

stock will be good as it was found that in pedigrees 

of superior sires, animals appearing more than four 

times on the male side and three times on the female 

side also appeared in the pedigrees of inferior sires. 

Supporting these facts are the statements of Graves 

(88) 1924, who maintains that inbreeding is not of 

much value if prepotent sires have the same combina- 
i 

1tion of factors whether they are related or not. 

Results indicate that a son or daughter may be homo- 

zygous for the factors determining high milk and fat 

(producing capacity without its sire or dam being 

(related. 

The opinion of Peters on this p" point varies as 
i 

formerly Ile used to support inbreeding but at present 
1 

(regards it with suspicion as being likely to have 

jharmful results. Robertson (195) examined milk 

records which date back to 1904. The results of htr j 

;analyses indicated that inbreeding to a male relation 

ship tends to increase both quantity and quality of 

;milk producedtwhilst inbreeding to a female relation 

ship 
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relationship has the opposite effect especially upon 

the quality of the milk. 

Larson (131) reports on the result of an 

inbreeding experiment which has been carried out by 

the United States Department of Agriculture since 

1913 No degeneration of vigour has been noted. 

Kronacher (124) 1929, describes an interesting 

inbreeding. experiment which has been conducted since 

1908 on Grey Brówn Mountain Cattle These cattle 

have been inbred for eighteen years with the result 

that all the animals are fertile, free from disease 

and giving milk above the average quantity for the 

district Kronacher concludes that inbreeding used 

with care is a good breeding practice. Löwe states 

that good female lines must first be selected if high 

butter fat content is to be maintained and having 

selected these good lines, the best -method ,Method is then 

,inbreed. Smith (211) analysed Jersey data and 

results show higher yielding cows to be less inbred 

than those of breed average milk records. 

Investigations involving the theory of sex linkage 

Miles' and Sedgewick' s studies provide one of 

the earliest evidences of sex linkage. As reported 

by Cole (19) 1913, they mention that "Milk bulls" 

were said to have a greater influence upon the 

inheritance/ 
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inheritance of milk and fat than the cows, the sires 

receiving these characters from their grant am . In 

1899 , Hitt cher (108) concluded from his investigation: 

of the milk records of sixty -three purebred Dutch 

cows that the male has a greater influence than the 

female in transmitting characters for milking capacitor 

to his offspring Hills and Boland. (107) indicate 

that characters for production.are based on two 

factors, one of which is dominant and the other 

probably sex linked hawrit son, Kendri ckson and 

'Nevens (133), in giving the essential points which 

should be considered in the pedigree of a bull, state 

that investigations tend to show that characters for 

good records are transmitted by the sire to his 

daughters and by the dam through her sons. The 

papers of Hays (102) and Spatt el (214) seem also to 

support this statement although less definitely. 

'Cole (21) reports on the result of the Wisconsin 

Experiment in cross-breeding) and states that the F1 

generation show a distinct tendency to resemble the 

sire rather than the dam. Finlay (42) is also in 

agreement with the sex linkage theory, and Zorn states 

that characters for milk yield are mainly transmitted 

by the sire. Of the work of more recent origin may 

be quoted that of Smith. (211) and Smith, Scott and 

Fowler (212) and Corner (26) all of whom bring forward 

positive/ 
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'positive results regarding the sex -linkage theory. 

There are other opinions as to the relative 

importance of sire and dam in the transmission of 

.dairy qualities but these are tabulated. on Page toz 

There are a few theories which are of interest 

,although of no great economic importance Arenander 

(7) collected evidence, both statistical and observa- 

tional, to show the superiority of polled breeds as 

milk producers In spite of the apparent agreement 

in the invalidity of the escutcheon theory, Brun (14) 

'lanalyses the data from 305 Brown and Pied cattle and 

obtained a positive correlation of r = 0.6 + 0.06 

,between escutcheon and milk yield.. This correlation 

however of no great value as it is based only on 

one breed and data of which leaves much to be desired 

Other studies carried outat the Kentucky station . 

failed to support these results. 

The work of Ivanova (116) and Juler (117) is 

worthy of mention in that it presents another point of 

view of the inheritance of milk. Their investigation's 

are directed towards the significance of the presence 

of supernumerary teats but their results are contra- 

dictory. Ivanova distinguishes between the three 

types (1) those situated between the normal teats (2) 

those more or less connected with the normal ones and 

(3)/ 
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(3) those situated behind the normal ones She 

concludes from data obtained from 1385 cattle that 

type 3 is dominant and based on the same autosomal 

factor which raises milk production by 15 percent 

Duerst (33) 1927, studied goniometer measurements 

in cattle. He classified cattle into two d'AStinct 

types - respiratory (work and milk)' and digestive 

(beef). The respiratory type evolves into two other 

groups - meat as well as milk in which case a dual 

purpose animal would result The digestive type never 

alters. Duerst found that in several uniformly bred 

strainsyttmak the angle of the rib is transmitted by 

the sire to his daughter and by the dam= t o her son 

the angle of the rib being actually the axis of the 

last rib with the horizontal. Dechambre (29 ) . also 

investigated the relation between dairy aptitude and 

rib angle, and based his work on the different shapes 

of the chest. His results are in agreement with 

the earlier work of Duerst 

Castle (18) 1919, from studies based on data from 

the Bowlker herd, concludes that the reason for the 

milk yield of the first generation crossbreds being 

3.8 times as close to the Friesian parents as to the 

Guernsey parents is due to the presence of het erosi s 

Ellinger(36) from his Red Danish and Jersey breed 

crosses/ 
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crosses experiment, drew evidence to support these 

statements. lie concludes that the tendency for the 

F1 F2 and F3 generations to produce a quantity of 

milk more nearly approaching that of their high 

yielding parent whilst the butter fat percentage is 

slightly less than the average of that of the parental 

strains may be accounted for, either by a slight 

tendency for the factors for high milk yield and low 

butter fat percentage being dominant, or for heterosis 

to act in raising the milk yield and lowering the fat 

percentage.Castle and Ellinger are both supported by 

Cole. 

The problem of the relation between; conformation 

and milk yield has received much attention, and many 

correlations have been calculated. Gowen (67,73) 

especially, has studied this question- in some detail 

and has come to the conclusion (generally accepted) 

that the reliability of body signs as indicators of 

probable milk yield is not great, even a short time 

milk record has far greater reliability. IZatorin, 

however, has obtained some fairly high significant 

correlations between. certain body measurements and 

milk yield. 

Graves (92, 93) constructed a herediscope which is 

designed to show the 'results of various matings. It 

demonstrates/ 
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demonstrates the method by which the use of a homo- 

zygous sire can completely smooth out variations át 

the end of six generations 

Amschler (4) investigated the daily yield and. 

fat content of the half wild. Yak in Siberia. He hadd, 

data from 116 Yak cows and 6 Yak hybrids (Yak x Altai ) 

He believes that he will be able to prove that the 

various performances of the cultivated breeds are, 

from a genetic standpoint, fundamentally related in 

their primitive form and from this hopes to be able 

to justify the method. of "Line Breeding"- 

Lauprecht (132) introduces another aspect of the 

mode of inheritance of milking capacity He 

attempted to correlate degree of colour in the Black 

and White Dutch cattle with milk yield.. From the 

results of his investigations carried out on 542 

animals he concludes that fat content has no un- 

equifocal relation to the degree of marking, generally 
the animals with more white give milk with a higher 
fat content This is supported by Esskuchen and 

opposed by Gaulle (both of whom worked. with Black and 

White Lowland Cattle) Higher milk yield, however, 

appears to be associated with darker coloured animals 
this bearing out the results of Kronacher ) on 

Hohenfleckvigh èattlé) 
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Theories relating to the number of Factors involved 

in the transmission of the character of milking 

ca acit 

There is much controversy as to the number of 

factors involved in the transmission of the character 

of milking capacity Theories and views relating 

to this problem can be briefly enumerated as follows. 

Wilson has considered this problem for many 

years and has altered his opinion latterly:. In 1910 

(248) he analysed data from some a32 . yrshires and 

attempted to prove that milk and fat were separately 

inherited characters Owing t o the fact that high 

yielding cows gave poorer milk than low yielding 

cows For this purpose, he grouped records accord- 

ing to class intervals of 100 This paper was 

severely criticised by Karl Pearson (169) 1910 In 

1911, Wilson (249) confirmed his opinion as a result 

of a study of the records of Red Danish cattle. He_ 

classifies the records into three groups and found- 

that high yielding cows had good daughters, low 

yielding cows had low yielding daughters, and medium 

yielding cows had daughters of various records. 

Wilson concludes that milk yield is inherited in the. 

same manner as thb three Shorthorn colours Later, 

in 1925 (252) he revised his theory and .states that 

four pairs of factors are involved in the trans- 

mission 
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transmission of this character. These four pairs 

produce sixteen grades of milk. The four dominant 

factors produce individually, 20, 15, 10, and 5 lbs. 

of milk respectively and 50 lbs. collectively. The 

four corresponding recessive characters produce 4, 

3, 2, and 1 lbs, respectively and 10 lbs. collectively. 

A sure test of a sire's or a dam's transmitting 

ability is the yield of the poorest daughter. 

Dunne (34) supports the two pair factor theory after 

having studied Red Danish Records. 

From results of crossing and back crossing with 

Jersey and Red Danish cattle, Wriedt (258) states 

that fat transmission is lase iotone factor and 

perhaps another modifying factor. Some Jersey bulls, 

may have a modifying factor which causes an increase 

in butter fat percentage but the existence of the 

factor is not known. The différence in the butter 

fat percentage of Jersey" and Red Danish cattle is due 

to a single Mendelian factor. Hills and Boland (107 

studied advanced registry records of Holstein- Friesians 

and put forward a suggestion that there is segrega- 

tion of factors in a 7.1 ratio. Of these factors, 

one is dominant and the other probably sex .linked 
4 

acting 



-52- 

acting in a simple 3:1 ratio, the dam having greater; 

influence than the sire. 

Funkquist (48) 1921, stresses the need for more 

accurate analyses of the entire genotype in order to 

obtain complete knowledge of factors of economic 

importance He worked on family pedigrees and 

concludes from the degree of variation which he 

obtained that fat content is conditioned by at least 

three hormonic factors. Cases of "extreme" 

segregation occur, and these extreme variations make 

analyses-more difficult. 

Hansen (95) 1917, accepts the theory that milk 

yield and butter fat content are each dependent upon! 

triple homomeric factors. He demonstrates his 

theory as follows:- each female must have the 

characters responsible for the minimum amount of 

milk which he represents thus - m. All possible 

genetic constitutions are expressed in the following 

combinations M,3 M3f - - - -m3 m3 As milk yield and fat 

content are not in any fixed relationship to each 

other, butter fat must, therefore, be considered 

independent, and Hansen expresses the possible 

combinations of the factors for fat content in the 

same way as those for milk yield. F 
3 

F3 - - --f3 f3. 

A bull homozygous for both high fat content and high 

milk/ 
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milk yield would, therefore, have a genetic 

constitution which could be expressed by this formula. 

Mi 
M2, M2 M2, & + F1 F1, F2 F2' F3 F3 

The occurrence of such a bull is, of course, 

extremely rare Furthermore, Hansen adds that the 

sire has a marked influence on raising the fat content 

of the produce of his progeny, and lastly, every bull :l 

transmits a definite factor for fat content to his 

offspring. 

Von Patow (161, 163) 1926 and 1930, formulates 

a distinctly interesting theory the validity of which 

he tests by applying it to some excellent data which 

he was able to obtain. His records were those of 

Black Pied Tiefland Large Spotted cattle and Brown 

cattle from herds which have been recorded for many 

years - one even dating back to 1817, but the 

majority are of about' fifty years' duration. As a 

measure, he used the "Byre Average" but substitutes 

8 Kilograms for 10 Kilograms for ease of working 

Calculated average =(10 absolute performance) 
Byre Average 

Asa preliminary, von Patow states that every cow 

must produce at least a minimum amount of milk and it 
ds 

is impossible to have a cow without the ability to 

produce milk as it is to have milk entirely fat free. 

Therefore he uses the letter "G to designate the 
basic/ 
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basic , miik yield in cattle which must always be 

present in the homozygous state or some animals would 

be produced which could not produce milk. This 

factor may be linked with, or based on, the factor 

for the basic butter fat yield. Increase in milk 

yield is brought about by the presence of all, or 

some of three homomeric and equally potent factors - 

A, B, and C. These factors may be present in 

varying states of homozygosity and doubt is express- 

ed as to whether they are linked. Von Patow takes 

the three factors to correspond to the three main 

characters which determine milk yield viz - (1) 

Develoament of the udder to allow for sufficient 

capacity of glandular tissue to secrete milk (2 ) 

the formation of interstices and (3) the innervation 

of the udder. The effect of these three factors is 

cumulative, and the presence of any one factor 

raises the milk yield above the basic quantity (4.6 

Kilogram) by one unit (1.3 Kilograms) if in the 

simplex state and by two units (2.6 Kilograms) if 

in the duplex state. 

A cow having a genetic formula of 

G.+ Aa + Bb + Cc, i.e. G + 3 wouldyield in Kilograms 

4.6 +(1.3 + 0) + (1.3 + 0) + (1.3 + 0) 

4.6 + 3(1.3) = 8.6 Kilos 

For / 
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For a statistical analysis, von Patow groups 

the calculated performances of each herd into 7 

classes which represent the 7 possible formulae of 

performances. (G + 0, G + 1; G + 2; --G + 6) . Each 
h 

animal is given a formula according,,to which class 

her yield falls. By being able to give dams and 

daughters a genetic formula of this type, it is 

possible to estimate the potential transmitting 

ability of the sire. Regarding butter fat yield, 

von Pato`v considers that the characters for milk and 

butter fat yield are in some way connected and have 

much the sane genetical basis. Butter fat is 

correlated with a certain amount of milk'. Each yield 

of milk is connected with three butter fat classes, 

either the two above and next above or the two below 

and next lower. Von Patow designates butter fat by 

the letter F. Factor F may be present in three states 

FF1 Ff, ff, which are cumulative in their effect. 

Further, for butter breeds, still another factor F 

is postulated - this factor being independent of 

others which regulate milk and fat) . This factor is 

said to 'work in the same way (F or FF) but only 

increases the butter fat yield. There is nó racial 

difference in the mode of inheritance of these 

characters with the exception of those of the butter 

breeds. 

Von Iochow (136) 1921, works on his own herd 

which/ 
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which has been recorded since 1876.s a result he! 

concludes that milk yield inheritance is based upon 

several factors with the dam having greater influence 

than the sire in the transmission of such factors. 

He emphasizes the mistaken idea of not taking 

sufficient account of the influence of any single 

ancestors which may appear in the pedigree of an 

animal 

Yapp (259) working on the Bowlker herd records 

finds that the variation in the records of the 

Holstein and Guernsey crosses does not follow the 

simple 1:2:1 type of inheritance but that undoubted-. 

ly more factors are involved. In 1929, Yapp (262) 

assumes the' presence of ten factors in the trans- 

mission of milking characters. 

Nachtsheim (155) 1926, sevezely criticises von 

Patow's paper and states that von Patow's method is 

weak and his assumptions without proof. . Nachtsheim 

that the size of the mammary gland may be. 

controlled by members of a multiple allelomorphic 

series. Pre-potency may be explained by the posses -1 

lion in the duplex conditions of the most dominant 

members of a series of multiple allelomorphs. 

úpöttel (214) states that he considers many 

genes are involved in the transmission of this 

character/ 
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character, whilst Fr6lich (47) indicates that the 

number of factors involved is not great. 

Turner (231) 1927, and also Turner and Gifford 

(235) 1927, advance an interesting theory as to the 

mode of inheritance of butter fat secretion. This 

is as follows - (1) Milk and fat yield are influenced 

by many genes (2) Many high production favouring 

genes are dominants (3) All genes do not have the 

same effect. Turher illustrates his theory by 

assuming the presence of 3 genes - A, B and 0. Each: 

gene, a = b = c = 50 lbs. of fat each or 150 lbs. 

collectively. In the dominant state A = B = C = 

250 lbs. each= Each gene is given equal value for 

-convenience. From the yield of a cow it is possible 

to fit one or other alternative genetic formula by 

which she can be designated. An analysis is also 

carried out on the performance of Jersey sires and 

dans and the following relation calculated:- 

1. Son's daughters' yearly fat production = 

302.+ 0.481 sire's daughters' fat production 

2. Son's daughters' yearly fat production =- 

463 + 0.176 dam's yearly fat production 

Gifford and Turner (55) 1928, carried out much the 

same type of investigation on Ayrshire sires and dams 

as that of Turner 1927. They conclude that grand- 

parent si 
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parents have a small but marked influence on the 

productivity of the granddaughters and that for every, 

100 lbs. of butter fat increase per annum in the 

production of the dam there is a corresponding yearly 

increase of 15 lbs. in the daughter's fat yield, 

above the potential transmitting ability of the sire. 

The use of the partial correlation method is employed 

for making dam and daughter comparisons whilst the 

influence of the sire is held Constant. Turner (232) 

1930, worked on the problem of inheritance of body 

weight in relation to milk secretion and states that 

the inheritance of body weight follows much the same 

course as inheritance of yearly fat production, and 

for every increase of 100 pounds in body wight, 

there is approximately an increase of 20 pounds in 

fat production. 

Graves (89) 1925, states that high production is 

dominant to low production. In 1926 (91) he reports 

the cattle breeding experiment initiated by the 

Bureau of Dairying and suggests reasons for the 

variations which occur between the daughters' yields 

by the same sire as being due to (11 High production 

dominant over low (2) Each sire and dam may have a 

double genetic nature (that is have factors for low 

production present in the recessive state which when 

meeting/ 
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meeting others of a similar type from the sire will 

result in offspring possessing homozygous recessive 

characters) (3) The cumulative or multiple factor 

hypothesis may be based on quantitative characters 

being produced by cumulative factors. Finlay (42) 

1925, drew conclusions from other studies and states 

that there must be a multiple factor difference in 

the genetic constitution of high and low yielding 

cattle. He states that in India, Ayrshires are 

used for crossing with native breeds land in. Jamaica, 

Jerseys are used for crossing with the Zebu. The 

results obtained indicate that the complexity is due 

to multiple factor aiifferences Agar (2) 1926, 

investigating Red. Poll data, states that milk 

production is a complex function influenced by many 

factors, both hereditary and environmental. 

Cole (23) 1925, expressed doubt as to the 

possibility. of milk yield depending upon two pairs of 
factors owing to the complexity of such a physiolo- 

gical function. He himself considers that the 

factors for butter fat percentage and milk yield are 

separate. In crossbreds, the milk yield is higher 

and the percentage butter fat lower than the average 

of the two^p. rental types although the butter fat 
yield is slightly higher. From his results, Cole is 
led/ 
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led to assume multiple factor type of inheritance o 

milk yield and butter -fat characters In another 

paper 1923, Cole (20) describes in detail the 

organisation of the Wisconsin Cattle Breeding Experi- 

ment Ellinger (37) 1923, also working on much the 

same type of data as that of Cole, states that the 

results obtained indicate the relationship between 

milk and fat percentage to be uncertain The 

variation in milk and butter fat producing characters 

'as obtained from cross- breeding experiments (Red 

Danish x Jersey) displays a typical picture of 

blending inheritance - the crossbreds being inter - 

mediate in every respect anal the back crosses again 

intermediate between the crossbreds and original 

parental type. There is no significant increase in 

variability noted in the back cross data 

Garkawy (52) 1928, in the paper which has been 

referred to earlier, considers that the transmission 

of the character for milk yield is based on many 

factors and there is but slight connection between 

milk yield and butter fat content Crew (27) 1925, 

is also of the opinion that the mechanism concerned i 

of the multiple factor type Gowen (61) 1918, as a 

result of a study of records of Jersey, Guernsey, 

yrshire and Friesian data concludes that the factors 

for 

s 
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for high milk production tend to be dominant over 

those for low milk production, whilst the factors for 

high butter fat percentage aré inclined to be 

recessive The factors for these two characteristics 

are said to act independently He supports this 

state -_lent by the results of other investigations 

(1919, 64, and 1920, 65) and (1920) is doubtful if' 

modifying factors are present The same author 

(1924, discusses the relative merits of various methods 

of selectiòn of dairy cows He concludes that 

choice according to type or pedigree is poor while 

choice governed by performance records is good.. The; 

milk yield of the dam predicts the milk yield of her 

daughter with a considerable degree of accuracy Also 

the milk yield of a cow is a good indication of the 

likely record of her full sister Lack of 

information regarding the transmitting ability of a 

sire may be in part overcome by the records of his 

full sisters These statements appear to be open to 

controversy as there seems to be insufficient 

distinction made between the genotype and the pheno- 

type. Gowen also adds that a comparison of the 

genotype of sires may be made by using the record of 

performance of female cousins, although it is a much 

less exact method than that of comparison of grand.- 

parents. He (78) 1925, analyses the performance of 

Guernsey 
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Guernsey sires' progeny and draws comparisons between 

sires and daughters by calculating the percentage of 

offspring which fall into each performance class 

designated by a letter. This investigator contends 

that by this method it is possible to compare sires 

although he has ignored the influence of the dams. 

Also (76) 1926, he further substantiates his theory 

of multiple factor inheritance with the sire and dam 

equally responsible for their daughter's performance. 

He further adds that his results also show that an 

animal may be highly heterozygous for milk yield 

characters and yet have a yield closely similar to a 

fine strain. 

The relation between conformation and milk yield 

has received much attention from Gowen. He has 

calculated many correlations which have not yielded 

any definite evidence in favour of this relationship. 

He agrees with Turner in finding that the effect of 

the sire's conformation on his daughters is limited 

mainly to size. The heavier the sire, the more 

probable will be his daughters' yields although this 

indication has only about half the value of records. 

Gowen (78) and Gowen and Covell (87) both find that . 

great variation may occur between the sire's and the 

sire's sons transmitting ability as measured by their 

daughters' 
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daughters' performance 

The degree of similarity of performance between 

relatives has been studied in much detail by Gowen but 

as many of the correlations which he obtained are 

1isted.later they will not be mentioned. 

Investigations Relating to the Relative Importance of 
Sire and Dam in Transmission of Dairy Characters to 
their Offspring 

Amongst the investigators who hold that the sire 

has greater influence than the dam on the quality of 

the offspring may be mentioned Fleischmann (44) 1891, 

and Hittcher (108) 1899. The latter also considers 

that the factors for milk and fat are independent. 

Speir (213) states that the male has a definite 

influence Reimers (190) , Cole (23) and Zorn (263) 

hold similar opinions whilst Cole states that milk and 

fat factors are separately inherited. Fróli ch (47) 

agrees with Cole and also draws attention to the 

importance of the sire's dam's fat yield. Hansen 

states that the sire has greater influence upon the 

fat yield of his offspring and that there is no 

oonnection between fat and milk factors. K8ppe (122 

is in agreement and Petersen considers that the male 

'has greater effect upon the persistency of yield of 

his offspring. 

The number of investigators who consider the 

female/ 
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female of greater importance are fewer in number 

Hills and Boland (107) 1913, and Rohwedder (196) 

consider that the female is prepotent in fat trans - 

mission Gaines (50) and Terho (218) consider 

performance is transmitted through the female rather 

than the male 

Herter (105) 1911, considers that the offspring 

receives its characters from the sire and dam in 

equal proportions Feige, Graves, Ellinger, Copeland. 

and Gowen all indicate that they consider the male and 

female to be of equal importance in the transmission 
of the factors for fat- and milk characters Thich are 
separately inherited, with the exception of Ellinger, 
who considers milk and fat characters to be only 

partially independent Von Pat ow and Peters are in 
agreement as to the connection between these 
characters They hold them to be to a certain extent 
physiologically connected and transmitted equally by 

sire and dam. Faber, Marshall, Olson and Biggar 
also agree as to the share of transmission by. sire 
and dam. Becker and McGilliard (10) consider the 
transmission of the factor of persistency to be 
influenced as much by the sire as by the dam. Among 

other supporters of the theory of independence of fat 
and milk characters may be mentioned., Brody, Winning 
stedtf 



-65- 

4'Jinningstedt, Wilson, Johansson, von Lochow, Hansson, 

and Lówe Kronacher is in agreement with Peters and 

von Patow whilst Bonnier and 'Wadsack are both inclined 

to consider that these characters may be connected 

Conclusions 

An attempt to unravel the problem of milk 

inheritance by an examination of the work of others 

shows rather a wild confusion than a well ordered 

history of critical e.perimentation The diversity 
of results is not surprising considering not only the 

wide variation in the abilities and prejudice of the 
investigators but also the dissimilarity of their 
material and still more their methods This triple 
variety is against all the dictates of science and 

until the chaos of mind, material and method can be 

made to aáproach order, opinion based on the 
slenderest of facts must reign supreme 

The nature of the problem places it at a great 
disadvantage as investigations by means of critical 
experimentat ion is impossible for the majority To 

hope to completely elucidate such a problem by 

statistics alone is useless The main difficulty 
lies in procuring the foundation facts Much of the 
data used does not represent a random sample, as the 
greater number of published records are only those of 
the/ 
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the higher yielding cows Many investigators 

advocate the use of various correction factors but the 

application of such must eliminate, to a great extent 

the effect-of individuality in which lies the answer 

to the problem. Again, the solving of the problem 

is made more intricate owing to the lack of any form 

i of accepted technique Therefore the results of 

different workers can rarely be compared, or, if 
compatible, on only the very broadest of lines 

'Furthermore, much inferior work has been done 

There are, however, a few outstanding workers whose 

hypotheses and assumptions have still to be confirmed. 

by the results of additional research. At present 
they are still unsupported. opinion In spite of the 

many investigations which have been spread over a 

period of thirty to forty years, the amount of actual 
advance and increase in knowledge of this problem are 

extremely limited. In fact, the increase in know- 

ledge has been mainly in the form of greater apprecia- 
tion of the difficulties besetting the path of the 
investigator of the mode of inheritance of milking 
capacity . 

-00o- 

Thersit es . " ...A plague of opinion'. A man may 
wear it on both sides, like a leather 

jerkin" 
"Troilus and Oressida" 

Act III, scene 3. 
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1 Ori inal StuljT concerning the ï:iode of Inheritance 
of Milking (Jagacity in ,.att e 

The present investigation was directed towards a 

study of the mode of inheritance of milk and fat yield 

with a desire to demonstrate the presence or absence 

of sex linkage in the inheritance of these qualities 
For this purpose, a statistical study was made of the 

milk records of Ayrshire cattle The degree of 

similarity between the milk and butter fat yields of 

cows of various relationships was measured and com- 

pared. with the possible theoretical distribution of 

autosomes and sex chromosomes In this way, it was 

hoped to demonstrate the presence or absence of sex 

linked factors 
R. The Effect of Non- hereditary influences upon the 

investigation into the mode of inheritance of milk- 
ing capacity 

L. Environment i District The district in which farms are 
located makes an appreciable difference to the milk 

records obtained Altitude has a considerable 
influence upon yield. High altitude is generally 
associated with a cold and rougher climate, harder 
grazing and sparce pasturage Low altitude suggests 
more favourable conditions lower temperature/ etc. 
The effect of temperature upon quality of milk has 
been/ 
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been studied by Ragsdale and Brody (287) also Weaver 

and Matthews (292) All come to the conclusion that 

lower temeratures tend to increase the butter fat 

percentag e 

Jr. Type of Farming. To a certain extent type of 

farming is influenced by district Apart from 

altitude etc., the actual farming system practised is 

òf great importance in comparing milk records With 

an intensive farming system, heavy feeding and 

generous application of fertilisers occur. The 

result is a near approach to maximum production. On 

the other hand, yields are much lower on an extensive 

system where cost is cut to the minimum, and feeding 

at its lowest Sanders and Hammond (291) state that 

they have found an increase of from 8 to. 9f in milk 

yield when, with 1 ac of .grass, the arable land is 

increased from 2 ac. to 3 ac. Farm management 

practices again influence milk records by the method 

of disposal of milk The market decides whether the 

milk output is to be regular all the year round, or 

purely seasonal as on some cheese making farms. 

Records from a cheese making farm could not fairly be 

compared with those of other types of farms It is 

not economically possible for all herds to have a 

high average- 

ITI/ 
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Ai. Individuality of harmer Breeders vary 

considerably in their ability to produce high records 

from their herds even under similar conditions In 

such countries as America the variation-is much 

greater as there the effect of national as well as 

individual characteristics is marked Therefore 

choice of data for inheritance studies is not only 

limited to areas but also to individual farms. 

2. l utrition 

Ä.. Effect of systemized rationing. It is obvious 

that improved feeding methods will have a great effect 

upon milk records Various figures have been quoted 

for the increase obtained from cows kept under test 

conditions where feeding methods should be at their 

optimum. Woodward (295) maintains that it is 

possible to procure 50¡ more .milk and butter fat 

whilst Eckles (277) states that advance Registry 

Records are usually 1 2 /3rd times higher than records 

produced under quite normal conditions. Less sharply 

defined is the result of agricultural education upon 

the farmer. Records obtained twenty years ago can 

not be accurately compared with those of the present 

day. 

k. Effect of Seasons In choosing data for 

<uialyses, care must be taken to avoid records produce& 

dhring/ 
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during abnormal seasons. A very dry period and 

thFrefore reduced pasture, results in lower milk 

yields of high butter fat percentage. This problem 

has received the attention of Ragsdale and Turner 

(288) . 

IC_ Effect of War Periods. The war did not affect 

British records to such a great extent as those of 

other countries. Where food is insufficient, 

production will suffer and exceptional records result;. 

Ragsdale and Turner (289) . state that when the ration 

is reduced by 5O,. fat content increased up to a peak' 

on the 3rd day but milk yield decreased. 

3 Individual, 

The non -genetic individual variation in records 

is very great, but in a statistical analysis of .data,' 

individual variation can be counter- balanced or 

corrected whereas herd variations carry more weight. 

The main causes of individual variation are age 

of cow, time and season of calving, lengkt, of 

lactation, dry period, and service period. These 

and other similar factors have received the attention 

of many workers amongst whom may be mentioned Sanders' 

(198, 290, 199, 291) Kay (284), M'Candlish (284, 

278), Glen (278) Hammond (291) Gowen (279, 280). 

Various tables for correction factors have been 

suggested/ 
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suggested and 

Difficulties and Methods of investigating the 
?rode ' 

of Inheritance of Milking Capacity. 

.. Estimation of the genotype of dairy cattle. 

The previous section briefly enumerated some of 

the most important of the environmental factors 

affecting milk and butter yield. The elimination or: 

counteraction of their effect upon statistical studies 

presents a great problem 4tait thereby necessitating thé 

most careful selection of data in order to avoid 

undue inaccuracy. It is clear that to obtain 

sufficient data of such selection will not be easy. 

Assuming that the source of data is as free from 

environmental influences as possible, the next 

problem which arises is the measurement of the geno- 

type of the individuals. This measurement is almost 

as difficult in the female as in the male. Certainly 

the performance of the cow can be estimated but this is 

only the phenotypic side of her performing ability 

and in many cases her yield as noted may not be the 

'full expression of her milking capacity in which case 

her phenotypic characters will be misleading and a 

poor indication of her genotype. In any case, a 

high milk record is not a sure indication of the cow's 

,transmitting ability. It is probably because some 

of/ 
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of the factors for high milk yield appear to be 

dominant over those for low milk yield, that the 

phenotype and genotype of a cow often show great 

dissimilarity again the number of progeny produced 

by a cow is very small. ii' Candlish and Kay (142) 

give interesting figures on this point. Their 

estimate of the number of daughters added to a herd 

by a cow is at the most 3, whilst a bull may have from 

6 to 10 and even up to 27 daughters The range of 

variation of milk production between dams and daughters 

was found to be from -27 to +14¡% in milk yield. and 

to +18% in fat yield 
An estimation of a bull's transmitting ability 

is limited by the fact that the character for which 

selection is being carried out, is not a directly 
measurable one in the male -This means that expense 

and risk are great until the sire's genotype has been 

proved. The process of testing is long and costly 
but essential if improvement is to be attempted A. 

sire cannot be proved until he has at least 6 daugh- 

ters in the herd by which time he will be about five 
years old,. A.t present there is no bull index which 
is entirely satisfactory (although suggestions have 
been made by ú oven (85) , Yapp (260) Goo dale (59) etc 
and this renders improvement still more difficult. 
The/ 
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The actual difference between dam and daughter' s 

yield is not sufficient as this measure does not take 

into account the sire who raises and maintains his 

daughters' yields above those of a high yielding dam 

It is this ignorance of so many essentials 

regarding both male and female which makes this study 

of the problem as elusive and hard to grasp as it is . _ 

,. Statistical j iethods a. There are many objections 

to the application of statistics in the solving of 

this problem yet they must be employed Their value 

is great when they are carefully used As a 

preliminary study and as a forerunner of genetical 
analyses their application is essential. They must 

act as an indicator to further detailed and individual 
work. Provided numbers are sufficiently great and 

selection of data very stringent, valuable results 
should be obtained Their weakness lies in the use 
of averages, which cannot be applied to the 
individual. The application of statistics must be 

limited and results serve only as an incentive to 
further detailed study and experimentation 

. Origin of data. The value of the results 
rests to a large extent upon the origin of the data i 

From previous sections of this paper, it is obvious 
that quantity alone is not all that is required A 

heterogeneous/ 
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heterogeneous mass of unselected data is useless. 

far as possible the source of material should be 

limited to uniform districts, herds and breeds 

.:Ç ;:. Measurements used Many measures have been 

used to express the degree of variation between animals 

of different relationships, such as difference between 

averages, correlations (partial and multiple) coef- 

ficient of variation, standard deviation and almost 

purely graphical methods A new method, formulated 

by Dr R; , Fisher, has been used in the investigation 

and is detailed on Page 78. The difficulty always 

arises in the expression of the sire's share in trans- 

mission Sometimes 'the plus or minus differences 

between the yields of clam and daughter are used or 

letters are designated to various performance classes 

into which the yields of dams and progeny fall, and 

the whole worked to a percentage. Goweri uses an 

indirect form of correlation 

p erimental Metho ds 

Obviously critical experimentation is the only 

method which can be expected to give really conclusive 

results, as milk production is such a complex physio- 

logical fanction influenced by many factors both 

genetical and environmental Unfortunately, owing 

to the length of time required, expense of animals 

and so on, breeding experiments are very costly. 

There/ 
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There is, however, a limited number of breeding 

experiments in progress at the present time though not 

in the British Empire. Such experiments are generally 

run along one of two lines, either inbreeding or 

crossing of two extremes 

a.Inbreeding and Line breeding 

Inbreeding and line breeding experiments have 

been conducted for many years, especially in Germany 

and hmerica Soviet Russia, as reported. by Garkawy 

(52) is endeavouring to embark upon a very large " 

scale breeding experiment If successfully 
organised the results should be invaluable Environ- 

ment and. nutrition are to be standardized as far as 

possible in order to facilitate the _: easurement of 

genetic constitution Inbreeding. and line breeding 

are to be practised -.Experiments of this type aim 

at the production of a class of stock homozygous for 
high production and also of known genetic constitution, 
thereby allowing for the study of the mode of trans- 
mission of factors for milking capacity. The 

occurrence of 1'prepotency't of sires has received much 

attention. 

Formerly, the crossing of breeds showing consid- 
erable variation in performance was popular as a 

method of gaining a broad outline of the dominance or 
recessivity of the characters involved in high milking 
Capacity. Such work as this is very slow but in all 
probability, after many years, the/ 
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the findings should be of value in the elucidation of 

this problem. Such results as there are need 

individual interpretation, as the application of 

biometrical methods would cloud the underlying 

principles of transmission of any particular factors.; 

Briefly, the difficulties. of studying the 

inheritance of milk and butter fat yield can be 

summarized as follows: - 

1. The confusion which arises owing to the 

interaction of genetic coñetitution and environment. 

2. Limited ability to measure the inheritance of 

these factors as (a) Direct measure can only be made 

through the cow, (b) Frequent lack of knowledge 

regarding the genetic constitution of sires used (c) 

Absence of inbreeding occurring amongst dairy stock. 

3. Insufficient supply of reliable material. 

C Material used for this investigation. 

0. The data used in this survey were collected from 

the Annual Scottish Milk Records Association and the 

Ayrshire Cattle Herd Books. The cows were 

selected in alphabetical order and all herds had been 

continuously recorded from 19:2 -1928. In all, abouti 

5,000 records were obtained, these having been drawn 

from some 300 herds which contained 1518 cows. 

g. The greatest care was taken in the selection of 

material 



material, in order to avoid as far as possible the 

distortion of results by environmental factors. The 

elimination of the effect of environmental factors 

was achieved to a great extent by confining the 

location of herds to the South West of Scotland. 

Here climatic conditions, types Of farming and 

systems of farm management ana nutrition are uniform 

'to an unusual degree. This, of course, limited the 

amount of data available but increased the accuracy 

to a high degree. 

Pedigree cards for each animal included such 

details as age of animal, length of each lactation, 

dates of service and calving, gallons of milk and 

average percentage of butter -fat for each lactation 

together with ancestors to the grandparental 

generation. (See specimen card) . 

D, Procedure. 

Application of Correction factors. 

Having obtained as many lactations per animal as 

Hpossible, certain correction factors were applied. 

The necessity for adjustment for length of individual 

lactations was avoided by the elimination of all 

records of less than 245 or more than 365 days in 

length. Corrections for age of animal were essential. 

iay and M' Candli sh calculated the following table for 

Ayrshire cattle from the South West of Scotland and 

these were the correction factors employed. 
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T.iBLE IV 

Correction Factors for .age 

Age in years Milk Yi el d at Yield. 

3 1.16 1.13 
4 1.12 1.12 
5 1.06 1.05 
6 1.03 1.03 
7 1.00 1.00 

Both the pounds of butter fat and gallons of milk 

of each lactation for every animal were converted. to 

the maximum yield of seven years. Their corrected 

yields were then averaged arezi. thereby obtainedc the 

average maximum lactation yield of fat and milk for 
each animal. 

Corrections for length of dry period were not 

required as with but few exceptions the length of dry 

periods was exceptionally uniform. 
2 statistical Lethod In a study such as this the 
problem arises as to the best statistical method to 
use and. it is here that Dr R À Fisher, F R S , of 

Rothamsted, so kindly gave assistance by evolving a 

completely new formula The statistical method 

employed was one involving much calculation but 
avoiding several difficulties encountered by the use 
of other methods For instance, there is the 
question of holding the influence of the sire constant 
when calculating dam and daughter correlations 
of the earlier work along these lines ignored the 
effect of different sires upon darn and daughter 
relationships/ 

Some 
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relationships Another difficulty is that of 

choosing the measure of the sire's influence as milk 

yield and butter fat, unlike such qualities as beef 

etc., can only be measured directly through the femal 

'Methods have been evolved., as for instance by Gowen, 

whereby the sire's potential ability is given due 

weight G-owen's method is as follows:- (73 ) 

P. 299 "The basis of this method is, as already 

noted, the fact that the grandsire must of necessity 

fall in only one array of the correlation table since 

if we had an actual milk record on this sire, this 
record could fall in only one column of the table 

\.hth this fact and the known relations of the stan- 

dard deviation of the arrays to the standard 
deviation of the whole 'table it is possible to 

calculate the correlation coefficient" 
The method. used in this study avoided these 

approximations 

The data were first classified according to the 
paternal grandsire which classification resulted in 
groups of animals with at least one common ancestor 
The granddaughters of each paternal grandsire were 
compared one with every other and classified under 
one of the following 25 relationship groups 

TABLE Vi 

e 
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If a grandsire had less than 5 granddaughters 

such a group was not included It is clear that the 

number of pairs possible in each group increased 

rapidly with a small increase in actual numbers, as 

every animal was compared with every other one For 

example, 10 cows with the same common grandparent 

would give 45 possible pairs but 20 animals would 

increase the number of pairs to 190 - the formula for 

the possible number of combinations being 44 (n - i) 
2 

During the investigation it was found that certain 
relationships would;:. occur between animals which were 

not provided for in the table and such being the case 

these pairs were neglects =a = igain, as the results 
will indicate, some of these degrees of kinship are 
most remote, as for example two heifers whose sires 
are full brothers and dams full sisters, or whose 

sires are maternal half brothers and dams maternal 
'half sisters: 

The milk yields of each pair were t aken 'and the 
difference between their two yields was squared. 
From this, it was possible to obtain the mean of the 
summation of the differences squared ( ED2 where D 

Ñ differences between individual milk yields .and N = 

number of pairs) for each relationship group, thus 
completing the calculation as gegards the paternal 
grandsire classification. 

Obviously/ 
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Obviously this process is extremely slow and 

laborious involving mtich work and to avoid this Jr. 

Fisher suggested two short cut methods the formulae 

of which are given below The first method applies 

when members of one group of animals have each to be 

compared with members of a second group The second 

method applies when each animal in a group has to be 

compared with every other animal of that group 

Formula of First Method. 

The sum of pq values of (xp - yq)2 = pq ,-- x - y)2 

+ (y - y)2 + qSp (x - x x) 
2 

when p = number of animals in 1st group 

q= tt 2nd group 

x or y = Difference between the mean of x and y data 

Sq (y - y)2 = the sum of the squares of the deviation 
from the mean in y data 

Sp (x - x)2 = the sum of the squares of the 
deviations from the mean in x data 

Formula for Second Method. 

The sum of 2p (p - 1) squares of differences within 
a single group of p values is pSp (x - :74) 

When p = nwnber of animals in the group 
Sp (x - 1)2 = the sum of the squared of the 

deviations from the mean. 

The same procedure was followed for the three 
1 

'remaining grandparents, these being maternal- grand - 
sire and maternal and paternal grandams It is 
obvious that in the case of both female grandparents 
certin/ 
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certain relationship groups would overlap with those 

on the male side, especially in classes of a high 

degree of kinship Such being so, these were not 

taken into consideration. 
when this procedure was completed the yield of 

each animal had been compared with every other 

eligible one of its group 

The last step in the milk yield study involved 

taking random samples to make up the non-related. grou 

(dams not sister, sires not brother) and for this 
purpose the sampled selected contained groups of from 

30 to 40 animals in whose pedigrees there did not 

exist one common ancestor (as far back as the cards 

indicated) When selected., the same procedure was 

followed as above, thus finding the mean of the 
summation of the differences squared. The number of 

pairs in this class was 6,660 and the total number of 

pairs in the investigation was 26,091. 
For the second part of the work - the mode of 

inheritance of batter fat, exactly similar operations 
were carried: out but this time the corrected figures 
for pounds of butter fat per lactation were used 
The total number of pairs here was the same as with 
the milk yield data. The two branches of this 
investigation included. over 52,000 pairs of animals 
VI/ 
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E. Result s 
Owing to the remoteness of some of the relation- 

snips and to lack of inbreeding amongst dairy herds, 

several squares in the relationship table remain 

unfilled and still others have an insignificant number1 

of pairs. From exyperi ence, specially gained during 

the study of unrelated animals, it is thought that th 

number of pairs necessary to give reliable results 
should be from 1,000 to 2,000 The variation 

occurring in individual milk yields is great and a few 

extreme yields influence results considerably, there- 

(fore great numbers are essential. 
',Butter Fat 

TABLE vI/ 



TABLE VI. 

Summary' of Butter -Fat Yield of ,;.yrshiré. Clows in Different Relationship Groups 

Sires 
Dams SANE WHOLE BROTHER PATERNAL 2 BROTHER MATERNAL 2 BROTHER NOT BROTHER 

Number 
of 

Pairs 
fN 

Summation 
of 

Differences 
Squaged 
fD 

Mean of 
Sum of 

Differences 
Sgaa ed 
ZD 

EN 

i 

zD2 2 EN ß,D2 D2 
Ñ 

zN ED2 zD 2 EN zD2 

N N N 

N 

Same 200 829778 4150 7 41916 5988 158 688631 4358 

'vVho1e :3ister 41 134702 3285 29 94821 3270 

Pat. i Sister 2027 9212597 4545 3 12878 4292 29 139562 4812 2 3400 3400 .2303 15144791 6576 

_ Mat. 2 Sister 69 277907 4028 1 361 361 185 996889 5389 

Not Sister 6361 31630549 4973 415 1968344 4742 6435 41418225 6435 1166 7038079 6036 6660 52949834 7950 
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The results indicate that the mode of inheritanc Pi 

of butter fat yield is autosomal. In this type of 

inheritance, the smallest differences would occur in 

the nearest relatives whilst as the degree of kinship 

increases, so the variation widens. 

The smaller the figures for the summation of the 

differences squared ( 

D2 
that is the measure of 

Ñ 
variation) , the greater the similarity between the 

records of the animals in that particular class, and 

therefore it may be assumed the more nearly alike are 

their genetic constitutions (regarding factors for 

milk or butter fat yield) . The measure of variation 

should be smallest in the same dam by same sire group 

(as here the animals compared are full sisters) and 

increase towards the right hand and bottom of the 

table with the largest variation in the non -related 

groups. On looking at Table VI, and taking the 

groups with significant numbers, this is seen to be 

the case. 

TABLE VII 
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In Table VII a brief comparison between the 

actual and theoretical differences has been drawn up. 

The figures for the theoretical are those representing 

the chances of similarity which each group of animals! 

of given relationship will have to inherit the same 

the same factors and so be alike. 

Turning back to Table VI it can be seen that in 

the same sire and sam dam group,2D2 = 4150, this 
N 

,measure increases to 4545 in group of paternal half 

sister by same. sire, and finally rises to 4973 in not 

sister by same sire. Taking the relationship groups; 

Hivhere the dams are unrelated, (not sister) it can be 

observed that 2D2 commences at 4973 (same sires) , to 
Ñ 

6435 (sires - paternal z brothers) to 6036 (sires 

- maternal 2 brothers) and eventually to 793Q in the 

totally unrelated group. Unfortunately, the group 

containing sires as unrelated (not brothers) are small 

the one significant class being that of dams as 

paternal i sisters where ID2 = 6576. This agrees 

well with the reciprocal cross of dams not sister and 

sires paternal z brothers where D = 6435. 
Ñ 

2.1,1ilk Yield. 

TABLE VIII/ 



TABLE voit. 

Summary of Milk Yield of Ayrshire Cows. in Different Relationship Groups. 

Sires 
Dams SAMTE WHOLE BROTHER PATERNAL 2 BROTHER MATERNAL ¡BROTHER NOT 

-i 

BROTHER 

N £D2 ED 2 £1`r zD2 ED2 ,.N ED2 ED2 
N 

EN D2 ED2 z N ED2 zD2 
IV N N N 

Same 200 4964468 24822 7 238699 34099 158 5188262 32837 

Whole Sister 41 502663 12260 29 281275 9699 

Paternal 2 Sister 2027 56402718 27821 3 3877 1292 

.. 

29 497683 12264 2 18850 9425 2303 55773684 24218 

Maternal z Sister 69 1875174 27176 1 15129 15129 185 6140381 33191 

Not Sister 6361 227073155 35698 415 23206895 55920 6435 321305317 49931 1166 51453601 44128 6660 158109201 45579 
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In this table, 2D2 2S. in much larger figures 

as it is- an expression of gallons of milk as opposed 

to pounds of butter fat as in Table VI 

Again results show a gradual widening of variation 

as the degree of relationship falls. In Column I 

where the sires are the same, £D2 rises from 24,822 
Ñ 

(same dams) to 27,821 (dams paternal half sisters) 

and finally to 35,698 (dams - unrelated). Following 

the same line of comparison as in the Table VI the 

',next considerations are these groups including dams 

unrelated. Here :ED2 commences at 35,698 (sires - 
N 

same) to 49,931 (sires - paternal half brothers) to 

;44,128 (sires - maternal half brothers) and finally to 

45,579 in the non -related groups. Lastly, of the 

significant number of pairs, there is the reciprocal 

cross to not sister x paternal * brother - that of 

not brother x paternal 2 ' si st er, where zD2 = 24,218. 
Ñ 

On comparing the results in Tables VI and VIII 

one outstanding difference can be seen, that is the 

difference between D for the groups dam not related 
Ñ 

by sires paternal 2 brothers - (that is the common 

ancestor is the paternal grandsire) , and its reciprocal 

cross of unrelated sires by dams paternal half sisters 

(that is the common ancestor is the maternal grand - 

sire) . 

TABLE IX/ 
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TABLE IX 

Comparison of ;iilrk and Fat Yields of nimals with com 
mon maternal and maternal grandsires. 

ED2 
7 

M. Y. B. F. 

Cows with common paternal grand- 
sire and darns unrelated 49,931 6435 

Cows with common maternal grand- 
sire and sires not related 24,218 6576 

The differences occurring here can be said to 

2 
be significant. rD for the butter -fat yield is 

similar in both groups. However, the measure of the 

difference of the milk yield of cows with common 

paternal grandsires is almost twice that of the same 

measure of animals with common maternal grandsire . 

The extent of variation between the reciprocal 

crosses either supports or condemns the theory of se> 

linage in the inheritance of milk and butter -fat 

yield. Assuming that some of the factors influencing 

milking capacity are sex -linked, zD2 of animals with 
Ñ 

only common paternal grandsire will be larger than 

th;.t foroanimals with common maternal grandsires. 

The difference found in the investigation in the milk 

yield data is 25,713 or an increase of more than 100 

per cent over the measure for animals with common 

maternal/ 
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maternal grandsires 

A second degree of kinship which is of interest 

to the sex linkage theory, is that of the class in 

which dams are unrelated and sire maternal 2 brothers 

that is, the only common ancestor being the paternal 

grandam. In a purely autosomal inheritance, the 

variation between the yields of animals with common 

paternal grandams and with common paternal grandsires 

would be about the same if, however, any of the 

factors are sex linked, then the extent of variation 

will be greater ih the group with the common ancestor 

as paternal grandsire than in the paternal grandam 

group. Factors on the x- chromosome can be inherited 

from the paternal grandam to her granddaughters but 

not through the paternal grandsire. 

TABLE X. 

Comparison of-Milk and Fat Yield of Animale with 
different paternal grandparents= 

D2 
Common Ancestors Ñ 

B.F. M.Y. 

1 Paternal grandsire 6435 49,931 

2. Paternal grandam 6036 44,128 

.The 12 for butter fat yields are approximately 
ITT 

the same, as a difference of 400 is negligible. The 

difference between these two values in the milk yield 

data is. proportionately twice as great as that for the 

butter¡ 
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butter -fat yield.. although the difference is not 

very great, yet it is in support of the theory. 

TABLE XI 

Measure of Variation in different Kinship Groups 

(212) 
Gowen( 73 ) Smith etc . Found. 

M.Y. B.F. Milk Yield. M.Y. B.F.Y. 

Pat. grandsire .005 .119 259 +.0163 - 100 +.19 

Pat. grandam :.171 .214 .049+061 +03 .24 

Plat grandsire .206 .216 .478 +0134 +.47 .17 

,'at grandam .234 .244 .131 +.053 k' +.27 X.32 

X = number of pairs insignificant 

It is of interest to note the similarity between 

those results. Gowen, however, does not emphasize 

the possibility of sex linkage occurring in the 

inheritance of milking capacity 

,Occurrence of Certain Relationships 

Apart from conclusions which can be drawn as to 

the mode of inheritance of milk and butter fat yield., 

Tables VI and VIII bring out another interesting fact 

The number of pairs which are in each kinship group 

give an indication of the popularity of various 

coatings. The data at hand show that it is the 

history/ 

Footnote: r obtained here by formula given on P87 
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history of the bull which receives the attention of 

the breeder Out of twenty -six thousand pairs of 

cows, 6361 pairs fall in the group of same sires 

whilst another 6435 fall into the sires in paternal 

2 brother class. This indicates that the selection 

of the herd bull is based more upon. the bull's sire 

than upon his dam. The next two most frequent 

coatings are those involving paternal half sisters - 

paternal half sisters with same sires or with 

unrelated sires Again it is the male side which 

seems to be the controlling factor The effect of 

famous bulls is felt by the selection of their 
daughters for. breeding 

If breeders selected, their stock according to the 

value of the dam, then the number of pairs in the 

maternal lines would be greater As it is, the 

number in the maternal lines (that is those classes in 
which the cow has been the influencing factor in 

selection) is 1493 as against that of 11,253 in the 

paternal lines The group of cows with same sire andi, 

same dam has not been included 

These figures give a good example of prevalent 

breeding practices The sire carries much more 

influence than the dam The herd bull is more 

commonly selected because he is the son or brother of 

a famous bull than because he is the son of a famous 

cow/ 
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In this data, the figure for selection of the 

son because of his sire -is 6645 as opposed to 1166 

r;here the bull must have been selected as coming from 

a famous cow. 

Conclusions 

From the analyses of these data, the mode of 

inheritance of butter -fat yield appears to be purely 

autosomal, whilst that of milking capacity appears to 

be affected by sex -linked factors. But consideration 

L ust be taken of the fact that unfortunately these 

data do not constitute a purely random sample of all 

cows in a herd and the elimination of low yielding cows 

ay cloud the results to some extent more especially 

as the Ayrshire breed ha$ been selected to a greater 

extent for milk production than for butter fat Making 

allowances, however, for this fact and also the effect 

of environment etc., the great difference in the 

easures of variation between the milk yields of the 

twa 
' sets of granddaughters (paternal and maternal 

randsiresj is significant. This significance is 

supported by similarity of this..same measure in the 

case of butter-fat yields. 

These results point towards the possibility of 

he inheritance of Milking capacity being sex -linked 

rom the analyses of these data, it is impossible to 

say that at part of the milking capacity of an animal is 

affected in this way as it may be the maximum yield or 

persistency/ 
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persistency of the lactation or ,again it may only 

affect cows above or below a certain yield. 

Should this theory of sex- linkage be proved,. it 

will be of great value to the breeder and improver of 

livestock, as it will give at least one definite 

course to follow in breeding practices. Great value 

would.lie in the facilitation of the choice of stock 

for the purposes of introduction of new blood lines 

into a herd.. Especially in a dairy herd, the pur- 

chase of a new sire is a serious question as an 

unfortunate choice can .do great harm which tames year 

to obliterate. At present, the choice of selection 

of the bull is influenced largely by the quality of 

his sire or brothers and of secondary importance, his 

dam. I. great number of untested bulls depend for 

their value upon their sires. Should any of the 

factors for milking capacity be sex- linked, then the 

value of the bull's sire jin so far as his transmitting 
powers of characters for milkinc capacity are c.incern- 

ell be greatly decreased. Attention regarding 

mi___ lk ing qualities will then have to be directed more 

towards the bull's dam and her parents, rather than 

to his sire. 

Until further investigations have been made more 

definite proof cannot be found to support the theory 

of sex linkage. Such proof would be abundantly 

found/ 
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found in systematic development of progeny tests. 

Less emphasis should be laid upon the sire of the bull 

and his pedigree but of utmost value is the quality 

of his offspring as an indication of his powers of 

transmission. In judging the quality of offspring, 

the quality of the dam must be taken into considera- 

tion. A sire used in a herd of low milk rec:rd 

average can easily raise the herd average to quite a 

large extent without himself being of much value. The 

valuable sire is one who, either maintains, or raises!, 

his daughters' average above those of high yielding 

dams. Pedigree alone is no indication of 

transmitting ability as sdme purebred sires are not 

even good enough for use in scrub herds. Great 

advancement has been made in Denmark along these 

lines and all herd sires used must have previously 

passed the progeny test. Faber (38,39) states that 

the Danish Government will not allow a bull to be 

eligible for a Government prize unless his daughters': 

records, as well as his pedigree, can be shown. 

Also some cattle breeding societies note the yield of 

the dam, sire's dam and dam's dam of bulls bought by 

them. vriedt advises the publication of a list of 

bulls suitable for use as herd sires. The sons of 

these bulls should be selected by genotype regarding 

the performance of sire and dam and finally sire's 

dam/ 
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dam. Lastly selection should be influenced by the 

exterior when the most important economic characters 

should be considered. In this country, apart from 

an occasional progeny class at an agricultural show, 

very little attempt at improvement has been made in 

this direction. Milk recorded cows which reach a 

certain standard can become qualified bull breeders 

but no emphasis is laid upon the necessity of using 

bulls from such dams as herd sires. Granted, their 

market value may be higher but the vital importance 

of using such sires is not sufficiently recognised. 

Bulls considered unfit for breeding purposes in 

Ireland are imported into this country, where, 

presumably they finally become herd sires. A glance 

through the literature dealing with the improvement 

dairy stock in America through the use of purebred 

tested sires shows what can be accomplished by 

practising rigorous systematic selection and breeding. 

Summar of Results of Ori_inal Investigation. 

1. Material consisting of the milk and butter fat 

yields of over 50,000 pairs of ,i.yrshire cows is used 

in the study of the mode of inheritance of milking 

capacity. 

2. Correction factors are applied to age of animals 

and selection of data elimiat ed * effect of environment 

length of lactation, etc. 

3/ 
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3. Butter -fat yield analyses results indicate that 

as the degree of relationship increases, the measure 

of variation between these yields also increases. 

4. Milk yield analyses suggest the occurrence of 

sex -linkage in the inheritance of milking capacity. 

The measures of difference in groups where the common 

inheritance of sex linked factors is possible, is 

smaller than in groups where such is rat possible. 

5. Examination of number of pairs in each class 

indicates that breeders select their stock according 

to the male ancestry rather than the female. 
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TI SÇJN F.. _,L.`iHIESOI; H.z. and FOUET D.L. 
1929. Dairy Herd Improvement throng t. e Use of 

Proved Bulls. Idaho Sta. Bull. 163. 1929. 
P. 23. 

* Denotes references incomplete and possibly doubtful 

C] Square brackets denote translated titles 
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1913. Sex -Limited Inheritance. Amer. Breed. 

Mag. 1913. 4, Pp. 134 -161. 
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J. of South -Eastern Jersey Club. 1930. 6, 
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1925. Animal Genetics. An introduction to the 
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Sires by the Records of their First Advanced 
Registry Daughters. Illinois Sta. Bull. 270. 
1925. Pp. 545-566. 
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1927. Die konstitutionelle Beinflússung der 
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1921. The Improvement of Dairy Cattle in Denmark 
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FEIGE, E. 
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P. 381. 
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FII?LA.Y, G.P. 
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FOLLE 2.E. 
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FOR AT\T M.H. 
1.926. Official' Records as Material for Studying 
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i RROLI CIT . G. 

Experimentelle Untersuchungen Uber die 
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1912. The Interpretation of Milk Records. J. 

Roy. Agrl. Soc. Eng. 1912. 73, Pp. 152-174. 

GIFFJRD , W. 
1926. A Study of the Progeny Performance of 

Ayrshire Sires. Easter's Thesis University 
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Fat Production. An Analysis of the Progeny 
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