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PREFACE 

A cogent truth is expressed in the trite clanse, the dairy cow is the 
foster mother of the human race. But like most such easily remem
bered remarks it is but a half truth for the dairy cow not only takes 
up and e, .. t..uds the work of the human mother but furnishes absolute 
necessities for mankind througbout the entire life span. Milk and 
the dairy cow are at once problems of all the sciences, medicine, 
economics, chemistry, physics, and biology. The wonderful food 
properties of milk for bacteria as well as man early forced home to 
us the importance of clean milk in the sense of containing no bac
teria injurious to health. Its unexeelled food properties have uncon
sciously made a public cry for economical milk production. The 
fundamental sciences have been called in to solve these problems. 

But there is more to the milk problem than quality production. 
The recent vitamine studies have brought out in relief a fact already 
realized by those familiar with the problem, namely the absolute ne
cessity of quantity. The researches of Sherman, Osbourne, Mendel, 
McCollum, and Bloch have shown that the child up to at least the 
age of fourteen years must have quantity as well as quality milk in 
its diet to continue its proper development and to prevent gross 
pathological changes. The quantity production of quality milk is a 
universal public health problem touching us all. 

If adequately analyzed it is found that two major problems are 
behind the quantity production of milk and butter-fat. It is now 
well recognized that a cow must be bred for milk production or her 
yield will be small no matter what she is fed. The student of breed
ing equally realizes that a cow must be fed correctly or low produc
tion will reault. The two fundamental problems of the dairy cattle 
industry are, consequently, an adequate knowledge of the laws of 
inheritance and of nutrition. 

One regrets to admit any tardiness in his own profession, yet in 
justice to the nutrition workers who have studied problems of milk 
yield, it must be said that the progress in our knowledge of breeding 
seems amall indeed. Figuratively speaking if we stand at the inter-
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section of these two crossroads of dairy science, breeding and nntri
tion, and look back over them they have a markedly different appear
ance. The nutrition path is well beaten as if many feet had trodden 
it. It is strewn with achievement. The other path is merely a trail, 
crooked at that, looking more like a path made by the blind lead
ing the blind. There is, however, Borne excuse for this lack of accom
plishment. The problem is difficult in the extreme, it is beset with 
many physiological difficulties, it is expensive research and returns 
come in far more slowly than they do for most of the other agricul
tural problems thus far investigated. These are all questions where 
the public must be convinced and the public works together on a 
problem about as efficiently as a committee of one hundred million 
would be expected to do on any problem. 

Purely aside from the public health significance of the problem, a 
significance no one would deny, the stupendous size of the breeding 
problem for dairy cattle is scarcely realized by those urifamiliar with 
the industry. In this country alone there are nearly 7,000,000 calves 
under one year old, over 4,000,000 heifers from one to two years of 
age, nearly 20,000,000 cows over two years of age, over 500,000 
bulls over one year of age, or all told, over 31,000,000 dairy cattle 
and all these cattle have to be replaced at least every six years. 
Over 70 per cent of our farms derive support from this industry and 
the industry is growing at the rate of nearly 15 per cent a year. The 
present value of the dairy cattle alone is more than a billion and a half 
dollars and the products from them are yearly worth nearly as much. 
And yet this industry is built on a cow whose average yearly produc
tion is only slightly over 3000 pounds. Because of inadequate breed
ing and hearsay knowledge of its laws the industry gets along on a 
shoe-string basis making scanty profits to its owners and a slender 
public supply of milk which is frequently too meager for the poor to 
get the much needed quantity for their children. 

"You can feed a cow until she bursts but she will not make milk 
unless she has the inheritance for doing it," said one of my good 
friends, himself an able investigator in the nutrition field. What 
then can breeding do? No one would, I think, contradict the fact 
that the greatest contribution to the knowledge of dairy cattle 
breeding would be the elimination of the poor milk yielding cows 
before they are born or for that matter before conception had started 
their existence. The work in which the writer is now engaged haa 
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this goal. The volume here presented is in small part a beginning of 
the fulfilhnent of this desire. The hope is entertained that the future 
will offer the opportunity to further extend and complete the work 
here commenced. 

The list of those who have lent their influence to further these 
animal husbandry investigations would indeed be long. Two men 
have been outstanding in the encouragement they have given the 
writer and in the fum, unyielding support they have given the work. 
To the efforts of these men, Drs. Raymond Pearl and Charles D. 
Woods, is largely due the completion and pUblication of this work. 

Historically speaking this work took its origin from the year 1913 
when Dr. Raymond Pearl commenced these animal husbandry 
investigations here at the Maine Agricultural Experiment Station. 
These investigations were conceived broadly. Their sole aim was the 
collection of critical, scientific data on the problems of the phYfiol
ogy and inheritance of cattle breeding. In no sense were these experi
ments an attempt to produce any new types of economically impor
tant animals. The guidance of the experiments was in the hands of 
Dr. Pearl until the beginning of the war called him elsewhere, mak
ing it impossible for him to continue the work further. At that time 
the writer, a student of Dr. Pearl's, who had worked in these investi
gations earlier (1914), took up the direction of these investigations. 
Building on the broad foundation already laid it became possible in 
1918 to commence the analysis of the material herein presented. 

Inheritance work, which involves a quantitative character, is long 
and tedious. The complexity of it reqnires the use of the keenest of 
analytical tools, the mathematics of probability, to render assistance 
in its solution. Needless to say the data presented in this volume are 
not all of the writer's own doing. A great measure of the effort 
should be credited to the mental acumen of his two assistants, Miss 
Marjorie Gooch and Miss Mildred R. Covell. Other assistance 
facilitating the work has been received from Miss Beatrice Goodine 
and Miss Helen A. Ring. 

The results of anyone investigation can scarcely be said to be final. 
While only one line of evidence is here presented, it should be said 
in justice to the work, that five lines of research have contributed 
their evidence to check the conclusions. These researches are the 
&news making one whole. They stand or fall together. Their 
continued prosecution has been made possible in large measure by 
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a grant to the writer from the Rockefeller Institute for Medical 
Research. The writer here acknowledges with gratitude the finan
dal service rendered and what is even greater, the sacrifice of personal 
time and energy given freely to this work by the Board of Scientific 
Directors and particularly by Drs. Theobald Smith and Simon 
Flexner. 
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CHAPTER I 

THE CHARACTERISTICS OF HOLSTEIN-FRIESIAN MILK YIELD 

Like races of men, breeds and their peculiarities can only be appre
ciated and properly interpreted when their history is known, The 
history portrays the forces, their act.ion, interaction, and compres
sive strength, which mold the breed into a unifed whole, These 
forces react on the whole organic complex reaching and influencing 
even the most minute. Should the forces react on inheritable 
characters, the resulting modifications will be inherited and become 
permanent features of the breed, It is fitting to begin the discussion 
of the'Holstein-Friesian breed and the physiology of its milk secretion 
by a summary of the breed's history, For this purpose I quote the 
excellent discussion of Cole and Jones. l 

The early history of the Holstein-Friesian eattle, like that of other breeds, 
is largely a matter of conjecture, and many of the statements in the literature 
cannot be accepted at their face value. For example, it has been assumed by 
some that the present black-aod-white color originated shortly before the 
beginning of the Christian era by the crossing of black cattle brought by 
the Batavians, who settled in the region between the Rhine and the Meuse, 
and "pure white" cattle of the Friesians. Not only is it improbable in the 
first place that these early tribes possessed cattle which approximated definite 
breeds, uniform in color and markings, but is it exceedingly improbable from 
a genetical viewpoint that a pied pattern like that of the Dutch cattle should 
arise from the crossing of black and white stock. The statement of Henger
veld, so often quoted, to the etl'ect that lithe genealogy of Netherland cat
tle is pure and unadulterated, aud is at least 2000 yeal'S old" can not he ac
cepted at its face value. It is true that the region of the Netherlands has 
apparently possessed cattle of special value since early Christian times, or 
possibly before, but there is no evidence to show that there have not been 
intermixtures with it; in fact, there is positive evidence to the contrary. 
In the matter of color alone it seems fairly certain that perhllps the most 
genera}. color of the cattle in the Netherlands and the surrounding provinces, 
until within a century or two, was red or fawn (or some shade of dun), and 
that black-aDd-white piebald as a predominating color is of comparatively 

1 Cole, Leon J. and Jones, Sarah V. II. 1920. The occurrence of red 
-calves in black breeds of cattle. Wisconsin Agrieultural Experiment Station 
Bulletin No. 313. 
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recent introduction. Red-and-white breeds still occur in Holland and the 
West German provinces, such as East Friesland and Oldenburg. 

The fullest and most critical discussion of the color of the Netherla.nd cat
tle is that of Bakker, published in 1909. He remarks that recent authors 
assume Netherland cattle to have been black-and-white since earliest times, 
but says there is no basis whatever for such an opinion. On the contrary, 
be believes that there were no black-aDd-white cattle in Holland previous 
to about the middle of the eighteenth century. This conclusion is based 
very largely on the evidence afforded by early Dutch paintings in which 
cattle are depicted. Bakker examined nearly 4000 paintings in the Imperial 
Museum at Amsterdam and found that while many of them contained cattle, 
no black-and-white cattle appeared prior to the second half of the eighteenth 
century. 

TABLE 1 

Colors of cattle in old Dutch pictures (from Bakker) 

NmlBEH ru" I R~:::- I ~~~. K~:;~'. 

--------~~I·---;;;;;;;:;- percent percent 
1500-1600 23 34 7 4 3 56 5 56 5 8 7 
1600-1700 154 50 0 5 8 35 7 35 0 1 3 
1700--17751, 9 22 2 55 5 11 1 66 6 0 

* "Blaarkop" animals are white-faced, but with a spot of pigment en
circling the eye; IIwitkop" is literally white-headed, the whole face, or' praC
tically the whole head, being white, as in Hereford cattle. For convenience 
we shall refer to the two classes together as "white-faced." The pigment 
accompanying these conditions may be either bla~k or -red. 

t Approximate. 

In the accompanying table are given the percentages of different colors 
in each century from 1500 until about 1775. After that period bla.ek-and
whites are numerous while recent artists use black-and-white cattle ex
clusively to adorn their meadow soones. 

Several interesting points c8llle out from 8 study of these pictures. We 
note, for example, that if they may be relied upon as giving a fair indica.tion 
of the predominating colors of the cattle at the time they were painted, 39 
pel' cent of the Holland cattle in the sixteenth century were red or red-and~ 
white, while 56.5 per cent are represented as dun, probably referring to some 
shade of grayish' brown, perhaps somewhat like the color of many Jersey 
ca.ttle. Bakker stat.es that in some cases the color is somewhat uncertain 
in the paintings, so that there is considerable variation of color in anima1s 
classed in the table as dun. In the seventeenth century the proportiOllS 
are not markedly different, but in the eighteenth century there is a notice
able increase in the proportion that are spotted with white. In all the pic .. 
tures painted after the latter part of the eighteenth century in which cattle 
are included, at least one or more are black-and-white spotted. 
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These faets have led Bakker to conclude that the Netherland cattle are 
descended from the old red native breed which constituted the original cat~ 
tIe of all central Europe; that they were, therefore, not originally black~and
white, but that this color dates from the latter part of the eighteenth cen~ 
tury; and that it was introduced illto Holland by importations of Jutland 
cattle from Denmark. There is, furthermore, historical evidence of such 
importations to support this view. The white face marking has, however, 
been common in the Netherland cattle from earliest times, and is characM 
teristic of one of the present breeds in Holland. 

The black-and-white color must have found great favor in Holland, for 
after its appearance it seems to have become the predominating one in a 
relatively short time. Furthermore, the fame of the Netherland cattle, 
especially those of Friesland, rapidly extended them to neighboring coun
tries, and more recently to all parts of the world. Nevertheless, as late 
as 1865, John H. Klippart, who made a tour of Europe for the Ohio State 
Board of Agriculture, reported regarding the color of these cattle at the 
International Fair at Stellin, Germany, that "the most in popular favor are 
the white, with red, grey, blue~grey, or black spots," showing that even then 
the breed was far from uniform. 

Professor Silliman, in his "Journal of Travels" in Holland, published 
in 1812, says: HInnumerable multitudes of very fine cattle were grazing upon 
the meadows; many of them were of 6. pure milk-white color; others, nearly 
or quite black; but by far the greater number were marked by both these 
colors, intermixed in a very beautiful manner; and we found this fact to be 
general; for wherever we went in Holland, the cattle were black or white, 
(lr striped and spotted with these colors." Prof. George G. Cook is quoted 
as writing in 1871 that cattle are to be seen everywhere at pasture in Hol~ 
land and that "their decided colors of black and whit-e make them con
spicuous objects." No mention is made of other colors. These statements 
confirm the conclusion that black-and-white came into predominance very 
rapidly after its introduction, a thing which could very naturally happen, 
since black is dominant to red. 

At the present time there are three distinct breeds of cattle in Holland: 
(1) The black-and-white Friesian-Dutch, a strictly dairy breed; (2) the 
white-faced black Groningen ca.ttle, of 8. relatively hea.vy beef type; and (3) 
the Yssel breed, red-and-white in color and intermediate in type between 
the other two. Importation of other breeds.is not allowed. It is interesting 
to note the way in which these three breeds have selected among the avail
able color and pattern characters. The Friesian~Dutch has the black pie
bald pattern supposed to have come in from the Jutland breed; the Gronin
gen has the imported black color, but retains the old white~face character 
of so many early Holland cattle; while the Y ssel (sometimes called HObe· 
rijssel" OJ' HMasB-Rhein-Y ssel" breed) is redMand-white spotted, the red 
color presumably being directly descended from the old native stock. At 
the present day one sees practically nothing but black-and-white and red
and-white cattle in journeying through Holland; the other colors appear 
very largely to have been eliminated. 
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The cattle, now called the Holstein-Friesian, resulted from a com
bination of the Dutch Friesian Association and the Holstein Breeders' 
Association. The first herd book puhlished hy the combined associa
tion appeared in 1886. The idea of an Advanced Registry for the 
recording of performance was with the combined organization from 
the start, having been brought in by the Dutch Friesian Association. 
The trend toward the standardization or breeding for type began 
earlier, going back to the original European stock for about half a 
century before eJ!,.'iensive importation into America. 

Despite this breeding for type the Holstein-Friesian breed is still 
highly heterozygous (mixed) from a breeding standpoint. The 
black-and-white pattern is by no means standardized. Even red 
color, a factor recessive to black which has been selected against 
almost from the start of the two parent associations, still occasionally 
crops out. In the field of milk yield and butter-fat percentage much 
selection is said to have been practiced, the argument being based on 
the constant advance made by the leaders of the Advanced Registry. 
However, this progress is more apparent than real if the breed as a 
whole is considered. In fact, it is highly probable that if we could 
select as large a group of animals for test among the p~ogenitors of 
tbe Holstein-Friesian cattle we would find tbat given equal conditions 
of test the cows would make records practically on a par with those 
made today. 

There is, however, a certain homogeneity of type found in the Hol
stein-Friesian breed as a whole, when this breed is compared with 
the other breeds or with less uniform stock like the unregistered 
cattle of America. Data on milk yield and butter-fat percentage 
are quite extensive. Unfortunately, the same can not be said of the 
other important milk solids. The Holstein-Friesian breed as com
pared with the Channel Island breeds is characteristically a high 
milk producing, low butter-fat testing breed. The composition of 
the milk may be best illustrated in tabular form. Table 2 shows the 
data orr the milk yield, butter-fat percentage and solids-not fat per
centage taken from the data of the Advanced Registries of the breed. 

Table 2 gives a good idea of the characteristics of Holstein-Friesian 
milk. Several factors influence the milk yield. These may be age, 
heredity, or time of calving, etc. The influence of these factors will 
be considered later. Dn the basis of pounds of butter-fat and solids
not-fat an average Holstein-Friesian milk for the 36tHiay period 
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should contain 556.5 pounds of butter-fat and 1,398 pounds of solids
not-fat. The ratio of the solids-not-fat to the butter-fat is approxi
mately 2.5 to 1. Taken in the form of percentages, the Holstein
Friesian milk contains slightly over 12 per cent of total solids, com
posed of 3.43 per cent of fat and 8.61 per cent of solids-not-fat. The 
mean age of the group is slightly more than four years. The impor
tance of the butter-fat is of course known to all. The solids-not-fat 
contain the important constituents casein, albumin, ash, milk sugar or 
lactose, and a number of minor substances. While relatively little 
emphasis is plaeed on the solids-not-fat they are as important as, if 
not more important than, the butter-fat. 

A comparison of the milks of different breeds brings out several 
facts concerning Holstein-Friesian milk. Table 3 presents this 
information gathered from many sources, chief among which are the 

TABLE 2 

Average quantity and quality of milk yield and age at test of Holstein-Friesian 
Advanced Registry cattle 

Mean milk yield (pounds). 
Mesn butter-fat percentage .. 
Mean Bolids-not-fat percentage . . 
Mean total solids percentage .. 
Mean age at test (years) .. 

* All data, 335 individuals including one which is doubtful. 

16,233 
3.428 
8.612* 

12.040 
4.57 

papers of the Agricultural Experiment Stations and the analyses of 
public chemists. Each tabulated value is, in general, the mean of a 
eonsiderable number of observations and may be considered do.., to 
the true value. 

Th_ figures are not entirely satisfactory, representing, as they do, 
data collected unde. a great variety of conditions. This heterogene
ity is unfortunate. Two errors are easily discernible: The fat per
centage of the Holstein-Friesian is about 0.1 per cent too low, and 
the fat percentage of the Guernsey from the writer's published data 
on 10,644 animals for a year's test is 5.04 instead of the 4.53 of the 
above list. However, this is the only material available where any 
number of animals are tested for their total solids and percentage of 
fat. It is believed that even with these discrepancies the table will 
give It fair comparative view of the average composition of the milk 
of the various breeds. Taken as a whole the data show tha.t the 
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butter-fat percentage in the different breeds varies between 3.05 
and 5.12 per cent. Similarly, the total solids are shown to vary 

TABLE 3 

Mean milk constituents of the d~jJerent breeds· 

I-AL ~u"' \ FAT 

\ """00' 80LIDS-NO'l'-FAT 80Lros-~0'l'-J'AT 

But'l'llli-l'A'l' 

Molltaler 
I---;;;;;;:;-I~ ---;;;;;;:;-1---

13.22 3.86 9.39 I 2.43:1 
Blondvich . . 12.75 367 9.09 2.48:1 
Angier .. 12.51 3.51 9.00 2.56:1 
Jeverland . . 11.86 3.09 8.77 2.83:1 
Holland ... 1154 3.05 8.04 2.63:1 
East }?riesian. 11.80 3.09 8.71 2.81:1 
Lova Rhine .. 12.12 3.31 8.81 2.60:1 
Breitenburg . .. 12.34 3.36 8.98 2.67:1 
Red Holstein . .. 12.07 3.27 8.80 2.69:1 
Wesermarscb . . 11.85 3.24 8.61 2.65:1 
Schwyz .. 12.76 3.60 9.16 2.52:1 
Simmental.. 13.27 4.05 9.22 2.28:1 
Westerwold . . 12.99 3.79 9.20 2.42:1 
Glan .. 13.57 4.16 9.41 2.26:1. 
Alderney .. 13.60 3.81 9.79 2.57:1 
Jersey. 14.39 5.12 9.27 1.81:1 
Guernsey. 13.61 4.53 9.08 2.00:1 
Holsh>in-Friesian . .. 11.78 3.32 8.46 2.55:1 
Ayrshire .. 12.46 362 884 2.44:1 
Shorthorn . . 1261 3.70 8.91 2.41:1 
Polled Jersey. 13.93 4.67 9.26 1.98:1 
French Canadian.,:. 13.32 4.00 9.32 2.33:1 
Dutch Belted . . 12.31 3.40 8.91 2.62:1 
Brown Swiss .. 12.61 3.62 8.99 2.48:1 
ned Polled .. 12.66 367 899 2.45:1 
South Devon . . 1293 3.72 9.21 2.47:1 
Kerries. 

I 
13.10 4.02 9.08 2.26:1 

Dexter .. .. 1258 3.46 9.11 2.63:1 
Holstein-Friesian 12.04 3.44 8.60 2.50:1 

• See Gowen, John W. 1919. Variations and mode of s~eretion of milk 
solids. Jour. Agricultura.l Research, vol. xvi, no. 3, pp. 79-102, for literature 
on this point. 

between 11.54 and 14.39 per cent and the solids-not-fat between 8.04 
and 9.79 per cent. This would make the average composition of tlle 
Holstein-Friesi~ breed!ather lower than most of the other breeds, 
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both in the percentage of butter-fat and in the total solids. If we 
consider the ratio of the solids-not-fat to the butter-fat when the milk 
is constant, the values of the ratios vary between 1.8 and 2.81. The 
Holstein-Friesian breed has a high proportion of solids-nat-fat. 
There appears to be an association between the percentage of the fat 
characteristic of the breed and the content of the solids-not-fat 
carried in the milk-, that is, the Jerseys, with their high fat percent
age, also have an increased amount of the solids-not-fat over the 
other breeds, and the Holland, one of the breeds lowest in butter
fat also has the lowest amount of solids-not-fat. This increase does 

TABLE • 

Mean milk ("on$litllent.~ oj different species oj animals· 

I ~~s FAT sOLI~,,"OT-18~~~lo~ 
___________ 1 _________ ~ 

Sow .. 
Goat. 
Ewe .. 
Indian buffalo .. 
Bitch .. 
Ass .. 
Mare .. 
Man .. 
Cow (Holstein-Friesian) .. 
Colostrum of cow . . 
Colostrum of man .. 

.. Loc. cit. 

(percen! percent percent 

'. 'Ii :~~ ~.~ 1~~! ~~:: 
.. 18.52 7.17 11.35 1.6:1 
.. 16.24 6.77 947 1.4:1 
. 15.89 5.65 10.24 1.8:1 

... 9.72 0.90 8.82 9.8:1 
10.92 0.99 8.93 9.0:1 
11.78 3.28 8.50 2.6:1 
12.01 3.44 8.61 2.5:1 
22.88 2.30 20.58 8.9:1 
12.91 2.60 1031 4.0:1 

not go up in direct proportion to the amount of fat present in the 
milk, as a glance at the proportion of the two will show. It will 
remain for a later section to show how these constituents vary within 
the Holstein-Friesian race. 

Data have been tabulated to show the differences in the milk of 
different species of animals (table 4). 

The data given in table 4 are open to the same criticism as those in 
table 3, and are to be taken with the same limitations. 

The milk of the different species varies considerably both in its 
butter-fat and its solids-nat-fat content. The lowest percentage of 
fat produced is 0.90 per cent, found in the milk of the ass. The milk 
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of the maxe corresponds closely to this, 0.99 per cent. The highest 
percentage of butter-fat is 7.17 per cent, contamed in the milk of 
the ewe, closely followed by that of the Indian buffalo snd the sow. 
The milk of the dairy cow is about intermediate between these two 
extremes. The colostrum is lower in its fat content than either of 
the normal milks of the same species. The solids-not-fat content 
of normal milk for the included species, varies from 8.26 per cent for 
the goat, to 11.91 per cent for the sow. It reaches its highest value 
in the colostrum, where the cow's milk includes as much as 20.58 
per cent. The same general association is also found in the milk of 
the different species that is present in the milk of the different breeds, 
that is, the milk of species containing a low percentage of fat contains 
proportionately more solids-not-fat than does the milk of the species 
which contains the higher percentage of fat. The species having a 

TABLE 5 

Standard deviations and coefftcients of variation jor the milk yields, butter
fat percentages, and 8olids",not-fat percentages oj Holstein-Friesian cattle 

8'U.ND.um COD'FIC'IJ:N'l' 0" 
D£VlA.TlON VJ.RU.TlON 

----------------------1------
Milk yield. 
Butter-fat percentage . .. 
Solids-not-fat percentage . . 
Age .. 

4039.0 
0.309 
0.364 
2.25 

24.9 
9.0 
4.2 

49.1 

low percentage of rat in its milk has lees actual solids-not-fat per 
hundred pounds of milk than does the species containing a higher 
percentage of fat. 

The milk yields of Holstein-Friesian cattle are highly variable. 
The butter-fat percentages are only about a third to a half as variable 
as the milk yields. Even this variation is large in comparison to 
that found for most similar data. The standard deviations and 
coefficients of variation for these Holstein-Friesian cattle are seen in 
table 5. . 

The amount of variation is large in each case. wPen this varia
tion is compared with the mean, the variation is greatest in the age of 
test. This extreme variation is brought about pa.rtly by the tendency 
to test young cows. The next most variable character is the milk 
yield. Milk yield is sbout 2i times as variable as the butter-fat per
centage and sbout 6 times as variable as the solids-not-fat. The 
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butter-fat in milk is over two times as variable as the solids-not-fat. 
It is of no small importance to analyze these factors making this 
varia.tion. 

Up to the present the writer has endeavored to show how variable 
Holstein-Friesian milk really is, in so far as its yield and composition 
are concerned. However, despite its variation and the varied origin 
of the breed this milk has some very definite characteristics. These 
characteristics may best be brought out by the diagrams showing the 
frequency with which the Advanced Registry cows have certain 

TABLE & 

Analytical consfants for the solids-nat-fat percentage 

Mean .. 
Standard deviation .. 
Coefficient of yariation .. 

P.2·· 

}Jo, .•• 

P,. 
P,. 
fit-I ... 

Kl.· 

':2 ••• 

Skewness .. 
Mode .. 
Type of curve 
Mean age .. 
Standard deviation of age .. 

8. 604±O. 0124 
o 338±O.OO9 
3.9±O.1 
2.765 

-2.114 
30.484 

O. 2114±O .1558 
3. 9872±O. 9825 
0.9872 
1. 3403± 1. 6089 
O.1257±O.1351 

-O.1662±O.0579 
8.659 

IV 
4.49±O.08 
2.27±O.06 

milk yields, percentages of solids-not-fat or butter-fat. Figure 1 
gives the diagrams illustrating these data. 

Within these data Holstein-Friesian milk yield ranges from 6000 
to 32,000 pounds of milk for the 36&-day period. The curve for 
this milk yield is slightly skew, the mode coming at 14,662 pounds of 
milk. The skewness is equal to 0.390. . The criterion calls for a 
Pearson type I curve to fit the data. The other constants of the 
curve are given later. The second graph represents the frequency 
distrihution of the butter-fat percentage. The range for the butter
fat percentages of the different cows is from 2.4 to 4.7 per cent. The 
distribution is slightly skew. This skewness is equal to 0.167. The 



HOLSTEIN-FRIESIAN MILK YIELD 23 

mode is at 3.377 per cent. The constants of the frequency curve call 
for a Pearson type IV curve. The third graph gives the frequency 
curve for the percentage of the solids-not-fat. One doubtful observa
tion is excluded. This doubtful observation has a solids-not-fat 
percentage of more than 11.0. The range in per cent of the solids
not-fat extends from 7.0 to 9.0. The distribution is slightly skew
the skewness, 0.166, being practically identical with that for the 
butter-fat percentage. The mode is found to be at 8.659 per cent. 
The type of the curve is a Pearson type IV. As the constants of 
this curve are not given elsewhere they are shown in table 6 for the 
334 individuals on which we have records of apparent accuracy. 

SUMM..4..RY 

The data presented above give a picture of the diverse origin of 
Holstein-Friesian cattle and the characteristics of their milk as 
shown by their more recent Advanced Registry records. Originally 
these cattle came from northwestern Europe. They are the results 
of the admixture of red and black cattle marked by white spots. 
In America the black and white animals are the only ones to be 
allowed registry. They have been bred pure, in a registry sense, for 
a dozen generations in America and about the same number in Europe. 
From a certain point of view these cattle are a homogeneous group 
although even in the Advanced Registry cows the production of milk 
and the percentage of butter-fat are far from standardized, (made 
homozygous) so far as heredity is concerned. The milk yields of 
this breed have certain definite characteristics as compared with 
certaio other contrastiog breeds. These characteristics are a high 
milk yield and a lower butter-fat percentage and probably a lower 
solids-not-fat percentage. The constants are given for the distribu
tion of the milk yields, butter-fat percentages, and solids-not-fat 
percentages for this milk. It. is the purpose of this volmne to attempt 
to analyze this variation in milk yield and butter-fat percentage 
into its constituent variables. 



CHAPTER II 

CHARACTERISTICS OF MODERN HOLSTEIN-FRIESIAN PEDIGREES 

Any Holstein-Friesian buH or cow, even though chosen at random 
has a history more or less complete. This history includes the 
registered ancestors. It includes the manner in which these ances
tors were bred together with the dates of birth, ownership of the 
animals, and the place where they were owned. If the cow is for
tunate enough to have appreciative owners or to have ancestors 
which had sucb, she or her ancestors may have records of performance. 
This pedigree is characteristic of this bull or cow. Other bulls or 
cows have similar pedigrees. These pedigrees are characteristic of 
them. To study the characteristics of the breed it is necessary to 
have a composite of the breed so that the composite may be studied. 
The author has studied many pedigrees singly and in this composite 
fashion. For this study of the composite pedigree five groups of bulls 
of widely differing origin have been studied. These bulls comprise 
first a group of 48 sires whose daughters have a high milk yield, 29 
sires whose daughters have low milk yield, 22 sires whose daughters 
lire high in butter-fat percentage, 22 sires whose daughters are low 
in butter-fat percentage, and 33 sires whose daughters or sons have no 
Advanced Registry records. From these pedigrees it is possible to 
gain some appreciation of the characteristics of modern Holstein
Friesian pedigrees. Four generation pedigrees have been used 
throughout. 

ANCESTORS 

The first question which naturally arises is what animals are the 
ancestors of the' Holstein-Friesian cattle. By our herd registry sys
'uJtu \.'u_lillImll", m-e un 'l:ne wml .. nih.r 1<!V1'm ='",.t """"""" 'I!n." 
system requires that present-day animals trace their pedigrees back 
to the early imported animals and because these early imported 
animals are necessarily limited by the expense of importation. The 
early recorded animals are the narrow neck of the bottle through 
which the blood of the early cattle from northwestern Europe flows 

24 
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to the large American population of the Holstein-Friesian breed. 
Table 7 gives the number of times different ancestors were repeated 
in the pedigrees of this group of bulls. The repetitions are arranged 
in order of frequency. Only the animals appearing more than fifteen 
times are given. l 

The cow, DeKol 2d, is by far the most frequently appearing animal 
in the pedigrees of the Holstein-Friesian cattle. In tabulating 25 
cows appearing in pedigrees of these cattle DeKol 2d is found on an 
average, once. In one out of two pedigrees of four generations we 
should expect her to appear about once. Paul DeKol is the next 
most frequently found anima!. This bull is found in one out of every 
30 bulls tabulated in a pedigree or he would be expected to appear in 
every other pedigree. The next two bulls are also DeKol bulls, 
DeKol 2d's Butter Boy and DeKol 2d's Paul DeKo!' These bulls 
appear in about one out of three pedigrees. The other bulls and cows 
follow in order of frequency. Only those animals which appear 
sixteen or more times in this pedigree group are included in this table. 
Those which occur less than sixteen times and more than once fonn a 
much larger group. However, even in this small list 15.7 per cent of 
the possible number of cows and 31.8 per cent of the possible number 
of bulls which could be found in four generation pedigrees appear iu 
this table. The Holstein-Friesian breed is evidently dependent on a 
relatively small number of animals for its ancestors. From their 
origin it seems entirely probable that from an inheritance standpoint 
these animals were highly heterozygous. Since close inbreeding in 
the later generations has not been practiced, it is entirely probable 
as the evidence for milk yield and butter-fat percentage shows, that 
the breed is still heterozygous for many factors. 

A critical examination of the make up of the Holstein-Friesian 
pedigrees shows that the animals most frequently repeated are those 
which are most popular. I will not say they are necessarily the best. 
The animal repeated infrequently or never is ahnost unknown to the 
breeders. The repeated animals are consequently those which are 
psychologieally most important and those which should receive a 
good deal of study to determine if they really indicate anything when 

1 Should the reader care to study a longer list see page 123 or Studies in milk 
secretion IX. On the progeny performance of Holstein-Friesian·sires by John 
W. Gowen and Mildred R. Covell. Annual report of the Ma.ine Agricultural 
Experiment Station for 1921, pp. 121-252 Bulletin 300. 
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TABLE 7 

Frequency u,ith which ancestors are repeated in Holstein-Friesian pedigrus 

FIlIlQUINCT 07' APPIIA&.U'lt!. 
Iff TlIl!II PIIIDlGRJtES 

~~ 
POSSIBLE --

DeKoI2nd .. F 97 4.2 
Paul DeKol. ,. M 72 3.1 
DeRoI 2d's Butter Boy .. M 52 2.3 
DeRol 2d's Paul DeRoI. . M 50 2.2 
Netherland Hengerveld .. F 42 1.8 
MilIa's Pietertje Netherland .. M 41 1.8 
Sarcastic Lad .. .".,,-- ... M 32 1.4 
DeRol 2d's Netherland .. III 31 1.3 
Manor DeKol .... M 30 1.3 
Willem III .. M 30 1.3 
DeKol.. F 30 1.3 
Sir Abbekerk . M 29 1.3 
Hengerveld DeKoL. M 28 1.2 
Aaggie Cornelia 5th's Clothilde Imperial ... III 27 1.2 
Pauline Paul. . F 26 1.1 
DeKol 2d's Butter Boy 3d. --,- M 25 1.1 
Maurice Bonheur . M 25 1.1 
Pietertje Hengerveld ..... F 25 1.1 
Belle Sarcastic .. F 25 1.1 
DeKol 2d's Prince .. M 23 1.0 
Pietertje Hengerveld's Paul DeKol. . M 22 1.0 
Magadora .. F 22 1.0 
Paul Mutual DeKol. . III 21 0.9 
Belle Korndyke ... ... F 21 0.9 
Johanna Rue 2d's Paul DeKol .. M 20 0.9 
A & G Inka McKinley ... F 20 0.9 
Paul DeKol Jr .. .......... III 19 0.8 
Biny Mc.Kiuley .. M 1B Q.B 
Netherland Alban .. M 18 0.8 
Pontiac Korndyke .. M 18 0.8 
Mercedes Julip's Pietertje .... F 18 0.8 
Segis Inka .. F 18 0.8 
Duke Netherland .. M 17 0.7 
Homestead Jr. DeKo!. ... M 17 0.7 
Inka Princess Pietert.je Netherland .. III 17 0.7 
King Segis .. M 17 0.7 
Johanna Rue 2d ...... F 17 0.7 
Mercedes Julip's Pietertje's Paul. .. M 16 0.7 
Manor Josephine DeKo!' . .M 16 0.7 

*M = bull, F = cow. 
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.. pedigree is studied. The question of the relation of high milk 
yield or butter-fat percentage to these animals will be taken up later. 
At present we shall only try to give a picture of what the relation of 
average Ho"'tein-Friesian pedigrees might be to each other. In the 
five groups of pedigrees studied, an average correlation of 0.552 for 
the appearances of the male ancestors was found for all possible com
binations of these groups. Presented in another way this relatively 
high correlation shows that if we should select at random two groups 
of fifty bulls each and pedigree them for four generations we are 
justified in expecting to find not only a large proportion 01 the same 
ancestors in each of these groups but also that these ancestors would 
be in about the same proportion. That is, in any two groups, the 
pedigree most nearly representative of that group tends to be the 
pedigree most representative of the other group. 

The pedigree of a bull has two lines, one diverging from his sire 
and one from his dam. We find these lines are alike in many particu
lars. Thus the average correlation for the appearance of the male 
ancestors in both the sire's and dam's sides of the pedigree is found to 
be 0.478. For tbe females this correlation was 0.462. There is 
then a high degree of resemblance between the anima'" found on 
the sire's and dam's sides of the pedigree. This fact could be ac· 
counted for by the probability that for any animal, the owner would 
be likely to use as parents the anima'" wbich were closely related. 
The following correlations and the lack of any appreciable inbreed
ing makes it doubtful if such an explanation is correct. It appears 
rather a characteristic of the breed itself. 

Within two pedigrees there are three possible comparisons. We 
can compare the ancestors on tbe sire's side of the pedigrees, the 
ancestors on the dam's side of the pedigrees, and the ancestors on 
the sire's side on one pedigree with the ancestors on the dam's side 
in the other. From such a comparison it is evident that the anima'" 
in the sire's side of one pedigree tend to be those in the sire's side of 
any other pedigree. The correlation for the bulls is 0.496 and for 
the cows 0.490. In fact the sire's side of the pedigrees tend to resem
ble each other even more than do the sire's and dam's side of the 
same pedigree in the frequency with which their ancestors repeat in 
such pedig.ees. 

The dam's side of different pedigrees do not resemble each other in 
their ancestors so much as the sire's side of the pedigrees. The corre-
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lation coefficient for the males is 0.315 and for the females is 0.317. 
Here is a real selective difference, the sires being a much more 
selected group of animals than are the cows. As will be shown further 
on, there is no basis in heredity for this selective difference, the dam 
contributing as much as the sire to the performance of the daughter. 
Practically, this selection is more easily practiced for the sire than 
for the dam as far as the possibilities of choice are concerned. On 
the other hand this advantage is in a great measure counter
balanced by the greater difficulty of determining the true worth of a 
sire because of the impossibility of getting his milk record. 

The cross-correlation coefficients, sire's ancestors in one pedigree 
with dam's ancestors in another pedigree are; male allcestors 0.371, 
and female ancestors, 0.363. There is then a slightly greater resem
blance between these ancestors than there is for the dam's ancestors 
in different pedigrees. The cross-eorrelations are less than those for 
the sire's side of the pedigrees or for the sire's and dam's side for the 
same pedigree. 

These correlation eoefficients show that the Holstein-Friesian 
pedigrees are much more intimately related than might be supposed 
at first glance. Even in four generations the animals in them are 
frequently the same. They repeat time and again. With what cau
tion it is necessary to approach a study of such ancestors? These 
correlations show that great care is neeessary at every stage if the 
conclusions drawn are to be sound. Thus almost any pedigree might 
be expected to contain DeKol 2d without any especial significance 
to be attaehed to the fact, save that she was an ancestor of most of 
the present day Holstein-Friesian breed. 

INBREEDING 

The next characteristic of a pedigree is its inbreeding. In the 
four generation pedigrees of this group of pedigrees relatively little 
inbreeding is shown. Table 8 presents the data on the mean inbreed
ing and its standard deviation. This inbreeding coefficient is the one 
developed by Pearl.' It is a purely objeetive eoefficient. The basic 
concept of this measure of inbreeding is that inbreeding results in a 
narrowing of the network of descent as a result of mating together 

J Pearl, Rs.ymond. 1913. Tables for calculating coefficients of inbreeding. 
Annual report of the Maine Agricultural Experiment Station for 1913J pp. 
123-138. 
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individuals genetically related to one another in some degree. It 
means that the number of potentially different germ-to-germ lines, 
or Hblood~lines" concentrated in a given individual animal is fewer if 
the individual is inbred than if it is not. In other words, the inbred 
individual possesses fewer different ancestors in some particular 
generation or generations than the maximum possible number for 
that generation or generations. When practically measured the 
coefficient of inbreeding is the percentage of the difference between 
the maximwn possible number of ancestors in a given generation and 
the actual number realized in the former. The coefficient may have 
any value between 0 and 100. When there is no breeding of rela
tives whatever (that is, in the entire absence of inbreeding) its value 
for each generation is O. As the intensity of the inbreeding increases 
the value of the coefficient rises. This measure of inbreeding has to 

TABLE 8 

Average coefficients of inbreeding for Holslein-Friesianfour generation pedigrees. 
Standard deviations of coefficients oj inbreeding for these pedigrees 

Second. 
Third .. 
Fourth 

Total inbreeding ... 

O. 862±O. 233 
3. 161±O.339 
7.611±O.441 

5.79 ±O.51 

8'l'AND,utD DEVH.T10N 
OF COEFFICIENT OF 

INBREEDING 

4.56±O.17 
6.62±O.24 
8.63±O.31 

9.95±O.36 

do solely with the relationship aspect of the problem. It has nothing 
whatever to do directly with the gametic or zygotic constitution of 
individuals. 

The averages and standard deviations of coefficients of inbreeding 
for the different generations are given in table 8. 

The frequency distributions of this inbreeding are distinctly J
shaped so that the probable errors do not have as much meaning as 
they otherwise might. One hundred and seventy-four pedigrees 
were available for this study. Of this number 168 showed no inbreed
ing in the second generation, 138 showed none in the third generation, 
and 69 showed none in the fourth generation. The average inbreed
ing though small in every case, is significant. The total inbreeding 
is the amount of inbreeding compared with the total possible amount, 
brother and sister matings. The average amount is low. The four 
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generation pedigrees of modern Holstein-Friesian cattle do not show 
that inbreeding has been practiced to any appreciable extent in the 
first four generations. 

RELATIONSHIP BETI\'EEN SIRE AND DAM 

The coefficient of relationship' is based on the concept that a state 
or condition of relationship or kinship between two organisms exists 
when these organisms have one or more common ancestors. The 
degree, intensity or closeness of the relationship is, in general, pro
portional to the number of different ancestors which the two individ
uals have in common, out of the whole number they might possibly 
have in COnunOD. The coefficient of relationship is the relation of 
the number of ancestors in the n + lth generation which occur in 

'fABLE 9 

Averages and standard deviations of relationship in lIolstC1'n-Friesian bulls 

:aJ;LATIQNSlflP OF REL.4.TIONSJ'llP 

-------------------- I 
MJ:AN COEFP'ICU1NT OF STANnUm DJ:VH.TION 

Second .. 
Third .. 
Fourth 

../ 172±0.47 9.12±O.33 
. 4.02±O.58 1l.29±O.41 
. 7.97±O.71 13.87±O.50 

the n + lth or some earlier ancestral generation in the pedigrees of 
the sire and dam, or in other words which are common ancestors to 
the total number of ancestors in the same generation of the pedigree. 
The coefficients of relationship give us a measure of the kinship of 
sire and dam. As might be expected from the results for inbreed
ing this kinship is small in amount. Table 9 gives this information 
for each generation. 

The frequency curves for the coefficients of relationship of the sires 
and dams of these bulls are J-shaped with a high modal ordinate at 
zero. The average amount of relationship is small. The standard 
deviation of this relationship is large. 

sPead, Raymond. 1917. Studies in inbreeding. VII. Some further eon~ 
siderations rega.rding the measurement and numerical expression of degrees of 
kinship. Amer. Nat., vol. li, pp. 545-559. ' 
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SUMMARY 

These pedigree studies show that when groups of pedigrees are 
compared, there is a high degree of resemblance between them in the 
ancestors which they contain and quite apart from the groups which 
may be compared. This is a consequence of the manner in which 
the breeding of Holstein-Friesian cattle has been carried on in the 
past. It is in fact a descriptive feature of the breed whose significance 
to milk yield and butter-fat percentage will be taken up shortly. 

If the single pedigrees are studied it is found that the inbreeding in 
them is relatively small in amount for the first four generations. 
Modern Holstein-Friesian cattle tend to be outbred. The relation
ship between the sire and dam of these pedigrees is also small in 
average amount. In these later generations the American Holstein
Friesian breeders have avoided mating a given bull with a closely 
related cow. 



CHAPTER III 

CONFORMATION IN RELATION TO 7-DAY MILK YIELD AND BU'ITER-FAT 

PERCENTAGE 

Before the Advanced Registry, in fact before the organization of 
many of the breeds, observing dairymen put forth the opinion that 
certain points of the cow's confonnation are directly associated with 
milk yield. This opinion, although untested was rapic;Ily adopted 
as a fact into the dairy literature. The advent of the Advanced 
Registry has tended to materially weaken the emphasis formally 
given to type as a complete guide to the milk yield for the cow al
though such quotations as the following show that the influence of the 
conformation ideal is stilI strongly associated with the idea of per
formance at the pail,-Hwhen judging direct fitness 
for dairy purposes all breeding and ancestoral records may be dis
regarded as all practical evidences of utility and quality are largely 
visible on the exterior of the animal." 

Undoubtedly conformation will strongly influence the breeding 
and sale of dairy cattle for many years to come. In view of this 
fact it is of much importance to have an appreciation of the true 
influence of type to performance. Furthermore the problem is of 
critical biological import for such data present an opportunity 
to resolve the different physiological processes into terms of cor
relation between structure and fnnction. Toward this end the writer 
has allillyzed a large series of score cards on Jersey cattle.' It is 
proposed in this chapter to present the results of another investiga
tion on the relation of actual measurement of certain body Pl1rts of 
Holstein-Friesian cattle to the performance of these cows in 7-day 
milk yield and butter-fat percentage. 

1 Gowen, John W. 1920. Conformation and its relation to milk producing 
capacity in Jersey cattle. Journal of Dairy Science, vol. 3, no. 1, pp. 1-32. 

Gowen, John W. 1921. Studies on conformation in relation to milk pro
ducing capacity in cattle. II. The personal equatiou of the cattle judge. 
Journal of Dairy Science, vol. 4, no. 5, pp. 359-374. 
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These data are c{)ntained in the early volumes of the Holstein
Friesian Advanced Registries. The measurements give evidence of 
being taken with care to their accuracy. Besides the measure
ments they also present a carefully worded description of other 
parts of the cow. The confusion of differences in wording between 
different men has thus far prevented the writer from making an 
analysis of this portion of the data in retation to the performance of 
these cattle. 

There are 385 of these records, the cows ranging in age from one 
year 8lld six months to ten years and six months. All records for 
measurement were within the year when the 7~day lactation record 
was madc. These records had measurement records on height at 
shoulders, height at hips, body length, rump length, body width, 
thurl width, and body girth. The weight, either actual or estimated 
was given in 339 of them. All records have the 7-day milk yields, 
butter-fat percentages, and ages recorded. The method to he 
followed in making these measurements is described by these rules: 

The animal must be brought to a stand on a level place and in a natural 
position, the feet squarely under the body, the head at a medium height and 
the neck straight. The two items of height are taken perpendicularly from 
the ground to the top of the anima.l, the one immediately over the knee and 
center of the shoulder, and the other over the hook bone to the center of the 
back; the length of body is taken from the extreme front of the shoulder point 
to the extreme rear and highest point of the rump, diagonally in a straight line; 
the length of the rump, from the extreme front side of the hook bone to the 
extreme of the rump as described above; the width of the hips, from the out
side of one hook bone to the outside of the other in a. straight line; the 
width of the thurl from the outside of one thurl bone to the outside of the 
other, also in a stra.ight line i the girth by a tape closely fitting the smallest 
circumference of the chest; in the latter measurement the tape must be drawn 
so closely that a slight movement of it will move the skin of the animal. If 
the head is lowered from the na.tural position, this measurement will invari~ 
ably be erroneous. And if the neck is turned to the right or left, the measure~ 
ment of length of body will also be erroneous. Then follows the ascertaining 
of the weight, Which must invariably be obtained by reliable scales; the date of 
service is then ascertained of the owner and condition described. The date 
of the examination should alBo be recorded in some convenient place in the 
memorandum book. 

Figure 2 shows the meth<>ds hy which these measurements are 
taken. Ouly the in!jpecoors can tell us how accurately the records 
were made. The analysis of the records, showing as it does some-
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thing of the care of measurement, indicate that the records are for 
the most part accurate. 

In view of the printing costs it does not seem feasible to print the 
correlation tables. The constants of variation for the different 
parts are given in table 10. 

The averages for age, butter-fat percentage, and milk yield show 
that this group of cows is younger, has a higher butter-fat test, and 
is less productive of milk than are the cows of the whole Advanced 
Registry. 

The series of means of the different parts of the body give a state
ment of what might be called the average Holst(;;in~Friesian cow. 

TABI,E 10 

Means, standard detiations, and coefficients oJ l'arialioTi fur the physical measure
menis of Holstein-Fric::dan coU',~ 

I 
Age .. .. 1 3 9O±O 08 

i 
2.22 ±O 05 56 92±1. i8 

Butter-fat percentage. ... 1 353±O.el o 361±O 009 1O.23±O.25 
Milk yield .. •• j 338.0 ±2 0 726 ±1.8 21.48±0.55 
Shoulder heigbt .. . . . . . I 528 ±0.1 1.94 ±O.Oj 3.67±0.09 
Hip height ... 53.8 ±0.1 1.91 ±O.O5 3.55±0.09 
Body length .. 620 ±0.1 3.73 ±O 09 6.02±O.IS 
Rump length ... 20 4 ±0.1 1.44 ±0.04 7.06±O.17 
Body width .. 213 ±0.1 1.72 ±O.04 8.07±0.20 
Thud width .. 19.0 ±0.1 2.63 ±O.06 13.84±O.34 
Body girth .............. 73.2 ±0.2 459 ±O.ll 6.41±0.16 
"'eight ..... ... 1088 ±6 164.0 ±4.2 15.07±0.40 

This average cow mayor may not be a desirable specimen. It 
would be interesting to see a reconstruction based on these measure
ments. It might be that we should find the same condition of affairs 
as that found for the typical American soldier, that is, that the 
average is disproportionate for some of the parts. 

The weights of the cows are based on estimated and actual records 
of weights. There are 161 records of actual weight and 178 of 
estimated weight. The actual weights have a mean of 1078, a 
standard deviation of 162, and a coefficient of variation of 15.0. 
The distributions are consequently closely similar to each other. 

The coefficients of variation for age, butter-fat percentage, and 
milk yield are essentially the same as those which have been fo.und 
elsewhere. The parts of confonnation are essentially dependent on 
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TABLE 11 

C()ejfir£('n[.~ of var£aHon for characters comparable to th()se of conformation 

1;~~~I __________________ __ 
Weight of spleen (English males), .. i~ Greenwood (1) 
Milk production (Jersey random' 

M~l~m:r:d~:~~~' ('G~'~;~~~}~ Ad~'~~~~d 1

1

25
.
5 

Hegistry) ...... , . ....... .. , . Z4. 7 
Milk production (Holstein-Friesian 

Advanced Registry) ... , .. ,.. . 24.2 
Milk production (Jersey Registry of 

Merit) .. 
Heart weight (English males). 
Milk production .... 
Weight of kidneys (English males). 
Weight of liver (English males). 
Body weight (English males),. 
Rev. maximum daily milk yield (for 

given age) .. 
Head-eyes full and placid ... 
Weekly milk yield (Ayrshire cattle), 
Breathing capacity (English males). 
Weight (Holstein-Friesian), .. 
Width between thurl (Holstein-

Friesian)., .. 
Weight (domestic fowl) .. 
Back-straight to hip-bones .. 
Udder-broad, level or spherical .. 
Milk veins-large, tortuous, and elas-

tic .. "., ..•.......... ,., 
Fore udder-full lind ·well-rounded .. 
Tail-thin, long, with good switch .. 
UddeJ'--large size and not fleshy ... 
Head-medium size. 
Thigh-flat and well cut out. 
Neck-thin, rather long, with clean 

t.hroat. 'I" 
Teats-good nnd uniform. , .. 
Rump-long and level. . 
Yield of mixed milk (daily fluctua-

tions. 
General appearanre .. 
Renr~udder-well rounded .... 

232 
22.2 
21.5 
21.0 
208 
18.9 

17.9 
17.3 
17.0 
16.6 
15.1 

13.8 
12 7 
12.6 
12.4 

12.2 
11.9 
10.9 
10.6 
10.1 
9.9 

9.9 
9.7 
9.3 

9.0 
8.4 
8.4 

Gowen (2) 

Gowen (2) 

Gowen (3) 

Unpublished 
Greenwood and Brown (4) 

I These data 
Greenwood and Brown (4) 
Greenwood and Brown (4) 
Greenwood and Brown (4) 

Gavin (5) 
Gowen (6). 
Pearl and Miner (7) 
Pearson (8) 
These data 

These data 
Curtis (10) 
Gowen (6) 
Gowen (6) 

Gowen (6) 
Gowen (6) 
Gowen (6) 
Gowen (6) 
Gowen (6) 
Gowen (.6) 

Gowen (6) 
Gowen (6) 
Gowen (6) 

Pearl and Miner (11) 
Gowen (6) 
Gowen l6) 
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cozrFI. I 

------------1 c~~:~r I J.l"THoarrr 

Hip-bonea-high and wide apart. 8.2 Gowen ~6) 
Widt.h of hips (Holstein-Friesian). 8.1 I These data. 
Body-wedge shape.. 7.9 Gowen (6) 
Lung capacity. 7.5 Gowen (6) 
Rump length (Holstein.Friesian),. 7.1 These data 
llody girth (Holstein-Friesian).. 6.4 These data 
Body length (Holstein·Friesian). 6 0 These data 
Mature cows, 800 to 1000 pounds. . 5 6 Gowen (6) 
Length of forearm (English males) 5.2 Pearson and Lee (9) 
Length of femur (French males).. 5.0 Pearson (8) 
Total score on conformation. 4.9 Gowen (6) 
Stature (English males).. .::'::: I 3 9 Pearson and Lee (9) 
Shoulder height... 3.7 These data 
Hip height..... 3.6 These data 

(1) Greenwood, M. 1904. A first study of the weight, va.riability, and 
correlation of the human viscera, with special reference to the healthy and 
diseased heart. Biometrika, vol. iii, pp. 63-84. 

(2) Gowen, John W. Studies in milk secretion. V. On the variations and 
correlations of milk secretion with age. Genetics, vol. 5, pp. 111-188, March, 
1920. 

Gowen, John W. VI. On the variations and correlations of butter-fat. 
percentage with age in Jersey cattle. Genetiea, vol. 5, pp. 249-324, May, 1920. 

(3) Gowen, John W. 1919. Variationa and mode of secretion of milk solids. 
Jour. oC Agri. Research, vol. xvi, no. 3, pp. 79-102. 

(4) Greenwood, M. and Brown, T. W. 1913. Aaecond study of the weight 
variability and correlation of human viscera. Biometrika, vol. ix, pp. 473-485. 

(5) Gavin, W. F. Un3. The interpretation of milk records. Jour. Roy. 
Agri. Soc., vol. lxxiii, pp.I-22. 

(6) Gowen, John W. 1920. Conforma.tion and its relation to milk pro
ducing capacity in Jersey cattle. Jour. Dairy Science, vol. iii, no. 1, pp. 1-32. 

(7) Pearl, Raymond, and Miner, John R. 1919. The variation of the milk 
of Ayrshire cows in quantity and fat content of their milk. Ann. report. 
Maine Agricultural Experiment Station, 1919, pp. 57-64. 

(8) Pearson, Karl. 1899. Mathematieal contributions to the theory oC 
evolution. V. On the reconstruction of the stature of prehistoric races. 
Phil. TrIUlll. R. Soc. London, vol. 192A, pp. 162-244, 2 pI. 

(9) Pearson, Karl and Lee, Alice. 1897. Mathema.tical contributions to 
the theory of evolution. On the relative variation and correlation in civilized 
and uncivilized races. Proc. R. Soc. London, vol. lxi, no. 375, pp. 343-357. 

(10) Curtis, M. R. 1914. A biometriesl atudy of egg production in the 
domestic fowl. IV. Factors influencing the size, shape, and physical condition 
of eggs. Arch. Entwicklungamech. Organ., Bd. 39 Heft 2/3; pp. 217-327, 
18 fig., pl. 6-10. 

(11) Pearl, Raymond and Miner, John R. 1919. Variation of Ayrshire 
cows in the quantity a.nd fat content of their milk. Jour. Agr. Resea.rch, vol. 
xvii, no. 6, pp. 288-322. 
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the anatomical structure of the cow. They are essentially morpho
lugical characters. The variation of such characters has been found 
to be low in amount. These measurements are no exception to this 
rule. The range of the coefficients of variation are from 3.55 to 
15.0i. Some appreciation of what this range means is obtained by 
an examination of table II. 

Table 11 presents a picture of the range of variation normally 
found in characters similar to those of conformation and milk yield. 
The- information is interesting in many ways. The data are arranged 
in order of the amount of the variation. 

ThE' yariation of the amount of scc:-ction of milk is imp-ortant to 
tbe dairyman and to the medical man. It will be noted that milk 
yield is one of the most variable characters known. The standard 
deviation is a fourth to a fifth of the mean yield of the product and 
the range for different individuals is about three-fourths the mean 
value on either side of this mean. Looking at these facts from a 
medical viewpoint we note that this buge variation in secretion is 
for one of the most important glands of the body. It brings out the 
fact, already recognized but not fully appreciated, that in all f'lrms 
of glandular secretion we may expect wide variations between 
individuals in the amount, and for that matter in the quality, of the 
secretory product. In the light of the coming recognition of the 
importance of all these secretory glands to the health and psycho
logical reactions, if not actual life, of the individual this variation 
between individuals is enlightening as to the probably resulting 
variations in these individuals due to differences in the secretory 
activity of their glands. If we can show, as I think it baa been 
shown in the subsequent pages, that the amount and quality of this 
secretion is quite largely controlled by heredity, the explanation of 
much in the inheritance of certain defects may well have been found. 

From a comparison of the work of Greenwood and of Greenwood 
and Brown with the results here presented on milk yield we note 
that the variation of milk yield is of mueh the same magnitUde as 
t.he variation in the size of the soft organs in the body. When the 
variations of the organs which depend for their size on the hard 
parts or more particularly skeletal structures like stature, length of 
forearm, and length of femur are compared with those of the soft 
organs and milk secretion it is seen that the variation is very much 
1""" f"r these bony paris. The physiological characters are clearly 
more variable thlll! the morphological ones. 
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The characters used in score-card judging are essentially divUrible 
into two classes, physiological and morphologicaL Those characters 
are presented in this table for the Jersey Registry of Merit cattle 
scores. The judges who made these scores have undoubtedly taken 
cognizance of the increases in many of them as age advances and 
compensated for such increase in recording their judgment on the 
cows. The amount of variation would consequently be expected to 
be less than it would have been had age been left out of consideration. 
The data on the Holstein-Friesian cattle are actual measurements. 
In general the comparison of these actual measurements with the 
scores shows that the scores of the judges on conformation are 
actually more varia.ble than are the parts of the cows from which 
their score is taken. In other words the judgment by eye is on the 
whole less reliable than estimates based on the yard stick. 

The comparable results found on other forms in conjunction with 
those found for these Holstein-Friesian cattle are worthy of record. 
The weight of these Holstein-Friesian cows has practically the same 
variation as the weight of men or of the domestic fowl. Shoulder or 
hip height in cattle is as variable as the stature of men. Rump 
length, body girth, and body length are slightly more variable than 
the length of the forearm or femur. 

The comparison of the variation of milk yield, where the milk 
yield is for individual cows, with the variation of yield for the mixed 
milk of a herd is a feature of no little significance. Ai3 noted by 
Pearl and Miner' the variation for herd's milk yield is about 9, 
whereas the coefficients for milk yield give values of 17 to 25. In 
secular variation in the amount or quality of the mixed milk of a 
large herd, individuality of the animal as a source of variation is 
entirely eliminated. The observed variation must, therefore, be 
due to the combined action of all the external environmental 
influences which affect in greater or less degree the milk yield of 
every cow. 

On the other hand, the constants of variation for milk yield deter
mined in this paper are based upon the diversity Or variation in 
weekly yield exhibited among a large number of different cows. 
Here one primary factor in the causation of the observed variation 
mnst be the individuality of the animal with respect to milking 

t Loc. cit. 
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ability. By individuality in this sense is meant the genotype of the 
individual with regard to the character named. But in the causa
tion of the variation in milk yield as here discuased there must be 
involved the combined influence of the individuality of the animal 
plus that of all tlle environmental factors which act in producing 
variation in the mixed milk of the herd, since each of these causes 
influences every individual animal while it is making its individual 
record. 

It is therefore possible to make comparison here between observed 
variations (as measured by the coefficient), duc1 on the one hand, to 
environmental influences alone and, on the other hand, to the geno
typic differences plus environmental influences. The difference 
should represent in a general way that part of the observed variation 
due to genotypic differences. 

The figures as they stand suggest that roughly about one-half of 
the variation (measured by the coefficients of variation) in milk 
production results from the varying genotypic individuality of the 
animals with respect to this character, and the other half results from 
the varying external circumstances to which cows are subjected 
during laetstion and which have an effect upon the flow of milk. 
Or, to put the matter in another way, if the conclusion just stated 
were true it would mean that if a large number of cows were placed 
in environmental circumstances which were at once ideal a.nd uniform 
we should expect the variation exhibited in milk production to be 
roughly about one-half of that which we actually find when we meas
ure this variation under ordinary circumstances. This point is well 
taken and will be considered further when other evidence on the 
relation of the milk yields or butter-fat percentages of different 
lactations are considered. 

CORRELATION OF BODY MEASUREMENTS TO MILK YIELD AND BUTl'ER .. 

FAT PERCENTAGE 

The association of the size of different' body parts to milk yield 
or butter-fat percentage is " most interesting point to the dairyman. 
The correlation coefficients measuring these relations are given in 
table 12. These correlations do not take a.ge into account. Thus 
we know milk yield increases with age, the,:efore, if any of the other 
measurements increas~, with the age of the cow (we know they do) 
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then any positive correlation between the size of the body part and 
milk yield will be increased considerably throu~h their joint cor
relation with age. This fact will be analyzed further but should 
be kept in mind in considering the data of table 12. 

TABLE 12 

Correlation of the body measurements with the age, butter-fat percentage, and milk 
yield of the cow 

Milk yield with age. 
Milk yield with shoulder height .. 
Milk yield with hip height .. 
Milk yield '\\>ith body length .. 
l\l!ilk yield wi th rump length .. 
Milk yield with body width ... 
Milk yield with thud width .. 
Milk ;'ield with body girth 
Milk yield with weight. 
Butter-fat percentage with shoulder height. 
Butter-fat percentage with hip height .. 
Butter-fat percentage with body length .. 
Butter-fat percentage with rump length .. 
Butter-fat percentage with body width ... 
Butter-fat percentage with thur! width .. 
Butter-fat percentage with body girth ... 
Butter-fat percentage with weight .. 
Age with shoulder height .. 
Age with hip height .. 
Age with body length .. 
Age with rump length .. 
Age with body width .. 
Age with thud width ... 
Age with body girth .. 
Age with weight .... 
Age with butter-fat percentage. 

' ... 1 0.592±0.022 
0.380±0.029 

... \ 0.il44±0.030 
.. 0.500±0.022 
.., 0.391±0.029 

. I ~~~!~~: 
. .. ::1 0.476±0.027 

. "1 0 652±0.021* 
... 0.036±0.034 
.. ,-0.024±0.034 

. ... 'I 0.030±0.034 
0.061±0.034 
O. 070±0. 034 

":1 0.159±0.034 
... 0.129±0·934 

0.054±0.037* 
0.357±0.030 
O. 266±0. 032 
0.601±0.022 
O.440±O.028 
O.671±O.023 
O.350±O.O3O 
0.512±0.025 

.......... '.1 O.674±0.021· 
O.IJ87±O.034 

*The correlations for the 161 actual weights are milk yield with weight 
0.623; butter-fat percentage and weight 0.033; age and weight 0.699. Other 
results a.gree closely with the whole group-actual and estimated. 

Table 12 reveals several faets of no little importance to the selection 
of dairy cattle. Taking the first nine variables which are correlated 
with milk yield we note that every one of them has a rather large 
pcsitive relation to the performance of the cow at the pail. As will 
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be shown later a fairly large element in this correlation is the fact 
that the age of the cow materially influences the performance of the 
cow in milk production and at the same time and to nearly like 
measure causes a growth III the size of the body parts. On the other 
hand if we have little or no knowledge of the age of the cow and 
.elect out of a group of such eows the largest, say in body length or 
girth, WIC' are quite sure of choosing the cows which are producing the 
most milk. It matters little to the practieal dairyman perhaps 
whether this selection is based on the selection of the size of the cow 
or th~t the size of the cow directly selects the older cows and con
sequently the cows which produce most milk. From the physiol
ogist's standpoint it does matter and we shan try to differentiate 
the influence of the two variables. 

The next eight constants show the relation of the body parts to the 
butter-fat percentage. Butter-fat percentage has little relation to 
age so that this variable plays little part in the association of the 
size of the body parts to the cow's performance in butter-fat per
centage. Only two of the correlations, thurl width and body girth 
have any relation to butter-fat percentage and in the case of each 
of these the relation is of doubtful significance. We may conclude 
there! ore that the size of the body parts shows little or nothing about 
the butter-fat percentage which the cow may produce. 

The last nine variables show the relation of age to the body parts 
and to butter-fat percentage. The size of the body parts is quite 
closely related to the age of the cow, the older the cow the greater 
the average size of the parts. 'It would be of interest to digress and 
consider this fact further from the viewpoint of when a cow may he 
,aid to reach maturity, but as this volume is primarily aimed to deal 
with the functions of the mammary gland and another is planned to 
deal with the general physiology, it seems desirable to stick strictly 
to the text and leave this point to the volume to come. Age, then, 
is a variable causing a marked change in milk yield or in the size of 
the body parts but having little influence on butter-fat percentage. 
We know the relation of age to milk yield is skew and cursory ex
amination of the tables indicates that the relation of age and the 
,ize of the body parts is also skew. We shall, however, consider 
;hat the regression lines are straight and that the correlation eo
dficients measure the relation between the variables fairly 
.ccurately. E'uch assumptions do not take care of all the in-
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fluence of age. On the other hand the end result is not fur wrong 
and the major conclusion derived from such a treatment of the data 
,will be correct to at least a first approximation. 

To determine the relation of the body parts to milk yield for cows 
of the same age we shall use the partial eorrelation coefficients where 
age is held constant. Table 13 shows these partial correlation 
:.:oefficients. 

The first eight correlation coefficients of table 13 show the relation 
of the milk yields of the cows with the size of the different parts of 
the body for a constant age. While it is probable that some slight 
influence of age is still unaccounted for, the amount of this age 
influence remaining should change the correlation coefficients but 
little. Live weight and body length are the variables closely asso
ciated with milk yield even for cows of constant age. Either of the 
variables predicts fl'irly well the probable yield of the cow. The 
variables body width, body girth, height at hips and shoulder are 
in the order named important in indicating the probable performance 
of the cow. The variables, rump length and thurl width are not 
important in indicating milk yield and probably are not expected 
to be by those who suggested their measurement, since most teaching 
suggests that these variables are important chiefly in facilitating 
gIlstation. The whole trend of these results shows that a cow must 
have size to produce quantities of milk. This size may cost more to 
maintain but in any case size is a component part of large yields. 

The correlation coefficients for the relation of type to milk are 
larger than those found for the previous study' of the relation of 
score to milk yield in Jersey cattle. This difference might he inter
preted as due to one or more differences in the data. In the first 
place the sCOre represented the judgment of a man on his own mental 
yardstick as to the approach to the ideal milk type for the cow. This 
yardstick may vary in the individual and certainly does vary hetween 
individuals. We might therefore interpret the difference in these 
results as favoring mea.surement in some common unit of measure 
like an inch for jUdging cattle for milk yield iIlBtead of the present 
method of jUdging. The seores were taken by a number of different 
men. It has been possible to show that the different men differed 
markedly in their ability to judgc cattle by the score card and select 

8 Loc. cit. 
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those which were high in milk yield. It was further shown that 
when a judge was able to select the high milking cows by one point 

TABLE 1'3 

Partial correlation coefficients s}lQ1cing the relation of body parts, milk yield, 
butter-fat percentage, and age where one term is constant 

I CO:-1BTAN'l' CHARACTER I 
Mil-k-y-ic-Id-w-it-h-,-h-ou-I-de-r-h-e-ig-h-t.-. --.-.. ! Age ,-O-.-22-4-±-O-.O-3-3 

Milk yi('ld with hip height.. .1 Age I O.240±O.032 
Milk yield with body length.. Age i O.364±O.O3O 
Milk yield with rump length. Age I O.180±O.033 
~Elk yield with body width. . Age 0 275±O. 032 
Milk yield with thurl width.. Age O.OO9±O.034 
Milk yield with body girth., Age O.250±O.032 
Milk yield with weight.. Age O.425±O.028 
Milk :·rield with age.. Shoulder height O.528±O.025 
Milk yield 1\-ith age.. Hip height O.553±O 024 
Milk yield with age.. Body length iJ.368±O.030 
Milk yield with age.. Rump length O.508±O.026 
Milk yield with age.. Body width 0421±O.028 
Milk yield with age.. Thur! width o. 565±O. 023 
Milk yield with age.. Body girth O.461±O.027 
Milk yield with age.. Weight O.273±O.032 
Age with shoulder height.. Milk yield O.l77±O.033 
Age with hip height.. Milk yield 0 083±O.034 
Age with body length.. Milk yield O.387±O.029 
Age with rump length Milk yield O.281±O.032 
Age with body width.. Milk yield O.382±O.029 
Age with thur! width Milk yield O.284±O.032 
Age with body girth.. . Milk yield O. 325±0. 031 
Age with weight.. Milk yield O.471±O.027 
Butter-fat percenta.ge with shoulder 

height .. , ..... , ... 
Butter-fat percentage with hip height ... 
Butter-fat percentage with body length. 
Butter-fat percentage with rump length. 
Butter-fat percentage with body width .. 
Butter-fat percentage with thurl width .. 
Butter-fat percentage with body girth .. . 
Butter-fat percentage with weight ..... . 

Age 
Age 
Age 
Age 
Age 
Age' 
Age 
Age 

O. 005±O. 034 
-O.049±O.034 
-O.D2B±O.034 

O. 025±0. 034 
O.025±O.034 
O.I38±O.034 
o .099±O.O34 

-O.OO6±O.034 

he was in general able to select the high ntiJking cows by the other 
points of confol"Illl'tion. A real vital difference thus exists in the 
mell who are judging 1lattle. Furthermore if the ability of the best 
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judges is compared with the results here presented we note that 
even the best men could not select the high milking cows better than 
they could be selected on the basis of actual measurement with a 
ruler. There is no personal bias in a ruler as a standard, in view of 
which fact the ruler seems to be the safest judge. 

The relation of age to milk yield iB lowered but little by making 
any but the variables body height and live weight, constant. The 
correlation of age with milk yield is lowered quite a good deal by 
making either of these variables constant. 

The eight correlation coefficients for thc relations of the body 
parts to age with milk yield constant show that even when the milk 
yield is constant there still remains some correlationJ 0.083 to 0.471, 
between age and these parts of conformation. From these facts 
the conclusion may be drawn that there is an independent relation 
as well as a joint relation of milk yield, age, and the parts of con
formation: shoulder height, hip height, body length, rump length, 
body width, thurl width, body girth, and weight. 

As might perhaps be expected, butter-fat percentage has prac
tically no relation to the eight body measurements when age is 
constant. That is, conformation is nearly jf not entirely worthless 
for predicting butter-fat percentage. This fact has been recognized 
perhaps, but its significance has not been always considered. Prob
ably over half the cows of this country earn their way by the hutter
fat they produce. The amount of this butter-fat depends jointly 
on the milk yield and butter-fat percentage. Conformation, as has 
been noted, may to a certain extent predict milk yield but this is 
only one of the important variables, for the high milk-yielding cow 
may be the one of very low test. The problem reduces down to the 
cold fact that it takes milk records and the Babcock test to really 
know much about the cow's ability to produce. 

Some importance is attached to the manner of testing the cow in 
relation to what the conformation might show as to her milk yield. 
A short chapter on the 7-day and 365-day test is given elsewhere 
We may for sake of this analysis compare the average correlation 
coefficient of the 7-day test with the 365-day test where the 7-day 
test was a part of the 365-day test and where they were in separate 
lactations, with the correlation coef!icients for these parts of con
formation as analyzed ahove. We may also include the average 
correlation coefficient for the relation of the 365-<lay test for one 
lactation with that of another. These data are given in table 14. 
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Figure 3 presents the data of table 14 in graphical form. The 
length of the bars represents the degree of reliance (correlation) 
which may be placed in the given variable in predicting the probable 
milk yield of the cow. The partial correlation coefficients for the 
relation of the part of conformation to milk yield are given since the 
correlation coefficients for the i-day and 365-day milk yields are 
based on groups where the age intenral was small thus eliminating 
any influence which the age might have. 

Figure 3 shows clearly the superiority of a lactation record of 
even so shoTt a duration as seven days to any part of comormation, 
thus fur studied, for predicting milk yield. These data support the 

TABLE 14 

Conformation versus an Advanced Registry record as a means of predicting milk 
yield 

I COMEL\TION 
I COEFFJCIENT 

365-day with 365-day milk ~·ield .. 
--~l--

i ~: 7-day with 3SS-day milk yield (same lactation) .. 
7-day with 36S-day milk yield (different lactation). 
Weight with 7-day milk yield .. 
Body length with 7-day milk yield .. 
Body width with 7-day milk yield. 
Body girth with 7-day milk yield .. 
Hip height with 7-day milk yield 
Shoulder height with 7-day milk yield,. 
Rump length with 7-day milk yield .. 
Thurl width with 7-day milk yield .. 

.1 0.462 
0.425 

I 0 364 

:1 ~: 
0.224 

.. ! 0.180 
! 0.009 

conclusion drawn from the study of the Jersey cattle scores. In 
these Jersey data the range of the correlation coefficients between 
the points of conformation studied and 365-day milk yield was 
0.194 to -O.OiO. This range was even lower than that found for 
the body parts of these Holstein-Friesian cattle, 0.425 to 0.009. 
The difference in results may very likely ,be due to the fact that in 
the Jersey the year lactation record was used while in the Holstein
Friesian the seven-day record was used. It is unfortunate perhaps 
that as yet we have not been able to analyze satisfactorily the 
description features relating conformation of such parts as the udder 
to milk yield in the Holstein-Friesian cattle, for the Jersey records 
showed these parts to· be most closely linked to milk yield. Thus 
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in these Jerseys only one part of the confonnation has a minus value 
when correlated with the milk production of the cows. Put in words 

CONrtJflMATION V£:RSUS A MILK RfXORD rOR 
INDICATlN6- rUTUR£: P£RrORMANC£. 

365· DAY MILK neLD WITH 365-DAY MILK YlCLD. 

l'OAY MILK YIeLD WITH 3GS·DAY MILK YleLO.(SAHf LACT4T1ONI 

"DAY MH.K YIeLD WITH 365·0AY MILK YieLD. 

W[/(fflT WITH "DAY MILK YICLD. 

BODY L£N6-TH do 

80JJY WIDTH do 

BODY 6-IRTH do I 
HIP HC/6-TH do I 

SHOIJLD£R H£/G'TH do I 

RIJM!' LCNITTH dol 

D THIIRL WIDTH dD 

FIG. 3. RELATION OF COr..~FORMATION TO 7-DAY MILK YIELD AND OF 7-DAY 

MILK YIELD TO 365-DAY MILK YIELD 

this means that as judged by these men the cows which had the 
backs straight to hip bones were very slightly poorer milk producers 
than those which were not 80 straight. 
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All correlation coefficients but two were more than three times 
their probable error. There are then 15 parts contributing toward 
the ideal conformation which are indicative of tbe high milk pro
ducers. The total score most nearly represented the milk producing 
capacities of the cow. Of the separate divisions into which con
formation is divided, the milk veins-large, tortuous, and elastic
distinguish the high producer from the low producer most accurately. 
This conclusion finds interesting confirmation in the work of Aldrich 
and Dana.' This work dealt with nearly 600 cows. Among the 
items considered in relation to milk flow were: 

a. Size of wells 
b. Diameter of milk veins 
c. Length of milk veins 

The correlation coefficients on these data where accurate measure
ments in English units were used, were (a). Aldrich 0.151 '" 
0.031, Dana 0.262 '" 0.027; (b) Aldrich 0.193 '" 0.036, Dana 0.282 
"'0.027; (c) Aldrich 0.003 '" 0.066, Dana 0.211 '" 0.042. These 
correlations where actual measurements are used are quite close to 
the results obtained from the data of this paper. The conclusion 
seems justified, therefore, that the condition of the milk vein is to 
some extent an indicator of milk yield. 

Close seconds to the condition of the milk veins as an indicator 
of the cow's possible milk yield are the size and character of the 
udder and the shape of the rear udder. The body size and shape 
together with the general appearance of the cow are next most 
indicative of her milk yield. It is interesting to note that the size 
of the udder plays a much more important part in the yield than 
does the shape and contour of the udder. Likewise it seems that 
the appearance of the udder is more important than is the general 
form of the bD<)y taken as a whole. These facts substantiate the 
view that a cow with a large capacious barrel and large, elastic udder 
is likely to be a good milker. In so far sithe data allow comparison 
these facts are substantiated by the Holstein-Friesian data just 
presented. 

f, Aldrich, A. M" and Dana, J. W. 1917. The relation of the milk veins 
system to production. Bul. 202, Vermont Agricultural Experiment Station, 
pp. 1-24. fig. 3. 
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The writer does not wish to be interpreted as favoring the abolition 
of breeding for type and placing all emphasis on breeding for pr<>
duction. From the standpoint of a cattle judge and an admirer of 
the breed it is desirable if not essential to have breeding for type 
going hand in hand with breeding for production. It seems to me 
that the facts above show that there need be no clash between the 
two for the results show that to a slight degree the desirable type is 
the type for milk yield. On the other hand it is equally clear that 
type is to a considerable degree independent of milk yield. Sueh 
being the case if we are to have type and milk yield in the one in
dividual and for each individual in the herd then the breeding opera
tions must take both into consideration. The task of breeding for 
type is, however, far easier than is the task of breeding for milk 
yield because of the tremendous advantage of being able to see 
type in each individual, both male and female, whereas with milk 
yield we can only see it in the female and after long periods of milking. 

SUMMARY 

An analysis of the relation of conformation to 7-day milk yield 
is presented in this seetion. It is shown that the body parts, shoulder 
height, hip height, body length, rump length, body width, thurl 
width, body girth, and weight have a fair degree of correlation with 
milk yield even when the age of the cow is constant. No correlation 
is found between these body parts and the butter-fat percentage 
which the cow is able to produce. 



CHAPTER IV 

AGE OF THE COW AND ITS INFLUENCE ON HER MILK YIELD, MILK 

SOLIDS, AND MILK SOLIDS PERCENTAGE 

Q10r a good many years it has been well known that the age of the 
cow affee!s markedly the milk yield of the cow. The true form of 
the function describing this effect has only recently been determined. 
The function is logarithmic, rising at an ever decreasing rat-e as the 
age of the cow advances until the age of maximum production is 
reached.) From this point the curve declines at an ever increasing 
rate ;8. ~ge advances in yea~is curve is distinctly different 
from the curve used to demark the limit above which a cow must 
produce to enter the Advanced Registry. This standard called for 

( the production by Holstein-Friesian cows of not less than 2.')0.5 
"pounds of butter-fat for the 365-day period at two years old and for 
every day that she exceeds two years of age the requirement in butter
fat was increased one-tenth of a pound. This increased require
ment of 0.1 pound of butter-fat daily for each day's increase in age 
continued till the requirement reached 360 pounds at the age of five 
years after which no further increase was ma<lD Such a standard 
is a linear function, that is, the cow's possibilities of butter-fat 
production must commence at 250.5 pounds as a two-year-old and 
must go on increasing one-tenth of a pound each day, one uniform 
step up each day, until she is five years old when the cow is supposed 
to be at her maximum prodnctivity. The requirement is for butter
fat but it might just as well have been milk yield for the butter-fat 
is but a multiple of milk yield and butter-fat percentage and the 
butter-fat pe;centage is almost uninftueneed by age. 

The Holstein-Friesian Association has collected and is collecting 
a fairly large number of these 365-day records for milk yield, butter
fat percentage, and age on their cattle. These records are arranged 
alphabetically according to the names of the cows in the Advanced 
Registry. Such an arrangement gives no' clue as to any relationship 
which may exist between the attributes, age and yearly milk yield 
or age and· yearly' 'butter-fat per<:entage. The data have been 

50 
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rearranged in " correlation table to allow the determination of these 
relations. 

Two thousand five hundred and eighty-six complete 365-day 
records of the milk yield and age, and butter-fat percentage and age 
were available for study. These cows range from an age of one and 
one-half to fifteen and one-half years. The milk productions range 
from 6000 to 32,000 pounds for the year period. The butter-fat 
percentages range from 2.4 to 4.7 per cent. The size of the ranges 
obviously requires a grouping of the material into classes. These 
classes have been chosen as one-half year for age commencing at 
one and one-half years. The class interval for milk yield was taken 
as 1000 pounds of milk) commencing at 6000 pounds for the year. 
The class interval for the butter-fat percentage was chosen as 0.1 
per cent. 

The resulting correlation tables are shown in tables 15 and 24. 
Table 15 shows the association of milk yield with age and table 24 
the association of butter-fat percentage with age. 

The mean m~ for this group of cows is 16,234 pounds for the 
year period. e standard deviation or the amount which they 
vary is 4039 pounds and the coefficient of variation of the milk 
yield is 24.9. The mean age at which these cows are tested is 4.57 
years. The standard deviation for the ages is 2.25 years and the 
coefficient of variation is 49.1-

Observation of table 15 shows that there is a noticeable relation of 
milk secretion to age. The correlation coefficient as deduced from 
these data is +0.4332 '" 0.0108. The extreme skewness of the 
data tends to reduce the size of the correlation coefficient as com
pared to the true relationship which does exist. In view of this 
fact only slight dependence can be placed in its absolute value. 
However, since the true amount of relationship would be increased 
rather than decreased were the skewness removed, it follows that 
there is a distinctly significant association of milk secretion to age. 
As our object is not the amount of the correlation whicb exists 
between these variables age and milk yield but is the form and 
equation to the curve which describes the relation we need not pause 
longer on this phase of the subject. 

Proceeding to the calculations of the mean milk production within 
the age groups as seen in table 15 we find the mean 365-day milk 
yields to be those shown in table 16. 
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These observational me,ns are shown as small circles in figure 4. 
The ordi!l1l.tes are the pounds of milk produced and the ages are the 
abscissas. From these observational means the logarithmic curve, 
shown as the smooth CUr"e of figure 4, is calculated. The equation 
to this curve is: 

y - 9432.0 + 2069.6. - 128.9.' + 1548.4 log (0 - 1.25) (I) 

where y is equal to milk yield and a is the age of the cow in years. 
This curve strikes through the observations very well. The 

agreement between the observed and the theoretical curve is es-

TABLE 18 

Mean 365-day milk yield of Holstein-Friesian cows at different ages 

AGE ATTZST 
IotllANMIU: 

I AGBJ.T:TES1' 
)1I:AN.MII.It 

nEW YIELD _. 
."". 1.5 to 2.0 12,007 8.0 to 8.5 19,405 

2.0 to 2.5 13,774 8.5 to 9.0 18,560 
2.5 to 3.0 14.264 9.0 to 9.5 18,414 
3.0 to 3.5 15,623 9.5 to 10.0 19,654 
3.5 to 4.0 15,800 10.0 to 10.5 17,292 
4.0 to 4.5 16,528 10.5 to 11.0 17 ,500 
4.5 to 5.0 16,972 11.0 to 1I.5 19,833 
5.0 to 5.5 17,511 11.5 to 12.0 19,833 
5.5 to 6.0 18,178 12.0 to 12.5 16,000 
6.0 to 6.5 18,675 12.5 to 13.0 17,000 
6.5t07.0 18,700 

I 
13.0 to 13.5 14,500 

7.0t07.5 18,977 13.5 to 14.0 
7.5t08.0 18,939 15.0 to 15.5 15,000 

peciaIly close for the milk yields of the younger cows. The con
siderable variation of the older cows in the observational mean curve 
is due to Jack of numbers for the age classes. It will be observed 
that even here the theoretical curve strikes through the observa

tionswell. ± 
These results show that ilk yield rises at an ever decreasing rate 

88 the age of the cow inc until the age of maximum productivity 
is :reached, from this age of maximum productivity the milk yield 
deelines at an ever increasing rate as age increases,:) It is rather 
obvious that this phenome!l1l. is an expressio~ growth and 
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senescence and has heen so interpreted by us.' Brody' et all have 
recently fitted curves of the type M, = A (ae-k,t_he-k,t) to data 
on age and butter-fat production. They then draw the interesting 
conclusion, lacking, however, further supporting evidence that the 
whole process of milk secretion depends on the course of two mono
molecular reactions, which are going on simultaneously during the 
cow's life and find expression as growth and senescence of butter-fat 
yield. The difficulty with this interpretation is in the fact that 
curves of this type are curves also fitting economic data which by 
no stretch of the imagination can be considered as due to any chemical 
reaction behind them. 

~~'I-4--+--+--+~¥~~'~~r-4--+r----~~--~~~~4-_' 
~:~-+-+-+I/-+V-+-+-+-+-+-+-+~-+-+-+~ 
~~+-~-+-y~~+--+--~-r~--~-+--t--f~~-r~~ 
~~~-w~_'__'_~+-+-+-+-r-~.~~~~ 

e 7 

FIG. 4. OBSERVATIONAL AND FIT'1'ED CURVES SHOWING THE Rll:.LA.TlON 01' 

365-0AY MILK YIELD TO AGE F'OR HOLSTElN-FRIESIAN CATTLE 

The observational curve is represented by small circles. The smooth curve 
shows the fitted logarithmic curve for milk yield. Age is in years and months. 

The view that the age and milk yield relation is due to growth and 
senescence is an hypothesis which the writer has had foremost in 
his mind. For some time evidence has been collected in the attempt 
to throw direct light on this problem. . 

1 Gowen, John W. 1920 Studies in milk secretion. V. On the variation 
a.nd oorrelation of milk secretion with age. Genetics, vol. 5, pp. 111-188. 

2 Brody, Samuel, Ragsdale, A. C., and Turper, C. W. 1923. The rate of 
growth of the ds.i:ry cow. IV. Growth and I>en%cenee e.s measured by the 
rise and fall of milk secretion with age. Jour. General Physiology, vol. 
vi, pp. 31-40. 
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By differentiation of the logarithmic equation for the milk yield 
it is possible to find the age at which the maximum productivity 
of these cows occurs. This is shown to be eight years, four months, 
and twenty-nine days. The average milk yield at this age is 19,043 
pounds of milk for the year period. While it is true that the change 
of mean milk yield is slight between tbe ages 6.5 years to 9.75 years, 
still it is equally true that the milk production of these Advanced 
Registry cows increases considerably over that given at five years. 
Such an increase is obviously unfair to those cows which are tested 
at five years in competition with those cows tested at seven or eight 
years. 

TABLE 17 

Correction factors jor slandarcNta{i(m of Ilolsle·in-Friesian Advatu'ed Re']istry 
milk yield to the probable production at 8.25 !tears 

I M~~~~~O~F8.~R i'l Illl.T:LTIl'Llc.\TION'l"ACTOR 
AOJ: Of' cow AT TJilST AGIll 01'" cow AT TEST TO eORRWl" TO 8.ZIl 

TIM.REI' PRODUCTION I yltUU.' PRODUC1'IO& 

I 
IItBTB I lIeOTIl 

1,75 1,562 7.5 1,006 
20 1480 8.0 1,001 
2.5 1,365 8.5 1,000 
3.0 1,282 9.0 1,002 
3.5 1,217 9.5 1,009 
4.0 1.I&l 10.0 1,018 
4.5 1.125 10.5 1.032 
5.0 1.091 11.0 1.050 
5.5 1.064 11 .5 1.073 
6.0 1.043 120 1.101 
6.5 1.026 12.5 1.134 
7.0 1.014 13.0 1.175 

This information may be used to correct the milk records of cows 
at different ages to the probable milk yield of these cows at a stand
ard age. The standard age in our work has been considered 8.25 
years, Or the age of practically maximum milk yield. The correction 
used is based on the ratio of the mean milk yield at 8.25 years to 
the mean milk yield at the given age. This is a multiplication factor. 
In case others wish to use these factors they are tabled above. 

From these data it is possible to form a table showing the probable 
milk yield of a cow at 8.25 years when the milk yield of a cow is 
given at another age. This information is presented in table 18. 
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If the correction factors of table 17 or the corrected milk yields of 
table 18 are to be used for more than an approximation to a result 
it will be necessary to obtain many intermediate points, especially 
for the younger cow. These points may be obtained from the 
equation to the curve. 

Table 18 gives a rather good picture of how age influences milk 
yield. At the top of the table is given the milk which the cow 
actually produces, 6000, 8000, etc., pounds, in a year. The left 
hand column gives the ages at which this production Occurs. In the 
rows opposite these ages are given the expected milk yields of these 
cows at 8.25 years of age, or the age of probable maximum productioD 
for the cow. To illustrate, if a two-year-old cow produces 16,000 
pounds, what will be her equivalent production at 8.25 years. We 
find the 16,000 column at the top of the table under "Milk yield 
at given age;" then we find the 2.0 year age at the top of the left 
hand column under "Age;" following this 2.0 row across the table to 
column 16,000 we find the expected milk yield at 8.25 years for this 
cow to be 23,687 pounds. Similarly any other expected milk yield 
may be obtained from an actual Holstein-Friesian Advanced Registry 
record of 365 days in length. 

It would, of course, be surprising if the milk yield of a cow when 
she was eight years three months old was exactly that given in 
table 18. There are many reasons for this difference. The circum
stances under which different tests are made vary greatly. The 
condition of the cow is by no means always the same. We can only 
consider the result as an average value subject to a variation of prob
ably at least 10 per cent of the predicted lactation record. 

This variation of the actual 8.25 year records from the expected 
records on the basis of the aetuallaetation records of other ages brings 
up the next series of questions. The first of these is the change of 
the standard deviations of the milk yields of these Advanced Registry 
cows as the age of the cow advances. Table 19 gives the raw stand
ard deviations for each age as given in table 15. 

These standard deviations of milk yield do not follow a straight 
line. The analysis of their general trend shows that a parabola 
fit. the observations fairly well. The observed and fitted curves 
are shown in figure 5. The equation to this curve is 

Standard deviation - 1681.6 + 602.1 age - 44.64 (age)' (2) 
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where age is in years and the standard deviation is given in pounds of 
milk. From the above we may conclude that as the cow advances 
in age the milk yield tends to have a greater variation until the age 
of about maximum milk yield is reacbed. From this point the 
variation in the milk yield declines somewhat. 

It is of interest to examine the constants of variation of this 
same population of Holstein-Friesian cows when the milk yields were 

TABLE 111 

l-anation of milk yield fOT each six months of age 

Oh8crved Theoretieal 

pounds po."", 

1.75 2637 2686 
2.25 2883 2923 
275 2864 3137 
325 344Q 3329 
3.75 3412 3499 
4.25 3729 3646 
475 3517 3771 
5.25 3928 3873 
5.75 3867 3953 
625 3794 WID 
6.75 4010 4045 
7 25 4086 4058 
i .i5 4735 4048 
8.25 4058 4016 
8,75 3987 3962 
9.25 3111 3885 
9.75 3987 3786 

10.25 4406 3664 
10.75 3038 3520 

'" Age is given as the mid-point of each class-interval. 

corrected by equation (1) for the effect of age. Table 20 furnishes 
this information .. 

The conatants derived from this table are given in table 21. 
The constants of table 21 furnish some information relative to the 

Advanced Registry of the Holstein-Friesian breed. The milk which 
these cows are expected to produce when in their mature form 
(8.25 years) is 19288.6 pounds of milk for the year period. The 
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FIG. 5, OBSERYED AND FITTED CURVES SHOWI:W THE VARIATION OF MILK 

YIELD WITH AGE 

Age is in years and months 

TABLE 2(J 

Frequenry d£stribut2'ons of corrected milk Y2'eld oj the 365-day period for Hol
stein-Friesian Adl!anced Registry cows 

lfILl"nkLD 3fi.5-VAT l"JI,FQtrENCY I' MILl> YUtLI) I 36!i-DAY FREQUENCY 

PO""'" II p~"'" 

1-9,000-10,000 1 

II 
23,000 131 

10,000 12 24,000 96 
JI,OOO 27 I, 25,000 G8 
12,000 62 

II 

26,000 55 
13,000 JlO 27,000 42 
14,000 166 28,000 32 
15,000 238 29,000 17 
16,000 210 I. 30,000 18 
17,000 262 II 31,000 12 
18,000 243 

II 
32,000 4 

19,000 280 33,000 2 
20,000 217 34,000 1 
21,000 163 II 35,000-36,000 1 
22,000 155 Ii 

]1 Total. .. 2625 
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standard deviation shows that there is a wide scatter in the milk 
yields of the individual cows around this average milk yield. This 
variation amounts to 4147.6 pounds. The mean milk yield and the 
standard deviation of this milk yield for these corrected records is 

TABLE 21 

Physical constants Jor the corrected S65-day mille Y'I"eld of lfob~tein-Frie81'an 
cows, the frequencies fur 11)hich are shown in taLle £0 

""'AR' CO,";;"J ~ 
DEVIATION "..uu.~TlON f 1 ] ~ ~ ~ 

_________ ~ ~ _E___~ ~ -=-_Jl_ 
19,288.6 4147.6 21.5014,70016,19217,60418,92420,13721,86324,207 

±54.6 ±38.6 ±O 21 
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MILK YlaD 

FIG. 6. HISTOGRAM SHOWING THE FUQUENCY DISTRIBUTION OJ' COUlllC'1'l:D 

MILK YIELD FOR HOLST1!UN-FIU&sIAN ADVANCED RBOISTBY Cows 

The octile lilies divide these distributions into eight equal parts 

practically that of the eight years and three months age on the 
uncorrected records. This is, of course, as it should be and acts 
as IJ, check on the work. Figure 6 shows the variation of the cor
rected milk yields and the octile division li,nes, 
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7-DAY MILK YIELD AND AGE 

Some years ago the writer formed tables showing the relation 
of 7-day milk yield and butter-fat production to age. These data 
are believed to include all entries previous to volume 25 of the 
Advanced Register. While the author hopes to be able to present 
shortly much more extensive data on nearly 150,000 entries, it is 
believed that in absence of these tables the earlier ones contain a 
good deal of information that is valuable. Table 22 shows the 
relation of 7-day milk yield to age. This table is the result of 
combining a larger table having 15 pounds of milk yield as the class 
unit. All calculations were made from the larger table. 

The .. tables find an important place in answering such questions 
as these. The cow, May Queen Segis, produced 510 pounds of milk 
at five years eleven months of age. Is such a cowan animal from 
which to breed? By referring to table 22 we note that the range of 
milk yield for cows five and one-half years to six years is from 245 
pounds to 815 pounds and that a cow producing 510 pounds is well 
above the average production. Such a cow would consequently 
be a valuable animal in most herds. 

A milk record does not mean much urdess something is known of 
the age of the cow. In other words, information must be available 
to describe the age changes for milk yield. Something must also be 
known about the standard deviation of milk yield since this, too, 
changes markedly with age. Table 23 gives the means and standard 
deviations of milk yield for the different age groups, together with 
curves which have been found to fit the data. 

The curve for mean milk yield plotted against age is shown in 
figure 7. The rough line represents the actual mean 7-day milk 
yield for each age. The smooth curve gives the theoretical mean 
curve derived from the equation fitted to these actual observations. 
The curve is: 

7-day milk yield = 328.7 + 3.408a - 0.8296a· + 199.5 log (a - 1.25) (3) 

where a is the age at test in years. The age of maximum production 
is eight years ten months and twenty days for the 7-day records. 

The standard deviations of milk yield as given in columns 4 and 5 
of table 23 are shown graphically in figure 8. The observational 
standard deviations are fitted by the curve: 

7-day standard deviation of milk yield = 53.0 + 2.63a 
- 0.217a' + 18.82 log (a - 1.25) (4) 

where a is the age in years. 
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BUTI'ER-FAT PERCENTAGE AND AGE 

Table 24 shows the association of 365-day butter-fat percentage 
with age corresponding to table 15 which shows the relation of milk 
yield and age. The intcn·.l chosen for age is the same in both tahles. 
The interval for butter-fat percentage is 0.1 per cont. 

TABLE 23 

Mean8 and standard det'ia#(}ns of milk !field for the differeNt age groups 

AO' 

Actual I Theoretics) Actual I Theoretical 

I 

t 

1.75 200 272 505 I 51.3 
2.25 316 332 501.5 

I 
57.8 

2.75 340 367 61 6 61.8 
325 385 391 697 64.8 
3.75 404 409 68.9 

I 
67.2 

425 433 423 69.2 69.1 
475 447 435 726 70.7 
5.25 458 444 70.9 

I 
72.1 

5.75 465 451 73.4 73 1 
6.25 468 458 75.7 

I 
74.0 

6.75 468 462 71.8 748 
7.25 467 465 78.2 75.3 
7.75 460 467 702 75.6 
8.25 472 469 SO.3 75.8 
8.75 469 470 78.0 75.9 
9.25 466 469 69.7 75.7 
9.75 459 468 74.5 75.5 

10.25 463 

I 
467 79.4 75.1 

10.75 461 465 72.2 74.6 
11.25 458 462 794 73.9 
11.75 446 458 68.1 73.1 
12.25 456 %3 75.1 72.2 
12.75 430 449 61.7 71.2 
13.25 445 444 568 70.0 
13.75 454 438 69.0 

I 
68.8 

14.25 447 431 645 67.5 
14.75 3SO 425 842 66.0 

The mean butter-fat percentage is 3.428; the standard deviation 
is 0.309. If we compare the coefficient of variation with that for 
the milk the coefficients are found to stand in the relation of 1 to 2.7. 
From this it may be argued that butter-fat percentage is much 
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less variable within this group of Holstein-Friesian cows than is the 
milk yield. This conclusion is in practical agreement with that 
found for other data comparing milk yield and butter-fat percentage. 

--- =-" I "f '/ /"'--r\ 1 <DO 

V I 

" if I 

us 2.1'$ .t '" 7.15 V$ , .. Q7I< "" MT£ IN reARS 

Flo. 7. CURVES SHOWING THE RELATION OF 7-DAY MILK YIELD TO AGE 

The actual curve is represented by the rough line, the fitted observations 
by the smooth curve. 

0 " / LI\ R ~ ~ 1\ h4. 
~ \ /':'7 . 

~ 1\1 
, 

ITS ~?S us • 575 615 &7S 1.7$ 

FIG. 8. CURVES SHOWING THE RELATION OF' THE STANDARD DEVIATIONS OF 

7 -DAY MILK YIELD TO AGE 

The rough line represents the observational standard deviations, the 
smooth curve the theoretical observations found from the equation given 
above. 
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The correlation coefficient between butter-fat percentage and age 
is -0.0675 ±0.0133. The correlation coefficient is consequently 
slightly significant. 

The mean butter-fat percentages for the different age groups as 
exhibited in table 24 are shown in table 25. 

These observational means are shown as the small circles in figure 9. 
The ordinates are the percentages of butter-fat and the abscissas 
are the ages. These observations on butter-fat percentage clearly 
are linear in their relation to age. Such being the case the ordinary 

TABLE 25 

Mean S65-day butter-fat percentage of Holstein-Friesian cows at different ages 

1 "'A"=U- I FA'}' PERCENTAGE i F.\.T PCllCkNTAGII: 

year8 

1 5 to 2.0 3489 I 8.0 to 8.5 3.399 
2.0to25 3.432 85 to 9.0 3.416 
2.5 to 3.0 3 483 9.0 to 9.5 3.376 
3.0 to 3.5 3.442 \).5 to 10 0 3.342 
3.5 to 4.0 3.398 100 to 10.5 3.388 
4.0 to 4.5 3.449 10.5 to 11.0 3.442 
4.5 to 5.0 3409 11.0 to 11.5 3.300 
5.0 to 5.5 3.417 11.5 to 12.0 3.533 
5.5t060 3.410 12.0 to 12.5 3.200 
6.0 to 6.5 3.443 12.5 to 13.0 3.350 
6.5t07.0 3.414 13.0 to 13.5 3.600 
7.0to7.5 3.366 13.5 to 14.0 
'j.5 to 8.0 3.415 15.0 to 15.5 3.000 

regression formula may be used to fit this curve. The equation to 
this curve is: 

Butter-fat percentage = 3.470 - 0.009 age (S) 

There is consequently a slight decrease in the butter-fat percentage 
which a Holstein-Friesian cow is capable of giving as the age of that 
cow increases.' That this change is slight may be seen from the 
fact that the decrease in butter-fat percentage from the age of one 
year and nine months to fifteen years and nine months is only 0.130 
per cent 88 shown by the fitted curve of figure 9. 

Tbe low correlation of butter-fat percentage with age jnetifies tbe 
use of the raW butter-fat percentage recqrd without further corree-
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tion. The frequency distribution of these butter-fat percentages i. 
consequently the same as that given in table 24 Bave for the addition 
of a few individuals subsequently recorded. The physical constants 
derived from the distribution are given in table 26. 

The distribution showing graphically the variation of the butter
rat percentage in the Holstein-Friesian breed is presented in figure 10. 

FIG. 9. OBSERVATIONAL AND FITTED CURVES SHOWING THE RELATION OF 365-
DA.Y BUTTER-FAT PERCENTAGE TO AGE FO-n HOLSTEIN-FBIESlAN CA'M'LE 

The observationa.l curve is represented by small circles. The smooth 
curve shows the fitted curve for butter-fat percentage. Age is in years and 
months. 

TABLE 26 

Physical CQn8tants for the butter-fat percentage oJ Holstet"n-Friesian Ct1WS 

00=' .. '" STANDARD 

-,,- 1"1 1.111' 
DJ:VL\TION 

VARIATION ... I:: "0 ] .d ,t:I l'I 

: J ~ & ~ l j 
3 430±O 004 0 315±O 003 9 1S±O 09 3 090 3 2173 32013 406 3 5013 6143 784 

SOLI08-NQT-FA.T PERCENTAGE AND AGE 

Table 27 shows the relation of the percentage of solids-not-fat 
to milk yield. It will be noticed that there is one value (in par
entheses) far removed from the distribution of the other entries. It 
seems desirable to exclude this value since it is prohable that some 
error has crept into the determination of the solids for this test. In 
the calculations which follow, this value is not included. 
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The meaIlB and standard deviations of the solids-not-fat percentage 
and of age are given in the first chapter, table 6. The correlation 
coefficient for the relation of solids-not-fat percentage and age is 
-0.161 ±0.036. The correlation ratio is 0.234 ±0.035 and 
the correlation ratio squared minus the correlation coefficient 
squared is 0.028 ±O.012, or it is reasonable to asswne a linear 
regression line. The mean solids-not-fat percentage for each 
army of age is given in table 28. 

1J/ITTER'FAT PERCENTA6-E 

FIG. 10. HISTOGRAM SHOWING THE FREQUENCY DISTRIBUTION OF 365-DAY 

BUTl'ER-FAT PERCENTAGE FOR HOLSTEIN-FRIESIAN ADVANCED REGISTRY 

Cows 

The octile lines divide these distributions into eight equal parts. 

The raw average solids-not-fat percentages are given in colmnn 
two of table 28. The ages are the mid-points of each class of table 
27. Column three gives the calculated averages for the solids-not-fat 
percentages fot each age. The equation from which these calculated 
values are derived is: 

Solids-not-fat percentage = 8.71 - 0.024 age (6) 

where the age is in years. Figure 11 shows the observed and fitted 
percentages of solids-not-fat for each age .•. 
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TABLE 27 

Correlation ~urface for th'e variables, age at test and percentage of solidS-'Rot
fat, for tke Semt'-officialyear records of Hol8tein-Friest'an cow, 

TABLE 28 

Average solids-nat-fat percentage for each age at commeneemmt of test 

ME.\N SOLIll&-NOT--J',\T 1'11lJ1C:r.NTMIIl ... 
Ob$erved Calcubted 

,IIaTM 

2 8.71 8.00 
3 

I 
8.63 8.64 

4 8.62 8.61 
5 8.56 8.59 
6 8.51 8.56 
7 8.46 8.54 
8 8.50 8.52 
9 8.55 8.49 

10 8.50 8.47 
1I 8.40 8.44 
12 8.43 8.42 
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BUTI'ER-FAT AND AGE 

The correlation surface showing the relation of Holstein-Friesian 
butter-fat yield in pounds for the 365-day lactation period with the 
age when the lactation commenced is given in table 29. This table 
was made at a later date and with slightly different data from those 
of the tables for milk yield and butter-fat percentage. 

The average butter-fat production of these cows is 559 pounds for 
the year period. The standard deviation of the butter-fat is 146 
pounds. The correlation coefficient of butter-fat and age is 0.376. 
The regression is a skew one so that this correlation does not indicate 
the complete relation of butter-fat and age. The correlation coeffi
cient is sufficiently large, however, to indicate that the two variables 
are quite closely associated. 

~ I11fiflfEH I 
M IN 'flAilS 

FIG. 11. TuE RELATION OF PERCENTAGE OF SOLIDS-NOT-FAT TO AGE 

The raw s.ver&ges a.re shown as circles, the stra.ight line is derived from 
equation (6). 

From table 29 we find the average butter-fat productions for each 
age group to be those shown in column two of table 30. The third 
column of table 30 shows the butter-fat yields on the basis of the 
curve fitted to the raW means shown in column two. 

Figure 12 shows the raw mean butter-fat productions for each 
age as small circles. The smooth curve is a logarithmic curve 
determined from these raw means. The equation to this curve is: 

Butter-f.t production = 352.2 + 60.56. - 4.0560' + 76.3 log (. - 1.25) (7) 

where a is the age in years. This curve fits the data well. From 
the equation we may determine the age of maximum butter..fat 
production. This age is shown to be eight years and twenty-three 
days. The average production at this '!II" is 641 pounds. 



INFLUENCE OF AGE OF COW ON MILK YIELD 71 

TABLE 2P 

Correlation sUrface showing the relation oj age to butler-fat pt"O(iuction 

BTJ1'1'Elt-FAT PllOnUCTtON m POUlm8 ... ~ 

!l ~1~lnH ~ ~~I~ !!I!!I! 
~ ..,.. ... 

h ~ ~ ~ 
velJr, 

1.5-2.0 6 7 13 14 12 5 4 2 63 
2.0 10·40 64 951 95 67136 23 19 5 6 1 1 1 463 
2.5 311 47 44155 49

1

33 24, 12 14 5 2 299 
3.0 110 16 31 33 46 29 10 13 9 6 3 2 1 1 211 
3.5 6 18 31 45 30 28 27 22 4 5 3 1 1 221 
4.0 3 18 13 21 29 21 29 16 i! ;1 : 2 2 1 177 
4.5 1 11 18 22 32 21 26 16 2 3 1 179 
5.0 10 15 21 39 35 18 17 9 8 6 4 1 3 3 1 11 192 
5.5 6 5 18 17 22 21 18 1311 5 3 4 3 2 I 149 
6.0 5 6 13 1425 20 16 16 S 8 5 3 4 1 2 r46 
6.5 2 5 11 18 12 20 14 9 7 3 6 2 2 2 2 115 
7.0 I 4 12 17 11 13 13 5 4 8 6 2 1 

J 1 

97 
7,5 1 4 5 7 8 6 4 13 4 4 I I 2 60 
8.0 2 4 5 10 7 14 11 5 3 6 4 3 2 79 
8.5 4 8 5 6 9 9 5 2 3 2 I 54 
9,0 1 3 8 7 5 6 3 2 1 2 as 
9,5 2 4 4 2 2 5 1 2 3 1 26 

10,0 5 5 3 3 4 3 2 2 1 28 
10,5 2 2 1 2 1 1 9 
11,0 2 3 1 2 1 9 
11,5 1 1 1 1 1 I 6 
12,0 1 1 3 1 6 
12,5 1 1 2 
13,0 I 1 
13,5 
1{,0 
1{,5 
15,0 1 1 2 
15,5 
16,0 

16,5-17,0 1 1 
--- ------,--

Total.. 20]18,216,3051396 4()8,312,276,217 
--'----1----- --
138,83173,42,24,21,13, 71 2; 1 1 2683 

As the butter-fat production is simply the multiple of the milk 
yield and bntter-fat percentage it seems a work of supererogation 
to carry this anaI)'llis further, as the chapters to come will only deal 
with the two basic variables and not the butter-fat"" such. 
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TABLE 3D 

Mean and fitted mean butter-fat productions for each age group 

1.75 
2.25 
2.75 
3.25 
3.75 
4.25 
4.75 
5.25 
5.75 
6.25 
6.75 
7.25 
7.75 
8.25 
8.75 
9.25 
9.75 

10.25 
10.75 
11.25 
11.75 
12.25 

) 

il 
t75 

V 
/ 

315 

RawmeaIlll Fittedmea.ne 

.) 

423 
473 
503 
530 
534 
572 
581 
599 
633 
646 
644 
632 
646 
665 
623 
62() 
625 
584 
530 
675 
634 
509 

~ r---

\ 

.l 
r-=> ~ 

\ 

5.75 ;;75 975 
Afr£ IN < YEARS. 

422 
468 
501 
529 
553 
573 
590 
604 
616 
626 
633 
637 
64{) 

64{) 

638 
634 
627 
62() 
609 
596 
581 
565 

~ 

J 
,I" 
~ 
V 

n.75 

FIG. 12. RAW AND FITT1Dp MEAN BUTTEX .. FAT PRODUCTION paR EACH AOIl 
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7-DAY llU'ITER-FAT YIELD AND AGE 

Like the previous data on 7-day milk yield the information on the 
relation of the 7-day butter-fat to age was taken from the first 
24 volumes of the Advanced Register. The table given below 
shows the distribution of butter-fat yield for each age test. Such a 
table finds a use similar to that for milk yield in that it enables the 
reader to obtain easily some appreciation of the relative worth of an 
animal as compared to the rest of those in the Advanced Registry. 
Thus at nine years three months Tilly Alcartra had a butter-fat 
test of 32.6 pounds or as table 31 shows the record is well up with the 
leaders in the breed, a natural expectation considering that she has 
one of the best butter-fat records of the breed for the 365-day period. 

From the data of table 31 the means and standard deviations of 
butter-fat yields for each age are ohtained and shown in table 32. 

The first column of table 32 shows the mean age of the groups of 
cows. The second column gives the actual butter-fat yields of each 
group for the 7-day period. The theoretical curve showing the 
relation of the butter-fat yields to age is derived by fitting the 
observations of column two by the method of least squares. The 
equation to the curve is: 

7-day butter-rat = ll.68 + O.02Oa - 0.031.' + 7.89 log (a - 1.2.1) (8) 

where a is the age in years. The theoretical curve is shown in the 
third column. The age of maximum butter-fat production is found 
by differentiation of this curve to be eight years two months and 
twenty-six days. At this age the mean production of butter-fat 
is 16.4 pounds. The observational and fitted curves are shown in 
figure 13. 

SOLIDS-NOT-FAT AND AGE 

Table 33 shows the meansolids-not-fat for each age of the array. 
These raw means are based on relatively small numbers of indi
viduals sO that there is a good deal of extraneous variation due to 
random sampling. The mean solids-not-fat of the group is 1308 
pounds with a standard deviation of 259 pounds. 

Table 33 shows the raw mean solids-not-fat and the fitted mean 
solids-not-fat for each age group starting at one year and nine 
months. The curve is on the whole remarkably smooth considering 
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the limited nature of the data. The equation describing the relation 
of age to the solids-not-fat is: 

Solid,-not-fat = 604 + 267a - 17.4a' - 158 log Ca - 1.26) (9) 

TABLE 32 

Means and standard dedations of butter-fat production/or each age 

Actual TheCll'etica.l 

lIeQ ... 

1. 75 10.0 9.2 
2.25 11.0 11.6 
2.75 11.8 12.9 
3.25 13.5 13.5 
3.75 14.2 14.5 
4.25 15.3 15.0 
4.75 15.8 15.4 
5.25 16.4 15.7 
5.75 16.4 15.9 
6.25 16.5 16.1 
6.75 16.4 16.2 
7.25 16.4 16.3 
7.75 16.0 16.4 
8.26 16.7 16.4 
8.75 16.4 16.4 
9.25 16.1 16.3 
9.75 15.8 16.2 

10.25 16.1 16.1 
10.75 15.6 16.0 
11.25 15.7 15.8 
11.75 15.0 15.7 
12.25 15.4 15.5 
12.75 15.0 15.2 
13.26 14.9 15.0 
13.75 15.8 14.7 
14.25 15.3 14.4 
14.75 13.4 14.1 

where a is the age in years. Figure 14 shows the observational 
means and the'fitted means as determined from the above equation. 

From the equation given above we find that the age of maximum 
production is equal to seven years four months and one day. This 
age i. slightly I ... than that found for the milk yield or the butter-fat. 
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FIG. 13. OBSERVATIONAL AND FITTED CURVES SHOWING THE RELATION OF 

7-DAY BUTTER-FAT PRODUCTION TO THE AGE OF THE COW 

The rough line shows the actual observations. The smooth line represents 
the curve fitted to these observations. 

TABLE 33 

Mean solids-nat-fat and standard deviation oJ solids-not-fat at successive ages 

I 
I 

I~",dm .. n Calculated meaD 

!leaTa 

1.75 I 1050 10611 
2.25 1146 1117 
2.75 1143 1179 
3.25 1278 1241 
3.75 1359 1298 
4.25 1309 1349 
4.75 1361 1394 
5.25 1458 1431 
5.75 1437 1460 
6.25 1465 1482 
6.75 1392 1496 
7.25 1460 1501 
7.75 1850 1499 
8.25 1530 1488 
8.75 1470 1468 
9.25 1483 1440 
9.75 1400 1404 

11.03 1250 1276 
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This difference might be expected, however, in view of the greater 
negative correlation of solids-not-fat per ccnt with age. 
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FIG. 14. OBSERVATIONAL AND FITTED CURVES FOR THE RELATIOk OF THE 

SOLIDS~~OT-FAT TO THl!! AGE OF THE Cow 

sllMMA.RY 

The data to determine the relation of milk yield, butter-fat, solids
not-fat, butter-fat percentage, and solids-not-fat percentage to the 
age of the cow are presented in this section. The equations for the 
relations are given. Correction factors and tables for the 365-day 
records are presented for determining the equivalent maximum 
production from the milk yield at another age. 



CHAPTER Y 

MODE OF SECRETIOX OF MILK AND MILK SOLIDS 

Before 1850 the prevailing opinion held that the milk solids were 
filtered out by the mammary gland from the blood serum. This 
view was shown to be incorrect by the fact that lactose is not present 
in the blood and the fat percentage of the serum is not sufficient to 
account for the fat in a single milking. To replace this old theory, 
three major hypotheses have been put forth to account for the secre
tion of the mammary gland: 

1. Cells of the gland break loose bodily and disintegrate in the 
alveoli to form the milk solids. 

2. The portion of the cells toward the alveoli becomes loaded with 
solids, breaks loose from the basal portion, and disintegrates to form 
the milk solids. 

3. The cells of the mammary gland secrete the materials of the 
milk solids without themselves breakiog down. 

In opposition to the first theory, it may be said that no such 
extensive cell multiplication is witnessed in the mammary gland as 
would be necessary to replace the cell destruction called for by this 
theory. This disintegration, as pointed out by Heidenhain' for the 
milk produced by some cows in one day would require the replacing 
of all cells in the udder at least five times a day, a replacement of 
cells unprecedented in our knowledge of cell division. 

The second theory, suggested by Langer and ably supported by 
Heidenhaio,' Steinhaus' and Brouha' lays its foundation on histo
logical evidence. According to this evidence, the gland cells lengthen 

1 Heidenhain, R. 1883. Die Milchabsonderung. Hermann, Handbueh 
der Physiologie. Bd.5, F. 1, pp. 380. 

I Loc. cit. 
a Steinhaus, Julius. 1892. Die Morphologie der Milchabsonderung. 

Arch. Anat. u. Physiol., 1892, Sup. Bd. PhysioL Abt., pp. M-68, pI. 5-7. 
"Brouha. 1905. Recherches sur les diverses phases du deveioppement et 

de l'activite de 1& mamells. Arch. BioI., t. 21, pp. 459-603, pI. 18-20. Travaux 
renseignes, pp. 591-596. 
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out into the lumen of the alveoli. The projecting ends of these cells 
hecome loaded with nutrients similar to milk solids. These pro
jecting ends disintegrate to allow the escape of these solids. The 
basal portions, including a nucleus, are left to rebuild the cell and to 
enable it to repeat the process. Steinhaus says that, in order to 
support this rebuilding, mitotic divisions are frequent, and that the 
daughter nuclei which lie on the outer portion of the cell often 
degenerate. 

The third theory lays its stress on analogy with the other secre
tory glands without other supporting evidence than the negative 
evidence of Bertou,' who says the disintegration appearing in the 
secretory cells is due to imperfect fixation and that no necrobiosis 
of any kind appeared. 

Before examining the new evidence to he presented on this question 
it seems desirable to consider a difficulty of the method used by tbe 
above investigators. Examination of the cow's udder shows that 
the cells of the actively lactating mammary gland of a Holstein
Friesian cow alP quite small. Considered in the light of this small 
size, it is likely that observations on the distal end of a cell might 
he called by one observer the destruction of this p<¥tion and by 
another, the cell in "its natural shape. This difficulty in the way of 
the histologist is not to be minimized. 

The variation of the constituent parts of milk and the milk quantity 
offers a means of approach to the problem. The variables which 
we propose to study are milk yield, age, amount of solids-not-fat 
and butter-fat. Tables for the interrelation of these variables have 
heen presented elsewhere.' While reexamination of the data has 
added perhaps a half dozen observations and corrected slight errors 
in others the end results a.re so nearly the same that it does not seem 
desirable to go to the expense of reproducing the correlation tables. 
The constants as now obtained are given in table 34. 

The interrelation of three.of these variables, milk yield, butter-fat, 
and solids-not-fat, is very close indeed. The correlation of age to 
the other three is much less. Considerable importance is attached 
to the significance of the differences hetween these correlation 

.. BertkauJ F. 1907. Ein Beitrag zur Anatomie und Physiologie der MiJch~ 
druse. Anat. Anz., »d. 30, No.7 /8, p. 161-180, 7 fig. Litera-tur, pp. 179-180 . 

• Gowen, John W. 1919. Variations and mode of secretion of milk solids. 
Jour. Agti. Research, vol. xvi, no. 3, pp. 79-102. 
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coefficients. The difference between the correlation coefficients for 
milk yield and solids-not-fat 0.9655, and milk yield and butter-fat 
0.8927, is 0.0728 "" 0.0079 or the difference is 9.2 times its probable 
error.' The correlation between milk yield and solids-not-fat is 
consequently significantly greater than the correlation between the 
milk yield and the butter-fat. The importance of this should be 
emphasized because of what is to follow. The correlation of the 
solids-not-fat with the butter-fat is not significantly different from 
the correlation of the milk yield with the butter-fat. The correIa-

TABLE S4c 

Constants showing the means, standard deviations, coefficients of variation, and 
correlation coefficients for mt'lk yield, age, 8Qlid8~rwt-fatJ and butter-fat 

Milk yield .. 
Age .. 
Solids-not-fat. . 
Butter-fat.,. 

Milk yield IIond age . ... 
Milk yield and solids-not-

fat .. 
Milk yield and butter-

fat .. 
Age and solids--not-fat . .. 
Age and butter-fat .. 
Solids-not-fat and butter-

Iat. .. 

15205 ±108 
4.53± 0.08 

1308 ± 9 
519 ± 4 

0.4771 ±O. 0284 

O. 9655±0. 0025 

0.8927±0.0075 
0.4240±0.0202 
0.4564±O.0291 

O. 9158±0. 0059 

STANJ.)ARD 
DI$VUTION 

2945 ±77 
2.29± 0.00 

259 ± 7 
104 ± 3 

CODFICIJ:t."'TO'I 
'VAlUA.TIOJIi" 

19.4±0.5 
5O.fi±1.6 
19.8±0.5 
2O.0±0.5 

COBBm.A.'l'ION lU.TJO 

O. 6006±0. 0235 0.5021 ±O. 0275 

O. 9681±0. 0023 O. 9666±0. 0024 

0.9047 ±O. 0067 O. 9023±0. 0069 
0.5967 ±O. 0237 O.4688±0.0287 
O. 5628±0. 0251 0.4747±0.0285 

0.9277±0.OOSI O. 9232±0. 0054 

tion of the milk yield with the solids-not-fat is significantly larger 
than the correlation of the solids-not-fat with the butter-fat. 

The correlations of the age with the other three variables are about 
half the size of the correlations of the three variables among them-

7 This difference is probably not so significant as would appear from the 
probable error. Soper et ai. have shown that the distribution for correlation 
coefficients of 0.9 and n of 400 is not exactly Gaussian. The probable error 
should be somewhat larger consequently. See Soper, H. E., Young, A. W., 
Cove, B. M., Lee, A., Pearson, K., on the distribution of the correlation co
efficient of smaU samples. Biometrika, vol. xi, pp. 328-413. 
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selves. The correlation ratios for age and the other variables show 
that at least one of the regression lines is not linear. The greatest 
departure from linearity occurs for the relation of milk yield to age. 
We are going to handle the problem as if the regressions were linear, 
however, in view of the difficulty in handling the partial correlation 
ratios of the higher orders. While all the influence of age on the 
other variables will not be accounted for by this method, the method 
will present a result which will be correct to at least a first approxima
tion. In fact it seems probable in view of the fact that age is cor
related with the three variables to nearly the aame degree, in no 

TABLE as 
Partial correlation coefficient6 shouJ'ing the relation oj two oj the four variables-

milk Yield, age, 8olids-nof--!al, and butter-fat for a consta1tt third variable 

Milk yield X age 
Milk yield X age 
MHk yield X butter-fat 
Milk yield X butter-fat 
Milk yield X solids-not-fat 
Milk yield X solids-nat-fat 
Age X butter-fat 
Age X solids-nat-fat 
Age X butter-fat 
Age X Bolids-not-fat 
Butter-fat X solids-not-fat 
Butter-fat X solids-nat-fat 

Butter-fat 
Solids-not-fat 
Age 
Solids-not-fat 
Age 
Butter-fat 
Milk yield 
Milk yield 
Solids-not-fat 
Butter-fat 
Milk yield 
Age 

O.174±O.036 
O.2B9±O.OO4 
o 863±O.OOO 
O.082±O.037 
O.959±O.OO3 
O.820±O.O!2 
O.077±O.037 

--Q.!6!±O.036 
O.!87±O.036 
O.017±O.037 
o 463±O 02!1 
O.896±O.OO7 

case are the differences significant, that the variable age might be 
dropped altogether. 

The first order correlation coefficients showing the relation of two 
of the four variables for a constant third are given in table 35. 

Several significant points are brought out in table 35. Let us 
consider first the three variables, milk yield, butter-fat, and solids
not-fat, with linear regression lines. When the correlation between 
the butter-fat and solids-not-fat for a constant quantity of milk is 
thus measured, it is found that the partial correlation coefficient is 
0.463 ± 0.029. This correlation shows that the production by the 
mammary gland of butter-fat and of solids-not-fat are correlawd 
functions. This correlation being plus it means that an increase in 
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the liberation of either constituent of cow's milk means a coincident 
increase in the other. This conclusion is important, as it shows that 
the factors responsible for the increase in the content of butter-fat 
for a given volume of milk are in a high degree responsible for the 
increase in the solids-not-fat content in this same milk. It means 
tbat the physiology of the mammary gland in elaborating the milk 
solids is such that the release of a certain amount of butter-fat to 
the milk also releases a proportionate amount of solids-not-fat. 

The correlation coefficient for butter-fat with milk yield for a 
constant solids-not-fat is practically zero, 0.082 "" 0.037. That is, 
all the correlation between milk yield and butter-fat yield is due to 
the correlation of these variables with the solids-not-fat. Looked 
at from another angle, milk yield and butter-fat vary independently 
in milks of a constant solids-not-fat. Or from still another stand
point, milk yield is controlled largely by the solids-not-fat output 
and solids-not-fat output is controlled by milk yield. The solids
not-fat at the same time controls part of the butter-fat output. The 
solids-not-fat has a correlation 01 0.463 with butter-lat lor a con
stant milk, or in terms of variation, when the solids-not-fat and milk 
yield are constant the variation of the butter-fat is reduced to 41.4 
as against 103.8 where the solids-not-fat and milk yield are not 
constant. Although age has a rather large correlation with these 
variables it is rather insignificant in its influence on milk yield 
as compared with the other highly correlated variables already 
discussed. 

The second order correlation coefficients for the relation of two 
of the variables for the other two constant are given in table 36. 
This table shows that milk yield has a very close relation to solid ... 
not-fat even when ages of the cows and their butter-fat yields are 
made constant. The milk yield and butter-fat vary practically 
independently when the Bolids-not-fat and the ages are made con
stant. A fair sized correlation remains between the milk yields and 
ages even when the solids-not-fat and butter-fat yields are made 
constant. 

The solids-not-fat and the butter-fat yields are closely correlated, 
0.48, even though the milk yield and age are made constant. The 
solids-not-fat decline with age for cows of constant milk yield and 
butter-fat percentage. 
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Curiously enough in view of the negative correlation of milk 
yield with butter-fat percentage and of age with butter-fat per
centage the relation of butter-fat and age for a constant milk yield 
and solids-not-fat is positive. The correlations are all small and 
scarcely significant, however. 

From these data it is clear that the major variable influencing 
milk yield is the solid-nat-fat. The solids-not-fat is composed of 
several different substances generally classified under the titles of 
sugar, ash, casein, and albumin. All of these substances may be 
jointly responsible for milk J~eld or it may be that onJy one of them 
is responsible. Gaines' and others have put forward the view that 
milk yield is due to the osmotically active substances in milk. On 

TABLE 36 

Second order correlat7'on coejJic7'ents for the relation· of two variables for the other 
tu'O l'On8tant, the variables being, milk y'ield, butter-fat, 8olids-not~fat, and age 

Milk yield and solids~not-fat I Butter-fat and age 0 . 828±O .012 
Milk yield and butter-fat Solids-not.-fat a.nd age 0 .030±O .037 
Milk yield and age Solids-not-fa.t and butter-fat O. 280±O .034 
Solids-oot-fat and butter-fat Milk yield and age O.481±O.028 
Solids-not-fat£tDd age I Milk yield and butter-fat -O.223±O.035 
Butter-fat and age Milk yield and solids-not-fat 0 .172±O. 036 

the other hand if we should adopt the cell destruction theory either 
for the whole cell or for part of it, the protein elements would prob
ably be the controlling factors for milk yield. It takes other evidence 
to settle the problem. This evidence is being collected. 

From the data presented it is possible to form prediction equations 
to determine the average milk yield, etc., of cattle when other infor
!Il.'ltion sud> as solids-not-fAt is known. As these equations are 
frequently usefnJ they are given below for milk yield, butter-fat and 
solids-not-fat. It should be remembered that all of the influence 
of age is not corrected for by linear equations . 

• Ga.in.es, W. L. 1922. The inheritaDce of fat cODtent of milk iD dairy 
ca.ttle. Proc. Amer. Soc. Animal Production for 1922, pp. 29-32. 
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Milk yield == 865 + 11.0 solids-not-fat (10) 
Milk yield = 2056 + 25.33 butter-fat (11) 
Milk yield = 748 + 10.46 solids-not-fat + 1.50 butter-fat (12) 
Milk yield = 2137 + 24.19 butter-fat + 113.29 age (13) 
Milk yield = 902 + 10.57 solids-not-fat + 106.43 age (14) 
Milk yield = 827 + 0.554 butter-fat + 1041 solids-not-fat + 104.6 age (15) 
Solids-not-fat = 14.0 + 0.085 milk yield (16) 
Solids-not-fat = 120.0 + 2.289 butter-fat (17) 
Solids-not-fat = 1090.5 + 48.0 age (18) 
Solids-not-fat = 0.062 milk yield + 0.665 butter-fat - 13 (19) 
Solids-not-fat = 8.04 + 0.087 milk yield - 5.38 age (20) 
Solids-not-fat = 121 + 2.28 butter-fat + 0.859 age (21) 
Solids-not-fat = 0.066 milk yield + 0.681 butter-fat - 6.633 age - 16 (22) 
Butter-fat = 41.6 + 0.031 milkvield (28) 
Butter-fat = 39.8 + 0.366 solids-not-fat (24) 
Butter-fat = 425.3 + 20.69 age (25) 
Butter-fat = 28.5 + 0.0045 milk yield + 0.3227 solids-not-fat (26) 
Butter-fat = 42.6 + 0.0308 milk yield + 1.791 age (27) 
Butter-fat = 41.1 + 0.3523 solids-not-fat + 3.767 age (28) 
Butter-fat = 36.1 + 0.0017 milk yield + 0.3370 Bolids-not-fat + 3.59 age (29) 

By way of illustrating the use of these equations we may take the 
case of a cow producing 1500 pounds of solids-not-fat and determine 
the probable milk yield of the cow for the year period. Equation 
(10) gives the necessary data, 11.0 X 1500 ~ 16,500 + 865 ~ 17,365 
pounds of milk for the year period. 

Equation (15) is perhaps the most interesting since it includes all 
four variables, milk yield being the predicted variable. By the use 
of this equation we may find the relative influences of the butter-fat 
as distinct from solids-not-fat or age in determining milk yield, and in 
the same way of solids-not-fat distinct from the other two and of age 
apart from the other two. Let two cases be assumed, a cow whose 
solids-not-fat, butter-fat, and age were respectively 2650 pounds, 
WOO pounds, and 10 years, should produce 30,000 pounds of milk of 
which the solids-not-fat would determine 27,573 pounds, the butter
fat 554 pounds, tbe age 1046 pounds, and extraneous unknown causes 
827 pounds. Or, the solids-not-fat would determine 91 per cent of 
the milk yield, the butter-fat 1.8 per cent, the age 3.5 per cent, and 
unknown causes 2.7 per cent. Another cow might produce 9000 
pounds of milk with 750 pounds of solids-not-fat, 300 pounds butter
fat and may be 2 years of age. Under those circumstances the 9000 
pounds of milk would be proportioned a~ follows; the solids-not-fat 
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account for 7800 pounds of milk, the butter-fat 166 pounds of the 
milk, the age 209 pounds, and extraneous causes 827 pounds. The 
solids-not-fat account for 87 per cent, the butter-fat 1.8 per cent, 
and the age 2.3 per cent. These ranges include practically the 
range of the breed in Advanced Registry milk yield. It is clear that 
the solids-not-fat control the major portion of the milk yield. 

VARIATION IN MILK YIELD CONTROLLED BY THE THREE VARIABLES 

The problem may be looked at from another angle-the amount of 
variation in milk yield which these three variables solids-not-fat, 
butter-fat, and age control. The data just presented allow the deter
mination of some of these relations. The amount of variation re-

TABLE 37 

Amount oj variation in milk yield controlled by the solids-not-fatl butter-fat, and 
age, singly and jointly 

VA.lUABLJIlS CONJf1'AN'I' 
CON'l'ft(lU,IU) BY 

CON8TANT 

2945 None 000 
761 Solids-not-fat 2184 

1326 Butter-fat 1619 
2588 Age 357 
758 Solids-not-fat and butter-fat 2187 
731 Solids-not-fat and age 2214 

1300 Butter-fat and age 1639 
730 Solids-not-fat, butter-fat, and age 2215 

roaining in one variable when a correlated variable is constant is 
equal to a 1 ~l. The amount of variation remaining in one 
variable when the two other correlated variables are constant, is 
(T 1 vl-r,,' VI-cu.,' and for the case where three other vari
ables are cODstant,iB u 1 Vl-rl1?vlr-l8-2 2vl-r14.2i'. The amount of 
variation in milk yield controlled by the three other variables is 
shown in table 37. 

The standard deviation for milk yield, when all correlated variables 
vary as they will, is 2945 pounds of milk. This standard deviation 
is over one thousand pounds of milk less than the standard deviation 
for all the Advanced Registry animals, or this group of cows is prob
ably less variable in their milk yield than those of the whole 
Advanced Registry. 
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If the solids-not-fat yield be made constant the variation in the 
milk is reduced to 761 pounds, or the variation of the solids-not-fat 
account for 2184 pounds of the variation of the milk yield. In the 
Bame way if the butter-fat is made constant the variation in milk 
yield is reduced to 1326 pounds and we might consider the amount 
of milk controlled by the butter-fat to be 1619 pounds. Again the 
variation of the milk yield when the age is controlled is equal to 
2588 pounds or the pounds of variation which we might consider as 
controlled by age are 357. Hastily considered it might seem possible 
by simply adding these amounts to obtain the variation in milk 
yield controlled by these three variables, but 2184 + 1619 + 357 = 
4160 pounds or a total of more than the original variation of the milk 
yields, 2945, an obvious absurdity. The variation controlled by the 
butter-fat, for instance, is also partly controlled by the solids-not
fat. That is, the variation of butter-fat and solids-not-fat is in 
part a joint variation so that some of the variation controlled by one 
is also controlled by the other. 

Taking the variables two at a time the solids-not-fat and butter
fat when both are made constant reduce the variation of the milk 
yield to 758 pounds; the solids-not-fat and age made constant reduce 
the variation of the milk yield to 731 pounds; and the butter-fat and 
age made constant reduce the variation to 1306 pounds. The degree 
of control of the three pairs of variables are in order 2187, 2214 and 
1639 pounds of milk. It is clear that the solids-not-fat part of the 
combination controls the major portion of the variation, the age next, 
and the butter-fat the least. This is iIlustratM when all three 
variables are made constant, the variation becoming 730 pounds and 
the degree of control 2215 pounds of milk. 

The variation of the solids-not-fat is the major cause of the 
variation in milk yield as shown by these records. These data make 
it appear altogether probable that we must look to the solids-not-fat 
as the major cause of the variation in milk yield and to some extent 
as the cause ?f the variation in the butter-fat yield. 

RELATION OF THE CONCENTRATION OF THE MILK SOLIDS TO MILK 

QUANTITY 

The possible association of the concentration of the milk solids 
and milk quantity is important to what ~s coming in other chapters. 
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The data for this discussion, as presented elsewhere,' and as extended 
with the passage of time, may be briefly summarized as follows. 
The Holstein-Friesian cows show a correlation coefficient between 
the milk quantity and butter-fat percentage of -0.101 ±0.013 for 
2633 cows on the 365-day test. The correlation coefficient, while 
highly significant, shows that milk quantity has but little influence 
on the concentration of butter-fat in the milk of this breed. This 
conclusion finds confirmation in some of the work of Ellinger's on 
Red Danish eattle. 'o These cattle are quite comparable to the 
Holstein-Friesian in ancestry and consequently should be expected to 
have a comparable variation. The data appear to bear out this 
expectation in showing but a slight relation between milk yield and 
butter-fat percentage for these cattle. The Holstein-Friesian cattle 
seem to diller from the island breeds in this regard, as the island 
cattle have a correlation coefficient between their milk yield and 
butter-fat percentage of nearly three times that of the Hoistein
Friesian cattle. The solids-not-fat percentage appears to have littie 
relation to the milk quantity for Holstein-Friesian cow's milk, the 
correlation coefficient being but - 0.055 * 0.037. This conclusion 
might have been expected on other grounds. 

SUMMARY 

The current theories of milk secretion call for either a (1) complete 
or (2) partial destruction of the udder cells concerned in the formation 
of the milk solids or (3) the formation of milk as a tme secretion. 
The evidence for and against these theories is reviewed. Further 
evidence is presented to show that the solids-not-fat are the con
trolling elements in milk yield. 

'Loc. cit. 
10 Ellinger, Ta.ge U. 1923. The va.ria.tion and inheritance of milk cha.rae· 

ten. Frec. Nat. Acad. Scienoos, vol. 9, no. 4, pp. 111-116. 



CHAPTER YI 

TUE PERMANENCE OF A COW'S MILK YIELD OR BUTTER-FAT 

PERCENTAGE 

To be worthy of consideration a record for milk yield or butter
fat percentage must do two major things: first it must predict with 
reasonable accuracy what the production of that cow will be in 
subsequent lactations; second, it should indicate, to some degree at 
least, what milk production may be expected of that cow's offspring. 
Only recently has the data been analyzed to determine how closely a 
record of a cow does these two things. An abstract and an exten
sion of a recent bulletin' presenting the analysis of the first postulate 
will be given in this section. 

Concisely, if two cows, of which one produces 30,000 and the other 
10,000 pounds of milk as six-year-olds, each have exactly 18,000 
pounds for their milk yields as seven-year-olds, and remain equal in 
their production for the rest of their working lives, it is obviolll' that 
as an indication of producing capacity the original six-year-old records 
are worthless. If the illustration be extended to include all the 
animals which have tests and it is found that the high milk producing 
cows of one lactation are no better than the low ones in subsequent 
lactations and vice versa, then no value can be attached to the pr<>
ductivity of a cow in any lactation, for such a record has no predic
tive value. Fortunately, the supposition of equal production of the 
30,000-pound cow and the 10,00()..pound cow in future lactations is 
not correct. There is a predictive value to a milk record. The 30,()()().. 
pound cows have higher average production in subsequent lactations 
than do the 1O,()()()..pound cows. The problem with which we shall 
deal, is the degree of accuracy of this prediction and the variation 
which may be expected from one test to another. The 365-day 
records may be taken first. 

1 Gowen, Marie S., and Gowen, John W. 1922. Studies in milk secretion. 
XIII. Relation between milk yield and butter-fat percentage of the 7-day and 
365-d&y tests of Holstein-Friesian Advanced Registry. Annual report of the 
Maine Agricultura.l Experiment Station for 1922, Bulletin, 306, pp. 21--69. 

88 
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THE RELATION BETWEEN 'l'HE 365-0A Y TEST AND RETEST itECOnoS FOR 

MILK YIELD AND BUTTER-FAT PERCENTAGE 

The data for the year tests have heen divided into age groups. 
The reader will remember that Holstein-Friesian milk yield has heen 
shown to increase at an ever declining rate until it reaches the maxi
mum at eight years and five months. From this point the milk yield 
declines slightly as age advances. Since the age effect is greatest 
between 1.75 years and five years, the attempt was made to make as 
many age divisions, during this time, as the data would allow. At the 
more advanced ages, where the age effect is less, the divisions are 
made broader. 

The mean milk yields for the fil'llt tests at the different ages, as 
given in table 38, are quite variable. Their average has a reasonable 
agreement with the milk yields for the whole breed as given in Chapter 
IV. This agreement would indicate that no selection of high milking 
cows for subsequent retest has heen made. 

If the mean milk yields of the retest cows are compared with the 
mean milk yields of the first test cows, the same ages being included 
in each group, it is found that the retest cows exceed the first test 
cows in milk yield. The excess milk yield for each age group is 
scarcely significant. Taken for all groups, where the data are 
weighted as the square root of n, the average difference between 
the test and retest milk yields is 833 pounds. This difference is 
probably significant. While not large such a difference points to 
the development of the udder as a factor to he taken into consider
ation in Advanced Registry testing. 

The age of the Holstein-Friesian Advanced Registry cow does not 
materially affect the hutter-fat pereentage contained in her milk. 
Since this is the case the butter-fat percentage could be lumped to
gether for age without influencing the results. However, since these 
age divisions were used for the division of milk yield, it seems desir
able to continue their use throughout the investigation. The con
stants for the butter-fat percentages are comparable with those 
found for the whole breed. 
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THE CORR!:LATION OF ONE LACTATION RECORD WITH THAT 

OF ANOTHEll. 

While these physical constants are important, our problem per
tains chiefly to the association of one lactation record with that of 
another. The constants measuring this correlation are given in 
table 39. 

The correlation coefficients for the milk yield of the 365-day test 
with the milk yield of a subSequent 365-day lactation are all rather 
high for data dealing with milk yield. The average correlation 
coefficient for this relation is 0.667. The weighted mean correlation 

TABLE 39 

Constants mea:mring the relation between the records for 365-dav milk yield and 
butter-fat percentage of different lactations 

AG. )lILItYUlLD BU'l"l'.~'A1' PII:1:\CENTAG!I 

----
Ie"",," R.- Col"l'ela.tion COt'J"f!1ation Co~ T," .... coefficient latioll 11'-,-1 

I)OeHi~ient ls.tian '1'-1" 
ratio ratio 

--
_ ---- ------ ------ ----

11'10" ,Iear. 

1.75-3 :H 0.733±0.047 0.837 0.162±0.074 0.756±0.043 0.787 O. 049±0. 043 
2 -3 4-5 0.705±0.050 O. 78010. 112±0.063 O. 789±0.038 0.8.19 O. !15±0. 063 
2 -3 1Hl O.480±0.079 0.784 O. 38.1±0 .1000. 593±0. 067 0.681 O. !12±0.065 
3 -4 4-5 0.777±0.062 0.91910. 2-W±0.136 O. 783±O.062 0.843 O.097±O.094 
3 -4 1Hl O.702±0.057 0.890

1

°. 299±0. 1030. 702±0.057 0.767 O. 094±0. 066 
4 -5 5-!1 O. 584±0. 068 0.769 0.250±0. 089 0.640±0. 061 0.767 0.178±0.079 
5 -11 tH30.689±O.042 0.790 o.148±o.05710. 741±0. 036 0.772 O.047±O.084 
--------_---------

Mean..... 0.667 0.824 0.715 0.782 

coefficient for milk yield is 0.660. The correlation ratios are, as would 
be expected, slightly more than the correlation coefficients. The 
test for the linearity of the regressions, correlation ratio squared 
minus the correlation coefficient squared, justifies the use of linear 
equations. 

The yearly butter-fat percentage of one lactation measureS the 
butter-fat percentage of another lactation more accurately than a 
milk yield of one lactation measures the milk yield of another. The 
difference is not significant, however. The correlation coefficients in 
relation to the correlation ratios show that the regression lines are 
satisfactorily described by linear functions. 
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The relation of the performance of one lactation to another may 
be accounted for by heredity or environment or both acting jointly. 
Heredity is, of course, permanent throughout the life of the cow. 
Environment is variable and only that part of environment which 
tends to make the performance constant between lactations can 
account for the consistence of the milk yielda of dairy cattle. Were 
we able to determine all possible correlations between heredity, 
permanent environment, and milk yield or butter-fat percentage 
we should expect the total correlation to be equal to that given above, 
0.667 for milk yield and O. il5 for butter-fat percentage as a first 
approximation. As will be shown later this degree of correlation 
may be accounted for by these factors. 

In another place (Chapter IV) the separate prediction equations 
for milk yield and butter-fat percentage have been formed for these 
variables. As pointed out there and as may be repeated here there 
is no apparent evidenee to show that the relation of one lactation to 
another is different from one lactation to another. It is consequently 
entirely reasonable to consider that the average correlation coeffi
cient is the most accurate measure of the relation of the performance 
of one lactation to that of another. Age has already been shown to 
materially influence the mean milk production of dairy cattle, a 
logarithmic curve describing the relationship. The standard devia
tion of milk yield is also influenced by age, a parabola describing the 
relationship. With the knowledge of these curves we could make an 
equation to predict milk yield at one age when the milk yield of 
another is known. This equation is: 

Milk yield (A age) - C -0.667 * F + 0.667 * milk yield (a age) (30) 

when C = 9432 + 2070A - 128.9A2 + 1548 log (A - 1.25) 
D = 1682 + 652A - 44.M2 
E = 1682 + 652a - 44.00' 
F = 9432 + 2070a - 128.9a' + 1548 log (a - 1.25) 
A = age to which milk yield is predicted 
a = age when actual milk yield was procured. 

This equation furnishes a means of correcting milk records for the 
influence of age and also for those fluctuating environmental factora 
which make a record low or high. It seems probable that the results 
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from the use of such an equation in predicting individual milk yields 
would be more nearly those actually produced by tbe cows than would 
those derived from ouly the correction on the basis of the age curve 
for milk yield. This would be particularly true for the extremely 
high or low producers in anyone lactation. The case may be illus
trated as follow.: A cow produces 6000 pounds as a tw<>-year-old, 
what will be her probable production as a 8.25-year-old? On the 
basis of the above equation where C = 19,041, D = 4023, E = 2807 
!\lld F = 12,862 the probable milk yield would be 12,480 pounds. 
On the basis of the mean curve the production would be 8880 pounds. 
For a cow produciog 22,000 pounds as a tw<>-year-old the equation 
above gives 27,779 pounds and that of the mean curve gives 32,560 
pounds. The first case differs by 3600 pounds and the second by 
4781 pounds. These are extreme cases. The difference between 
the two methods declines as the average milk yield for any age is 
approached. The difference becomes zero. The correction of any 
record for age is subject to a large probable error. The standard 
deviation for milk yield at 8.25 years is 4023. The standard devia
tion of records corrected for age is consequently 4023 "1-().667.' 
or 2997 or the probable error is 2000 pounds. In other words it is 
equiprobable that the results are 12,480±2000 or 27,779±2000. 
Or put in another way it is equally likely that the first result !ies 
inside 10,480 to 14,480 pounds or outside this range and the higher 
results lies between 25,779 to 29,779 pounds or outside this range. 
On the basis of these calculations it would be quite unlikely that the 
results from the mean production curve, 8880 or 32,500 pounds would 
be correct. 

There is a difference in the logic behind the two methods of cor
recting milk records for age. Milk records corrected for age are 
corrected ouly for age as indicated by the changes in mean milk 
yield with the advancing age. Milk records where the attempt is 
made to predict what a cow's subsequent lactation records will be 
are corrected not only for age but also for those temporary environ
mental factors which are brought to play on the first record and will 
probably be brought to play on the second record. Where the aim 
is a correction for age the first method appears to the writer to be 
the desirable one. Where the aim is the prediction of a milk yield in 
a subsequent lactation the second method should have the preference. 
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For these reasons in all the work in this paper the age corrections 
for milk yields have been based on the strictly mean curve propor
tioned according to the mean milk yields at the age of the reeord and 
the aise to which correction is made. I have gone into this subject 
rather at length because it is necessary to know exactly how correc
tions are made and the philosophy behind them, for the use of arith
metic without due consideration is unsatisfactory. 

The method of correlation is valuable to the man who wants to 
know from one lactation record what the cow is likely to produce in 
another lactation. The cost of printing is too high to enable us to 
present a very extensive table. In view of these facts we have chosen 
to determine the productions for only the ages of two, three, four, 
five, six, eight, ten, and twelve years. These groups are sufficiently 
inclusive to give most of the information desired in practical work. 
Table 40 presents these data. 

The use of this table may be illustrated by the case of V. P. 1. 
Norma Veeman. This cow had a 365-day record of 10,141 pounds at 
two years and five months of age, her expected record at five years is 
found on the 10,000 line under column five years. The record is 
14,843. The actual record was 14,369 pounds of milk. The 
expected record has a probable error of 1922 pounds at the foot 
of column for five years. In other words it was equally probahle 
that the record of V. P. 1. Norma Veeman would be between 
12,921 to 16,765 or outside of this range. The range necessary 
to include 99 per cent of all the cows whose first production 
was 10,141 would be 14,843 ± 7354 or 7489 to 22,197 pounds. 
The limits of this range are given in the bottom row of the table. 

Ii the record is made at three years the second group of columns 
should be used, if made at four years, the third group of figures. 
Thus if a cow has a record of 12,000 as a four-year-old and we desire 
to know the probable production as an eight-year-old we find the 
12,000 row in the first column and follow tbat in the 17th column 
where the milk yield of 15,764 is found to be the probable milk yield. 
The probable error of this milk yield found in the next to the last 
row of the column is 2031 pounds. This method corrects not only 
for age but also for those fluctuating enviromnenta.! factors which 
tend to make" record low or high. 

The butter-fat percentage has but a slight relation to the age of the 
cow. In fact during the whole life of the cow, from two years to 
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fifteen years of age the difference in test is, on the average, 0.13 per 
cent. Such a difference is easily within the errors of the data for 
anyone cow. The standard deviations of the butter-fat percentages 
also show practically no relation to the age of the cow. In view of 
these facts we may neglect the influence of age on butter-fat percent
age and determine an equation to predict the butter-fat percentage of 
a cow in a future lactation from that of a previous lactation by using 
the mean butter-fat percentage and standard deviation as they are 
for the whole breed, 3.428 and 0.309. The equation for butter-fat 
percentage of one lactation from that of another is thus: 

Butter-fa.t percenta.ge => 0.977 + 0.715 butter-fat percenta.ge (kuQwn) (81) 

Thus if a cow gave a milk testing 3.8 on the 365-day test, the ex
pected butter-fat percentage of this cow in a future lactation would 
be 3.69 per cent. There would be variation from this figure, 3.69, 
if, say 10 such cows were predicted and then tested in the subsequent 
lactation. The figure 3.69 would be approximately their average, 
however. The variation which might be expected from this average 
would be dependent on the standard deviation. This standard devia
tion is equal to 

0.a09-./1 - 0.715' or 0.216 

The probable error of the 3.69 prediction would then be equal 
to 0.15 or for anyone cow there would be an equal chance of the butter
rat test being between 3.54 and 3.84 and outside that range, either 
below 3.54 or above 3.84, when the first test of the cow is 3.8. This 
eqnation is to be used for the prediction of one lactation's butter-fat 
percentage from that of another. It is not, for the same reasons a8 
those indicated for the milk yield, to be used to correct for age in 
inheritance studies. Here the nearly zero correlation between age 
and butter-fat percentage justifies the use of these records without 
any correction for age. 

For the convenience of those who wish to use these results on their 
own data the prediction of the butter-fat percentages and the range 
necessary to include 50 and 99 out of every 100 cows tested are given 
in table 41. 

The entry and reentry records of Princess Segis Walker 161344 
may be taken to illustrate the use of this table. As a two-year-old 
this cow's 365-day test was 3.85 per cent fat. In column one we 
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find 3.S per cent and in column two opposite this, 3.69 per cent as the 
probable test of a second 365-day test. In column three the range 
3.55 to 3.84 shows that it is equally probable that the second record 
of Prim~ess Segis ''''alker will liE' inside the range 3.55 to3.84oroutside 
this rang<' (that is, either below or above it). In column 4 the range 
3.14 to 4.26 shows the range within which 99 per cent of the second 
test cows will be found. The actual test of Princess Segis Walker 
at three ycarR old was 3.64. 

TABLE 4J 

Probable butter-fat percentages oj one lactation from those of a previous lactation. 
Ranges necessary to include 50 and 99 per ceni of the cows whose first test 

is that infl1:cated in the first column 

I It.\,$Ul!: NECESSARY TO INCL1CD& 

---=---:---~c-:--_-__ l--__ -----,-------,----,-
Fm~t lactation ! Sublequcnt hctation I 50 p('r cent of the (lOWB I 911 per cent or the COW!! 

; 2.09-2.98 i 2.28~3.4O 
I
, 2.84-3.12 I 2.43-3.54 

I 
; ;~=;!; I ; ~;=;:~ 
3.27-3.55 2.8G--S.97 

3.41~3.69 I 3.00-4.11 
! 3.55---3.84 3.14-4.26 

3.70-3.98 3.28-4.40 
3.84-4.12 3.43-4.51 
3.98-4.27 3.57-4.68 

2.6 2.84 
2.8 2.98 
3.0 3.12 
~.2 3.27 
3.4 3.41 
3.6 3.55 
3.8 3.69 
4.0 3.84 
4.2 3.98 
4.4 4.12 

RELATIOX BETWEEN TEE 7-DAYAl\.TD 365-DAY MILK YIELDS AND BUTTER

FAT PERCENTAGES IN THE SAME LACTATION 

Tables 42 and 43 present the information for milk yields and butter
fat percentages of the Holstein-Freisian cows ,,~th 7-day and 365-
day tests where the i-day test is a part of tbe 365-day test. 

IE the average 7-day milk J~elds of table 42 are compared with the 
average i-day milk yields of all Holstein-Friesian cows, recorded up 
to volume 25 of the Advanced Register, it is found that the 7-day 
test cows tested for 365-day records produce about 50 pounds of milk 
more than all the Advanced Registry cows. The mean milk yield of 
the 365-day tests for the different age groups is, on the whole, lower 
than the mean milk yield found for all these age groups including all 
the animals with 36o-day tests recorded in the Advanced Registry 
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up to volume 31. Individually considered these differences are not 
significant in comparison with their probable errors. The consist
encyof the difference probably indicates th.t the 3Gb-day records are 
slightly lower in milk yield. This is in line with what will be shown 
on a subsequent page,-that there is a slightly significant increase of 
milk yield from dam to daughter in this breed. 

TABl,E 42 

Physical constantsJor the variation oj 7-day and 365-day milk yield where the 
7-day test is a part of the 365-day tCElt 

i 7-DAY M{LK YlELD i 3!i.S-DAl" lolILK Y1Jl;LD 

I S d d I Coeffi.{,lent I I S d d I Coefficient 
Jl.lean ,ta,:, >:1' I of I Mean I ,tan ",I' I of 

!deVlatlon) n~riation I deviation variation -".-" -:-1
1
- 1-1 1----

1.5 and 2.0 '1304±4 4S±3 iI15.8±1.1111,811±23U ,2,5RS±169 21.9±1.5 
2.0 and 2.5 353±21 67±2 19.1±0.5

1

13.548±100 !2,776±70 20.5±0.5 

;:~ :~~ ;:~ ~i!: I ~~!! ~~:~!~:~i~::!~:i~~ 1;:~~~!~2 i~::!~:~ 
3.5 and 4.0 1430±5 'I 76±3i17 ·8±o.8i1S,333±18(l 13,IO'J±lM 20.3±0.9 
4.0 and 4.5 465±6 , 79±4 17.0±O.9j15,901±289 13,861±205 24.3±1.3 
4.5 and 5.0 ,467±6i83±5 117.8±l.O;17,402±252 3,272±178 18.8±1.1 
5.0 and 5.5 494±7I 84±5!16.9±1.O!17,604±318 13,9U5±225 22.6±1.4 
5.5 and 6.0 508±7 87±5 17.2±O.9'17,625±291 3,861±206 21.9±I.2 
6.0 and 6.5 495±7

1

' 71±5 14.3±1.0118.157±299 13,165±211 17A±1.2 
0.5 and 7.0 513±9 91±6 17.8±1.31S,653±378 ,3, 926±267 21.0±1.5 
7.0 and 7.5 503±9 I SO±6 116 0±1.2iI8,450±368 13,449±260 IS.7±1.5 
7.5 and 8.0 516±13 92±9117.8±1.81'19,043±631 14,486±446 23.6±2.5 
8.0 and 8.5 b42±ISI91±10.16.9±2.018,1l1±480 3,016±339 !16.7±2.0 
8.5 and 9.0 510±131 80±9 !15,7±1.9.17,647±492 13.000±348117.0±2.0 

~.~ :~~ 1~ ~ ~~!:~i ;;!;oi:~ ~!: !!:~:~!: I~::;~!: 2; ~!; ; 
11.0 and 15.0 508±19169±13iI3.5±2.S\17,667±1,571,5,706±1,1l1132.3±6.8 

The coefficients of variation give the comparative values of the 
variations of the 7-day and 365-day tests. The 7-day tests are pro
portionately less variable than the 365-day tests. The conclusion to 
be drawn from this fact is not sharply defined. It may be argued 
that since the 7-day test is less variable than the 365-day test it is a 
better measure of the cow's worth, or again the argument may be 
that the 365-day test is more variable than the 7-day test because it 
tests out the producing capacities of aU cows more thoroughly. The 
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choice of either horn of this dilemma does not help much toward the 
true statement of the facts desired; i.e., the real worth of the two 
tpsis. 

Table 43 presents the data for the relation of 7 -day butter-fat per
centage to the 365-day buttcr-fat percentage when both are of the 
~ame lactation. 

Table 43 shows that the 7-day butter-fat percentage is in excess 
of the 365-clay butter-fat percentage. This fact is a bone of conten
tion, for it is argued that if the average butter-fat percentage of the 
7-day test is higher than the year butter-fat percentage then reliance 
cunHot be put upon the 7-day butter-fat percentage as an indicator of 
the probable 365-day butter-fat percentage. Unfortunately such 
reaf'oning is by no means necessarily true since it may be that all 
classes of cows, high or low testing, have their 7-day and 365-day 
hutter-fat raised proportionately. The question is consequently on 
the relation between the two variables and not primarily a question 
of means. 

The standard deviations of the butter-fat percentage for the 7-day 
test are also higher than those of the 365-day test. This would 
indicate that either the 7-day test differentiates the cow's true 
producing capacities more accurately than the 365-day test, or that 
the 7-day test of some cows may be increased in their butter-fat 
percentage through a trick of feeding or management while their 
equally good sisters arc not increased. Here again the answer to 
the question comes in a study of the relations between the tests. 

The relation which exists between the i -day and 365-day tests is 
shown by the correlation coefficients and correlation ratios of table 44. 
These constants measure the degree of relianee which may be placed 
on the i-day test. 

The correlation coefficients for the relation of the i-day and 365-
day lactation records for milk yield and butter-fat percentage are 
practically all of significantly large size. They are in fact some of the 
largest correlation coefficients known for the variation of economic 
characters. Ko consistant variation of the correlations with age is 
to be noted. Under these conditions the most reasonable value for 
the correlation coefficients is the average value. The value of this 
correlation coefficient for the milk is 0.583 and for the butter-fat per
centage is 0.531. To a sligbt degree, then, the 7-day milk yield is a 
better measure of the cow's performan~e in the year test than the 7-
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day record for the butter-fat percentage is for the 365-day butter-fat 
percentage. 

The correlation coefficient for the 365-day test and retest records is 
about 0.1 higher than the correlation coefficient for the 7-day with the 
365-day test where the i-day record is a part of the 365-day test. 

TABLE 44 

Constants (If correlation for the re[ntion ()f the variable.s 7R day and S65-day milk 
yt'elri and butter-fat percentage of the same lactation 

i
l 
i-D.~Y MILK HELD A:SO 365-nAY MILK YIELD! 7-DAY Bt:TI'EIt-l"ATl'ERC'PJ~"A~1!i ANll3QS... 

I 8.1._.'11£ LACTAl'lOS I lHY B'-;:::':-~.~~;;'~~=:STAGE 

I
I (' l" 1 Corre-I : C I" ! Corre-; 

e;tfici:~tn latioT! 71~ - rl I' 0r;<li I~jlon I' lation I TJ' - r' 
I ratio I ('~, Clcnt ratio I 

~I---I-I--I--I--I--
1.5- 2.0 I O.05:3±O.05:1i O.79tj':O.213±O.Oi6!O.601±O.059i O.684,O.lOS±O.057 
2.0- 2.5'1 0 G79±O OJ 0] O.6S4'O.OO7±O.006)O.559±O.02,,), O.592io.03n±O.014 
:2.;;- 3.0 O.624±O.02~1, O.66S!O 05i±O.02z'IO 549=O.033! O.597Io.0.")5±O.022 
3.~- 3.5 0.3.j5±O.O:i6

1
. O.529io:53S±O.O.160.539±O.()45: 0.7190.22{j±O.OM 

3.<J- 4.0 O.623±O.03";"1 0.663!O.05l±O.027Io.;J09±O.045! 0.581 0.0:-8±0.033 
4.0- 4.5 I 0 732±0 03.5

1 

0 75910 040±0 02910 MO±O 0531 ° 6..%10 179±0 057 
4.5- 5.0 I 0 447±O 06~ 052410 075±O 040

1

0 54.s±O 054 0653[0 126±O 051 
5.D- 5.5 0 5S4±O 052 066410 lOI±O (}4S0 636=0 0471 ° 73110 130±0 054 
5.5-- 6.0 05:-4=00':;0 a O:)SIO 103±O 04{"'O 579±0 0501 0 71310 173±0 057 

6.~- ~.5 I[ 0.?3~±(l.056i 0.~76'.O.O~4±O.043IJ.381±0.081: o.~~2Io.0.'jO±O.011 
6.<)- i.O 0.58/ ±0.OO3, O. I04;O.lv1±O.OG9 O.406±O.080, 0.0£)1 0.139±O.067 
~.o- 7.5 O.477±O.0~~11 O.541iO.065±O.053

I

o.628±O.065
1 
0.7~5.o.102±0.OO5 

1.5- 8.0 0.794±0.0,. 0.812·0.030±0.048 0.4!YJ±0.106, 0.6.8iO.21O±0.115 
S.o--. 8.51 O.51R±O.1161 O.i35!O.:J73±0. 142 0.643±O.093i 0.715

I
o.099±O.095 

8.5- 9.0 0.521±0.110i 0.570:0.034±o.074Io.498±O. 123i 0. 706 IO.251±0. 142 
g.~ 9.5 1-0. 115±O. 1721 o.8191'o.657±o.1650.505±0.130 O.942io.632±O.I68 
9.5-11.0 i O.740±0.07411 0.847 O.169±O.1220. 907±O.029 0.952p.084±O.091 

11.0-15.0 \ O. 835_±0. 08"'i 0.~72IO.246±0.2"'70.0.30~0.275 0.2~8·1·0.047±0.116 

Mean... 0.583 i 0./011 \ 0.£)31 0.659 

The 365-day would consequently appear to measure the cow's 
capacity slightly better than would the i-day test. 

It is frequently desirable to have some means of estimating the 
365-day record from the 7-day record of the SBJIle lactation. A 
generalized equation for this prediction is here presented. The 
equation would be of the form: 

D D 7 d ·lk· ld a65-day milk yield (.4 age) = C - O.583li K + O.583li - ay ml yle 

fA Slap) (32) 
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where C = the curve showing the relation of the 365-day mean 
milk J~eld to age, or C = 9432 + 2070A - 128.9.4.' 
+ 1548 log (A - 1.25) 

D = the curve showing the relation of the 365-day standard 
deviation of milk yield with age, or D = 1682 + 
652A - 44.6A' 

H = the curve showing the relation of the 7-day standard 
deviation of milk yield with age, or H = 53.01 + 
2.G26A - 2168A' + 18.82 log (A - 1.25) 

K = the curve showing the relation ~f the 7·day mean milk 
yield with age, or K = 328.7 + 3.41.1 - O.8:l0A' 
+ 199.5 log (A - 1.25) 

The solution of these equations for sc\reral ages is shown in the 
chapter on age ill relation to milk secretion. The lIse of the equations 
may be illustrated as follows: A cow whose age is six years and three 
months makes a 7-day milk record of 600 pounds of milk, what will he 
her 365-day milk yield'? From the chapter treating of age in rela
tion to milk yield we obtain the following facts. The mean 7 -day 
and 365-day milk records at six years and three months are 458 (K) 
and 18,414 (C) respectively. The standard deviations for milk 
yield at these points are 74 (H) and 4010 (D). From these data we 
find by substitution into the equation above 

365-day milk yield ~ 3945 + 31.59 (7-day milk yield) 

The 7-day milk yield of GOO pounds indicates a probable 3Go'HIay 
milk yield of 22,900 pounds. The variation around this expected 
milk yield which would include .)0 per cent of the cows of GOO-pound 
7-day milk yield may be found from the relation of the standard 
deviation of such a record. 

S.D. - 4010 "/1 - 0.583' 

The probable error, 0.67449 X S. D., is equal to 2197 or 50 per 
cent of the cows with 600-pound 7 -day records would he expected to 
have a milk yield between 22,900 ± 2197 or 20,703 to 25,097 pounds. 
In this same manner the predicted milk yield and the probable 
error of the same may be determined for any cow. 
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For those who prefer to avoid the labor of making this calculation a 
limited number of entries have been made to cover the most frequent 
ranges of 7-day milk yield and age. These are given in table 45. 

The cow Daisy Queen Johanna at two years seven months of age 
gave 285 pounds of milk, it. is desirable to know her 365-day lacta~ 
tioD record. The 7-da~~ milk yields are given above the table, 300 
pounds at three years old, thr second row, is equal to 12,480 pounds 
for the 3Gb-day lactation record, The probable error of this record 
is ~jYCIl in the next to the last column or 12,480 ± 1773 and the range 
nCCC-BRary to include 99 per cent of the cows is given in the last column 
or 12,480±6783, The actual production of the cow was 12,668 
pounds, a much closer approximation to the expected record than 
would normally be found from such a comparison. 

The problem for the i-day butter-fat percentage is the same as 
that for the 365-day milk yield save for the fact that the hutter-fat 
percentages have so little relation to age that age may be disregarded. 
OUf data on 7-day butter-fat percentages are not so complete as they 
will be at a later date, For the mean and standard deviation of 7-
day butt.er-fat percentage I take the records on 1387 individuals, 
The mean 7-day butter-fat percentage for these tests was 3,66 and 
the standard deviation was 0,524, From these data we find the 
generalized equation for the 36[)-day butter-fat percentage predicted 
from the i-day butter-fat percentage to be: 

365-day butter-fat percentage = 2.282 + 0.313 (7--day butter-fat 
percentage) (33) 

For illustrating the use of the equation we might take record of a 
daughter of Hazelwood Bracelet Korndyke, Hazelwood Ormsby 
Korndyke, This cow at two years and one month of age had a 
record of 3,74 for 7-day butter-fat percentage. From the above 
equation we find the expected butter-fat percentage (0,313 X 3,74) 
+ 2,282 to be 3,45, The actual butter-fat percentage of this cow 
was 3,46 for tlte year test, 

It must not be expected that as close an agreement between actual 
and expected will always be obtained, ' In another case the 7-day 
record was 4,70 per cent of butter-fat, the expected 365-day record 
was 3,75 per cent of butter-fat, the actual 36b-day record was 3,47 
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per cent of butter-fat, a difference 0.28 of a per cent. Some infor
mation must be available to indicate the variation found between 
expected and actual records. This variation is equal to: 

0.67449 (0.300 VI - 0.531') or 0.67449 (0.262) ~ 0.18 

Thf'IT' is consequently a probahle errOr of 0.18 to ea.ch expected 
3G5-clay record \vhen ealcubted from the 7-day record. 

Tllis equation together with its probable error may also be used to 
indiC~i.te how trust.vorthy a giycn 7-day test may be. In the case of 
the 4.70 pel' cent cmv presented aboyc, the question might be asked 
whf'thl'1' the figUff'S h~d not been manipulated to give a result higher 
than should have been obtdned, since on the year test the butter-fat 
was actually 3.47 instead of the higher 3.75 per rcnt indicated by the 
7-day test. This question mtly be answered by noting that the prob
able error of the 3.75 test was 0.18, or that only 50 out of every 100 
cows would give bctv·;('en 3.57 and 3.93 per cent, the other 50 being 
outside this rn.nge. It would, consequently, not be at all unlikely 
that a cow testing 4.70 on the i-day test would test 3.47 on the 365-
day test. 

For those who do not like to perform the necessary arithmetic to 
801w' individual cases, table 46 has been compiled to give the prob
able 3G5-day record from the'; -day record, 

The application of table 46 is very simple as it can be used for all 
lu('tations since the age of the cows has little effect on the butter
fat test. For illustration, we may &ssume that a cow gives a milk 
testing 4.4 per cent in the 7-day test. We find 4.4 per cent in the first 
column. Opposite this figure in the second column, is given the 
probable 365-day test, 3.66. In the third column is the range of 
butter-fat within which it would be equally probable that any given 
cow of 4.4 p('r cent butter-fat in the 7-day test would come in the 
365-day record. The fourth column gives the range within which 
99 out of 100 cows would test for their 365-day record when their 7-
day record was 4.4 per cent. 

The data may also be considered from this angle. For 100 cows 
testing 4.4 per cent on the i-day test, the average butter-fat in the 
year test would be 3.66 per cent; 50 of the cows would have their 
butter-fat percentage between the 3.47 and the 3.84 per cent for the 
365-day records; 99 of the cows would have their test between 2.98 
and 4.33 per cent for the 365-day period. 
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TABLE 46 

Probable 385-do,y butter-fat percentage record determined from 7-day record. 
Range 1l.CCe;Ssary to include 50 and 99 per ('ent of the cows al;so gi~'en 

(n:'1'r&R-FAT PEUCE!>'"l'.\GE lUNGS: OF Ul'TTER-F.\'l' PERCENTAGE 
NECESS-Un" TO IN(."Ll'DE 

,-<by Probable 365-day iW per cent of the cows i Ill) per cent of the OOWIJ 

2.6 3.10 

I 

2.91-3.27 I 2.42-3.77 
2.S 3.16 2.97-3.34 

I 
2.48-3.83 

3.0 3.22 3.04-3.40 2.5.5-3.90 
3.2 3.28 3.10-3.46 2.61-3.06 
3.4 3.35 I 3.1fi-3.52 I 2.67--4.02 
3.G 3.41 

I 
3.22-3.59 2.i3-4.08 

3.8 3.48 3.29-3.65 2.80-4.15 
4.0 3.54 3.35--3.71 2.86-4.21 
4.2 3.GO 3Al-3.77 2.\)2-4.27 
4.4 366 3.47-3.84 2.98-4.33 
4.6 3.73 3.54-3.90 3.05-4.40 
4.8 3.79 3. 6{)-3. 96 3.11-4.46 
5.0 3,85 3. 6{)-4. 02 3.17-4.52 
5.2 3,91 3.72--4.09 3.23-4.58 
5,4 3,9B 3.79--4.15 3.30-4.65 
5.6 4.04 3.8.5-4.21 3.36-4.71 
5,8 4,10 3.91-4,27 3.42-4. 'i7 

TABLE 4,7 

Physical constants for the tH1l'iation of the 7-day and S85-day milk yield where 
the "l-day record is made in a separate lactation from the 90S-day milk yield 

I 7-D.!Y MILK YUi:LD I 36.'i-DAoY MJLJt" UELD 

-7~day I JG.'i-dayl I Standard I Goeffident I Standard I Coefficient 
test test Mean deVlatioll of vari~tion .Mean < deviation : of yari~tion 

.:; I ;:"~ 341±5 61±4 17,9±1.1 15,869±33513,881±2)1 24 .5±1.5 
2-3 4- 5 325±6 55±4 J6.9±L4 15,895±321/2,936±227 18,5±1.4 
2-3 5- 6 329±8 64±6 19.4±1.8 17,630±4643,571±32Si 20.3±L9 
2-3 6-10 305±6 50±4 16,4±1.3 17,784±4373,940±3091 22.2±LB 
3-4 4- 5 401±8 75±6 18,7±1.5 16,103±359\3,327±254i20,H'L7 
3-4 5- 6 437±1200±9 2O,5±2,1 IS,480±6214,605±430 24,9±2,5 
3-4 6-10 364±11 72±B 19,7±2.3 IB,211±5393,488±382! 19.2±2.2 
4-5 5- 61430±7 57±,\ 13,3±1.2 17,07l±43913,443±3IOi 2O,2±L9 
4-5 6--10 452±15115±11 25.5±2.6 18,077±4613,4S5±326'119.3±1.8 
1HI 6-10 46ittlO 85±7 IB,3±L6 I 18,200±51O 4, 142±361 22,B±2, I 



108 MILK SECRETION 

RELATIOX BETWEE~ THE 7-DA Y AND 36;1-DA Y MILK YIELDS AXD BUTTER

FAT PERCJ.:NTAGES IN DIFFEREXT LACTATIOXS 

The problem presented by the 7 -day records of one lactation as 
('om pared 1yith the 365-d.ay records of another is essentially simiJar 
to that of the 7-(hl~T record of onp lactation with the 365-day record 
of the sume lactation. The means, standard deviations, and coeffi
('irnb of variation for the 7 -day records and 365-day records for differ
ent lactations nrc given in table 47. 

Similar duta for the butter-fat percentage are presented in table 
48. 

The data contained ill these two tables are in essential agreement 
with those presented in the other tables of this chapter. Our problem 
deals largely with the relative values of the 7-day test and the 365-
duy test aR a measure of a cow's worth. The correlation coefficients 
to determine these relationships are given in table 49. 

Thc relation between the milk yield of the 7 -day test and the milk 
yif'ld of the 3G5-day test Whe-ll the 7 -day test is in a separate lactation 
from the 3G5-day test is less than either of the two preceding correla
tions for 365-day milk yield with 365-day milk yield or 7-day milk 
yield with 365-day milk yield. From these considerations it follows 
that the 365-day test is a better indicator of a subsequent 365-day 
lactation's milk yield than is the 7-day test. A i-day milk yield is a 
better indicator of the milk yield of a 365-day lactation of which it is a 
part than of the 3M-day milk yield of another lactation. All of the 
correlation coefficients are high in comparison with those found here
tofore for must economic quantitative characters. Such being the 
case it is well to give due considemtion to any test for milk :yield, 
however short it. may be, in sp.lecting dairy cows. 

Essentially the same conclusion may be drawn from the relation of 
the 7-day butter-fat percentages and the 365-day butter-fat per
centages. The yearly butter-fat percentage is a better measure of a 
subsequent yearly butter-fat percentage than a 7 -day butter-fat per
centage of a subsequent year butter-fat percentage. This holds true 
whether the 7-day test is a part of the 365-day test or is in a different 
lactation. The i-day test is a better measure of the butter-fat 
percentage of the 365-day lactation record of which it is a part than 
of the 365-day lactation record of which it is not a part. All of the 
correlation coefficients are of good size showing that recorda as short 
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as 7 days have a good deal of value in predicting what the probable 
butter-fat percentage of the cow will be under year-test conditions. 

The variability of the correlation coefficients of table 49 seems to 
b(~ due to ('hance. In view of this fact the prediction equations are 
based on the average cOlTelation coefficients. The generalized equa
tion for milk yield i" 

]) D 
365-day milk yield (A Age) = C - 0.475 ii K + 0.475 H 7-day milk yield 

(a age) (34) 

when the A age is the age at which the expected 365-day record is 

TABLE 49 

Coe,ITicient8 mCGBuring the relation between the 7-dayrecord and the 385-day record 
for milk yield and butter-fat percentage, U'hen the 7-day record is not a 

part of the 365-day record 

__ A_aE_~ I MILK YIELD I BVlTER-F.U' PERCE:>''T.lGE 

7-day ! 36,,)-dl.') Correlation i

l 

?~~re--II 71' , j Correlation I f~~('- I 11' 2 
teEt! I test' I poeffiClent ~~~i~ -- r· coefficient :a~~ i -- r 

~:~---I~I~~'-
year8i years I I 
2-3: 3- 410.451±0.069 0.500,0.152±0.062!0.412±0.0721 0.538'0.120±0.056 
2-3 i 4- 5 iO.521±0.OSOI 0.561Io.043±0.04410.355±0.OOO 0.4!l\l10.123±0.072 2-315- 6 10' 592±0. 084 0.669iO.097±0.077I0.478±0.100 0.8I710.439±0.129 
2-3 6-10 Q,321±O.099 O.388iO.04i±O.0470.329±O.099 O.4S9io.131±O.075 
3-4 I 4- 5 Ilo.318±0.097 0.45510' H)6±0.OO7j0.429±0.088 0.609~0.187±O.084 
3-4 5- 6 O.441±0.109 O.5270.084±0.0750.323±O.121 o.6981'o.382±0.131 
3-416-10 0.555±O.107 0.785!O.307±O.143jO.279±O.143 O.6850.391±O.151 
4-5 ! 5~ 6 iO.478±O.O<J8 O.i38iO.315±O.118IO.465±O.I00 O.7570.35i±O.I22 
4~5 ! 6-10 lo.636±0.079!. O.6061 .. 0.039±0.05210.630±0.0801 o.841

j

o.310±o.l22 
5-6 ! 6-10 O.441±0.0991 O.587!O.I50±O.088!O.534±0.088 O.8260.397±O.120 

~ --;;~i--i---~I~ -- ----
desired and a the age when the actual 7 -day record was made. The A 
and a ages will not be the same for this equation is not applicable to 
the case where the 7 -day lactation is a part of the 365-day lactation. 
The values for the letters are: 

C = the curve showing the relation of the 3B5-day mean milk 
yield to age, or C = 9432 + 2070A - 128. 9A 2 + 1548 
log (A - 1.25) 

D = the curve showing the relation of the 365-day standard 
deviations of milk yield with age or D = 1682 + 552A 
- 44.6A' 
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H = the curve showing the relation of the 7 ~day ~ta.ndard 
deviations of milk yield to age, or H = 53,01 + 2,G26a 
- 0.2168a' + 18.82 log (a - 1.25) 

K = the curve showing the relation of the 7 -day mean milk 
yield with age, or K = 328.7 + 3.41a - 0.830a' + 199.5 
log (a - 1.25) 

The solution of these equations for age is shown in the chapter on 
age in relation to milk yield. For those who wish only an approxi
mate answer, the table presented below will fill most practical wants. 

Table 50 gives some appreciation of what 365~day record might 
be expected of a cow which had a previous i-day record in another 
18ctation. The first column gives the 7-day record. The next group 
of columns gives the probable 365-day milk yield depending on the 
age at which the 7 -day record was made. The two lower rows give 
the probable errors and the range necessary to include 99 per cent of 
all the cows. The probable error is the range necessary to include 50 
per cent of the cows. An illustration will indicate clearly the use of 
table 50. The cow, Yankee De Kol de Y ong at five years and eight 
months of age had a 7 -day record of 6G6 pounds of milk. What 
would be her probable 365-day production at seyen years one month? 
In the field under "7-day milk yield at five years," and the column 
under eight years and in row 650 of the left hand column, the ex
pected 3M-day milk yield of 24,661 is given. For practical purposes 
this is about as close as we are likely to need the answer. Now in the 
next to th~ bottom row in this column we note that the probable error 
of this result, 24,661±2399 is 2399 pounds or it is equally likely that 
Yankee De Kol de Yong will have a production between 24,661-
2399 = 22,262 and 24,661+2399 = 27,060 or on either side this 
range. From the bottom row of this eolumn we find that the chances 
are 99 to 1 that Yankee De Kol de Yong will have as her production 
24,661±9175 or from 15,486 to 33,836. Yankee De Kol de Yong's 
actual production at this age for the 3G5-day period was 24,704 
pounds of milk. 

The butter-fat percentage may be treated as one equation since the 
influence of age is negligible. The equation for the 3GS-day butter
fat percentage predicted from a 7 -day record of an earlier lactation 
is: 

365-day buttel'~l8.t percentage = 2.524 + 0.247 (7-day butter-fat 
percentage) (35) 
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From this equation we may derive the probable 365-day butter
fat percentage of one lactation from the 7-day butter-fat percentage 
of another lactation. To facilitate the use of this information, table 
5) is presented for a few 7-day butter-fat percentages. 

From the five-year-old 7 -day butter-fat percentage of Violet Hen
drick 4th of 3.60 per cent, table 51 shows us that we should expect her 
365-oaO' record to be 3.41 per cClit of butter-fat in another lactation. 
Her record would however have an equal chance of being between 3.22 

TABLE 51 

Probable 365-day butter-jat percentage derived from the 7-day butter-fat percen
tage of another lactation 

I PROBABLE 365-DAY I RA.,(GE NECllIllSAlty 'l'O INCLUDE 
'B"GTl'E:a-FA'l'PERCE~"AGE ______ ,-____ _ 

______ 1 OF """"''' ~"<T'ON 150 p'" ,.nt 'f tho <ow, .. po< "nt 'f tho oow, 

2.6 I 3.1, 2.98-3.36 2.44-3.89 
2.8 3.22 3.03-3.40 2.4!Hl.94 
3.0 3.26 3.08-3.45 2.54-3.99 
3.2 ,3.31 3.13-3.50 2.59-4.04 
3.4 3.36 3.17-3.55 2.64-4.09 
3.6 3.41 3.22-3.60 2.69-4.14 
3.8 3.46 3.27-3.65 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 
5.2 
5.4 
5.6 
5.8 

3.51 
3.56 
3.61 
3.66 
3.71 
3.76 
3.81 
3.86 
3.91 
3.96 

3.32-3.70 
3.37--3.75 
3.42-3.80 
3.47-3.85 
3.52-3.90 
3.57-3.95 
3.62-4.00 
3.67--4.05 
3.72-4.10 
3.77-4.15 

2.74-4.18 
2.79-4,23 
2.84-4.28 
2.89-4.33 
2.94-4.33 
2.99-4,43 
3.04-4.48 
3.09-4.53 
3.14-4.58 
3.19-4,63 
3.23-4.68 

to 3.60 per cent or below 3.22 or above 3.60, also the chances are 99 
to 1 that ber record would be between the limits 2.69 to 4.14 per cent. 
Violet Hendrick 4th's actual record for 321 days was 3.38 per cent of 
butter-fat. 

PERMA..",\EXCE OF MILK YIELD AND BUTI'ER-FAT PERCENTAGE VERSUS 

PERMANENCE OF OTHER ECONOMIC CHARACTERS 

It is of interest to examine some of the other economic characters 
exhibited by domestic animals to see how accurately the production 
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of these products measures their production by the same animals at a 
subsequent date. Table 52 giyes some of the pUblished correlation 
coefficients on certain of the more important economic characters. 

If a comparison is made between the 365-day tests of Guernsey 
and Holstein-Friesian cows, the reliability of these tests in predict
ing a subsequent 365-day retest is found to be practically the same. 
The average correlation for the Guernseys is 0.696 and for the Hol
stein-Friesian is 0.667. It takes but a glance at the rest of the table 
to show that these correlation coefficients are high. These tests are 
quite reliable in predict.ing the subsequent yield. 

The Advanced Registry records appear to be more dependable than 
records taken for a whole herd as the correlation coefficients for the 
Jersey herd records are lower by about 0.1 as compared with the 
Advanced Registry records. This may be due to the better prepara
tion given to cows put on Advanced Registry test. 

The next highest coefficients are those found for the 7-day test in 
relation to the year tests. These coefficients are also high. The 
reliability of th" 7-day test is not quite so great as that of the year 
test. The 7-day test has a much greater value for predicting the 
year test than has any point of cunformation, in fact the 7-day test 
is nearly 2! times as good an indicator of year milk yield as any of 
the score points. It will be noted that the 365-day milk yield of 
both Guernsey and Holstein-Friesian cows has nearly the same 
predicting value for subsequent milk yield that the butter-fat per
centage has for the subsequent butter-fat percentage. The 7-day 
milk yields have a slightly higher value in predicting the subsequent 
365-day records than the 7-day records for butter-fat percentage 
have for predicting the subsequent 365-day butter-fat percentage. 
The eight-months butter-fat percentage record of the pure bred 
Jersey herd has a lower prediction value for the subsequent eight
months record than either the Guernsey or Holstein-Friesian year 
test have for the subsequent' retest. 

When compared with the other characters used to predict future 
production it is clear that both the 7-day and 365-day records have 
a relatively high value in predicting futUre production of dairy cattle. 
well up with those used for egg production and for wool clip. 
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SUMMARY 

In this section data are presented to show the degree of perma
nence of milk yield and butter-fat percentage from one lactation to 
another and from the i-day lactation to the 365-day lactation. 



CHAPTER VII 

PEDIGREE PROMISE A!\TD THE PERFOR..'\1ANCE OF HOI ... '5TEIN~ 

FRIESIAN ADVANCED REGISTRY COWS IN MILK YIELD 

A....··m BeTTER-FAT PEItCENTAGE 

Generally speaking the purebred cow in America has one impor
tant advantage over the so-called grade or scub cow, namely that 
the pedigree of the purebred cow may be traced for at least a few 
generations. If the historical aspects of the live stock industry be 
examined it will be noted that in the beginning the cattle were without 
any form of registr;y or record. The first step toward the improve
ment of cattle lay in the establishment of a registry system. Soon 
the name purebred was attached to these registered cattle and the 
fact of registr:y began to be taken as an insurance card of true worth. 
Pedigree came to have a special significance even though it may 
have had few or no records in it. The Holstein-Friesian breed is 
in a better position than some of the other breeds in this regard 
because early in its history the Association was foresighted enough 
to establish a system of registry for milk records. Yet even in this 
breed, the pedigree and the animals it contained came to have a 
value based on the supposed worth of certain of the animals in it 
rather than on actual milk records. As this is the earliest practice 
used by the breeder (it is also ""tensively used today) it is of im
portance to examine the method carefully before embarking on an 
analysis of the more recent method of pedigree valuation based on 
eows with recorded milk production. 

lIo1ATEIUAL A..."'ID METHODS 

The data for this comparison were derived thus. All Holstein
Friesian cows with 365-day Advanced Registry records up to volume 
31, were tabnlated. The cow's record nearest eight yeal"8 old was 
chosen and corrected for the effect of age.! The corrected records 
of these different cows were arranged under their respective sires~ 

1 See chapter on age aDd milk yield, Chapter IV. 
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The mean performance for milk yield and butter~fat percentage was 
tabulated for each sire's daughters. These records were arranged 
in order of the amount. This order shows the relative merit of the 
different sires on a progeny performance basis, the contribution of 
the dams being disregarded. The probable significance of these 
records is derived from their probable errors. 

Forty-eight sires have daughters with sufficiently high milk rec
ords to make it probable that their records are significantly above 
the mean of the Advanced Regist:r~y cows. Twenty~nine sires have 
daughters with milk records so low as to make it probable that 
their records arc significantly below the average of the Advanced 
Registry cows. T\vcnty-two sires have daughters with a sufficiently 
high average butter-fat percentage to make them significantly 
higher than the average of the Advanced Registry cows. Twenty
two sires have daughters with sufficiently low butter-fat percentage 
to make their records significantly lower than the average of the 
Advanced Registry cows. Thirty-three sires without Advanced 
Registry daughters form the fifth group. The first four groups 
are on the basis of known progeny performance. The Iperformance 
of the progeny of the fifth group is an unknown quantity, the group 
being presented to show the pedigree composition of the Holstein
Friesian breed as a whole. These five groups form the basis of this 
study. 

Inbreeding, and the fear of its supposed degenerating effects, 
has been and still is a force governing the matings in the cattle 
industry. In view of this fact it is important to examine these 
different groups to determine if the practices followed are different 
in this regard. For this purpose the method developed by Pearl' 
is used. 

A study of the four generation pedigrees of these five groups 
shmvs average inbreeding and relationship coefficients as indicated 
in table 53. 

The average. inbreeding for any group is low compared with the 
possible inbreeding on the basis of a brother and sister mating. 
Individually considered the inbreeding in the fourth generation for 
single animals within the different groups may amount to 30 per 
cent. Table 53 shows that the inbreeding of the sires of high milk 
producing daughters is greater than the inhreeding of the sires of 

2 See Studies on inbreeding, I-VIII. 
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low milk producing daughters but is less than the sires who have 
no Advanced Regjstry daughters. Similarly the sires of daughters 
of Illgh butter-fat percentage are slightly more inbred than the 
sires of low butter-fat percentage, but slightly less inbred than the 
sires which have no Advanceu Registry duughters. The differences 
in all cases arc small all(~. compared with their probable errors, are 
probably not significant. The results do show thnt the fear of 
inbreeding in f'O far as it is normally practiced in the Holst('in
Friesian breed, within a flire's pedigree is not well grounded on fact. 

The coefficients of relatioDi'ihip are likewi~ RmaU in average 
amount. The relationship between the sire and dam of the sires 

TABLE 53 

Inbreeding and relationship in pedigtees uf Hulstein-Priesian sires. 
Pedigreed s~ires selected fur their daughters' performance in til ilk 

yield and butter-fat percentage 

: 2d ! 3d ~, 4th 'I i 2d i 3d 14th 

1 

f!;"ner:1- ,I!:e!l{'ra- .gpneru-
j 

Totul :g~l.H'rU-, g{'n{,l'a. I gl'llcrn _ 
______ hon : lion: tiol< : tlOU I tion) tlOn 

Sires of high milking daugh-I--i--'I--i--I--:--I--
ters....... . . ... ..j 1.04 I 3.12 S.i4 I 6.52 f 2.0815.21110.41 

,siresoflowmilkingdaughters! 0 ! 1.29 5.40 3.04 ~ 0 1.72 4.74 
Sires of high butter-fat per- I ! I I I I 

centage daughters ....... "11.14 3.41 i 8.82 6.33 I. 2.27 6.82 11.93 
Sires of low butter-fat per- l' I: ill 

.centage daughters...... 0 i 2.27 6.951 3.86 ! 0 2.27 6.25 

Sl:eS of no Advanced Reg- 1 ') ~ 'I : ' 1 _ '" 
"try daughters ............ , _.21 6.82 I 9.86 ! 9.82 4.,4 I .. 58 9.85 

of high milk producing daughters is greater than between the sire 
and dam of sires of low milking daughters. Likewise the relation
ship between the sire and dam of the sires of high butter-fat testing 
daughters is greater than between the sire and dam of the sires of 
low testing daughters. The random sample group of sires have a 
relationship slightly less than that for the high milk yield or high 
butter-fat percentage groups. The differences are all slight and as 
judged by their probable errors are not significant. These results 
indicate that some relationship between the sire and dam of a sire 
is not detrimental to the production of that sire's progeny, at least 
within the limits common to the Holstein-Friesian breed. 
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THE RELATIO:N BETWEEN THE ANCESTORS AND THE MILK YIELDS OF 

THE COWS PEDIGREED 

As mentioned above the feeling has become prevalent among 
many dairymen that the appearance of certain animals within a 
pedigree make this pedigree worth more than one where these 
animals arE' absent. In other words, certain animals arc thought 
to have a diagnostic value for detennining the probable milk yield 
or butter-fat percentage of their more distant progeny. It will be 
remembered that in these five pedigree groups there is a group of 
sires whose daughters excelled in milk production, another whose 
daughters were poor milk producers, a third whose daughters were 
high in their butter-fat percentage, a fourth whose daughters were 
low in their butter-fat percentage, and a fifth group of sires which 
had neither sons or daughters in the Advanced Registry. 

An analysis of the pedigrees of these five groups of sires was 
made in order to determine which animals appear 'within each 
group. To better illustrate the results of such a study the animals 
reappearing most frequently in these five pedigree groups are given 
in table 54. The name of the bull or cow is given first. This is 
followed by the number of times it appeared in each pedigree group, 
the nmnber of times it appeared on the sire's side of the pedigree 
being given first, followed by the number of times it appeared on 
the dam's side. 

There are 48 sires whose daughters' average milk yields are suf
ficiently large to make them significantly above the average of the 
Advanced Registry cows. The hypothesis was once entertained 
that the study of the pedigrees of these sires would reveal the fact 
that these bulls as a group would go back to known ancestors, 
whlch were themselves probably excellent as producers, responsible 
for the worth of each of the 48 sires. If these ancestors, common 
to the 48 excellent sires, were responsible then it would be pnssible 
to get some iqea of an unknown bull's probable worth by the study 
of his pedigree to determine if he could be traced back to these 
worthy animals. The hypothesis is very attractive. 

Several facts should follow if this hypothesis is true or is going 
to be of any great practical benefit. Thus, if an equal group of 
48 Bires were selected to include those whose daughters were very 
low in milk yield, then it should follow that in the pedigrees of these 
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TABLEM 

Animals repeated eight or more times in the pedit}reea of sires (1) whose daugh ... 
ters were significantly high or (2) low milk producers 1 (3) whose daughter8 
were significantly high or (4) low in their butter-fat percentage or (5) a ran
dom sample group of sires without Advanced Registry daughters. 

i (.ll I (2) I ~~~h I I~~~ I (5) 
1 High 'I Low bUttt:r-1 buttl'l"- Ran-

! y1o:!ld I' Yield 1 cenl i ("ent !!ample 

. 

~iJk II!ilk fa.t per fat per I dom 

-----1---:--1--
JV;:~tb:U;~~114634.. ... ..) 10-161 II-~ I 4-3

1 
9-8 6-4 

DcKol2d's Dutter Boy 21366.. . ... 1 8-9 r 6-') I 3-4 4-3 6-4 
DeKol2d's Paul DeKol20i35... ..' &-7 I 7-1 i 6-21 4-8 H 
Milla's Pietertje Netherland 7825 ...... 1 3-61 ~-08 'I 4-6

1 

4--1 1-3 
Sarcast.ic Lad 23971.......... ..... .! 9-7 or 2-2 7-1 1-0 
Aahje 8al0 3d's Tritomia Netherland i

l 
_ I I 

19856. . ... , 13-, I 6-2 ,I 3-3 I 2-2 2-Q 
DeKoI 2d's Netherland 11584.. ". f 4-4 4~1 I 2-2 3-() 
Manor DeKol 21226.. 5-6 6-') I 3-3 I 1-2 1-} 
Willem III 190 N.H.B.... 5-31 6-1 5-31. 5-D 1-1 
Sir Abbekerk 10056.. 2-6 3--6 2--4 2-1 1-2 
Hengerveld DeKoI23102... 8-5

1 

6-2 1-3 I I-D 2-Q 

Aaggie Cornelia 5th ''8 Clothilde Imperial 
11822... 6-9 3-1 1-D 3-4 

DeKo12d's Butter Boy 3d 23260.. 6-4 3-2 3-1 1-1 2-2 
Maurice Bonheur 22394... 8-3 4-Q 1-1 7-1 
DeKol 2d's Prince 2767... 1-6 fMl 2-1 3-0 2-3 
Pietertje Hengerveld's Paul DeKol 22128 6-2 2-1 \ 3-1 2-2 
Paul Mutual DeKol 18726. .... . 4-6 1-0' 3-0 1-3 
Johanna Rue 2d's Paul DeKol 21724... 7-2 2-1 2-0 2-2 

1-2 
3--{) 

2-D 
Paul DeKol Jr. 24762.. 10-0 2-1 2-2 1-1 
Billy McKinley 23378. &-1 3-1 1-1 1 2-1 
Net.herland Alban 4584 H. H. B.... 1-2 4--2 3-5

1 

Pontiac Korndyke 25982... 9-1 4--0 2-{J 
Duke Netherland 1271.. 3-1 3-0 2-1 4-0 
Homestead Jr. DeKoI2S400.... U-D I I-D 2-0 I 1-2 
Inka Princess Pietertje Netherland 13979 ~I 1 !-Ol 0-21 1-5 
King Segia 36168. 0- ..,..... I-D 2-1 

I-{} 
2-{) 
1-2 

Mercedes Julip's Pietertje's Paul 29830 7-1 I 3-1 1-0 /2-1 
Manor Josephine DeKol 22179... I 7-1 4-0 2-0 2-{) 

Sir DeKol Mechthilde 21506.. 3-5 6-1 3-D I 2-{} 
Aaggie Leila's Prince 4419 H. H. B.o. :: 3-0 \a-o 5-1 2-0 1-0 

Tritomia'f! Netherland Carl 16406.... . .j 5-2 0-1 3-1 I 1-1 I 
Uncle Hicks 6th 6154.. .: 3-1 1-2 I 2-2 I I-D 2-D 
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TABLE 54-Continued 

I NrYlI£R OF .!.PPEARANC&'IIN PEDIGReES In 

I ~~li ~i~; ii~ i i~fffl~f,e 
,,"arne Ii_( bull-contin-"-ed-_.------t-- --1--1--1--

,Johanna Aaggie's ~arcastic Lad 26935 .. ! 4-1 2-{) 1 I 3-1 II~I 
Mutual Friend 3d's Paul 23200.. 0-3 1-{) 0-1 I 3-0 3-2 
DeKol 2d's Alban 170M.. 2-2 1-3 1-211-0 0-1 
r-.1auricf' Clothildf' 1763~. I 5-2 1-{) I 3-1 1 

Pietertje Heugcrv('Jd's Count De Ko123~24: 2-3 2-1 i 2-1 1-0 
f'areastic 4729. : 5_'1 0-1 I I 3~1 

Rilvan Ibrtog 8161. . i·· 2--0 
Clothilde 4th's Irnperiul1281. 'I 41-4-()- 0-3~21 2-() II 0-1 II 3-1 

Empress Josephine 3d's Sir ..\Iechthilde I I 
M~~~~~ild~"~ Sir' H~n·r.Y· of ~duPlewood:1 4-0 2-0 :1' 2--0 I 0-1 I 2~1 
_.. H H HiH N 

DeKol Burke 22991..... I 11-4-3 1-1 I Z2-()-() II o-I~II 2-() 
Piche DeKol Burkp 23368 1-{) 1 2-() 
Paul Beets DeKol 22235. 1-2 1-{) 2-4 1-1 

~:I~~~;~7~a l\;~u()al Paul 25700 i ~=~ 1-1 I I;~ ~~ 
ArtJ.'~' Adrlantum's Clothllde 15202 I 0-2 0-2 I 0-3 1-0 
Gel:l Plet.ertJe Hengerveld P,tul DeKol i I 

Aaggle Cornucopia Johanna Lad 32554 3-1 I I 2--0 1-1 
~B 1M Hiw

l 
H = -::-IIHol-=-= !;=; ::1 ~ ~ ::<; 

l\Iaglldora 20237 .. 

Belle Korndyke 13913 .. 
A & G Inka ~"IcKinley 55163 .. 
~Iercedes Julip's Pietertje &)480 
Segis Inka 36617 .. 
Johanna Rue 2d 33788 
Aaggie Cornucopia 21127. 
Sadie Vale Concordia 32259 .. 
Duchess Ormsby 16004 ... 

I ;~ I ~ ;=: ;:<; !:~ 
i 8-3 I 3-1 1-1 7-1 

~ I ti I ~~ I-() ~ 
9-1 H I~I! 2~1 
8~2 2~1 2-() I 
8-1 3-1 I~I 

5-4 0-1 2-() 
4-1 3~1 2-() 
5~2 0-1 0-1 
2-2 1 0--2 1-3 

.... ··.11 .. 

·1 

I 

2~1 

2-1 
I~I H 
2-1 0-1 
2~2 I~I 

I~I 2-() 
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TABLE !i4-('ond14i£d 

) !\Tr'M8ER OF .tPPEAJU.'I.T'E'SlN P!'D1Q:RElt8 OF 

I (1) I (2) (3) I «) I (5) 
. High Low In"h I~w but"'-I b"'''''1 nan-n:11k n~llk fat per . fat Pi'r dom 

~ Yield Yield cent I cent S!l,mpie 
(-- -- __ . -- --

Name of CQu:-continucd: 
2--0 I Homest.ead Heroin~ DeKoI 46400 9--0 1~2 

Grace Fayne 2d 44124. 9--0 1--0 2--0 I 1--0 
Johanna Aaggie 3647i 

I 
4--1 3--0 3--0 1~1 

Madame Hengerveld 1333 3--0 3--0 IHI 1--0 
Belvisia 2d 4553. 

I 
5--2 (H 3~1 I Grace Fayne 378-10 .. 9--0 2--0 1--0 

Kate Korndyke 238 D. F. H. B. I 4-0 3-1 2--0 2--0 
Rosa Bonheur 5th 11227. I 5--2 1--0 3-1 
Mutual Friend 3d 28389 .. I 0--3 1~1 0~1 i:; I 2--0 
Calantha 4th 35028 .. 

I 
4-4 1--0 

Johanna Rue 21223 .. 2-5 0--1 1--0 HI 
4--0 2--0 2--0 2--0 
2-4 

0--
1

1 

2~1 

DeKal 2d's Queen 6324.. 2-4 1--0 1--0 1--0 0--1 
,Johanna 344 H. H. B. .. 1-4 0--2 

I 
0-3 

4~1 3~1 :~I 2--0 0--2 1~21 2--0 
Aaggie Cornucopia Pauline 48426. I 4--1 1--0 

1--01 
I~l 

Helena Burke 22916 .. O~I 1-2 2--0 0--1 1~1 

Johanna 4th 2129 .. I 3--0 3-0 3--0 
Lunde Beauty 3474.5 ... 

"J 
4--2 1--0 0--1 1--0 

Mutual Friend 2d 10513 ... 

I 
0-4 2--0 

0--

3

1 Aalt,je Salo 3d 7403 .. 4~1 1--0 
~ Jessie Beets 8123. 1~2 

0--1 I I 1--0 
Johanna 5th 9343 .. .1 0-4 0--1 [ 0--2, 
Mutual Friend 10139 H. 

I 

0--2 3-0 ' 0--1 2--0 I 
Piebe Queen 29065 1~2 1--01 ~:I 1--0 
Pleasant Valley Maid's Pietertje 18314 2-2 HI 1--01 
Pontiac Lunde Hengerveld 51585 .. 4--21 1--0 0--1 I 

sires, there should be few or no ancestors who were frequent in the 
pedigrees of the sires whose daughters were high producing. Again, 
if a random selection of sires (to include only those who had neither 
son or daughter in the Advanced Registry) be made it should be 
true that the ancestors for this random group should Dot include 
those most frequent in the high milk producing group. For if the 
same ancestors were equally frequent in each group it would follow 
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that the high milk producing ~roup only had its proportionate 
number of ancestors of any given family. 

Study of table 54 makes it clear that those animals, both bulls 
and cows, which appear frequently in ODe group of pedigrees also 
appear in the other groups, whether these pedigrees be for high or 
low milk yield or for high or low butter-fat percentage or even for 
a random sample without records. It is a fact that a given sire 
repeatedly appearing in one group is almost certain to appear a 
nwnber of times in some other group. Thus, Paul DeKai, appears 
26 times in the pedigrees of the sires whose daughters are high in milk 
yield. He might well be considered a sire contributing largely to 
the high milk yield of this group. It is found, however, that he 
al"o appears 12 times in the pedigrees of the sires whose daughters' 
milk yields are low. Considering the fact that there are 48 pedigrees 
in the high milk producing group to 29 in the low milk producing 
group, it is evident that Paul Delio!'s appearances in the two groups 
are in about the proportion they should be on the basis of random 
sampling. 

If the comparison is made on a percentage basis it is found that 
the percentage of times which an ancestor repeats in the high milk 
producing group is closely similar to the percentage of times that 
the same ancestor repeats in the low milk producing group, but 
that either of these percentages (for the high milking group or for 
the low milking group) tends to be somewhat higher than that 
found for the random sample group. If the comparison is made for 
the butter-fat percentage similar facts are found, the high and low 
groups correspond closely and tend to be higher than the random 
sample groups. The finding of a celebrated bull or cow in a pedi
gree is then some indication of whether the animal pedigreed will be 
found in the Advanced Registry. The reason for this difference in 
percentage between the Advanced Registry groups and the random 
sample group is by no means, necessarily one of true worth. In 
fact, what it most probably means is the well known fact that Ad
vanced Registry testing is carried on much more extensively by 
certain breeders, thus limiting the Advanced Registry animals to 
certain family lines. This fact is shown by the correlations between 
the nwnber of appearances of a given ancestor in one group cor
related with the number of appearances in another group for the 
same ancestor. These correlations are given in table 55. 
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The first noticeable feature of table 55 is that the buUs and cow. 
have correlation coefficients which are closely similar to each other. 
Further, all correlation coefficient. are plus and of good size. These 
facts make it clear that the male and female ancestor;, are governed 
by the same laws, the discussion of one being equaUy applicable to 
the other. 

The size of the correlation coefficients brings out the point pre
sented in the above discussion, namely, an animal appearing fre· 
quently in one pedigree group also uppears relatively frequently 
in each of the other pedigree groups. The appearance of a worthy 

TABLE 55 

Correlation coefficients fur the frequency of appearance of the bulls and COW8 

u'ithin the pedigrees ()f the sires of the five group8 indicated in table 64 

GROUPS CQlUlELATED FOR NUMBER Ol" APPIM.RA-"i"CES ) COIUtEL.\.TIOlS" COEFFIClJIlNT 

I
~es __ ! Femalell 

High milk yield and low milk yield...... O.595±O.033! O.687±O.0Z7 
High milk yield and high butter-fat percentage O.5i4±O.033 O.659±O.027 
High milk yield and low butter-fat percentagel O.735±O.025 O.645±O.027 
High milk yield and random sample ........... O.474±O.036 O.461±O.036 
Low milk yield and high butter-fat percentage 0.667 ±O. 027 0.777 ±O. 025 
Low m~lk y~eld and low hutter-fat percentage"1 O.496±0.O~ O.535±O.033 
Low milk Yield and random sample....... . O.500±O.035 O.693±O.024 
High butter-fat percentage and low butter-fat 

percentage........ . ............... ",0.390±O.040 O.450±O.040 
High butter-fat. percentage and random samplei O.6Z7±O.028 I O.539±O.032 
Low butter-fat percentage and random sample.1 O.459±O.036 ! O.392±O.039 

animal in the third or fourth generation is of only doubtful diagnostic 
value for determining the worth of the animal pedigreed. 

The cross correlations, those hetween rrllik yield and butter-fat 
percentage groups, are of special interest. A previous paper' has 
shown that the correlation between quantity of the rrllik yield and 
quality of the milk is so close to zero as to be scarcely significant. 
Such being the case, the appearance of the animals within the pedi
grees of the cross groups, th.t is high milk yield and high butter-fat 
percentage, would be expected to be at random or the correlation 

"Gowen, John W. 1919, Studies in milk secretion. IV. Variations and 
mode of secretion of milk solids. Jour. Agric. Research, voL xvi, no. 3.) 
pp. 79-102. 
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would bf! expected to be zero on the assumption that the animals 
frequently appearing jn onc group are responsible for that group's 
worth. Instead of being nearly zero these cross correlations average 
0.618 for the males and 0.654 for the females. Again the hypothesis 
and fuctfi do not agree. 

Another factor undoubtedly influences the number of appearances 
of a given hull. This factor is the popularity of an animal due to 
a(h'crtising and not necessarily to real worth. If this factor is 
drawn into the discussion as a co-hypothesis to the previous onc, 
the expect.ation would be quite different from that previously disw 
ctiERcd. The cross correlations for the four variables, high milk 
yield with high butter-fat percentage, high milk yield with low 
butter-fa.!. percent.age, low milk yield with high butter-fat percentage, 
and low milk yield with low butter-fat percentage, would largely 
represent. the correlation which would exist due to the popularity 
of the animals alone. The difference bet\veen the direct correlation 
coefficient.s for high milk yield and low milk yield, and high butter
fat JX'rccntage and low butter-fat percentage would represent to 
some degree the true worth of the animal. 

The correlation coefficients for high milk yield and low milk yield 
are 0.595 for the males and 0.687 for the females. The average 
cross correlation coefficients are 0.618 for the males and 0.654 for 
the females. The correlation coefficients for high butter-fat per
cent.age and the low butter-fat percentage groups are 0.390 for the 
males and 0.4.50 for the females. 

The correlation coefficients for the milk yield clearly do not differ 
significantly from the cross correlation coefficients. Such being 
the case the following conclusions appear justified for milk yield. 

a. The magnitude of the average cross correlation makes it clear 
that popularity of the bull or some similar cause rather than true 
worth plays a large part in causing the appearance of an animal 
within a pedigree, at least, in the third and fourth generations. 

b. The great similarity of the correlation between the bulls ap
pearing in the high milking group and the bulls appearing in the low 
milking group with the average cross correlation shows that the 
appearance of a bull in the pedigree of the high group is no necessary 
guide to that animal's worth. 

c. The fact that a bull whose progeny performance is unknown, 
h"" a well known bull or bulls in his pedigree is unfortunately no 
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indication of that unknown bull's worth. The correlation coeffi
cient for the high butter-fat percentage and low butter-fat percent
age (0.390) is lower than the average of the cross correlations 
(0.618), by an amount which is, probably, significant. 

The correlation coefficients for the number of appearances of the 
different animals within the random sample group compared with 
the appearances of these animals in the four Advanced Registry 
groups are closely similar to the other correlations previously ob
tained. Such being the case, the conclusion appears irresistible 
that the pedigree make-up of this random sample group is closely 
similar to that of the other group, although the frequency of any 
given popular ancestor may be somewhat less. 

SUMMARY 

The data relate to the value of the pedigree as an indication of 
productive capacity where knowledge of milk or butter-fat per
centage records is assumed to be lacking. The analysis leads to 
certain conclusions important to the cattle breeding industry. 

The inbreeding which exists in the pedigrees of Holstein-Friesian 
Advanced Registry animals is relatively small in average amount. 
This inbreeding shows no significant effect, good or bad, on the 
productivity of the offspring. 

The relationship between the sire and dam of these same animals 
is also small in average amount. This amount of relatiolL..:;hip 
shows little or no effect in the resulting milk yield or butter-fat 
percentages of the offspring. 

Five groups of sires were available for pedigree study. The 
first group had daughters of significantly high milk yield; the second 
group had daughters of significantly low milk yield; the third group 
had danghters of significantly high butter-fat percentage; the fourth 
group had daughters of significantly low butter-fat percentage; and 
the fifth group had no record daughters or sons and was a random 
sample of the breed. 

A study of these five groups was made to determine the frequency 
of the ancestors composing their pedigrees. It is clearly evident 
that the aneestors in the fourth generation had most chance of 
repetition while those in the second had least. The results derived 
from this study may be summarized as follows: 
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The nearly equal frequency with which any given bull or cow 
• appears in the five groups makes it clear that the appearance of a 

supposedly worthy ancestor in a pedigree indicates little as to the 
real worth of the animal pedigreed. The magnitUde of the cross 
correlations, ancestors in milk yield groups with ancestors in butter
fat per cent groups, shows that popularity of an ancestor, or some 
similar cause} rather than true worth plays a large part in causing 
the appearance of an animal within a pedigree, at least, in the third 
and fourth generation. 

In the series of chapters which are to follow, the attempt will be 
made to show the relation of an ancestor's milk record to the future 
pelformance. 



CHAPTER VIII 

ANALYSIS OF THE STRINGENCY OF SELECTION AS EXERTED BY 

THE HOLSTEIN-FRIESIAN ADVANCED REGISTRY 

REQUIREMENT 

Evolution, or progress in animal breeding, rests on a logical base 
composed of two postulates. The first is that those individuals 
who are allowed to reproduce at any given time shall be superior 
in some quality, say milk yield or butter-fat percentage. Under 
this rule there is a selective elimination of the inferior individuals, 
or unfit, as measured by the character which is desired. The second 
postUlate is that those individuals who are selected shall be capable 
of transmitting in some degree their superior quality to their off
spring. The acceptance as a fact that these two principles are 
always in operation bas given ground for the belief that the milking 
qualities of our present day cattle are due to the selection which 
has been practiced in the past by nature and more particularly by 
man. To further the progress by increasing the selection, the 
different breed associations have formed advanced registries wherein 
may be entered those animals who meet a minimwn requirement. 
If it be granted that the above postUlates of evolution apply to the 
Holstein-Friesian breed, then the conclusion is unavoidable that the 
milk yields of these cattle will be increased by a reproductive selec
tion based on the Advanced Registry records. If, however, either 
of the two postulates is found inactive, the whole structure is weak
ened. The analysis of the problem on which we are about to em
bark is consequently an iniportant one for at least three reasons, 
In the first place, it gives some insight on how much evolution there 
has been in dairy cattle and what the prospects are for the future. 
It furnishes concrete data on the general problem of selection from 
an angle important to the evolution problem not only for itself, 
but also because of its historical interest, in that the productivity 
of economically important animals has been cited as crucial evidence 
supporting natural selection. While these problems are important, 
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the writer's interest lies more particularly in the third problem, 
namely, if the Advanced Registry requirement is in truth stringently 
selective it is necessary before being able to use these records for 
inheritance studies to make suitable correction for this double 
selection, selection of offspring and selection of parent. 

MATERIAL AND METHODS 

Besides the Holstein-Friesian data already described and familiar 
to the reader the writer has made use of two other sets of published 
data for comparative purposes. The first of these for the Jerseys' 
gives all the 8 months milk yields of a purebred herd. The seeond 
of these gives a random sample of the mean weekly milk yield of 
all Scottish Ayrshire' cows. These last two data are subject to no 
selective influence like the Advanced Registry requirement. They 
represent all cows good, bad, or indifferent and should give a fair 
indication of what would be expected of a random sample of any 
breed. 

In addition, the author has collected the opinion of some of the 
Holstein-Friesian breeders here in Maine on the questions: (1) 
The number of registered Holsteio-Friesian cows then in their herd 
which were 3 years or more of age; (2) the number of these regis
tered cows 3 years or more of age whicb the owner believed could 
make the Advanced Registry requirements. 

THE STRINGENCY OF SELECTION EXERCISED ON MILK BY THE 

HOLSTEIN-FRIESIAN ADVANCED REGISTRY REQUIREMENT 

Before presenting the data it may be well to consider the problem 
in some detail. The Advanced Registry requirement furnishes 
a sharp line cutting off all cows whose capacities are such that they 
cannot make more than the requirement for entry into the Advanced 
Registry. Were it possible to get a random sample of the milk 
yields of all the Holstein-Friesian cows we could form a frequency 

1 Gowen, John W. 1920. Studi~s in ~ilk secretion. V. On the varia
tions and correlations of milk secretion with age. Genetics, val. 5, pp. 111-
188. 

'Pearl, Raymond, and Miner) John R. 1919. Variation of Ayrshire cows 
in the quantity and fat content of their milk. Jour. Agrie. Research, va). 
xvii, no. 6, pp. 285--321. 
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distribution to show the milk yields of (,hese cows, If the Advanced 
Registry requirements were sufficiently low so that even the poorest 
cow of this random sample milked more than was required for 
entry, then the curve X to Y would remain complete as shown in 
figure 15. If, on the other hand, the Advanced Registry require
ments were higher, cutting the random sample curve at the line A, 
we should have only the crosshatched section of the curve, A to Y, 
appearing in the Advanced Registry. The records appearing in 
the Advanced Registry would also be sharply curtailed showing 
the abrupt chopping off caused by the requirement for entry. 

The requirement for entry into the Holstein-Friesian Advanced 
Register is based on the amount of butter-fat. Amount of butter
fat in any given milk is dependent on two varjables, the amount of 

FIG. 15. FaEQuENCY DISTRIBUTION SHOWING THE HYPOTHETICAL DISTRIBU~ 

TION OF MILK YIELD X TO Y 

Line A shows the cut which might result from an Advanced Registry 
requirement. 

milk which the cow yields and the composition of this milk. In 
another section it has been shown that these variables are practically 
independent of each other in the Holstein-Friesian breed. In 
view of this fact the two basic variables, milk yield and butter-fat 
percentage, will receive most attention. This chapter will then 
be devoted to an aoalysis of the effect of the Advanced Registry 
requirement on them. Table 15 of Chapter IV shows the distri
bution of milk yield for each six months interval of age as compiled 
from 2586 Advanced Registry records. 

As noted above, if the requirements are keeping a good propor
tion of cows from entry into the Advanced Registry there should 
be a sharp cutting off of the low producers in this table. No such 
cutting off of the low producers is noted. Unfortunately there is 
no good random sample Holstein-Friesian data for milk yield known 



184 MILK SECRETION 

to the writer. Two sets of data, one on the Jersey' the other on the 
Ayrshire, are known and have been analyzed. These data show that 
random sample milk yield within anyone breed and at any given 
age is slightly skew, generally in the plus direction, and with a 
fairly large range as compared with the average milk yield. The 
appearance of table 15 seems to bear out these same facts for the 
Holstein-Friesian Advanced Registry cattle. The problem is of 
flO much importance that it appears wise to go further in the analysis 
and obtain the biometrical constants of the data. For this purpose 
the total populations are used. Vsing Sheppard's corrections we 
find the analytical constants for the milk yield of the Holstein-Friesian 
cows, the Jersey cows, and the Ayrshire cows to be those shown in 
table 5G. 

The means and standard deviations for the milk yield of the 
different groups are not comparable because of the different units 
used in the compilation of the data. rnfortunately, too) the mean 
ages of the different groups are not alike. The Holstein-Friesian 
Advanc{'d Registry cattle are tested earlier than the Jerseys by one 
year and {>~rlier than the Ayrshires by nearly two years~ The 
Holstein-Friesian cattle afC less scattered around the mean age 
than are either the Jerseys or Ayrshires. 

Despite these differences the constants of the distributions ate 
surprisingly alike in many particulars. The coefficients of varia
tions arc all large. The Holstein-Friesian Advanced Registry cows 
and Jersey random sample cows correspond closely in this particular. 
The Ayrshire cows have a slightly smaller coefficient of variation. 

The moments have a general resemblance. The second moment 
is small compared with the rest. The third moment is plus in sign. 
The fourth moment is large compared with the rest. 

The Holstein-Friesian and Jersey data correspond closely in the 
value of {3.. The Ayrshire data has a {3. definitely smaller than that 
for the other two distributions. 

The Holstein-Friesian and Jersey random sample data have 
{Ns which correspond closely in value. The Ayrshire data's {3, is 
smaller in value. 

The Holstein-Friesian and Jersey data have minus values of < •• 
The Ayrshire data has a plus <.. All of the values of K. are subject 
to relatively large prohable errors. 

'Loc. cit. 
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The sign of N, depends on the sign of '1. All of the values of " 
are subject to large probable errors. This fact shows that in each 
case, the type of the curve necessary to best fit the data is som .... 
what in doubt due to the fact that the critical point for two or 
more type curves is near. 

The type of the curve called for by the criterion is the same for 
the Holstein-Friesian and for the Jersey data. The Ayrshire data 
calls for a curve of a different type. 

TABLE 56 

Analytical constants/or milk .'l/ield 

) 1I0Lal'ElN-FnlESJAl'\' -------1 (300-1HY M!LK'l·lF..LD) 

Mean.. 116,234±54 
Standard deviation,! 403D±38 
Coefficient of varia-

II (E'G_'.EO~!!' '~_K i AVlISHIfU: -, "'" " I (A\,ER.~GE WJ!:1IlKLV 
I YIELD) MILlI::YIEW) 

i4 .888±20 I' 16.49±O.03 

tion .. 
j.I: .. 

J.!3 .. 

JL4 .. 

~J .. 

(32 .. 
iJ2-3 .. 

1(2·, 

Skewness . . 
Type of curve . . 
Mean age .. 
Standard deviation 

age .. , 

!1~250±14 3.37±O.02 

24.9±O.4 25.6±O.3 2O.24±O.17 
16.233 i 6.247 111.1345 

930
45 .. 2469°58 I,' 9.662 9.5.195 

138.36 [395.0781 
0.4786±O.05271 O. 3829±O. 0613i O.OfJ62±O.0099 
3.5330±O.I484 3. 5454±O. 19791 3.1867±O.06OS 
0.5330 0.5454 0.1867 

-O.3698±O.2073 -O.0581±O.2582 O.1748±O.1076 
-1.0876±O.0152 

O'3~l±O'02181 
4.57 

2.25 

-5.4182±* I O.2888±O.2675 
O.3150±O.0222 O.1218±O.0099 

I IV 
5.51 6.44 

2.63 2.68 

II< Probable error very large. 
Calculated by the writer from the data of Pearl and ~Iiner. 

All the distributions are significantly skew in the plus direction. 
The curves for the Holstein-Friesian and Jersey data correspond 
quite closely in their skewness. The Ayrshire curve is less skew. 
It will be noted that the skewness becomes less as the mean age of 
the different groups jncreases. The concentration of the records 
in the early ages would tend to make the data for the Holstein
Friesian more skew than the Jersey and the Jersey more skew than 
the Ayrshire. 
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The comparison shows that the curves describing the Holstein
Friesian Advanced Registry records for 365-day milk yield do not 
exhibit any marked differences from the whole milking population 
of dairy cattle within the Jcrsey or Ayrshire breeds. In fact the 
Jersey random sample differed fully as much from Ayrshire as did 
the Holstein-Friesian Advanced Registry cows from either one. 
We note further that an examination of the raw Holstein-Friesian 
data as given in table 15 (Chapter IV) does not show any noticeable 
evidence for the truncation of the records by the Advanced Registry 
requirement. In view of these faets, these Holstein-Friesian Ad
vanced Registry records appear to be a fairly good random sample 
of the breed, at least practically speaking. This means that if 
all the purebred cows of the Holstein-Friesian breed were put on 
test, fed, and treated as cows on test for the Advanced Registr:r, 
practically all of the cows so tested would make the requirement 
or more. 

Some data of Pead's4 further supports the general conclusion 
that the entry requirement for 365-day milk yield excludes few or 
no cows from the Advanced Registry. In this paper Pearl says, 

These records (Scottish Milk Record Society) correspond to Amencan 
cow-test association records in this particular that the records of all cows 
in each herd good, had, and indifferent, are included. During this past year 
we have been able. to compare the American Advanced Registry 
Ayrshire records with these Scottish records. The results of such comparison, 
in part, are shown in table 1. 

TABLE I 

Compuring mean weekly yields (in gallons) of (a) American Advanced Registry 
and (b) "coltish Milk Record Society Ayrshire cows 

Two years ... 14. 84±O. 08 13.61±O.18 1.23 
Three years .. ... 16.76±O.14 13.84±O.O4 2.92 
Four years .. 17 .47±O. 14 lS.23±O.06 2.24 
"Mature" 20. 32±O.13 IB.W±O.09· 1.76 

• This figure is for ninc-year-old cows . 

• Pearl, Raymond. Report of progress on animal husbandry investiga .. 
tio!lB in 1915. Me. Agric. Exper. Sta. Misc. Publ. 519, pp. 1-27, 1915. 
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From this table it will be seen that the Ameri~an Advanced Registry 
AYfshires out yield their Scottish sisters, on the average, from about I} to 
3 gallons per week, or roughly from 10 to 25 pounds. Looked at from a relative 
standpoint it appears that the American Advanced Registry animals give, 
as t,wo-yearwald heifers or 808 mature cows, about 9 per cent on the average 
more milk than the Scottish herds. For the three-year and four~year agee 
the percentage rs higher. 

From these data the necessary arithmetic shows that were the 
American Advanced Registry requirement to be applied to the 
Scottish Ayrshires there would remain in such a registry approxi
mately 4972 cows out of the 6934 now having records. The per
centage remaining would be 71.7. These Scottish cows are not 
subjcct to the previous fitting that cows coming to Advanced Reg
istry test receive. They are not milked three times a day. In 
fact they receive just ordinary care. In view of this fact it is en
tireJy fair to say that not more than 28.3 per cent of Ayrshire cows 
are excluded from Advanced Registry by the requirement for milk 
yield and in all probability with the care and feeding received by 
American cows on Advanced registry test, the percentage would 
be very much less. 

THE STRINGENCY OF SELECTION EXERCISED ON THE BUTTER-FAT 

PERCENTAGE BY THE HOLSTEIN-FIUESIAN ADVAlI(CED 

REGISTRY REQUIREMENT 

The requirement for entry into the Holstein-Friesian Advanced 
Registry should have much the same influence on the butter-fat 
percentage as it does on the milk yield. The problem is of the same 
importance to the use of Advanced Registry records for any inheri
tance stndies on butter-fat percentage. The data for the analysis 
of this problem in the Holstein-Friesian breed are given in table 24 
(Chapter IV). Figure 15 illustrates how a truncating agent like 
the Advanced Registry' requirement may affect the records. If 
the requirement for butter-fat percentage is so low that it falls 
below X then the whole of the curve will be represented in the 
Advanced Registry. If on the other hand, the butter-fat percent
age requirement is higher cutting the curve at A, then only that 
portion of the curve contained between A and Y will be present. 

The correlation surface of table 24 (Chapter IV) gives the in
dividual distribution of butter-fat percentage for each 6 months 



138 MILK SECRETION 

of age. The distributions appear to be fairly regular. No cur
tailing of the distributions is noticeable. 

The frequency distribution for these Holstein-Friesian Advanced 
Registry butter-fat percentages has been analyzed for its analytical 
constants. The distribution taken for this analysis is that for the 
whole popUlation irrespective of age. Jersey" random sample data, 
an analysis of which was published previously, and the Ayrshire 
data of Pearl and Aliner are tabled for comparative purposes. These 
constants are found in table 57. 

TABLE 67 

A.n:llylical constants for bntter-jaf percentage 

I Jl'i~EY I ,l.YRSfURJi) 

(~:~~~~~~::~;:'J' (ilIGHTIdO~~SB'l'TI'ER- r (AVJ;IU.,GE WEEXLY 
PEl!. CENT) I PAT PER CENT) I BUT'l'EIHi'AT PER 

_____________ CENT) 

Mean.......... 'I 3.428±0.OO4 5. 226±O.OO7 I 3.740±0.OO3 
Standard d£,yiation. '-. Q,309±O.OO3 O.449±O.OO5 O.349±O.002 

C~~!c.i~nt ,of, var,ia-.! 9.014±O.121 

1-'2... .j 9,4890 
j.Ji.. 'j 11.212i 
P.4.. 1311.60~2 
~,. I O.1471±O.0329 
(32.. . 3.4fl()7±O.15G9 
~,-3.. . 0.4607 

.( 0.4799±O.2488 
1(2,. .J O.2387±O.lUI3 
Skelrness.. I O.1670±D.0161 
Type of C'urve IV 
Mean age.. .... .... '1 4.57 
Standard deviation 

age.. ........... .. 2.25 

8.595±O.100 
8.9668 
6. 844a 

284.5584 
O. O66O±O. 02i1 
3.5391 ±O. 2072 
0.5391 
O. 8833±O. 3765 
0.0563±0.0279 
O.IOO3±O.02V9 

IV 
5.51 

2.63 

9.342±O.076 
3.0521 
2.8619 

45.3372 
0.288I±O.0641 
4.7018±O.8262 
1.7018 
2. 5394± 1. 5293 
O.0938±O.0478 
0.1617±O.0253 

IV 
6.44 

2.68 

Certain innate differences appear in the data. The age of the 
Holstein-Friesian cows is about one year less than the age of the 
Jersey cows and about two years less than that of the Ayrshire cows. 
The breeds differ in their butter-fat percentage, the Holstein-Friesian 
having the least, the Ayrshire next, and the Jersey the most. There 
is another difference to be noted in the fact that the Holstein-

'Gowen, John W. 1920. Studies in milk secretion. VI. On the varia
tions and correla.tions of butter-fat percentage with age in Jersey cattle. 
Genetics, vol. 5, pp. 249-324. 
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Friesian butter-fat percentage is not affected appreciably by the 
age of the cow, whereas the butter-fat percentages of the Jersey and 
Ayrshire cows are influenced by t.he age of the cow. 

Despite these differences the three curves show certain corrunon 
eharacteristics. The relative variation of the three curves is of 
about the same magnitude. It will be noted that the Holstein
Friesian Advanced Registry data is in between that of the random 
sample Jersey and the random sample Ayrshire in its variation. 

The third moment is plus in every case. The ~. for the Holstein
Friesian curve is in between that for the Jersey random sample 
and the Ayrshire random sample. The values of ~,for the three 
curves are not significantly different from each other. The KJ 

is plus in every case. The actual values of KI are not significantly 
different. The valuc~ of K2 are closely similar to each other. 

The skewness of the three curves is in the same direction, plus. 
The values of the skewness in the three cases are nearly the same. 
The type of curve necessary to fit the data is Pearson's type IY. 

In view of the close similarity between the eurves it seems evident 
that the Holstein-Friesian Advanced Registry butter-fat percentage 
curve has not been seriously curlailed by the Advanced Registry 
requirement. On the other hand there is evidence which points 
to the probability that a selection has occurred. The examination 
of the 7 -day records of the whole Advanced Registry and those 
of the cows which were continued to the completion of the 365-day 
test showed a difference in the average 7-day test of the two groups, 
favoring a higher 7-day record of cows cont,inued to the 365-day 
records. Thus in a random sample of the 7 -day record cows C0111-

pleting 365-day records it was found that these 7-day records were 
31 pounds of milk above the average of all 7 -day records. The 
butter-fat percentage of these cows was 0.16 per cent more than the 
average of all 7-day records. Some selection appears to have taken 
place in these records, the selection being such that the frequency 
curves remain comparable with those which might be expected of 
a random sample of the breed. Such a difference would correspond 
to a selection containing 80 per cent or more of the original popula
tion. There are, however, some difficulties in the way of con
sidering this figure as the measure of the selection which has been 
practiced. The writer corresponded with breeders selected on the 
basis of their doing or of their having done BOrne Advanced Regis-
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try \York. Eighteen brcf'ders were in the list. Two hundred ani! 
Hcventy-five head, three years or more 010, were represented. Of 
these cows, the breeders said that 271 could make the Advanced 
Registry. The four \yhich ",'erIC' llot indicated as able to make the 
requirements wen"' all from on€' herd. The percentage of cows 
which could make the Advanced Registry was 98.5 per cent. Thh 
percentage bears out the other previous results. 

Thcsf' conclusions may be surprising to somc. They arc, however) 
reflected in the growing agitation among certain breeders for a more 
occlusive Advanced Rf'gistry requirement. These breeders believe 
that the Advanced RegiRtry requirement as we now have it is too 
low, letting in almost all those cows which are tested. We need not 
go into the pros and cons of this argument as it is not germane to 
our subject., howeyer important it may be. We need only notice 
that others, on what are prohahly purely ohservational grounds, 
have arrived at a conclusion similar to ours derived from the analysis 
of the data. 

In using the records for the 7 -day Holstein-Friesian cows, Rietz6 

has approached the problem in another way and with diiferent 
results. Instead of attempting to determine the total population 
of Holstein-Friesian cows from the Advanced Registry tail portion 
either by the method of Pearson or by compariaon of the charac
teristics of this curve with random sample data, he determines 
what proportion of the cows milking at a given time are in the 
Advanced Registry. His results for the year May 15, 1906, to 
May 15, 1907, are given in the table below. 

I 0 TO 2.5 \2.5 TO 3.5 3.5 TQ 4.5 4.5 UARS UN ~~~.Ii 

Cows in milk (N).. .' 6::'~ I' 4:'" 4:- :~:l:vn 1'~ 
Numberin Advanced Registry (n) 413 346 269 620 1,028 

~ 6 N' 0. 67 1 0.70 0.63 O.44i O. 7 

He then assumes that the proportions are the true proportions 
based on the capabilities of the Holstein-Friesian cows. That is, 
for those cows under 2.5 years old 67 per cent of them could if put 

I RietzJ H. On inheritance of production. in butter-fat. Biometrika, 
vol. 7, pp. 106-126, 1009. 
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on Advanced Registry test make the requirement and 33 per cent 
could not. It seems to the writer that this assumption is faulty. 
The great element in preventing Advance,d Registry testing is not 
that the cow cannot make the Advanced Registry requirement, it 
is the actual cost of the supervisor and incidE'ntal expenses in making 
the test. Time and time again it has been demonstrated in the 
work that an inexperienced man, once convinced of the merits of 
Advanced Registry testing and placing his cows on test, has made 
some of the best records in the state. Not only this, hut the cows 
put on test have in the majority of instances made the test with 
some to spare. In the case of those who did not make the require
ment it has often heen shown that this cow would make it under 
more favorable conditions. It seems to the writer, therefore, that 
the assumption involved on the method adopted by Rietz is qucs
tionable and may quite serious1y alter the conclusions drawn from 
the data when thev are handled in this wav. 

After balancing these considerations it ~u.s decided to make no 
corrections for what selection may have been practiced in these 
Advanced Registry records. Undoubtedly some correction should 
be made and the making of the correction would tend to increase 
the correlation coefficients between the daughter and her parents 
and grandparents, emphasizing the even greater importance of 
heredity than that portrayed hy the results as they stand. On 
the other hand, the amount of correction to be applied is hy no 
means clear. Also, if the results are used as they are they will 
apply to the Advanced Registry animals a.s the records are given. 

SUMMARY 

This paper presents an analysis of the Holstein-Friesian Advanced 
Registry 365-day records in comparison with other data on a random 
sample of the Jersey and Ayrshire breeds. The biometrical con
stants in general use for the analysis of such curves are presented. 
The compariwns indicate that the Holstein-Friesian Advanced 
Registry 365-day records for milk yield and hutter-fat percentage 
are not far from being a random 83JIlple of the Holstein-Friesian 
breed supposing tbat all of the cattle were kept under conditions 
which were identical in feeding and care with those given the Hol
stein-Friesian cows which make the Advanced Registry. Other 
data indicate that some selection has taken place although the 
amount of this selection is not clear. 



CHAPTER IX 

OS THE RELATIOX OF THE 1IrLK YIELDS OF A SIRE'S DAUGHTERS' 

FL~LL SISTERS 

The spirit which must govern all work on cattle breeding in its 
search for truth is so well expressed by a letter received by the 
author that it is quoted: 

The dairy cattle industry has some uncertain and fragmentary information 
along the lines of the physiolog~- and breeding of dairy cattle for milk produc
tion. This fragmentary information, often conflicting though it is, has 
governed the hreeding operations of our industry. The attempt to present 
definite information along these hitherto uncertain lines is most encouraging. 

It is a truth that the research worker in the cattle industry today 
is extremely unlikely to hit on anything of which someone may not 
say, "that idea was mine ten years ago," because if the writings of 
this industry be examined one will find almost all possible kinds of 
ideas on how to breed the big yielding cows. We can only hope to 
present concrete information in place of our now uncertain methods. 
This chapter is an attempt to present this information on just one 
phase of this subject and for only one breed. It is proposed to start 
with an analysis of the influence of the sire on his daughters. In 
other words to determine if possible whether milk yield is really 
inherited in our great breeds of cattle, and if it is inherited what we 
may expect when certain kinds of matings are made. 

It is, of course, impossible to measure the milk yield of the daughter 
and compare it w~th the sire to determine any relation which may 
exist. Instead we have to resort to various artifices. If milk yield 
is truly inherited we should expect that the daughters of a sire 
would resemble each other more closely than would pairs of cows 
taken at random from the breed. If the daughters were full sisters 
we should expect this resemblance to be still greater, for hero the 
influence of the dam is also exerted to make for a greater resemblance 
between the two daughters. We shall devote Our attention to the 
degree of resemblance which may be expected of full sisters as a 
means of determining the sire's influence on milk yield. 

142 
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MATERIAL AND METHODS 

The data used for this study were the records for year tests of 
Holstein-Friesian cows contained in volumes 13 to 31 of the Advanced 
Register of the Holstein~Friesian Association.1 The data and rules 
under which these tests are carried on are familiar to all. AU records 
have been corrected for age hy the methods previously indicated. 
The rules governing the selection of the COWlS records wer(_> arbitrarily 
chosen to include the following items: 

1. If a cow has one 365-day record that record is used. 
2. If a cow has two or more 365-day records the record selected 

is that nearest eight years old. 
3. The records of cows for less than 365-days are omitted from 

this study. 
When a record is mentioned in subsequent sections of this book it 

is to he taken for granted that such a record is an age corrected 
record. These age corrected records are used without further cor~ 
rection for the reasons previously indicated. 

The milk records of the daughters who are full sisters are cor
related with each other to determine the relationship which exists 
between them, the ordinary hiometrical methods being used. In 
the same manner the relationship which exists between the milk 
records of half sisters is also detennined. These half sisters are, of 
course) those who have a common sire but different dam. 

'l'HE CORRELATION BETWEEN THE MILK YIELDS OF FULL SISTERS IN 

THE HOLSTEIN-FnlEsIA.~ ADV A...'I"CED REGISTRY 

One measure of a sire's worth is his ability to impress upon his 
offspring the qualities which are desired. For milk production this 
worth can be measured only through the milk yield of the sire's 
daughters or through the productive qualities of his sons' daughters. 
In this paper only the sire's daughters will be considered. These 
daughters are of two kinds, those which are full sisters and those 
which are half sisters. 

The milk yielda of a sire's daughters are dependent to a certain 
extent on the milk yields of their daIllS. It is unlikely that two cows 
will have an identical milk yield or that the inheritance for milk 

1 Holstein~Friesian Association of America. 1902-1920. Advanced Regis
ter Year Book, vol. 13-32. 
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production which they could give their daughters would be identical. 
Such being the case it is evident that two daughters of the Same sire 
and from a given dam would be expected to have milk yields more 

TABLE 58 

Correlation surface showing the milk yields of jullsisters in the Holstein-Friesian 
breed 

! MILK YIII:LD OF FULL SlSTJI!R I 

':~~,Y:,':;~::F I ~ II ! I I 1 I I' II I I [' I I II 1 II! 
d 818'0 :5 :5 0 10 is g 818'0'0 g'8 :;; ol§IO § ~ 

10'TI~: 000 11!IJ~I'~'~I!"I;f' ~ '1~I~il~II"f' Ii"~ l 
13,000 1 2 2 2 1 1 2 I 11 
14,000 1 2 I 6 4 2 1 3 I 19 

i~::: 1 i!; ; ! ! ; ; ! 1 2 i 22 i ~ 
17,000 )1 1 J 3 2 2 2 2 4 1 1 19 
18,000 1 3 1 2 2 2 3 3 1 3 1 2 1 26 
19,000 2 2 4 2 3 2 3 5 2 4 J 1 31 
20,000 1 1 4 3 3 4 5 2 1 1 25 
21,000 2 5 5 5 1 1 19 
22,000 1 1 1 1 1 2 2 5 6 2 1 1 24 
23,000 2 3 4 1 1 2 2 3 1 1 
24,000 2 1 1 2 2 2 
25,000 1 1 1 3 2 2 1 

~!:E I : J 1 J J: 1 2 

29,000 
30,000 

20 
10 

1 12 
5 
2 

J 6 

31,()()(H2,000 I 1 1 1 . 3 

11 61~,lllill ;!\;;Iillj;\;;;; ill;;; w -;; -; -; -;; -- ~l-;; 

nearly the same than would another set of two daughters from the 
same sire but different dams. Study of these Holstein-Friesian 
records shows that actually tbere is such a difference. The milk 
yields of full sisters are more closely similar than are the milk yields 
of the half sisters when both sets are daughters of the same sire. 
There are approximately 2600 records available. Of this Dumber 
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about 1700 are e.ither full or half sisters. The number of sires 
involved is abnut 450. All records are age corrected and for the 
365-day period. There are 302 full sisters within this body of records. 
The correlation surface showing the milk yield of the first and second 
sisters is given in table 58. 

Table 59 gives the fundamental constants for the variation and 
correlation of the milk yields of the full sisters. 

It will be noted that the milk yield of the full sisters is closely 
similar to that found for the whole breed. The standard deviation 
and coefficient of variation for the full sisters is likewise practically 
the same as that for all the records. Under these circurn."tances it 
seems clear that the full sisters as a group are clo'hlJy similar to the 
whole Advanced Registry as a group. 

TABLE 59 

Variation and correlation of the milk yields of full sister8 

Mean milk yield . . 
Standard deviation of milk yield. 
Coefficient of variation of milk yield. 

. 19.348±159 
4,1D2±113 
21.2±O.9 

Correlation between the milk yield of Dne full sister with that of 
another. O.548±O.027 

The correlation coefficient representing the degree of relationship 
found between the milk yields of full sisters is higb. The milk yields 
of full sisters resemble each other quite closely. This resemblance 
may be due to the connnon inheritance received from the sire or from 
the dam or both. It may also be due to a similarity in the environ
ment under which the full sisters were tested. The relative influence 
of these two factors will be taken up later. 

The data presented on table 59 assist us to answer these prohlems 
of the dairy breeding industry. In the light of our present knowledge 
of dairy husbandry the possible milk yield of the daughters resulting 
from any type of mating is an open question. The data just given 
will assist us to answer this question for full sisters of the Holstein
Friesian hreed kept under conditions similar to those of the Advanced 
Registry animals. Concisely stated the first problem is then, what 
will the probable milk yield of a cow be, when her full sister hOB a 
given milk yield, e.g., 20,000 pounds of milk? 
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We know from experience that the milk yields of these sisters will 
vary, we desire to know within what limits these milk productions 
may vary. The second problem is, consequently, to determine 
within what range of milk production the subsequent milk production 
of other sisters will be when the milk production of one sister is 
known. This problem is really a double one. In the first place we 
desire to know the probable range of milk yield within which a sister 

TABLE 60 

Milk yield of other daughters when the milk yield of the first daughter is known. 

FIR8T Il.~'{;GHTER'ill4lL:a;: TUlLO 

10,000 
11.000 
12,000 
13,000 
B,OOO 
15,000 
16.000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29.000 
30,000 

Full sisters 

)EXPECTED OR AVI.lJ.!..GE MILK OF 8BCONn DAUGHTERB 

14,229 
14,777 
15,324 
15,872 
16,419 
16,967 
17,514 
18,062 
18,609 
19,157 
19,704 
20,252 
20,799 
21,347 
21,894 
22,442 
22,989 
23,537 
24,084 
24,632 
25,179 

will be found and in the second place, the probable maximum varia
tion of the full sisters' milk )~elds. 

For the first problem, we define as the probable range, the range to 
include on the average 50 per cent of all the full sisters. For the 
second, we define the limit of the range as that which will include 
approximately 99 per cent of nll full sisters. This is considered to 
be the extreme limits within which the full sisters will be likely to 
vary. 
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These questions apply equally to the daughters that are full sisters 
and that are half sisters. Although of immediate practical impor
tance the answers to these questions have a theoretical value as well, 
for the answers to them furnish critical evidence on the problem of 
whether or not milk yield is inherited. It must be remembered, 
however, that these data are Advanced Registry data. Such being 
the case, their actual numerical application is probably limited to 
those cows which are under the same conditions of feeding, milking, 
and handling as pertain to the conduct of Advanced Registry 
testing. 
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FULL SISTERS' MILK YIELGS 
FIG. 16. TIlE REGRESSION OF THE MILK YIELD OF O:-JE FULL SISTER ON THE 

MILK YIELD OF THE OTHER FOR HOLSTEIN-FRIESIAN ADVANCED 

REGISTRY CATTLE, 365-DAY MILK RECORDS 

PROBA.BLE MILK YIELD OF THE OTHER FULL SISTERS WHEN THE MILK 

YIELD OF THE FIRST FULL SISTER IS KNOWN 

The knowledge of the milk yield of one sire's daughter enables us 
to predict the probable yield of another daughter. The expected 
milk yields for the second daughters where the milk yield of the first 
daughter is known are given in the table 60. 

The equation of the curve used tn make this prediction is found 
from the data presented in table 59. The equation is the ordinary 
linear regression equation: 

Y = 8754 + O.5475y (36) 

where Y is the milk yield of the second full sister and y the known 
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milk yield of the first full sister. There are two assumptions in 
using this equation. The first is that the regression is in truth 
linear and homoscedastic. The nature of the regression lines is 
shown in figure 16. 

Fipire 16 shows that the relation between the milk yields of full 
sisters is a linear relation. The theoretical regression line follows 
the observational regression line nicely. The correlation table 
showing the distribution of the individual pairs appears to be suffi
ciently close to the Gaussian surface so that no grave error can be 
made in general ('ollclusions from the results. 

The examination of table 60 shows that where the first daughter is 
very low in production, say 10,000 pounds, the second daughter's 
production is also relatively low compared with the rest of the 
breed. The second daughter's production is, however, considerably 
larger than that of her 1O,OOO-pound sister. If the production of 
the first daughter is extremely large, the second daughter's milk 
yield is also large compared with the rest of the breed. On the other 
hand the second daughter's production is less than the first daughter's 
by a significant amount. The average milk yield of all full sisters 
is 19,348 pounds for the year period. When a full sister has this 
production, the second full sister also has the same average produc
tion. Clearly, the lowest producing cows tend to have full sisters 
who are also low in their production, the medium producing cows 
tend to have medium producing sisters, and the high producing cows 
tend to have high producing sisters. This is, of course, the expecta
tion if milk yield is inherited for the two sisters have much more 
chance of a common inheritance when they come from common 
parents than would two cows picked up at ra~dom within the breed. 

YARIATIONS OF THE MILK YIELD BETWEEN WHICH 50 PER CENT OF 

THE SECOND FULL SISTERS ARE FOUND WHEN THE MILK YIELD 

OF THE FIRST FULL SISTER IS KNOWN 

The correlation table for the different pairs of full sisters shows 
us that there is a rather wide variation of the milk yield of the 
second sisters even when the milk yield of the first sister is known. 
That is, while these milk yields will average 16,419 pounds for the 
second full sisters when the first full sister's milk yield is 14,000 
pounds, there will be a variation of yield of the second full sisters 
so that some will be above this figure and some below it. It is of a 
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good deal of interest to know what this variation is and within what 
limit of milk production one can reasonably expect the milk yield 
of the second full sisters. If we consider the range within which one 
half the second full sisters should he found, as a rcasonable limit, 
then the data of the next table furnishes an answer to this question. 
Table 59 gives the necessary data for this calculation. It, may be 

TABLE 61 

Jlilk yields of fir~t full sisters and the limits between which wo'uld lie the milk 
yields of 50 per cent of their I)econd f11,tl si3lcrs 

FIRST FULL SlB'l'f':R'S MILl'- PRODtrC"I'I01S" 

10,000 
11.000 
12,000 
]3,000 
]4,000 
15,000 
]6,000 
17,000 
]8,000 
]9,000 
20,000 
2],000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

lI.1.N(lE OF MILK: YIELDS OF 50 PER CE~ OJ;' THE 
ilEeOXD FULL aIMTlJ;118 

11,913-16,545 
12,460-17 ,003 
13,008-17,640 
13,555-18,188 
14,103-18,735 
14,650-10,283 
15,198-19,830 
15,745-20,378 
]6,293-20,925 
16,840-21,473 
17,388-22,020 
]7,935-22,568 
18,483-23,115 
19,030-23,663 
19,5,8-24,210 
20,125--24,758 
20,673-25,305 
21,220-25,853 
21,768-26,400 
22,315-26,948 
22,863-27,495 

shown that the average standard deviation of the full sisters' milk 
yields about any average milk yield for the different classes is 
4102 V 1- 0.548' or is equal to 3434 pound. 01 milk. The limits 
of milk yield necessary to include 25 per cent of the second full 
sisters on either side of the mean, when their first sister's milk yield 
is known, are given by mean ±0.67449 X 3434 assuming a Gaussian 
surface. These limits are given in tahle 61. 

In common with most re"ults that pertain to milk yield or butter
fat percentage, the milk yields of the second full sisters exhibit 
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quite a variation. Thus the full sisters to cows which produced 
20,000 pounds of milk would have an even chance to produce between 
17,388 to 22,020 pounds of milk Or to produce less than 17,388 
pounds or more than 22,020 pounds. Expressed concretely, of 100 
full sisters of 20,OOO-pound cows we should expect, 25 to yield less 
than 17,388 pounds of milk, 50 to yield between 17,388 and 22,020 
pounds, and 25 to yield more than 22,020 pounds. 

TABLE 62 

Milk yields of first sisters and tke limits between whick would lie the milk yields 
of 99 per cent of their full sisters 

Jl'UI8T Ft"LL SI8TER'S 1d"n:.s: PRODUCl'ION 

10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17.000 
18,000 
19,000 
20,000 
21,000 
22,000 
23.000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

RANGE 0)' MILK YIELDS OF 99 PERCENT OF THE 
SIK:O:!llD FULL SISTERS 

5,369--23,090 
5,917-23,638 
6,464-24,185 
7,012-24,733 
7,559-23,280 
8,107-25,828 
8,654-2-6,375 
9.202-26,923 
9,749-27,470 

1O,297-2S,OIS 
10.844-28,565 
11,392-29,113 
11,939--29,660 
12,487-30,208 
13,034-30,755 
13,582-31,303 
14,129-31,850 
14,6i7-32,398 
15 , 224-32, 945 
15,772-33,493 
16,319--34,040 

RANGE OF MILK YIELD NECESSARY TO INCLUDE 99 PER eEN'!' OF THE 

SECOND SISTERS WHEN THE MILK YIELD OF THE FIRST SISTER 

IS KNOWW 

Another question suggested by the rather large range of milk yield 
for 50 per cent of the daughters is, within what range of milk yield 
may we expect most of the second sisters when the production of the 
first sister is known? The limits chosen to answer this question 
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are those which should include 99 p"r cent of all daughters, in other 
words 2.58 times the standard deviation on either side of the mean. 
The limits are shown in table 62. 

Table 62 shows the limits between which would be found the milk 
yields of practically all full sisters, when one sister had a given milk 
yield. This range is quite large. However, it should be realized 
that even this range of productivity is sometimes exceeded. It is 
indeed enlightening to see how widely even full sisters may vary in 
yield. We should not lose sight of the fact, however, that if a sire 
has one daughter with a high milk yield it is probable that a second 
daughter, a full sister to the first, will also have a relatively high 
milk yield. Herein lies a key point to progress-the sire plainly 
influences the production of his daughters. They inherit from him a 
part of the stuft which makes them high or low milk yielders. It will 
be shown that the daughters inherit milk yield from the dam as well. 
Such being the case the old saying, that the bull is half the herd would 
better be changed to the saying that the sire and dam together are 
largely responsible for the milk yield of their daughters. 

The data herein presented indicate that the sire and the dam 
jointly influence the milk yield of their daughters. In some experi
ments of the author's, now in progress, it has been shown that this 
conclusion is likewise true of crosses of Holstein with Jersey or 
Holstein with Angus. All 12 first generation crossbreds showed the 
influence of both parents. Crossbred 1 resembles her low producing 
parent 7.7 times as closely as she does the high producing parent. 
The other 11 crossbreds resemble the high producing line of milk 
production from 1.5 to 18 times as closely as they do the low line of 
milk production. Three levels of milk production are crossed in 
these experiments. The Aberdeen-Angus cattle constitute the 
lowest level; the Jersey, Guernsey, and Ayrshire cattle, averaging 
about the same in milk yield, constitute the intermediate level of 
production; and the Holstein-Friesian cattle, having the highest 
yield, represent the highest level of production. It is of some 
interest to compare the results of crossing the different levels. If we 
omit the result of crossbred 1, it is found that the Holstein-Friesian 
cows or bulls mated to the second group of cows or bulls (Jersey, 
Guernsey, or Ayrshire) produced 3 offspring who are 8.43 times as 
near the milk production of the high level on the average as they are 
the low line of production. 
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The only cross invo1ving the Holstein-Frie:sian and Abercleen
Anb'1lS, crossbred 44, is 2.2 times as close to the high line of produc
tion as she is to the low line of her parent's milk yield. 

The crosses involving the spcond level of milk production (Jersey, 
GuerI1sey, and A,:rrshire) mated to the third group, Aberdeen-Angus, 
have crossbred offspring resembling the high line 7.7 times as closely 
as they do the low line of production. This figure compares favorably 
with that of the Hol!-ltein-Friesian X Jersey crosses. For the other 
results occurring from this study the reader is referred to the original 
paper.' Suffice it to say that both sets of data strengthen the con
clusion that the sire and dam are both responsible for the milk yield 
of their daughters. 

SUMMARY 

This chaptcr presents a study of the milk yields of those Holstein
FrieRian Adyanced Registry cows who are full sisters. The records 
are all for the 355-day period. All records are corrected for the 
effect of age on milk yield. No correction for double selection is 
made. 

That the milk yield of a cow indicates the milk yield of her full 
sister is shown by the correlation coefficient of 0.548 x 0.027 between 
the milk yields of such pairs. Tables are presenwd to show the 
probable milk yield of a cow when the milk yield of her full sister 
is known. 

The variation of full sisters in their milk yields is shown to cover 
quite a wide range. Tables are presented to show the limits of this 
range for 50 and 99 per cent of the full sisters. 

'Gowen, John \V. 1920. Inheritance in crosses of dairy and beef breeds of 
ca.ttle. II. On the transmission of milk yield to the first generation. Journal 
of Heredity, vol. xi (1920), no. 7, pp. 300-3IG. 



CHAPTER X 

THE )'hLK YIELDS OF H.\.I~F SISTERS AS A IVh':'ASlIItE OF THE IN"FLr

ENCE OF THE SIRE ON l\hLK PRODUCTION 

In the preceding chapter of this series it was shown that there W::ts 

a high degree of resemblance between the milk yield. of full sisters. 
As pointed out in this same chapter this resemblance may he due to 
the influence of either sire or dam exerted separately or to their joint 
action. The relation which exists for the milk yields of half sisters 
forms a critical test of which of these hypotheses is correct, for there 
is no influence of the dam felt in the milk yields of half sisters when 
only the sire is common. In fact, taking them all in all the half 
sisters exhibit only a random effect of the danl. Similarly, the 
influence of the dam is the only common heredity factor in the 
resemblance of the milk yields of cows having common dams but 
different sires. 

Besides this theoretical problem, other problems of mOre immediate 
practical importance are capable of being solved by data showing the 
relation which exists between milk yields of half sisters. The,e 
problems are: (1) What will be the probable milk yield of the addi
t.ional daughters when one daughter has a given milk yield, e.g., 
20,000 pounds of milk? (2) What will be the probable variation of 
this milk yield for the second sisters when the milk yield of the first 
half sister is known? (3) What are the limits of milk yield within 
which will be included 99 per cent of the half sisters' milk yields when 
the milk yield of the first half sister is known? 

MATERIAL AND METHODS 

The data for this study have been described. The tabulation of 
this data is given at the end of this chapter. The method of deter
mining the constants measuring the relation which exists between 
the milk yields of sisters has been in use for sometime. For the proof 
the reader is referred to the original paper by Harris.' 

1 Harris, J. A. 1913. On the calculation of intra-class and inter-class 
coefficients of correlation from class moments when the number of possible 
combinations is large. Biometrika, vol. ix, pp. 391-446. 
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THE RELATION OF THE MILK YIELDS OF HALF SISTERS 

Before considering the data it may he well to consider the problem 
a little more in detail. In the first place, let us suppose that the milk 
yield of one daughter in no way indicates the milk yield of another. 
Under these conditions, the second daughter of a sire which had one 
daughter with a lO,OOO-pound record would be likely to produce just 
as much milk as would the second daughter of a sire whose first 
daughter produced 30,000 pounds of milk. Put in another way, the 
half sister to the 1O,ooo-pound cow would stand an equal chance 
with the half sister of the 30,O()()..pound cow to produce 30,000 pounds 
of milk. Or for that matter the half sister of the 30,OOO-pound cow 
and the half sister of the 1O,OOO-pound cow would be equally likely to 
produce 10,000 pounds. Thus we come to the potent fact that if the 
above hypothesis were true the second cows' average milk yields 
would tend to equal the average for the breed, even though they 
had half sisters which had made 10,000 or 30,000 pounds. 

On the other hand, if the milk yields of the second sisters were 
predicted exactly by the milk yield of the first sister, the milk yield 
for the second cow whose half sister had 10,000 pounds would be 
10,000 pounds and the milk yield of the second cow whose half sister 
had 30,000, would be 30,000 pounds. This paragraph and the one 
above illustrate the point. If there is no relation between the milk 
yields of half sisters, the milk yield of the second sister will be on the 
average approximately equal to the milk yield of the rest of the Hol
stein-Friesian cows no matter what the milk }ield of her sister may 
have been. But if the milk yields of the second sisters are deter
mined by the milk yield of the first sister, then the milk yields of the 
second sisters will be 10,000 pounds or 30,000 pounds depending on 
whether the yield of the half sister is 10,000 or 30,000 pounds. 

The physical constants measuring the relation of the milk yield 
of cows which have a common sire but different dams is shown in 
table 63. 

As the derivation of these constants is somewhat complex it may 
be well to indicate the method. The moments are obtained for table 
68 in the usual way. This gives us the moments for the calculation 
of the correlation of the milk yields of all Holstein-Friesian sisters 
whether they are full sisters or half sisters. To obtain the moments 
for the half sisters we subtract the moments found for the full sisters 
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as given in table 58 from these moments and proceed with thc usual 
calculation using the reduced moments. 

The average milk yield of the balf sisters is 20,170 pounds. Tbis 
average milk yield is nearly 900 pounds more than the average of the 
Advanced Registry. Tbis increased milk yield is prohably to be 
accounted for by tbe fact tbat the sires whicb bave daugbters of more 
than average J~eld appear to have a slight tendency to have more 
daughters tested. This selection of sires of superior merit is not, 
however, nearly 80 stringent as we are sometimes led to believe. The 
standard deviation is significantly less than for the whole of the 
Advanced Registry cows. The coefficient of variation is also signifi
cantly less than that found for all of tbe cows. 

TAl3LE63 

The milk yields of half wi,siers 

Mean milk yield ...... . 
Sta.ndard deviation . . . 

. ....... 2O,liO±68 
.... 3,799±48 

lS.S±O.2 Coefficient of variation. . 
Correlation coefficient for the milk yield of one half sister with 

that of another . ..... . O.362±O.015 

Tbe correlation coefficient shows that there is a fairly well-marked 
relation between the milk yields of half sisters. As already pointod 
out this relation shows the influence of the sire on the milk yields of 
his daugbters since these daughters are from different dams with vari
able bereditary factors for milk yield. It is of interest to note these 
differences more closelY. The correlation coefficient of the full sis
ter's milk yield is 0.548. The correlation coefficient for half sisters' 
i,0.362. It may be sbown that the degree of control over the varia
tion of any character by another is equal to S.D. - S.D. "1-r'. 
The values of r' for the full sisters is 0.3003 and for the half sisters is 
0.1303. Tbe value of the standard deviation for the full sisters is 
4102 while it is only 3799 for the balf sisters. As noted above the 
standard deviation of the milk yields of the full sisters is larger tban 
tbe standard deviation of the half sisters. Wbile it does not seem 
probable that this difference has any true relation to the fact that 
one group are full sisters and the otber half sisters, it is a fact that the 
difference exists and affects the result. The standard deviation 
remaining after the elimination of the variation due to full sisters is 
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3434. The standard deviation remaining after eliminating the 
'Variation (Ine to half sisters is 3541. The variation in pounds of 
milk controlled by the full sisters is 668 pounds in contrast to 258 
pounds for the half sisters, or the relationship of the milk yields of 
full sisters, because of their having common parents, is twice as 
great as the relationship between the milk yields of half sisters with 
only common sires. On this fact hinges a nice practical point in dairy 
br(;'eding as it furnishes a guide to the proper matings to make. 
This point is taken up in the next section. 

THE MILK YIELD OF THE SECOND HALF SISTER WHEX THE MILK YIELD OF 

THE FIRST HALF SISTER 18 KNOWN 

We have found that the correlation coefficient for the milk yields of 
full sister..; is larger than the correlation coefficient for the milk yields 
of half sisters. We should expect, therefore, the milk yields of the 
second daughters to be more nearly like the milk yield of the first 
daughters, in the case of full sisters, than in the case of half sisters, 
especi!111y when the milk yield of the first daughters is extremely 
hiKh or low. It is possible to find the average milk yield of second 
half sisters for any given grade of first half sister's milk yield. The 
data for this cn.lculation arc given in table 63. Thus with linear regres· 
sion the second half sister's average milk yield is equal to: 

Second half sisters' milk yield = (l\1canH.S. -ra.s. MeanH.S.) + rH.S. X 
milk yield of first halI sister 

The Mean as is equal to the average milk yield of half sisters and 
the r as is the correlation of the milk yields of half sisters. The 
necessary arithmetic shows the equation to be: 

Second half sisters' milk yield = 12,879 + 0.362 first half sister's 
milk yield (37) 

From this equation we obtain the expected average milk yields of 
second hal{sisters as given in table 64. I repeat the table for the full 
sisters for comparative purposes. 

Table 64 shows that the milk yields of half sisters are partly inter
dependent. Thus the average milk yield of the second half sisters is 
16,494 where the average milk yield of the first half sister is lO,OOO 
pounds. The average milk yield of the second half sister increases as 
the milk yield of the first half sister increases. Thus where the 
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first half sister is a 10,OOO-pound cow the average milk yield of the 
second half sisters is 10,494 pounds, and where the first half sister is a 
30,OOO-pound cow the average milk yield of the second half sisters is 
23,724, This milk yield is over 1000 pounds greater than the average 
milk yield of the cows with half sisters of 10,000 pounds, These 
facts show us that if a sire's daughters, half sisters, average high in 

TABLE &4 

Milk yields of the secDnd daughters where the milk yield of the first daughter is 
known. Half sist·ers and full sisters 

I .\VERAGlI: MIT,K YIF.LD AVEILHll' MILK l"IJ;:LD 

,~, o,uo.",', .'LD mu> I OJ!"SJ!lCQ:SP D.\l;mITEllS. OF Sr.cON"D DAeOl!TJ!;lts. 
HA.LFIlI.<;U:RS 

IO,aoo 16,494 14,229 
ll,aoo 16,856 14,777 
12,aoo 

I 
17,217 15,324 

13,aoo 17,579 15,872 
14,aoo 17,940 16,419 
15,000 

I 
18,302 16,967 

16,aoo 18,66.3 17,514 
li,OOO 19,02.5 18,062 
18,aoo 19,386 18,009 
19,aoo 19,748 19,157 
2O,aoo 20,109 19,704 
21,aoo 20.471 20,252 
22,060 20,8.32 20,799 
23,aoo 21,194 21,347 
24,aoo 21,555 21,894 
25,060 21,917 22,442 
26,000 22,278 22,989 
27,000 22.640 23,537 
25,000 23,001 24,084 
29,000 23,363 24,632 
30,000 23,724 25,179 

milk production it is prohable that the subsequent daughters to come 
from this sire will be satisfactory producers, 

The milk production of full sisters is more closely similar than the 
average production of half sisters, This may he seen from a compari
son of columns two and one, and three and one of the ahove table, 
Thus. where the first sister's production was 10,000 pounds the aver
age production of her half sisters would be 16,494 pounds and of her 
full sisters 14,229, Similarly for the 30,OOO-pound sister, her half 
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sisters' average production would be 23,724 pounds and her full 
sisters' would be 25,179 pounds. The full sisters' production is much 
closer to the production of the first sister than is the production of the 
half sisters. 

The reader will probably note one fact, that at a production of 
about 20,000 pounds, or at approximately the average of the Ad
vanced Registry as a whole, the milk yields of the half or full sisters 
are all practically the same. These differences in milk production 
are nowhere near as great as they are at the extremes of production, 
10,000 or 30,000 pounds. The regression of the milk yields of second 
sisters is more pronounced for half sisters than for full sisters. 

The comparison of these milk yields of full sisters offers us the first 
criterion by which we may judge a bull's worth. It may be noted 
that the full sisters' milk yields resemble each other closely. In view 
of this fact it is reasonable to assume that, if a given bull is mated to 
a cow and produces a daughter of low production, that same bull 
mated to the same cow will have another daughter of low production. 
In other words, in the slang of cattle breeding a "nick" was not 
made. On the other hand, if this cow is mated to another sire the 
production of a reSUlting half sister will be considerably increased over 
the milk yield of the full sister. In fact, where the first cow's milk 
yield is 10,000 pounds, the average milk yield of a half sister is 2200 
pounds more than the milk yield of a full sister. Here then is a 
real basis in fact for the practice of changing a sire if under good 
treatment his first daughters do not turn out to be good producers. 
If the first daughter of a sire is a medium producer, table 64 shows that 
the continued breeding of the sire to this same cow will tend to develop 
medium producing daughters. The changing of the sires will not 
materially change the average production of the daughters although, 
as will be shown in the next table, the daughters themselves will 
vary more in their milk yield. Where the daughter of a sire is a high 
producer should the mating be changed in the hope of getting a higher 
producer Or" should the cow be mated to the same sire again? A 
study of table 64 for the cases where the first daughters are high pro
ducers shows that the chance is better of maintaining this high aver
age of production by breeding the cow to this same sire than by breed
ing her to another sire. 
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VARIATION OF THE MILK YIELDS. THE MILK YIELDS BETWEEN WHICH 

50 PER CENT OF THE SECOND HALF SISTERS ARE FOUND WHEN 

THE MILK YIELD OF THE FIRST HALF SISTER IS KNOWN" 

Individually considered, the milk productions of the half sisters 
will vary. This variation will be around the average shown in table 
64. It is of a good deal of practical importance to know what this 

TABLE 6[, 

.Yilk yields of first daughters and the limit8 between which would be found the 
milk yieltiq of 60 per cent ()f their hal! sistera 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
10,000 
17,000 
18,000 
19,000 
2Q,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
2Q,OOO 

~ OJ!' lin..-: YUILl) OJ' 6O.po Cltlfr OF TBJl 
amcoND DAUOBTma!I. BALF IIISTERS 

14,105-18,883 
14,467-19,245 
14,828-19,606 
15,190-19,968 
15,551-2Q,329 
15,912-2Q,691 
16,274-21,052 
16,636-21,~14 

16,997-21,775 
17,359-22,137 
17, 72(}-22 ,498 
18,082-22,860 
18,~3-23,221 

18,805-23,583 
19,166-23,9~ 

19,528-24,306 
19, 83!!-24, 667 
20,251-25,029 
20,612-25,390 
20,974-25,752 
21,335-26,113 

variation in. production is likely to be, for if a sire has a daughter 
which produces 14,000 pounds it is desirable to know what chance this 
sire has of bettering this production in a subsequent daughter. The 
range of milk yield within which we should expect to find 50 per cent 
of all second half sisters for a known production of the first half sis
ter is given in table 65. 

There is quite a wide range of production which may be expected 
of half sisters. If the first sister were to produce 20,000 pounds of 
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milk, table 65 shows that it would be an even chance that her half 
sisters' production would be somewhere between 17,720 pounds of 
milk alld 22,498 pounds 01 milk. For each grade of milk yield of the 
first half Rister the {'orre:o:ponding range of milk yield to include 50 
per cent of the second half sisters moves up a little in its milk yield. 

TABLE 66 

Milk yields of first and the limits between wMch would lie the milk 

rIR8T DA,mITEU'a l.tU,K PROOUC'l'JO:S-

JO.ooo 
ll.ooo 
12.000 
13,000 
14.000 
15,000 
16,000 
17,000 
18.000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

1 RA~GE OF MILl;: "YIELD TO r~CL'l"D~ 99 PIi::RCE'ST 01" 
TilE 3ECO~D llAVOJITElI.5. B.\I..F stS:l'IlBS 

'i ,357-25,631 
7,719-25,993 
S, 080-26,354 
8.442-26,716 
8,803-27,077 
9,16';:,...-27,439 
9.526-27,800 
9,888-28,162 

10,249-28,523 
JO,611-28,885 
10,972-29,246 
11,334-29,608 
11,695--29,969 
12.057-30,331 
12,41S-30,692 
12,780-31,054 
13,141-31,415 
13,503-31,777 
13,864-32,138 
14,226-32,500 
14,587-32,861 

THE MILK YIELDS BBTWEE_r..~ WHICH 99 PER CENT OF THE SECO:ND HALF 

SISTERS ARE FOUND WHEN THE MILK YIELD OF THE 

FIRST HALF SISTER IS K..!"VOWN 

Of perhaps equal importance to the knowldge of the probable 
range of milk yield is the knowledge of the limits of the range expected 
for the milk yield of second daughters where their half sister's milk 
yield is known, Table 66 gives this information for the range neces
sary to include 99 per cent of the second half sisters' milk yields when 
the first half sister's milk yield is known, 
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Practically speaking the limits within which the milk yield of any 
second half sister will be found are given in the above table. The 
range covered by these limits is quite wide. It sbould, however, be 
remembered that even this range is sometimes exceeded. 

THE DIRECT EFFECT OF THE S1RE ON THE MILK Y1ELD OF HIB 

DACGHTERS 

The direct effect of pItrent, on their offspring is generally deter
mined by a comparison of the character in the parent with this 
character in the offspring. L'nfortunately, the bull does not give 
milk so that the comparison cannot be made between the milk yields 
of the sire and his daughters in the same way that the comparison is 
made between the milk yields of the dam and her daughters. To 
measure the effect of the sire some more roundabout method must be 
adopted. Information has just been presented to show that the sire 
undoubtedly plays his part in detclmining the milk yield of his 
daughters. This influence is measured by a comparison of the degree 
of resemblance ,,·hich exists between the milk yields of full sisters and 
half sisters. It is now proposed to approach the problem in another 
way. 

The somatic possibilities of a dam. based on her genetic complex, 
if fully expressed can give rise to only one grade of milk yield. Her 
daughters, on the other hand, will have a range of milk yield. In 
other words, the daughters will form a portion of one and of only one 
array of a correlation table. This same reasoning holds for a sire, 
although the somatic expressio!1 of his genetic complex for milk yield 
is impossible. If, then, we take the distrihution of one array of the 
correlation surface for the determination of the relation of the milk 
yields of a sire it is not€d that we have the distribution of one array of 
the correlation surface for the determining of the relation of the milk 
yields of the sire and his daughters. 

It may be shown that in a nonnal correlation surface the standard 
deviations of the arrays bear a relation to the correlation coefficient 
and the standard deviation of the whole table. This relation is equal 
to 

}; arra.y = ~ table "f=T2 
From this relation, given a normal correlation surface it is possjble 

to determine the direct relation of the sire to the milk yields of his 
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daughters. This method is very simple and beautiful but there are 
some difficulties in it that should be noted before applying it. In the 
first place, the correlation surface should be normal. Unfortunately, 
we cannot determine this point. The array standard deviations are 
calculated around the rough observational means. If these means 
do not lie close to a straight line corresponding to the regression line 
then the correlation coefficient found by this method is larger than the 
product moment r. Again, in determining the standard deviation of 
an array it should be noted that numbers of the individuals count for 
they influence the size of the standard deviation to some extent. 
Furthermore it takes only the influence of a relatively trivial cause to 
make a pronounced effect on the correlation coefficient calculated in 
this manner. The difficulty, and it appears to be a real one, is that 
the correlation coefficient calculated in this way is too large when 
compared with that obtained by the direct method of calculation. 
Table 67 gives the sires' numbers and the standard deviations of the 
milk yields of the sires' daughters. 

The standard deviations of the milk productions presented in table 
67 are those for all sires which have tj or more daughters. The average 
standard deviation for these sires' daughters (when obtained from the 
squared S.D. weighted for N) is 2951 pounds. The average standard 
deviation for all daughters is 3812 pounds. From this by the calcu
lation indicated above the correlation coefficient is found to be 0.63. 
That this coefficient is probably too large is shown by the following 
results. 

The value, 2951 pounds for the average slandard deviation of the 
individual sire's daughters, is less than it should be because of the 
fact that these standard deviations are based on relatively small 
numbers for each case. Student, Fisher, and othcrs2 have worked 
out what correction should be made based on the number of individ
uals from which the standard deviations are calculated. Applying 
these correction factors we not.e that there are 70 sires in this list 
of table 67. These sires have daughters distributed as follows: 17 
sires have 6' daughters; 10 have 7; 12 have 8; 5 have 9: 4 have 10; 3 

t SC~ EditoriaL 1915. On the distribution of the standard deviations of 
small samples. Appendix 1. To papers by "Student" and R. A. Fisher. 
Biometrika, vol. 10, pp. 522-529. 

Young, Andrew W. 1916. Note on the standard deviation of samples of 
two a.nd three. Biometrika! vol. 11, pp. 277.,..280. 
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TABLE 61 

Standard deviation of the milk yields of the daughters of those sires having 5 or 
more daughters 

atBE'S NUUBER 8l"A.NDJlRD Dl!:vUl'lO. .... or 1 
DAtl'GIlTEM' MILlt YIELDS 

lURE'S NUMBZR ! 81'Jl.l'{D.'I.RD DI:rVlJlTION or 
DA.UGRT!':M' MILK YIELD6 

22,991 3,7,00 41,266 3,84() 
23,260 3,444 42,033 2,928 
23,450 2,539 42,147 3,172 
23,538 3,912 42,940 2,848 
24,954 1,278 43,697 2,363 
25,467 1,790 44,293 2,324 
25,982 4,366 44,554 1,854 
2U,025 3,7'75 44,658 3,365 
2U,940 2,285 45,224 2,733 
29,588 1,772 45,671 I 2,748 
29,600 3,590 47,843 

I 
1,996 

30,550 1,161 48,328 2,494' 
30,624 2,674 48,663 4,981 
30,674 1,491 49,288 2,267 
31,212 2,987 49,722 495 

32,422 2,357 50,290 3,7'iO 

32,481 3,621 50,672 2,753 
32,492 2,482 50,999 2,848 
32,558 3,005 52,927 2,494 
34,944 1,979 53,257 2,976 
30,227 4,121 53,418 3,315 
35,269 2,326 53.825 1,893 
36,974 3,972 55,993 2,667 
37,314 2,439 59,682 1.528 
38,214 2,267 00,344 2,222 
38,291 2,379 00,574 2,730 

38,401 3,024 60,751 4,460 
38,446 2,934 00,966 3,018 
39,037 2,958 62,924 3,325 
39,357 2,204 T4,219 3,342 
39,972 2,921 81,663 3,184 
40,338 2,837 82,505 1,379 
40,358 3,551 93,909 3,544 
40,584 2,749 94,217 2,259 
41,ZOO 3,892 94,882 2,055 

have 11; 6 have 12; 4 have 13; 3 have 14; 1 has 17; 1 has 18; 1 has 19; 
2 have 20; and 1 has 37. The average weighted correction factors 
for the standard deviation on the basis of these numbers of daughters 
is 0.9074. If we apply this correction, the average raw, standard 
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deviation of the arrays. 2951.3, corrected for the effect of numbers 
becomes 3252.4 and the corrected correlation coefficient equals 0.52. 
The size of the correlation between the milk yield of daughter and sire 
shows that the sire has a pronounced influence on the productivity of 
the daughter. By getting ahead of our story a little it may he noted 
that the correlation between the milk )~elds of daughter and dam is 
0.50. This agrees rather well with the results just given for the sire 
considering the defects in the method of arriving at the result. This 
agreement in the results shows that for the first generation the effect of 
the sire on the milk yield of his daughters is practically the same as the 
effect of the dam on the milk yield of her daughters. As al
ready noted this result is in harmony with the results coming from 
a careful analysis by controlled mating on the necessarily limited 
data of crosses between different grades of milk ~cld.' 

This chapter presents a study of the milk yield of those Holstein
Fripsian Advanced Registry cows who are half sisters. Conclusions 
of considerable importance have been brought to light by this study, 
to wit: 

1. The milk yield of a cow indica!,,, the probable milk yield of her 
half sister, the correlation coefficient for half sisters being 0.362 ± 
0.D15. 

2. The probable variation of the milk yields of the half sisters is 
presented both as a whole and for different grades of milk production 
for one of t.be half sisters. 

3. The relation of the milk yields of full sisters is nearly twice as 
great as the relation of the milk yields of half sisters. 

4. The direct effect of the sire on the milk yields of his daughters 
is analyzed and shown to be equal to a correlation coefficient of about' 
0.5. The effect of the sire is then approximately the same as the 
effect of the dam. 

3 Gowen, John \V. 1920. Inheritance in crosses of dairy and beef breeds of 
cattle. 11. On the transmission of milk yield to the first generation. Journal 
of Heredity, vol. xi, no. 7, pp. 3())-316. 
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'l'ABLE68 

Milk yields of sires' daughters. Half sislers 

'~~~':R llllt~II~~~I~!~I~~illl~!:I.~,1i,'£I!lllllli~I~~i 
;~:~: 2:1 1 1 I 1 I II I I I til II I I 
22,233 21 I, Iii ,I ,I I 
22,235 11 11 i) iI, i I I 

;;:!: I; 111 1 I )1 I, I I! Iii I 
22,894 11 l( ! I I 
22,991 1'1 3, 1 2\ I I I \ 1( 
23,102 I 11 2, 1 I] iii 

;;:i: I 1;1 I ~,11 11' , 1, ) II ! 
23,450 11 1 21 _,," ,. I' ,. '·1 ' , 
!1:E1 1 1 ::1 :1

1

1 

;111 I I ' 
25,049 
25.166 ! 1 1 1 

25,467 21 31 4 
2 2 1/ 25,700 

25,796 

25,865 2 1 I 1 I 
25,982 1 1 III 1 1 
26,025 1 2 2 11 1 1 
26,167 

26,345 ) 1 1 I 
26,734 1 II 11 
26,937 I 1 1 11 I 
26,940 1 1 I 3 1 ' 
26,939 1 

26,980 11 1 
27,141 

27,282 1 I 1 
27,284 I 
27,796 I 
27,868 1 1'1 
27,930 I] 
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TABLE 68-Continw 

SrRE'S ;I§ ll~ll 111IHI}I~ 11111 ~Ii NUUBltR u U H H u _:I~ ~ " g~ :: 'l ;>; 'l 

28,243 1 I, 
28,296 III 1 
28,301 2 1 1 
28,340 II II 
28,400 II 1 
28,430 2 1 
28,504 12 1 
28,633 1 i 1 
28,835 

\ 1 

1 1 1 
28,982 I 1 1 
29,027 1 2 1 
29,214 11 
29,236 I: 1 
29,303 1 111 1 

I 
2P,328 1 2 

;11 
11 

29,3,')8 1 1 
29,463 
29,500 ' 1 1 
29,548 

11 21 : 

1 
11 29,588 2 

29,600 I, 1 2 I, 
29,737 1 1 
29,813 1 

11 

1 
29,876 1 
29,882 1 1 
30,139 1 1 
30,190 1 1 1 
30,266 1 1 
30,369 1 111 
30,413 1 1 
30,550 5 11 
30,551 I 1 
30,624 1 11 3 1 3 1 1 1 
30,634 111 
30,674 2 1 1 11 
30,830 

I 
11 

31,168 

11 

1 1 
31,208 1 1 
31,211 1 2 1 
31,212 2 3 1 3 3 1 

I 



MILK YIELDS OF HALF SISTERS 167 

'!I III 'I III II ii' I I I I' §_ ~~:RI!I! ~ ~ !I~I~ ~I~ ~I! ~i~ !IIBIII~IH ~ U H U ~ 
;:;~: -(_::I_::I_::(r:~I~I~I~~I~~-~y~i~~I~E_~~ ~ ~ ~ :; ~ 
~::!~ II I I II; I I 1I1I III I 
31,789 I I I I 
31,846 I I I I 
31,957 I 2 I I , I 
32,059 I " II ,11 I / i II I 
it: I lillI' II II Iii II ;1 [I 'I 

~:~~ II II I ;1) III' I I 
32,422 I 111 11 1: 32.481 I 1[ I I I 2 
32,492 2[1 2' 2 2, 
32,510 I I 
32,554 21 I 
32,558 I 2 II I[ ~ 4 I I I I 
32,655 I 21 1 I 
~m I 

33,289 I I I 
~i;~; I I I III/ 
33,661 I II I I I 33,894 I I I I 
33,957 1 111 

E:E~ I 1; 3' I 1 II' I 
34,503 1 1 I I 
34,944 I 1 21 I I 

34,989 I 1\ 
34,900 II I I I 
35,074 I I 

35, 119 I I I I I ~:;: I ~I II I 

~:: I I i 3111 /11 11 1 
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'1' ABLE 88-CMtinuea 

'
8
./ 1I11 I ) I I 111I I II III II~ 

N':;.,R!:R ;IU U ~ ul~IUlulu ul~I~I~I~lu ~I~I~I; 

E ~ ~i'"" ';~I'::rI :'~ll~II'I:'" 'IT 
~~:~~ 2 1)1 11

1
1' I II I 

39,314 i II 1 

~;:!;~ 1 111111 ;[111 il II I [I I 
39.566 I 1 II 1 I 

39,849 I '12' [ 39,904 1 I, I ' 
:::~ 2 1: 1[2 I II 
40.214 1 1 I 1 
40,248 I I I 1 
40,338 I 211, 2 I 1 11 
40.358 1 1 1 2 
40,368 1 1 
40,386 I I 
40 .• 2 1 2 1 ' 

40.534 3 1 1 1 III 
40,547 1 1\: I 40,663 1 
40,718 1 
40,871 1 
41,009 1 1 
41,038 1 1 I 
41,114 I! 
41,206 1 1 2 3 2 1 1 2 1 2 1 I 2 I 
41,220 1 1 1 
41,266 1 1 4 2 1 1 1 
41,416 1 1 2 1 
41,484 
41,562 
41,660 
41,751 
41,757 
41,803 
41,866 I 

2 
I I 
I 
11 I 

I 
I 

I I 
11 

I 
I I I 

I 

I I 
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T A.BLE e8-CI)JI,linUBd 

43,496 I 2 I 
4~,666 J J 
43,697 I 3 2 2 I 2 I 
43,964 I I 
44,034 11 I 
44,085 

31 

I I 
44,293 ' I 2 I 3 2 I 
44,367 I I 
44,444 I I 
44,465 I 1 
44,543 2 I 
44,554 I 1 2 2 1 I 
44,658 I I I 2 
44,742 2 
44,758 

I 
I 1 J 

44,781 I 2 

I 44,916 

I 
2 

45,074 

1\ 2 

2 I 
45,103 I I 
45,224 2 I I I 3 I I 
45,502 I I I I 

:1 'I : 
.," I 

II 

I I 
45,671 r1 1 
45,674 1 I 1 
35,805 

II J 45,807 J I ' 
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TABLE 68--Conrin!«'d 
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TABLE 58-Continued 
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TABLE 68-ContinU('([ 

\ II 
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T ABI.JE 68-Continued 
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TABLE 6S-Gonduded 

98,762 I I 
1 111 102,469 1 

1 211 103,899 1 
104,002 2 1 
105,106 11 
107,790 1 1 

I 107,891 1 1 I 
110,157 1 I 
110,474 1 2 
112.077 2 
113,938 1 1 
114,797 

I 
1 1 

121,546 11 I 128, 445 1 I II 



CHAPTER XI 

TUE HVTTER-FAT PERCENTAGES OF FULL SISTERS 

The period of usefulness of a sire is surprisingly short. The 
problem of the replacement of the herd bull is a problem which 
('VCI1' breeder is constantly facing, Several schemes to determine 
the true worth of the sire are in vogue among breeders. The idea 
behind theRe schemes is to get a good bull to head the herd and at 
thp same time to reduce the chance of getting a poor one, since it 
may take from two to five years to recognize it as sueh. Among 
these schemes may be mentioned two which have something in their 
fa,'or. The first consists simply in tr}ing the bull out by breeding 
him to enough cows to get one or two daughters. The bull is then 
saved until the daughters come in milk, when) if the daughers prove 
worthy, he is used to head the herd. The other plan is that followed 
by the larger breeder. The breeder has two or more bulls to try 
out. He breeds them to the same cow, if possible, and when the 
daughters come in milk the breeder selects the herd bull on the 
basis of the production of these daughters. 

Given the second method of selecting the bull to head a herd on 
what would you base your choice of the bull? The reader will 
undoubtedly say, choose the bull with the daughter which has the 
highest butter-fat percentage and in general the reader is right, 
although not always. 

The discussion of the problem may be taken up from this angle. 
In selecting a bull on the above basis we want to know what chance 
there is that one is really better than the other. In other words 
we want to know if the second bull's daughter is better than the 
first bull's· daughter by a difference sufficiently great to make it 
unlikely tbat. sucb a difference would exist if the cows were full sisters. 
As a first approach to tbis problem we wish to know what the prob
able but.ter-fat percentage of a second full sister would be when the 
butter-fat percentage of the first sister is known. It is known further 
that these full sisters will not milk exactly the same amount of milk 
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Dor will their milk test exactly the same. They will vary. We 
must know the probable limits of this variation as well as the ex
treme limits of it. There are these three problems on which in
formation is desired: (1) What will be the probable butter-fat 
pereentage of a sire's daughter when the butter-fat percentage of 
another daughter, full sister, js kJJown? (2) What will be the 
limits within which the daughters will normally Vf1ry? These 
limits are those within which 50 per cent of the daughters will be 
found. (3) What will be the extreme limits of butter-fat percent
age within which will be found most if not all of the daughters of 
a given sire? -

THE RELATION VllUCH EXISTS BETWEEN THE B1;TTER-FAT PER

CENTAGES OF FULL SISTERS IN THE HOLSTEIN-FRIE'3IAN 

ADVANCED REGISTRY 

Our problem is to determine on what basis we shaH proreed in 
selecting a bull to lead the herd. In previous discu"sions of this 
problem free use is made of such term'3 a~ the "prepotent hun') 
and the "nick" without any particular attempt to ~et behind these 
empty phrases and find out what they mean in tenns of breeding 
dairy stock and the control of the milk production of this stock. 
In this chapter and the one to follow the attempt will be made to 
determine on what basis the "prepotent" bull may be selected eally 
enough in his life to be of most service to the breeder. To determine 
this point involves the careful study of the poor producers as well 
as those animals which are noted for their production. 

Wright1 has defined the" prepotent" sire as the sire which carries 
in homozygous condition those dominant factors which make 
for the highest possible expression of the desired character. The 
highest expression of the desired character must also depend on 
these dominant factors and not on recessive factors. This defi
nition expresses niceJy the probable meaning of prepotency in 
the light of our recent knowledge of the mechanism behind observed 
inheritance. It may now be asked how such an analysis can be 
applied to the transmission through inheritance of butter-fat 
percentage. 

1 Wright, Sewall. 1920. Principles of live stock breeding, Dept. of 
Agric. Bulletin 905, p. 36. 
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Several difficulties of more or less weight present themselves. 
What can be done is to ascertain for any given mating what chance 
there is to obtain a. like" nick" when this same mating is repeated. 
As a first step in this direction we must know what relation exists 
between the butter-fat percentages of full sisters. 

TABLE 69 

Correlatiu1l surface showing the b-utter-jat percentages of full sisters 

:E~~~ i I J 00 I ~! 0 I -I ~! M H J 00 Jool~ Nl100 i ""~ 
2 6-2 7 _C:_I_;:_'-::~-T~-':::_(:-r~-'_C:_':::_r'::-I':::_·:::JC:_C:_-- 2 

~ : 1 11 11 ': 2 22 i; I : 1 Ii 
3.0 2 6 1 4 4 4 21 

3.1 2 211 4 4 3 2 3 I 22 
3.2 1 4 4 4 5 I 4 6 1 I 30 
3.3 2 1 4 3 5 6 7 3 9 2 42 
3.4 4 1 4 2 4 7 10 4 6 1 3 2 1 49 
3.5 1 1 3 6 3 4 14 I 2 2 37 

3.6 9 6 1 4 3513 1 1 I 28 
3.7 1 2 1 2 5 3 17 
3.8 1 3 2 I 10 
3.9 1 2 1 3 2 2 2 13 
4.0 1 1 2 3 ! ; I 1 1 2 4 

444_} 5 _1 ___ _l_I~I_ 1 _1 ___ 1 __ 
1
___ _: 

Total 2 3 [ 9 /10 /21 122 30 142 49 37 28 1710 13, 314 I I[ 302 

There are 302 full sisters who have 365-day butter-fat percentages. 
The correlation surface showing the butter-fat percentage for 
the first and -second sisters is given in table 69. 

Table iO gives the fundamental constants for the variation and 
correlation of the hutter-fat percentage of full sisters. 

The mean hutter-fat percentage of these full sisters is seen to be 
closely similar to that for the whole Advanced Registry. The stand
ard deviation of these butter-fat percentages is slightly, although not 
significantly, less than the standard deviation of the whole Holstein-
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Friesian Advanced Registry. The coefficient of variation is also 
slightly less than that of all the available Holstein-Friesian Advanced 
Registry data. These facts indicate that the group of records 
is a fair sample of all the records of the Advanced Registry. 

The correlation coefficient measuring the degree of resemblance 
between the butter-fat percentage of the full sisters is probably 
representative of the breed. This coefficient is fairly high. The 
butter-fat percentages of full sisters resemble each other fairly 
cJosely. This resemblance is due to at least two common causes, 
the common jnheritance received from the sire and from the dam, and 
the common environment under which the test was probably made. 

The degree of resemblance for the butter-fat percentage of full 
sisters is not quite so great as for their milk yields. The correlation 

TABLE 70 

Physical constants of variation and correlation for the butter-fat percentages of 
full sisters 

Mean butter-fat percentage 
Standard deviation of butter-fat percentage 
Coefficient of variation of butter",fat percentage 

. 3418±0.012 
o.303±0.009 
8.87 ±0.26 

Cotrelation coefficient between the butter-fat percentage of one 
full sister with that of another 0.464::1::0.032 

coefficient for the relation of the milk yields of full sisters "as 
O.548±0.027 while the correlation coefficient for the relation of 
the butter-fat percentages of full sisters is 0.464±O.032. The 
difference is O.084±O.041 or the difference is only a little over 
twice the probable error. Such a difference may come solely 
from chance. The conclusion is consequently justified that the 
relation of the butter-fat percentages of full sisters is the same 
within the errors of random sampling as the relation of the milk 
yields of the same full sisters. 

The data presented in table 70 assist in obtaining the answer to 
the problem of bow to select a desirable sire. There are several 
points to be considered in such a selection. Among the first on 
which information is necessary, is this relation of the butter .. fat 
percentages of full sisters. Thus if a sire is bred to a cow and pro
duces a daughter whose test is 2.6 per cent and another sire bred 
to the same cow produces a daughter whose test is 3 per cent, is 
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this difference any necessary guarantee of the second sire's worth? 
The answer to the question ohviously hangs on the probable butter-fat 
pereentagc of a second daughter of the first sire when this daughter 
is out of the same dam. For if this second daughter would be 
likely to have a butter-fat percentage even higher than the 3 per cent 
of the second sire's daughter obviously the first sire stands at least 
an even chance of being as good or better than the second sire. 
The data given in the next section gives the answer to this question. 

FULL SIST[Rs BUTT[R FAT P[ffC[NTA(j-[S 

FIG. 17. THE REGRESSION OF THE BUTTER-FAT PERCENTAGE OF OKE FULL 

SISTER ON THE BUTTER-FAT PERCENTAGE OF THE OTHERS FOR HOL

STEIN-FRIESIAN AnVA:S-CEV REGISTRY 365-VAY RECORDS 

THE AVERAGE BUTTER-FAT PERCENTAGES OF SECOND FULL SISTERS 

WHeN THE BUTTER-FAT PERCENTAGE OF THE FIRST 

FULL SISTER IS KNOWN 

By the nse of data contained in table 70 it is possible to predict 
the butter-fat percentage of a second full sister when the butter-fat 
percentage of the first full sister is known. This prediction depends 
on the ordinary linear equation. It gives the average hutter-fat 
percentag~ of the additional full sisters, when the first full sister's 
butter-fat percentage is of a given grade, for the data of table 69. 

The equation for this curve is the ordinary linear regression 
equation: 

B.F. per cent = 1.833 + 0.464 b. f. per cent (38) 
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where the B. F. per cent is the butter-fat percentage of the second 
full sisters and the b. f. per cent is the known butter-fat percentage 
of the first full sister. The assumption is, of course, that the raw 
regression line is a linear function. The accuracy of this assumption 
is shown in figure 17. 

TABLE 11 

Buuer~fat percentage ('f the second daughter61.1)hen the buUer·fat percentage of the 
first daughter is known. Full sisters 

FllI8T b.-I.UGH'l"JIlR'S BlJ'TI'JIl&-F.-I.T PEIteJlll>lTAOE 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

tXPECTl!:O J;l.IJTl'JI;R~I"AT PERCeNTAGE or 
lSJ:CaND l).~UOHTiCHa 

3.04 
3.00 
3.13 
3.18 
3.22 
3.27 
3.32 
3.36 
3.41 
~.46 

3.50 
3.55 
3.60 
3.64 
3.69 
3.73 
3.78 
3.83 
3.87 
3.92 
3.97 

Figure 17 shows a highly irregular regression line for the raw 
data. In large measure this irregularity is due to the few individuals, 
especially in the classes beyond the 4 per cent. The reader will, 
I think, be convinced of this fact by a study of table 69. The 
rise in the third observation is also probably due to the few numbers 
although here these data are more numerous than at the right 
of the curve. Taking these facts into consideration it is believed 
to be true that the raw regression curve is a linear function whose 
equation is that of the straight line drawn through the observational 
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curve. Study of table 69 shows further that the data approach 
the Gaussian surface sufficiently closely to justify the use of this 
surface. 

Table 71 shows that a sire wbich has a low butter-fat percentage 
daughter, for example, a daughter whose milk tests 2.6 per cent, 
will probably have his second daughter from this same dam test 
quite a little higher in her butter-fat percentage. Thus when 
the butteT~fat test of the first sister was 2.6 per cent, the aVErage 
butter-fat test of the second sister was 3.0 per cent, or the increase 
was 0.4 per cent. Clearly, then, if full sisters can be expected to 
have a difference like this, we cannot assert that a similar difference 
between the offspring of two bulls means that one is better than the 
other. 

If thc first daughter has an average test of say 3.4 pCI' cent it 
will be noted that her full sister on the average also has this 
test. Here any difference between the daughters of different 
hulls would be more often due to a real difference between the 
sires. On the other hand, should the first bull have one daughter 
with an extreme butter-fat test of 4.6 per cent, a second daughter 
would be expected to have a butter-fat test of 4 per cent, or a dif
ference of 0.6 per cent. Vnder such circumstances, this difference 
could not be attributed to a real difference in two different sires 
for a similar difference would be expected should the same bull 
be the sire of both cows. 

VARIATION OF THE BUTTER-FAT PERCENTAGE. THE BUTTER-FAT 

PERCENTAGE BETWEEN WHICH 50 PER CE~T OF THE SECO~D FULL 

SISTERS ARE FOUND WHEN THE BUTTER-FAT PERCENTAGE OF THE 

FIRST FULL SISTER IS KNOW!'i 

What differences can be considered real? This problem may be 
approached in the following way. Suppose we determine tbe 
limits of butter-fat percentage between which it will be equally 
probable to 'find the second full sister when the butter-fat percentage 
of the first full sister is known. If the second daughter of a given 
dam falls considerably outside these limits as determined from 
the first daughter's butter-fat percentage then it is probable that 
the second sire is a better or a worse sire for butter-fat percentage than 
the first one. The further away from these limits the second sire's 
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daughter i. the more probable it becomes that th .. e is a difference 
between these sires. The data showing the probable limits of 
butter-fat percentage between which would be found the butter-fat 
percentage of 99 out of 100 second full sisters when the first sister 
had a butter-fat percentage shown in the first column, are given in 
table 73. Table 70 gives the necessary data to determine these 

TABLE 72 

Butter-fat percentages of fi.rst daughters and the limits between which WU1J.ld lie the 
butter-fat percentages of 50 per cent of their full sisterll 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

i
lt.-I.SOll OF BU'l'TJlR-Y.\T rJJ:BCE! .... TAOII; or 501'ERc&m 

OF TilE DAu<mTl!:HS. FlJLLS1!:lTI>RS 

2.8-3.2 
2.9-3.3 
3.0-3.3 
3 0-3.4 
3.0-3.4 
3 1-3.5 
3.1-3.5 
3.2-3.5 
3.2-3.6 
3.3-3.6 
3.3-3.7 
3.4-3.7 
3.4-3.8 
3,5-3.8 
3.5-3.9 
3.6-3.9 
3.6--4.0 
3.6-4.0 
3.7--4.1 
3.7-4.1 
3.8--4.1 

limits. It may be shown that the standard deviation of the full 
sisters' butter-fat percentage for the different classes is equal to 
0.303 "1-0.464' or is equal to 0.269. The limits of butter-fat 
percentage necessary to include 25 per cent of the second full sisters 
on either side of the mean when their first sisters' butter-fat per
centage is known are given by mean ± 0.67449 X 0.269, assuming 
the Gaussian surface. These limits are given in table 72. 

Table 72 gives the range of butter-fat percentage between which 
50 out of 100 second full sisters would be found were the butter
rat percentage of the first daughter to be that shown in the first 
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column. Concretely stated, if the first daughter's butter-fat 
percentage were 3.0 per cent there should be 50 out of every 100 
of her full sisters with a butter-fat test more than 3 per cent and 
less than 3.4 per cent. 

To return to our problem, the choice of a suitable sire. If the 
Erst sire's daughter has 11 butter-fat test of 2.8 we note that 50 
per cent of her full sisters will have a butter-fat test between 3 
and 3.3 on the average. About 25 per cent of the time the full 
Ri",ters' butter-fat percentage::" would be under 3 per cent and about 
2.'> per cent of the time would be above 3.3 per cent. Now if 50 
per rent. of the time a full sister of the first sire's 2.8 per cent daughter 
would have a hutter-fat test between 3 and 3.3 per cent, obviously, 
the second sire's daughter must be beyond this range to make 
his \\"orth decisive. On the other hand, if the second sire has 
a daughter whose butter-fat percentage is considerably higher 
than the high point of the range (3.3 per cent.), say 4.00 per cent, 
it is markedly in his favor for it is indicative that the second sire 
is truly better than the first sire in his capacity to transmit butter
fat percentage. But if this second sire has a daughter with a 
butter-fat percentage significantly less than the low point of the 
range (3 per cent), then it is probahle that the first sire is the better. 
By a similar use of table 72 it is possible to determine something 
of any sire's worth without too great outlay of time. 

RANGE OF BU'ITER-FA't PERCENTAGE NECESSARY TO INCLUDE 99 
PER CENT OF THE SECOND SISTERS WHEN THE BUT'I'ER-FAT 

PERCENTAGE OF THE FIRST SISTER IS KNOWN 

There is, however, one other question, namely how can the 
really exceptional sire, the one in 100 kind, be chosen from the 
rest. From the above discussion it is obvious that the exceptional 
sire in such a test as the above would be the one whose daughter 
tested the higher per cent of butter-fat and was furthest away 
from the high end of the range of butter-fat given in the above 
table. Thus suppose that the first sire had a 2.6 per cent butter
fat testing daughter from a cow named Beauty. The range within 
which it would be equiprohable that another full sister would 
lie is shown in the above table to be 2.8 to 3.2 per cent. Now 
if a second sire's daughter from Beauty tested as much as 3.8 per cent 
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it would be probable that this sire had an inheritallce for butter-f..t 
percentage that would make him an exceptional sire. 

Table 73 gives the limits of butter-fat percentage between which 
99 per cent of the second full sisters should be found if the first 
full sisters have a butter-fat test as given in the first column. This 
table will give some appreciation of the limits beyond which a 

TABLE 73 

Butler-fat pcrcenfa']e!3 offirst dauglttns und tlte lirn.ts br(U'een which would lie ihe 
buller fat percentages of 99 per cent of their fnll si!Jlers 

2.6 
2.7 
2.8 
29 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

2.3~3.7 

2.4-3.8 
2.4-3.8 
2.5-39 
2.5-3.9 
2.6-4.0 
2.6-4.0 
2.7-4.1 
2.7-4.1 
2.8-4.1 
2.&-4.2 
2.94.2 
2.9-4.3 
2.9-4..3 
3.0-4.4 
3.0-4.4 
3.1-4.5 
3.1-4.5 
3.2-4.6 
3.2-4.6 
3.3-4.7 

sire's daughters must produce to make this sire worthy of care
ful consideration. A sire whose daughters do exceed these limits 
probably has a valuable inheritance for butter-fat percentage. 

The use to which table 73 may be put has been illustrated in 
the discussion given above. It is important to note the range 
of butter-fat percentage between which even full sisters may vary, 
for here lies the solution to many a perplexing problem which has 
puzzled, and sometimes discouraged, the breeder. 
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S1:'MMARY 

This section presents a study of the hutter-fat percentages of 
those Holstein-Friesian Advanced RBgistry cows that are full 
sisters. Study of the records shows that there is a fairly high 
relation between the butter-fat percentages of full sisters. The 
correlation coefficient representing this relationship is 0.464±O.032. 
The regression lines are shown to be best represented by linear 
functions. Tables are presented to show the probable butter
fat percentage of a cow when the butter-fat percentage of ber full 
sister is known. 

The variation of the butter-fat percentage for full sisters is shown 
to rover a wide range. Tables are presented to show the limits 
of tbe range of this butter-fat percentage for 50 and 99 per cent 
of the full sisters. 



CHAPTER XII 

THE CORRELATIONS A!'o.'"D VARIATIO~S IN THE BUTTER~FAT PERCENT~ 

AGE OF A SnlE'S DAUGHTERS. HALF SISTERS 

The problem of Hprepotenry" and the breeding for a Hnick" may 
be analyzed further than it was carried in the previous chapter. 
In chapter IX data was presented to show the mode of selection of a 
sire on the basis of the performance of full sisters. Thus, let us 
suppose two young sires are to be tested for their worth. One is 
bred to a cow preferably of known performance, and gets a daughtf'r. 
The other bull is bred to the same cow to get another daughter. By 
comparing the records of the resulting daughters the sire is selected. 
The application of this method is limited for it is necessary to get two 
daughters from the same cow. 

Of more universal appreciation is the method of breeding one of the 
bulls to one cow and the other to another cow and selecting the bulls 
on the basis of the resulting progeny records. This method is of 
wider application for it enables us to test a larger number of bulls. 
There are some points concerning it, often overlooked, which deserve 
careful consideration. Let us consider the problem. 

The selection of the sire is based on the butter-fat producing quali
ties of his daughter. Suppose the first bull (A) of our illustration had 
a first daughter with 3.4 per cent of butter-fat and the second bull 
(B) has a daughter which produced 3.6 per cent of butter-fat. 
Should we be justified in concluding that one of these sires was 
actually better than the other and would get better offspring than the 
other! The answer to this question depends on the probable butter
fat percentage of a second daughter of sire A. Thus, if such a second 
daughter of sire A could be expected to produce a percentage of 
butter-fat greater than 3.6 per cent we would not be justified in 
concluding that the daughter of sire B was better than a second 
daughter of sire A. Therefore, we could not conclude that sire B 
was better than sire A as a breeder. The data for the solution of this 
problem in its different ramifications are given in the paragraphs to 
follow. 

187 
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THE rARIATIOXS AND CORRELATION" OF THE BFTTER-FAT PERCENTAGE 

OF' A SIRE
I
S DArGHTERS. HALF SISTERS 

The constants showin~ the variation and correlation of a sire's 
daughters, which are from different dams, are given in table 74. 
The,c constants are derived from the raw data given in table 79. 
ThE' moments are obtained from these data in the ordinary way. 
Thf'se moments represent those for all of the sire's daughters whether 
they are full or half sisters. The moments for the half sisters are 
obtained by subtracting the moments for the full sisters, as obtained 
from table 69 of the preceding chapter from those obtained from table 
79 of this chapter. 

The mean butter-fat percentage of these half sisters is slightly 
higher than the mean butter-fat percentage of the whole Advanced 

TABLE 74 

Physical constants for the butter-fat percentages of a sire's daughters 

These daughters are from different dams 

Mean butter-fat percentage. . .. 3.493 ± 0.006 
Standard deviation. . .. 0.332 ± 0.004 
Coefficient of variation.. . 9.50 ± 0.12 
Correlation coefficient for the butter-fat percentage of one half 

sister with that of the others.. . ...... 0.374 ± 0.015 

Rcgistry. The standard deviation and the coefficient of variation 
are slightly, although not significantly, more than those of the 
Advanced Registry taken as a whole. All differences are so slight in 
absolute amount as to make little real difference in the conclusions to 
be drawn from these data. 

The correlation coefficient shows that the butter-fat percentages of 
half sisters are to some extent dependent on each other. If we 
compare this interdependence oLhalf sisters with that of full sisters as 
given in the previous chapter, it is noted that the full sisters' butter
fat percentages are more dependent on each other than are the butter
fat percentages of half sisters. The full sisters exhibit the intluence 
of a common dam. The half sisters on the other hand have differ
ent dams with diverse heredity for butter-fat pereentage. This 
di,'erse heredity makes for variation and less relation hetween the 
butter-fat percentages of half sisters than is found for full sisters. 
Here we have a measure of the influence of the dam. The influence 
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of the sire and dam may be scrutinized more closely. The correIa .. 
tion coefficient for full sisters' butter·fat percentages is 0.464 ± 
0.032. The correlation coefficient for half sisters is 0.374 ± 0.015. 
The degree of control over the variation of the butter-fat percentage 
by any character is proportional to S.D . ...; 1 - r~. The value of 
r' for full sisters is 0.2153 and for the half sisters is 0.1399. The 
yalue of the standard dcyiation for the full sist,ers is 0.303 and for 
half sisters is 0.332. The standard deviation of butter-fat percentage 
remaining after eliminating the variation due to full sisters is O.2(W. 
The standard deviation of butter-fa.t percentage remaining after 
eliminating the variation due to half sisters is 0.308. The variation 
in butter·fat percentage due to full sisters is 0.031. The variation in 
butter-fat percentage due to half sisters is 0.024. The degree of 
control over the butter-fat percentagf' of full sisters is not far differ
ent from the degree of control of the half sisters. This is chiefly 
due to the fact that the standard deviation of the half sisters is 
larger than that for the full sisters in this limited series of data. 

The correlation coefficient for the milk yield of half sisters is 0.362 
± 0.015. The correlation coefficient for the butter-fat percentage of 
half sisters is 0.374 ± 0.015. The difference between these correlo.
tion coefficients is clearly not significant. Such being the case the 
milk yield of one half sister predicts the milk yield of another to nearly 
the same degree of accuracy that the butter-fat percentage of one 
half sister predicts the butter-fat percentage of the other. 

THE B'CTTER·FAT PERCENTAGES OF THE ADDITIONAL HALF SISTERS 

WREN THE BuTTER·FAT PERCENTAGE OF THE FIRST 

HALF SISTER IS KNOWN 

From the data now in hand it is possible to determine the average 
hutter-fat percentage of the other half sisters when the hutter-fat 
percentage of the first half sister is known. These data for different 
grades of first half sister's butter-fat percentage are given below. 
The average butter-fat percentages of the second half sisters are 
calculated by the use of the ordinary linear regression formula: 

aB. F. per cent 
B. F. per cent = (Mean B. F. per cent - Try a b. f per cent Mean b. c. per cent) 

+ Txy as. F. per cent b, f. per cent 
ab. f. per cem-
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In this formula the standard deviations of B. F. per cent and b. f. 
per cent are identical since the table is symmetrical. The means 
Rrc also identical. When the data of table 74 are substituted into 
this formula we have: 

B. F. per cent second half sisters = 2.1853 + 0.3744 b. f. per cent 
first half sister (39) 

This is the equation used in the formation of table 75. 

TABLE 75 

Butter-fat percentage of second daughters when the butter-fat percentage of the 
first daughter is known. Half sisters 

"lRST llAUGffTER'a BUT'l'ER- 1 EXPIliCTlIlO B~TTER-FAT PlllR- I ,=""'0 ."", •. ",. ... 
FA.-T PEI{CENTAGE CIli!I;T.tG£ SllCOND D"I.uaHTERS. CIlNTAGt: OF SBeQND VAt'aSTERS. 

1!.ALF8I8TERS FT"LI,SISTERli 

2.6 I 3.16 3.04 
2.7 

i 
3.20 3.09 

2.8 3.23 

I 
3.13 

2.9 3.27 3.18 
3.0 3.31· 3.22 
3.1 3.35 3.27 

I 

3.2 3.38 3.32 
3.3 3.42 3.36 
3.4 3.46 3.41 
3.5 3.50 3.46 
3.6 3.53 3.50 
3.7 3.57 3.55 
3.8 3.61 

I 
3.60 

3.9 3.65 3.04 
4.0 3.68 3.69 
4.1 3.72 3.73 
4.2 3.78 3.78 
4.3 3.79 3.83 
4.4 3.83 3.87 
4.5 3.87 3.92 
4.6 3.91 3.97 

From this table it will be noted that if the first daughter of a given 
sire has a butter-fat test of 2.6 per cent then the second daughter 
of this same sire but from a different dam would be expected to have 
a butter-fat test of 3.2 per cent, on the average. Similarly, if a 
sire's first daughter has a butter-fat test of 4.6 per cent it would be 
expected that the second daughter will have a butter-fat test of 3.9 
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per cent. It will be noted that the second daughter's average butter
fat test tends to approach the average of the whole breed, 3.4 per 
cent, when the first daughter's butter-fat percentage is at the 
extremes of the range of butter-fat percentage, 2.6 or 4.6 per cent. 
When the first daughter's butter-fat percentage is average, 3.4 
per cent, then the second daughter is also average. 

These facts furnish the data necessary for the comparison which 
we desire to make in determining the worth of the two sires. Thus 
in our illustration if the first sire (A) has a daughter whose hutter
rat percentage is 2.6 per cent and a second sire (B) has a daughter 
with a butter-fat test of 3.2 per cent we could not conclude that sire 
B was better than sire A for the reason that another daughter of sire 
A might be expected to be identical in butter-fat test (3.2 per cent) 
with that of the daughter of sire B. That is, sire B's daughter is 
no better than we should expect a second daughter of sire A to be. 

A little thought shows that the sire of merit is the one whose 
daughter produces not 3,2 per cent of butter-fat but 4 per cent or 
more. In fact the larger the daughter's butter-fat test the better 
it is for the sire. The sire whose daughter tests 3.2 per cent would 
stand a good chance of being the same quality sire as one with a 2.6 
per cent daughter. 

The expected average butter-fat percentages of second full sisters 
are repeated for each grade of first full sisters as well as the expected 
butter-fat percentages of the half sisters. Study of these records 
indicates rules of breeding which are of some importance. It will be 
noted first that if a first daughter of a bull has a low butter-fat per
centage, for instance 2.8, a second full sister to this cow will probably 
have a butter-fat percentage of 3.13 whereas a balf sister to this cow 
will have a butter-fat test of 3.23 or about 0.10 per cent higher than 
the full sister. From such comparison the following rule may be 
drawn, -if the first daughter of a sire is poor in her butter-fat percent
age do not breed this sire to this cow again. Instead breed him to 
other cows. For if he is bred to the first cow twice he stands a much 
greater chance of producing another poor butter-fat testing daughter 
than he does if bred to other cows. In other words do not follow up 
an unfortunate unick" by repeating the mating. 

Should it happen that the first daughter is of average butter-fat 
percentage, 3.4, there is little choice as to what system of mating 
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should be followed since an ayerage butter-fat percentage daughter is 
likely to result in either case. 

For the sire whose first daughter is a high butter-fat testing 
daughter, that is 4 per cent, the mating should be repeated, for table 
75 shows us that in this way the chances are greatest for the production 
of another high testing daught('r. In other words when once found) 

TABLE 76 

Butter-fat perrcntage oj first daughters and the hutter-fat percentage limits between 
which 50 per cent of their half !>'islers would be found 

2.0 
2.7 
2.8 
2.9 
3.0 
3.1 
3 ? 

3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.G 

, R'-NGE OF llUTTER~F_~'r pv.nCEN'l'~GE OF 50 Pill!. 
CEN"! OF 'l.'IlEI\ECOXn DA'CGlI:TERS. HALF stSTliltS 

3.0-3.4 
3.0-3.4 
3.0-3.4 
3.1-3.5 
3.1-3.5 
3.1-3.6 
3.2-3.6 
3.2-3.6 
3.3-3.7 
3.3-3.7 
3.3-3.7 
3.4-3.8 
3.4-3.8 
3.4-3.9 
3.5-3.9 
3.5-3.9 
3.5-4.0 
3.6-4.0 
3.6-4.0 
3.7-4.1 
3.7-4.1 

the favorable "nick" should be followed up by other identical mutings 
rather than by changing the sire to other cows in the hopes of pro
ducing something better. 

VARIATION IN THE BUTTER-FAT PERCENTAGES. THE BUTTER-FAT 

PERCENTAGES BETWEEN WHICH 50 PER 'CE~T OF THE SECOND 

HALF SISTERS ARE FOUND WHE:Y THE BUTTER-FAT PERCENTAGE 

OF THE FIRST SISTER IS KNOWN 

To determine properly a sire's worth it is necessary to know some
thing of the amount by which a second sire's daughter should exceed 
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the butter-fat percentage of a first sire's daughter for the former sire 
to be considered as worthy. There is, of course, a range of butter
fat per cent around which the daughters from a given sire will vary. 
Table 76 gives the range within which should oe included 50 per 
cent of the second daughters when the first half sister had a given 
butter-fat test. The limits of the 50 per cent range are given by 
mean butter-fat percentage ± 0.67449 S.D. V 1 - r', when S.D. is 
the standard deviation. 

From table 76 we see that if a sire had one daughter that tested 
2.6 per cent it would be equally probable that this sire would have 
another daughter which tested between 3 and 3.4 per cent. If two 
sires are being compared it is only reasonable to expect one of them 
to have a daughter which shall be above the highest butter-fat 
per cent of this range if we are to consider that sire to be much more 
valuable than the first one as a breeder. Thus, if the first sire's 
daughter had a butter-fat percentage of 2.6 the daughter of the 
second sire should have a butter-fat percentage above 3,4 per cent 
if this second sire is to be considered as of probable superior merit. 
If a sire's daughter is just over 3.4 per cent he could be considered 
as only slightly better than the first sire with a 2.6 butter-fat percent
age daughter. On the other hand, if this second sire's daughter is 
distinctly over the 3.4 per cent line, say 4 per cent, it would be much 
more likely that this sire truly has an inheritance which he could 
transmit to his daughters to make them high testing cows. It is of 
importance to note some of the limits beyond which would be found 
the really exceptional sire. 

THE BUTTER-FAT PERCENTAGES BETWEEN WHICH 99 PER CENT OF THE 

SECOND HALF SISTERS ARE FOUND WHEN THE BUTTER-FAT 

PERCENTAGE OF THE FIRST HALF SISTER IS KNOWN 

A sire can be considered as exceptionally worthy of merit if his 
daughter's butter-fat percentage is so high that only once in 100 times 
would the second daughter of another sire have had such a butter
fat percentage. This gives us a measure by which we may select 
the sire of merit. The limits of butter-fat percentage for such a 
case are given in table 77. 

The limits of the butter-fat percentage necessary to include 
99 per cent of the second full sisters are the mean butter-fat percent
age ±2.58 times the standard deviation. If the Gaussian surface be 
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assured (and this assumption appears justified) 2.58 times the 
standard deviation of the array on either side of the mean gives the 
limits of this 99 per rent range. 

In our illustration sire (A) has a daughter with a butter-fat per
centage of 2.6 per cent. We note on the table that for such a sire 99 
per cent of his daughters should lie within the range of 2.4 to 4 per 

TABLE 77 

Butler-fat percentage of first daughters and the limits bl)tween which would be 
found the butter-Jat percentage oj 99 'per cent of their half sisters 

FIRST D .. CGHTJlR'S llUTTJ:il-F.U I'EBCIlN"r,4.G:E 
I lU_NGI: OF BUTT!HI.-:F.-\.T PERCJ:N'l'AGE OF 9'iI PER I Cl!:l\"T OF Tlllt Sr,CONllllAUOllTltRS. HALF !:IISTI:B8 ---I 2.6 

2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

2.4-4.0 
2.4-4.0 
2.4-4.0 
2.5-4.1 
2.5-4.1 
2.6-4.1 
2.6-4.2 
2.0-4.2 
2.7-4.3 
2.7-4.3 
2.7-4.3 
2.B-l.4 
2.8-4.4 
2.9-4.4 
2.9-4.5 
2.9-4.5 
3.0-4.6 
3.0-4.6 
3.0-4.6 
3.1-4.7 
3.1-4.7 

cent of butter-fat. Clearly the exceptional daughter would be the 
one that produced over 4 per cent of fat. If therefore we have a 
second hull which has such a daughter, producing milk testing 4.1 
per cent it is probable that this bull is much superior in his ability 
to transmit butter-fat percentage than the bull whose daughter's 
buUe;-fat test was 2.6 per cent. In the choice of a bull if the choice 
lay between these two, it is very probable indeed that the bull with 
the 4.1 per cent daughter would be the one of most merit in transmit
ting to his daughters those qualities which would make them big 
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producers. This case holds strictly for the bulls which have only 
one daughter each, for of course if the sire has twenty daughters his 
chance of getting a 4 per cent cow increases greatly. In those 
cases where a breeder can buy a bull with a large number of recorded 
daughters, the butter-fat percentage of each and every one should 
be taken into consideration as well as the range of this butter-fat 
percentage. 

TUE DIRECT INFLl'ENCE OF THE SIRE O~ THE Bt:TTER-FAT Pl<:RCEXTAGE 

OF HIS DAUGHTERS 

As indicated in an earlier chapter it is possible to find the direct 
influence of the sire on the butter-fat percentage of his daughters 
even though the bull does not himself express the character, hutter-fat 
percentage. "',. ere it possible to determinE' thE' butter-fat pE'l'centage 
of a sire, this butter-fat percentage could fall in but on€' class of 
the correlation table. The daughters of the sire would form part of 
the array of this table. Other sires of like butter-fat percentage 
would also fall in this class and their daughters would, combined with 
those of the first to fonn the complete array. It is it fair assumption 
that two daughters of anyone sire form a reasonable random sample 
of this array. Thus if the standard deviation of the butter-fat 
per('entage of anyone sire be determined, this standard deviation 
may, \vith justice, be considered the standard deviation of the array. 
In a normal correlation surface this standard deviation of the array 
bears the following relation to the correlation coefficient and the 
standard deviation of the whole table: 

S.D·w:nLY = S.D·table ..Jr::::Ti 

The difficulties inherent in the method have been discussed 
elsewhere. Table 78 gives the sires' numbers and the standard 
deviations of the milk yields of the sires' daughters. 

The standard deviations of butter-fat percentage present<,d in 
table 78 are those for all sires which have five or more daughters. 
The average weighted standard deviation for these sires' daughters 
is 0.256 per cent of butter-fat. The weighting is based on the 
number of daughters which a sire had recorded and on the squared 
standard deviations of the sires' daughters' butter-fat percentage. 
The standard deviation for the hutter-fat percentage of all the 
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TABLE 78 

Standard deviations of the butter-fat percentage of the daughters of those st'res 
having jifle or more daughters _.-

snn:'s NUliBER 
QTANlU.RP DEVIATION 

I SIRE'S Nr:MBJ:R. 
STA.NDARD DEVIATION 

OJ" DAUGHTER'S 1m,... OF DAUGHTJeR'S BOTl'B:&-
'l'ER~FAT I'lCKCENT'!'OI!l FAT PItRCItNTAGB 

-------
22,991 0.192 I 41,266 0.231 
23,260 0.235 

! 42,033 0.288 
23,450 0.220 I 42,147 0.314 
23,538 0.212 I 42,940 0.267 
24,954 0.136 

I 
43,697 0.357 

25,467 0.190 44,293 0.218 
25,982 0.200 

I 
44,554 0.343 

26,025 0.157 44,658 0.362 
26,940 0.180 45,224 0.191 
29,588 0.203 45,671 0.136 
29,600 0.224 47,843 0.391 
30,550 0.192 

Ii 

48,328 0.107 
30,624 0.164 48,663 0.177 
30,674 0.16() 49,288 0.126 
31,212 0.361 49,722 0.287 
32,422 0.309 50,290 0.374 
32,481 0.412 50,672 0.162 
32,492 0.273 50,999 0.154 
32,558 0.152 52,927 0,287 
34,944 0.107 53,257 0.271 
35,227 0.233 53,418 0.265 
35,269 0.161 53,825 0.281 
36,974 0.270 55,993 0.278 
37,314 0.254 59,682 0.115 
38,214 0.161 60,344 0.289 
38,291 0.373 60,574 0.186 
38,401 0.295 60,751 0.197 
38,446 0.402 60,966 0.250 
39,037 0.240 62,924 0.186 
39,357 0.212 74,219 0.173 
39,972 0.504 81,668 0.197 
40,338 0.279 82,505 0.302 
40,35i 0.171 93,909 0.310 
40,534 0.157 94,217 0.148 
41,206 0.215 

J 
94,882 0.227 

sires' daughters is 0.313 per cent. Because of the fact that the 
individual sire's daughters' standard deviations for butter-fat 
percenta .. e are based on few individuals it is necessary to correct 
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for this influence.1 This correction factor is equal to 0.9074. The 
standard deviation corrected for numbers of observations becomes 
0.2818 per cent of butter,fat. From these data the correlation 
coefficient between the butter,fat percentage of the daughters and 
the sire is found to be 0.53. 

The reader will recall that the correlation between the daughters' 
milk yields and the sire was found to he 0.52. The comparison of 
this coefficient with that for butter,fat percentage, 0 .. 53, shows that the 
sire has an almost identical effect on the milk yield or butter-fat 
percentage of his daughters. By stating the conclusion to evidence 
not yet presented, the influence of the dam on the butter-fat per
centages of her daughters is found to be measured by a correlation 
of 0.41 or the dam had approximately the same effect as the sire 
on the butter-fat percentage of their daughters. 

These results are a confirmation of some results previously pre
sented by the writer' involving wider crosses of butter-fat percentage. 
In crosses of Holstein-Friesian with Guernsey, Jersey, or Aberdeen
Angus it was found that either way the cross was made the butter
fat percentage of the resulting offspring was intennediate between 
that expected for the two pare!lts. In other words both the sire 
and the dam influenced the butter-fat percentage of their offspring. 

In a similar experiment analyzed by Castle,3 Holstein-Friesian 
and Guernsey cows being used, the crossbred cows had an aver~ge 
butter-fat percentage of 4.08. The butter-fat percentages aSBumed 
for the parents were 3.3 per cent for the Holstein-Friesian and 5 
per cent for the Guernsey. Here again the influence of both sire 
and dam is felt in the butter-fat percentage of the offspring. 

Other miscellaneous data furnish experimental evidence for the 
same conclusion. The cows resulting from crosses of Holstein
Friesian bulls to scrub cows of rather high butter,fat percentage 
in Kildee's and McCandlish's' experiments show that the butter-

1 See Chapter X. 
2 Gowen, John W. 1920. Inheritance in crosses of dairy and beef breeds of 

cattle. III. Tranamission of butter-fat percentage to the first generation. 
Jour. Heredity, vol. xi, no, 8, pp. 365-376. 

a Castle, W. E. 1919. Inheritance of quantity and quality of milk produc
tion in dairy cattle. Proc. Nat. Acad., vol. 5, pp. 428-434. 

"KiJdee, H. H., and McCandliah, A. C. 1916. Influence of environment 
and breeding in increasing dairy production. Bul. 165, Iowa Agric. Exper. 
Sta.., pp. 383-402. 
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fat percentage for these F 1 cows is intermediate between the two 
parents approaching if anything the butter-fat percentage of the 
lower testing Holstein-Friesian sires. 

SUMMARY 

The relation of the butter-fat percentages of Holstein-Friesian 
Advanced Registry half sisters is presented in this paper. Through
out the study only 365-day butter-fat percentages were used. No 
correction of any kind was made for the raw data. Briefly stated 
the conclusions resulting from this study are: 

1. The butter-fat percentage of a Holstein-Friesian Advanced 
Registry cow indicates the probable butter-fat percentages of her 
half sisters, the correlation coefficient being 0.374 ± 0.015. 

2. The probable variation of the butter-fat percentage for the balf 
sisters is presented, both as a whole and for the different grades of 
butter-fat percentage for one of the half sisters. 

3. Half sisters are shmvn to resemble ('arh other less in their butter
fat percentages than full sisters. 

4. The direct influence of the sire on the butter-fat percentage 
of his daughters is analyzed and shown to be equal to a correlation 
coefficient of about 0.5. From this result the conclusion may be 
drawn, that the effect of the sire and dam on the butter-fat per
centage of their offspring is approximately equal. 
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TABLE 7'9 

Butter-fat percentage8 of sires' daughters. Hol! 8isters 

stam'S 

~ :l 
., ~I", I : ~ ; 

NUwu.a ... ... 
o "'\~ ~ : :: :~ :l ~ : 
---

20,994 2 

21,724 1 2 2 

22,233 1 2 1 

22,235 1 1 1 

22,499 1 1 

22,699 1 1 1 

22,894 1 1 

22,991 2 2 2 2 

23,102 1 1 1 1 1 

23,260 1 1 2 2 1 1 I 
23,366 1 1 

23,450 1 2 2 2 1 1 

23,538 1 2 3 3 2 1 

24,091 2 

24,777 2 

24,819 1 1 

24,937 

\ 

2 1 

24,954 1 3 2 1 

25,049 1 1 

25,166 1 1 1 

25,467 1 1 3 4 r 1 

25,700 1 1 

25,796 
1 1 

25,865 
1 1 1 1 

25,982 1 2 2 1 1 

26,025 1 4 2 1 1 

26,167 1 1 

26,345 
1 1 1 

26,734 1 1 

26,937 1 1 1 

26,940 1 2 2 1 

26,939 2 1 1 1 

26,980 1 1 

27,141 1 1 

27,282 1 1 

27,284 1 1 

27 ,796 1 1 

27,868 1 2 1 

\ 

27,930 
2 

28,243 

I 
1 1 

28,296 1 1 1 1 
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TABLE 7lI-Gonti,,-' 

SllUil'S '" ~\'" :\: ::~ NUlIBBll l '" ... ..,; : : ~+ :::: ~ ~ ... ... ~~ ~ ~ ~ 

28,301 1 2 1 

\ 
-1-

28,340 2 1 1 

28,400 1 1 1 

28,430 I 11 1 

28.504 11 1 

28,633 1 1 

28,835 1 1 1 11 
28,982 11 

1 

29,027 

I 
3 

21 29,214 1 1 

29,236 1 

29,303 1 
1 2 1 

29,328 III I: 11 

29,358 1 1 

29,46.3 
I 

29,500 
I I 1 I !I 211 

I 
29,548 

I 
29,588 \2 

2 11 
29,600 

\ 

1 31 
2 

29,737 11 

29,813 1111 
29,876 1 1 

29,882 1 

1 I i 30,139 1 

\ 

30,190 11 

30,266 1 1 
30,369 1, 3 

30;413 1 1 

30,550 

I 
2 

41 
1 

30,551 1 
30.624 1 3 3 21 3 

30,634 1 2' 

30,674 1 1 1 2 1 

30,830 1 1 

31,168 1 1 

31,208 1 1 

31,211 2 1 1 

31,212 1 1 , rl: 2 1 2 1 

31,215 
31,338 

11 31,387 1 

31,438 1 3 1 1 I 
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TABLE 79-Con"n~ 

.';;~:B i ~ I~ j' '" '" ., I" I"I~I~ .,I~I~I",I"'I" "I"I~U~ 
it:~ ~~~" ~~~ll~I~I~~~I~III~~~~I~'~I.!: ~ 
32,059 ill 11 ' 
32,110 I I 'I ! 1 11 ' I 

;;:;:~ ! I 11 1, 1;1 1 I i I' 
;;' ;!~ II 1 I 1 II 1

3 
1 III I 

32:422 1 ! 2 111 11 2: I' I I 
32,481 1, 1 11 2 I, , I I 
32,492 I 11 I 1 'I' I I 4 21 IIi 
32,510 I I I 1 'I' I I I I 
32,554 I 1 2 I ,! 
32,558 i I 2 1, 4' 6; 1 111 i I 
32,655 I' I 1 I I 1 I I 
32,731 I 1 ,I' 1 1 11, 'I! 
33 289 I 11' I l' 

33:437 I ' I I, 1 i ,I 

33,642 I I I 11 I 1, 
33,661 I' I 2 I I I I I 
33,894 ,I II I 1 11[ 11 ,\ I 
33,957 I I 11 Ii! I 
33,979 I [I 1" I' 'I 

34,205 I I 11 " 
34,467 I' 1 1 121 I 11 
34,503 I i 2 1[ I I'll i 
34,944 I' I' 1 1 2 2 , 
34,989 11 1 I I II 

34,990 I I 1 1
2

' 11 ' 

::~;: I 111 11,1 II 
:::: ill 2 21 

35 226 I I I 1 111' I 'I 

35:227 1 1 2 1 111111 

E~~! 111 1 : 1 !I ~ :1' 
35,639 3

1 
35,887 1 2 
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TABLE 79-Confinw 

BlBE'S .,.. : :: ; NOMBSlI. J. ~ h : : ;; ;:; ~ :.1 ~ ~ ~I~ + ~ :; t 0; ... ~ <'(t ""' ............ .., ----- ------ --
3.5,900 1 1 
3.5,903 1 3 
3.5,911 1 1 
35,975 1 1 
36,158 2 1 

111 36,220 1 11 
36,380 2 2 
36,632 1 1 
36,636 1 1 
36,664 1 1 1 
36,819 1 1 1 
36,903 1 1 
36,974 1 2 1 3 1 1 
37,094 I 1 1 1 1 

37,200 1 1 
37,222 1 1 
37,226 I 2 1 
37,302 1 2 
37,314 1 2 2 1 1 2 

37,409 1 1 
37,639 1 1 
37,770 1 1 1 11 

37,807 2 

37,852 1 1 

38,079 1 2 1 1 
38,214 1 3 1 1 
38,243 1 1 1 
38,291 1 1 2 1 1 4 1 1 2 

38,401 1 1 1 1 1 1 1 

38,446 1 1 2 1 1 2 

38,400 1 2 1 
38,496 1 1 

38,505 11 
38,639 1 2 

38,652 1 1 1 

38,883 I 1 

38,977 I I 
39,037 I 1 3 3 6 5 7 5 3 1 I 1 

39,074 1 1 2 

39,156 1 1 
39,314 

11 

1 1 
39,3.57 1 I 1 1 2 1 1 
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:,;~:. 1;) 1_3_1_;_1_;_1_;_~ :J ~1_~1B_1~IEi~II~11l .+ ~!"' ~ 
39,426 I 1 : 1 1 

E5 I I I"' " I,:' : 
::~~~ II I I 11 II I I; 111 1 
40,248 I I 1 
40,338 I' 2 2 2 I 1 1 1 
40,358 ' 1 1 2 I 1 2! 
40,368 1 1 
40,386 1 1 
40,492 1 1 1 1 

2 40,534 
40,547 
40,668 
40,718 
40,871 
41,009 
41,038 
41,114 
41,206 
41,220 
41,266 
41,416 
41,484 
41,562 
41,660 
41,751 
41,757 
41,803 
41,866 
41,895 
41,980 
42,033 
42,147 
42,183 
42,235 
42,381 
42,448 
42,451 
42,682 

1 
1 1 

1 

3 1 

1 1 
111612431 

1 1 1 
1 1 3 1 1 1 1 2 
1 11 1 
1 1 

2 1 

1 1 

1 1 2 
32122214 

1 2 1 
11 

1 1 
2 1 

I 
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TABLE )'11-Contitaueti 

:~~~:. 111" I" '" I ~ ~ .., I'" I", .., "'1.,1"1'" " ., .,1",1", ., ., i 
!;:~~ I~~I\~ ~ ~ ~~~~~:I~~~~'" ~~~ 
43,075 I I 1 1 
43,113 I 1 
43,496 I I I 
43,666 
43,697 
43,964 
44,034 
44,085 
44,293 
44,367 
44,444 

~::~ I 
44,554 III I 
44,658 
44,742 
44,758 
44,781 
44,916 
45,074 
45, !O3 
45,224 
45,502 
45,652 
45,671 
45,674 
45,805 
45,807 
45,998 
46,212 
46,301 
46,514 
46,593 
46,595 
46,763 
46,977 
47,010 
47,135 
47,282 
47,306 

1 1 3 2 

1 1 

1 1 

1 1 

1 1 

II 
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:,:;:!':. _:_:::; :: I ~ ;; ~ :: ~II:;:; _ ~1~_;_lll~_:_ ~ ~ ~ :t 
47,341 1 1 
47,808 2 
47,843 1 2 1 1 1 1 1 
48,121 2 
48,328 1 1 2 2 
48,358 I 2 I 
48,498 2 I 1 
48,5.57 1 1 
48,663 2 I 2 1 
48,696 1 
48,702 1 
48,832 
48,846 
49,207 
49,221 
49,288 
49,722 
49,795 
49,910 
50,290 
50,347 
50,361 
50,672 
50,758 
50,865 
50,920 
50,999 
51,002 
51,067 
51,078 
51,148 
51,217 
51,505 
51,510 
51,511 
51,523 
52,145 
52,163 
52,297 
52,410 
52,527 
52,791 

2 1 
1 1 

1 
1 1 1 
1 
1 
1 2, 

1 
3 4 2 

11 
1[ 

2 

1 2 

1 
1255231 

1 1 

1 1 2 

1 1 1 
1 

11 
1 2 1 1 

1 1 
1 

1 1 1 
1 1 
1 

2 1 

I 

1 1 2 
j 

I I 
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TABLE 79-Confinued 

N',;~!':R II_:__:___:_I,~;;; :: 1.~I_;_j~~ ~ ~ ~ Q :1:;.::: 
52,927 1 2

1

' 1 1 1 
52,983 2 1 
53,055 1 1 

:tE! I 1 1 2 21 3 : 1 1 1 1 1 

53,303 I I 3 2 
53,309 I 1 1 

53,418 1 2 1 2 5 2 1 3 1 2 
53,399 I 1 Ii 
53,618 1 1 
53,825 1 1 1 2' 
53,918 I 1 
54,001 1 1 
54,120 
54,424 
54,909 
55,237 
55,732 
55,736 
55,819 
55,993 

~~:: I 
57,188 
57,256 
57,476 
57,908 
57,926 
58,022 
58,041 
58,219 
58,313 
58,314 
58,769 
59,156 
59,219 
59,272 
59,660 
59,682 
59.755 
59.959 

1 1 1 

1 
1 2 

1 1 

1 
2 1 

11 
11 

1 
11 

1 1 
3 1 1 1 

1 

2 3 

11 

2 

11 
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TABLE 79-Gontinued 

Slum's ~ + I 
_;_~1 NUMBER : ~ : :: Q - : : : : ..; M Q - : ~ ..; ..; ..,; ..,; 

60,047 2 3 
60,278 1 1 
60,844 4 1 1 1 1 
60,360 1 1 
60,529 1 1 11 
60,574 1 2 1 r 2 2 
60,577 1 2 1 1 
60,710 1 1 
60,751 1 1 1 1 1 1 
60,966 1 1 1 2 2 1 
61,435 2 

11 l 
1 

62,049 
62,178 1 1 1 
62,239 1 2 
62,483 1 1 
62,924 1 2 2 2 3 1 1 
63,578 2 
63,637 1 1 1 
63,895 1 1 
63,994 1 2 
64,143 1 1 2 
65,016 1 1 
65,750 1 2 
65,981 1 1 
66,092 1 1 
66,417 1 1 
67,203 1 1 
67,211 1 1 1 1 
68,544 1 1 1 1 1 
68,946 1 2 1 
69,686 1 2 1 
70,753 1 1 1 
70,857 1 1 1 1 
71,013 1 1 
71,071 1 1 
71,158 1 2 1 
71,527 1 1 
72,013 1 1 
72,099 2 
72,287 1 1 
73,416 1 1 1 
74,219 1 3 , 4 3 1 1 
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TABLE 79-ContimuJ 

:;~:':. l:i! =! ~ ~ I ~ I O! ~ I N I~I~ ~1=1~1~lo 0 ~ NI~ ~I~r~ __ ~~~~~~~~~I.:c.:c.:c~.:c.:c.:::.:::.:::.:::.:::.::: • 

~!:~~; \ 13 \ l' 1 i \ \ \ 
75,034 \ I 1 1 
75,304 \ 1 1 1 11 I \ 
75,361 , 1 I I 4 I 
75,627 /1 I! I 
76,663 I j 1 1 1 I' 

76,665 , I! Jill I 
76,861 I i I ! I 1 
77,572 I 1 I ! \ 11 \ 
78,027 I I \ I J 

;~:~~ I ii' 
80,551 1 1 
80,596 2 I I 
80,916 I 21 1 

81,405 I 2 
81,142 I J 

:;::i~ I I I I il 1 2, 

:;:~~! 1 I I ; ~I; ill II 
83,354 1 1 I 
84,099 3, I 

84,472 I \1 I 
85,556 I 1 
85,968 1 1 1 

!!:: 1 il 2 
88,319 1 1 2 I 
91,668 1 1 
93,149 I I 
93,229 2 I I I 
93,371 1 1 
93,909 I 
94,166 

I 3 2 1 
I 1 

4 1 94,217 2 

E~E II ji I II \ 1 \1 I I ; I 1 1 1 1\ I 
97,208 ~ I 1 I I \:1 II \ I I 
~~~~~~~~~~-L~~~_L 
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TABLE 79-Concluded 

81llE'S '" ~I+ ~ ",I~ '" ~I~ ~ ::: ::l ~ NUHlIER :b '" ~Iql~ : : cO cO ...; cO --- --i~-

97,224 1 1 
97,403 1 1 
97,472 1 1 1 1 1 
98,063 1 1 
98,762 1 I 

102,469 II 2 2 
103,899 2 1 1 
104,002 1 1 1 
105,106 1 1 
107,790 2 
107,891 2 I 
110,157 1 I 
110,474 I 1 1 
112,077 1 I 
113,938 1 I 
114,797 I I 
121,546 I I 
128,445 1 II I 



CHAPTER XIII 

ON THE RELATIOS OF THE MILK YIELDS OF MOTHER AND DAUGHTER 

IN THE HOLSTEIN-FRIESIAN ADVANCED REGISTRY 

That the milk yield of the mother is transmitted to the daughter is 
an assertion frequently found in the popular literature on the in
heritance of milk yield. The proof cited to substantiate this hy
pothesis for it is not more than that, is based almost entirely on 
reasoning which appeals to its audience because it is reasonable, and 
it is reasonable to suppose that milk yield is inherited from mother 
to daughter. It would be equally reasonable to suppose that egg 
production would be transmitted directly from a 200-egg mother 
to her daughter. Yet when the test was made many years ago by 
Pearl and Surface! it was found that the offspring of the 200-egg 
mothers were inferior in egg production to the offspring of mothers 
whose egg production was between 150 and 200 eggs, or who were 
below the 2oo-egg class. The pitfalls in an argument depending 
for its validity on its reasonableness are indeed many. And yet 
milk production from mother to daughter is inherited. The daughters 
of 20,000 pound mothers are better milk producers than are the 
daughters of mothers whose milk yield is less than 20,000 taking 
them on the average. This statement is made, not as an assertion, 
but as a proposition subject to proof. 

THE itELATION OF THE MILK YIELDS OF MOTHER AND DAUGHTERS 

IN THE HOLSTEIN"~FRIESIAN ADVANCED REGISTRY 

If milk yield is inherited, one measure of this inheritance would 
be the relation of the milk yields of mother and daughter. Up to and 
including volume 30 of the Holstein-Friesian Advanced Registry 
th~re arc 611 daughters whose dams have 365-day records. These 

1 Pearl, Raymond and Surface, Frank M. Studies on the physiology of 
reproduction in the domestic fowl. II. Data on the inheritance of fecundity 
of the daughters of "2OO-egg" hens. Annual report of the Maine Agricultural 
Experiment Station for 1909, Bulletjn 166, pp. 48-84. 

210 
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pairs of age-corrected milk records are arranged in table 80 to show 
the relation of the milk yields of mother and daughter. From this 
table the constants measuring this relationship may be determined 
in the usual way. 

TABLE 80 

Correlation surface showing the relation of the milk yield of mother and daughter 
in the Holstein-Friesian Advanced Registry 

DAUGHTER'!;! CORRECTED Ml'-'K YlE'-'D 

Attention may be directed to the fact that table 80 has the ordinary 
appearance of a Gaussian correlation surface when the correlation 
coefficient is about 0.5. The fundamental constants showing the 
variation and correlation of milk yields for mother and daughter 
as drawn from this table are given in table 81. 
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Attention may be called to the fact that the milk yields of the 
daughters are over 300 pounds more than the rest of the breed as 
determined from all the Advanced Registry records. While this 
difference is not significant in view of its probable errOl, it may 
still be indicative in the direction of a slight improvement in the 
milk yield of the cows of today. The difference of the milk yields 
of the mother and daugbters is also noticeable. The daughters 
are 801 ± 157 pounds of milk more than the dam. This difference 
is over 5 times the probable error and consequently significant. 
There are, however, some difficulties in the way of this direct com
parison. A number of dams have two or more daughters and 
thus appear in the dam column twice. If the comparison is made 

TABLE 81 

The variation and correlat't'on of the m't'lk yields oj mother and daughter in the 
Holstein-Friesian Advanced Reg2'slry 

Mean milk yield, daught,er... . ... 19,604 ± 113 
Mean milk yield, mother.. . ... 18,803 ± 109 
Standard deviation of milk yield, daughter... . .4,132 ± 80 
Standard deviation of milk yield, mother. . . .. . 3,986 ± 77 
Coefficient of variation of milk yield, daughter.. .21.1 ± 0.4 
Coefficient of variation of milk yield, mother.. . ........ 21-.2 ± 0.4 
Correlation coefficient between the milk yields of mother and 

daughter... . .... . 0.497 ± 0.021 

between the daughters and dams entering the dams only once 
the difference of the milk yields becomes 773 ± 167.3 or the difference 
is 4.6 times its probable error. Again the difference is significant. 
The interpretation of the cause of this significant difference is 
obscured by the fact that there are two schools each of which will c1ainl 
credit for it. The first will say that better breeding or a better 
appreciation of the laws of heredity is the responsible cause. The 
other school will claim that the credit is due to a better understanding 
of the rules of nutrition. The attempt will be made to analyze 
the relative influence of these factors on milk yield in a later chapter. 

The standard deviation of the milk yields of daughters is somewhat 
larger than the standard deviation of the dam's milk yields. The 
difference is not significant, however. The relative varia tiona of 
the milk yields of mother and daughter are practically the same. 
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The correl':tion coefficient representing the degree of relationship 
fonnd between the milk yields of the daugbter and her dam is fairly 
high. In other words the milk yields of the daughters are governed to 
a certain degree by the milk yields of their dams. This resemblance 
in the milk yields of daughter and mother may be due in part to 
environment although it seems more probable that heredity is the 
main factor. 

If heredity plays this part in the milk yield of the daughters it is 
evident that progress in the cattle-breeding industry is to be made by 
a careful consideration of the milk records of the cows which are bred. 
The problem of the small breeder often hinges on this point. It is a 
question of whether he can improve his herd more by spending his 
money for a high-priced buH, or for cows known to be better producers 
than those within his herd. The question is complex and the 
argument is many-sided. As has been previously indicated the 
sire and the dam probably have approximately equal influence on 
the milk yield of thc daugbter, the correlation for each being about 
O.S. Unfortunately it is not possible to measure the sire's worth 
directly by a milk record. The only criteria wbich we have of 
his milk yield are the milk yields of his progeny or the milk yield of 
his mother. The question before the small breeder of limited funds 
is often the question of the purchase of an untried bull wiih perhaps 
a milk record of his mother. As will be shown later the milk yield 
of a bull's mother is only about half as good a measure of the milk 
production of the bull's daughters as the record of the dam is of 
her daughters. The gamble on a bull's worth is then much greater 
than on the daughter's worth when the daughter comes from good 
producing cows. Such being the case it seems probable that greater 
progress in increasing the quantity of the milk yield in a man)s 
herd will be made if he devotes more money to the female side 
of the herd, especially if he can associate himself with other breeders 
in the purchase and use of a tested bull. 

THE RELATION OF THE MILK YIELDS OF MATURE DAUGHTERS AND 

MATURE MOTHERS IN COMPARISON WITH THE MILK YIELDS OF 

IMMATURE DAUGHTERS AND THEIR ThBtATURE MOTHERS 

In his interesting contribution to the problems of the inheritance of 
butter-fat yield Rietz' came to the conclusion that inheritance in 

S Rietz, H. L. 1909. On inheritance in the production of butter-fat. 
Biometrika, vol. vii, pp. 106-126. 
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production is more pronounced in mature than in immature cows. 
The evidence on which this conclusion is based is cited in some 
detail as the point has quite a marked bearing on all researcb in 
this field. The con'elation coefficients between the 7-day butter
fat yields of mother and daughter were 0.344 ± 0.023 for the cows 
under four years old at time of test and 0.284 ± 0.025 for the cows 
over four years old at time of test. It is then shown that the correla
tion for the under four years group is probably too large. The 
basis of the argument is the fact that the correlation coefficient 
between the butter-fat of mother and daughter for those cows under 
2.25 years old is 0.145 ± 0.045. By regarding the correlation 
0.344 as arising from the combining of two sub-groups it is then 

TABLE 82 

I OTO 1
2MO 13.5 TO I "A~ TonL 

~ Y~:RS I y:.:RS Y::RS ~VER v~~=:aL5. 

··--I-I----~ Cows in milk (N). . .. .' 618 49.1

1 

430 1,416 1,542 
Number in Advance Registry (n)" .... i 413 346 269

1 
620 1,028 

n/N.. . ...... : 0.67 i 0.70 0.63 I 0.44 .. ~~ 

shown tbat it is equal to or less than 0.145. Those results are 
then corrected for the selection automatically practiced by the 
Advanced Registry requirement. The basis of determining the 
amount of correction to be applied is as follows. The proportion 
of the cows milking at a given time to the proportion in the Advanced 
Registry are determined. The results for the year May 15, 190(\ 
to May 15, 1907, are given in table 82. 

The proportions are then assumed to be those proportions based 
on the capabilities of the Holstein-Friesian cows. That is, for 
those cows under 2.5 years old 67 per cent of them could if put 
on Advanced Registry test make the requirement and 33 per cent 
could not. From these results the final correlation coefficients 
for the butter-fat yields of mother and daughter are, mature cows, 
T = 0.63 from R = 0.284 of selected group; cows under 2.25 years 
old, r = 0.25 from R = 0.145; and for cows under five years old 
without regard to age in selecting pairs, r = 0.18 from R = 0.132 
for selected groups. From these results the conclusion is drawn that 
the inheritance of milk yield is greater in mature cows, cows over 
four years old, than it is in immature cows. 
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As indicated in Chapter VIn it seems to the writer that this 
conclusion is faulty because of certain assumptions made in the 
calculations. In the first place the original correlation coefficients 
for butter-fat yield of mother and daughter at mature age do not 
differ significantly from each other. The correlation coefficient 
for mature cows is 0.284 ± 0.025. That for cows under 2.25 years 
of age is 0.145 ± 0.045. The difference is 0.139 ± 0.051 or their 
difference is 2.7 times the probable error. This difference is not 
significant. Now, while the probability may be strengthened 
that 0.145 is the true coefficient by the method of proof adopted by 
Rietz, still it does not seem to the writer that we can be justified 
in disregarding the probable errOr. 

In the method of correction it is questionable if the correction 
factors adopted are the right ones. In the writer's experience with the 
Advanced Registry it has been found that the great elements pre
venting Advanced Registry testing are the actual cost of the test 
and the indisposition of purebred cattle owners to take up Advanced 
Registry work. Time and again our work has demonstrated that 
a man, once convincoo of the merits of Advanced Registry testing 
and placing his cows on test, has sent in some of the best records 
in the state. :Furthermore, the cows put on test have made the 
requirement with some to spare. 

The question of whether or not there is a difference in mature 
vs. immature cows also hinges on the validity of the percentage 44 as 
representing the true percentage of mature cows which can make the 
Advanced Registry while 67 represents the true percentage of cows 
under 2.25 years which can make the Advanced Registry. The writer 
believes both percentages are too low. For the arguments and data 
supporting this conclusion the reader is referred to the chapter on 
the stringency of selection exercised by the Advanced Registry 
requirement. The difference in the number of cows tested at four 
years and over and thos~ tested at four years and under comes, 
in the writer's experience, not from any difference in the ability 
of the cows to make the Advanced Registry but rather from the 
whim of the breeders. We find that those breeders who make 
a business of testing their cattle plan to test the cows on their first 
lactation at two years old or the second lactation at three years 
old. If a cow has once made a record those breeders seldom test 
her again. The reason for this procedure is that Advanced Registry 
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cattle command a higher price than unrecorded cows, so the breeder 
naturally wants his animals to have records. On the other hand, 
the breeder who rarely tests is much more likely to test his cows 
at older ages than is the breeder who makes a business of testing 
all the cows he has. These smaller breeders are in the minority 
as compared with those who regularly do Advanced Registry work. 
There arc also those who do not test any of their cows. In view 
of these conditions it is not surprising that th€' numbers of cows 
tested under four years old are a greater proportion of the population 
than are those which are tested after four years of age. The dif
ference in these percentages collected by Rietz need not have and in 
fact probably do not have any relation to the relative abilities of the 
cows to make the Advanced Registries. 

AnotheT line of evidencp bears out thiR contention. If the mean 
butter-fat yields of Holstein-Friesian Advanced Regist", cows 
are at. all indicat.ive, t.he writer showed in the 1920 Animal Husbandry 
repol't3 that the average butter~fat yield of cows over four ~'ears 

was from 50 to 100 pounds more in excess of the Adyanced Registry 
requirement than the average butter-fat yield of cows under foul' 
years old. That is, it would be easier for the cows over four years 
old to make the requirement than for cows under foul' years old 
to make it. These records arc for 3u5-day records and not for 
7-day. 

Again if the mature cows' milk yields are more representative of 
their probable inheritance, cows at a mature age should have a 
larger correlation coefficient between their milk yields in dii1erent 
lactations than would immature cows. This would be true because 
of the faet. that the character, milk yield, would not be fully expressed 
in the immature cows. This problem has been analyzed from 
several angles in several papers4 from this laboratory. The outcome 
of these results seems to show no such difference between mature and 
immature cows. 

3 Gowen, John W. 1921. Report of progress on animal husbandry inves. 
tigations in 1920. Annual report of the Maine Agricultural Experiment 
Station for 1921, Bulletin 299, pp. 85-120. 

4 Gowen, John W. 1920. Studies in milk secretion. V. On the varia
tions and correlations of milk secretion with age. Genetics, vol. 5, pp. 111-188. 

Gowen, Marie S., and Gowen, John W., 1922. Studies in milk seeretion. 
XIII. Relation between milk yield and butter~fat percentage of the 7-day aDd 
365-day tests of Holstein-Friesian Advanced Registry cattle. In press. 
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If the arguments just presented are sound we are not justified 
in applying a greater correction for Advanced Registry selection in 
the case of mature cows than in that of the younger cows. If we do 
apply the same correction, in other words call J.I. = 0.85, the r is 
found to he 0.38 for the corrected correlation between the butter
fat yield of daughter and dam. Considering the probable errors 
attached to these coefficients it seems likely that the mature cows 
would not differ significantly from the others. If this coefficient 
of correlation, 0.38, is the correct one the results of Rietz would 
agree with those of the writer save that the coefficient of correlation 
between the mothers and daughters in the 7 -day test is somewhat 
less than that for the 365-day test. This conclusion is supported 
by the fact that the 7-day test is not quite so reliable as the 365-day 

TABLE 83 

Correlat£on coefficients jor the milk yields of mother and daughter in certain 
age groups 

Over 4 years 
Under 4 years 
Over 4 yeaTS 
Under 4 years 

Over 4 years 
Over 4 years 
Under 4 years 
Under 4 years 

0.490 '" 0.039 
0.550 ± 0.088 
0.479 ± 0.029 
0.516 ± 0.053 

test for determining the milking qualities or butter-fat percentagn 
of a cow. 

Turning now to the age-corrected 365-day records of mother and 
daughter the correlation coefficients are noted for different age 
divisions in table 83. 

These correlation coefficients clearly do not differ significantly 
from each other. Under these r,jrcnlllstances these data for the 
365-day age-corrected records support the conclusion that the 
inheritance of milk yield is as pronounced in immature animals as 
it is in mature animals. If these records under four years are still 
further sub-divided we find that for those cows under three years 
the correlation between the milk yields of mother and daughter 
is 0.459 ± 0.088 and for those cows with ages three to four years 
the correlation is 0.496 ± 0.098. These correlation coefficients 
are not significantly different from the rest. Unfortunately the 
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numbers on wbich they are based are small. The conclusion, that 
the inheritance in mature and immature animals is approximately 
the same, is, however, supported by all the results. 

THE MILK YIELD OF THE DAUGHTER WHEN THE MILK YIELD OF THE 

DAM IS KNOWN 

There are 216 daughters who came from dams whose milk yield was 
over 20,000 pounds. These daughter's average production was 
21,778 pounds of milk for the 365-day period. The 395 daughters 
who came from dams whose milk yield was less than 20,000 pounds 
had an average production of 18,393 pounds. In other words, 
the daughters from cows whose production was greater than 20,000 
pounds had a milk yield 3385 pounds greater than the daughters 
that came from dams whose milk yield was less than 20,000 pounds. 
It is scarcely necessary to draw the conclusion that the selection of 
dams of 20,000 pound milk yield would cause an increase in the 
milk yield of resulting offspring. 

Table 81 furnishes the necessary data to determine the probable 
milk yields of the daughter when the milk yields of her mother are 
known, subject, of course, to the conditions of feeding and handling of 
the Advanced Registry and the age correction of the records: The 
equation for this relation is: 

Daughter's milk yield = 9957 + 0.512 drun)B milk yield (40) 

The tabulation of the expected milk yields of the daughters for 
different grades of dams' milk production is given in table 84. This 
is the average expected milk production of the daughters and is 
not necessarily the milk yield that a single daughter will give. 

From table 84 it is clear that the milk yields of the daughters 
are dependent on the milk yields of the dams. If the average milk 
yields of the daughters for each grade of dam are compared with the 
milk yields of second full sisters for each grade of milk yield of 
first full sister, as shown in table 60 it will be noticed that the full 
sisters resemble each other slightly more in their milk yield than 
do the mothers and daughters. If ·the comparison is made for 
mothers and daughters with half sisters (table 64), the mothers' 
and daughters' milk yields are found to resemble each other the more 
closely. 

When the milk yield of a dam is very low the milk yield of the 
daughter is, on the average, a good deal larger. Thus if a poor 
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producing dam is bred it is reasonable to expect a higber milk
producing daughter. Such a condition of affairs shows us that 
we should not attribute too good qualities to a bull wbo makes 
sucb a mating and has the expected milk-yielding daughter. The 
II nick" may not be his fault. On the other hand when a bull is 
bred to a high producing cow he is likely to produce a lower producing 

TABLE 84 

Milk yields of dams and the average yield of their daughte1·s. Holstein-Friesian 
Advanced Registry 

p,n,mr/s 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

po~nds 

15,081 
15,593 
16,106 
16,618 
17,131 
17,643 
18,155 
18,667 
19,180 
19,693 
20,205 
20,717 
21,230 
21,742 
22,255 
22,767 
23,279 
23,792 
24,304 
24,817 
25,329 

daughter. Here again we should not condemn the bull too severely 
for the cow may be milking more than she has hereditary qualities 
to pass on to her offspring. The action of "prepotency" and I'nick" 
will be discussed further in the following section. 

In using these equations to predict the average milk yield of the 
daughter from the actual milk yield of the dam the assw:nption 
is made that the regression lines are linear. The validity of this 
assumption may be determined by examining the raw regression 
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line in comparison with the fitted regression line as given in figure 
18. This chart shows that the mean milk yields of the daughters 
for each grade of milk yield of the dam form a straight ascending 
line well fitted bv the theoretical regression line. The assumption 
of linear regressio~n lines is consequently justified. 

VARIATIOX OF MILK YIELD. THE MILK YIELDS BETWEEN WHICH 

50 PER CENT OF THE DAUGHTERS ARE FOUND WHEN THE MILK 

YIELD OF THE DAM IS KNOWN 

Those who are familiar with milk yields of dairy cattle have 
eognizance of the fact that all the daughters of 20,000 pound dams will 
not have milk yields of 20.205 pounds. This will be their average, if 

"'" -DAM'S MILK YICLO 

FIG. 18. l\IILK YIELDS OF MonIER AND DAUGHTER FOR THE 365-DAY RECORDS 

there a,ro enough of them, but individually they will vary. What we 
want to know is how much will they vary from the average of 20,205 
pounds. Suppose we say that it shall be an even chance that any 
one daughter "vill lie inside or outside a certain range of milk yield. 
Thus if we had 100 daughters which came from dams produdng 
just 20,000 pounds of milk, the milk yield of 50 of these daughters 
would be expected to lie within 17,787 pounds as the low limit and 
22,623 pounds as the high limit of production. The other 50 would 
be expected to be either under or over this limit of milk production. 

Table 81 gives necessary data to determine this range. The 
average standard devi"tion of the daughters' milk yield about 
any average milk yield of the dam is 4132 V 1 - 0.497' = 3585 
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pounds of m,ilk. The limits of milk yield necessary to include 
25 per cent of the daughters on either side of the mean when the 
dam's milk yield is known are given by mean ± 0.67449 X 3585. 
These limits are given in table 85. 

It will he noted that there is quite a range of production to include 
even 50 per cent of the daughters of a given grade of dam's milk 

TABLE &i 

Milk yielih of dams and tke limits between which would lie the milk yield/; of $0 
per cent of their daughters 

DAY'S M.ILK PRODUCTION 

pounds 

10,000 
11,000 
12,000 
13,000 
14.000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

RANGE QlI' M.ILK YIII:LD OF 50 PIIR CElfi' 
OF THE DAUGHTERS 

12,663-17,500 
13,175'-18,011 
13,681H8,524 
14,200-19.036 
14,713--19,549 
15,225'-20.061 
15,737-20,573 
16,250-21,086 
16,762-21,598 
17,27~22,111 

17,787-22,623 
18,299-23,135 
18,812-23,648 
19,324-24,160 
19,837-24,673 
20, 34!>-25,185 
20,861-25,697 
21 J 374-26,210 
21,886-26,722 
22,399-27,235-
22,911-27,747 

yield. Thus 100 daughters 'from dams whose milk yield was 20,000 
pounds would be expected to have a certain range of milk yield. 
Fifty of these daughters would be expected to have a range limited 
on the low side hy 17,787 pounds of milk and on the high side by 
22,623 pounds of milk. It will be noted that as the milk yields 
of the dams increase the milk yields of the daughters also increase. 

Table 85 furnishes a measure of what constitutes true worth in a 
bull. Thus if it is an even chance that a bull's daughters will produce 
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between 17,787 and 22,623 ponnds of milk when the dam's milk yield 
is 20,000 pounds it is no great credit to this bull to have his daughters 
produce milk yields within this range. The bull of worth would be the 
one whose dallghters produced more than 22,223 pounds of milk and 
the bull to be regarded with suspicion is the olle whose daughters 

TABLE 86 

Range of milk production within which would be exvected 99 per cent oj the 
daughters for a given grade of dam 

DAMS'!;; GRADE OF MIl.l( YIELD 

lHitmdsofmilk 

10.000 
!I,OOO 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25, ODD 
26,000 
27,000 
28,000 
29,000 
30,000 

RANGE OF MILK YIELD OF 99 FER CENT 
OF DaUGllTEM 

p<nmdsojmilk 

.5,832-24,330 
6,344-24,842 
6,857-25,35,\ 
7,36\)--25,867 
7,882-26,380 
8,394-26,892 
8,900-27,404 
9,41\)--27,917 
9,931-28,429 

10,444-28,942 
10,950-29,454 
11,468-29,966 
11,981-30,479 
12,493-30,991 
13,000-31,504 
13,518-32,016 
14,030-32,528 
14,543-33,041 
15,055-33,553 
15,568-34,006 
18,080-34,578 

produce less than 17,787 pounds when his dam was one from 20,000 
pound cows. The ranges of daughters' milk yield for other grades 
of dams are given in table 85. Here then is a table available to 
show what ;"ay be reasonably expected of a sire to prove him worth 
while. 

RANGE OF MILK YIELD NECl!:SSARY TO INCLUDE 99 PER CENT OF THE 

DAUGHTERS WHE>I THE MILK YIELD OF THE DAM IS K>lOWN 

A table to show the milk yields which a sire's daughters from dams 
of a given. grade of milk .Yield must produce to make him one of the 
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exceptional sires has a place in any such study as the one we are now 
making. To indicate this milk yield we shall determine the range of 
milk yield necessary to include 99 per cent of the daughters from dams 
of a given grade of milk yield. This range is determined from table 
81. The limits of it are mean ±2.58 X 3585. When so defined, 
the limits of production wherein we would expect to find 99 per cent 
of the daughters are given in table 86. 

This table shows the range of milk yield of 99 per cent of the daugh
ters from any given grade of dam. This range is quite large. How
ever, when it is realized that even this range of productivity is now 
and then exceeded it shows how extreme the limits of milk yield 
occasionally may be. It would be doubtful indeed if the owner did 
not recognize as exceptional the bull whose daughters produced 
25,000 pounds of milk when the dam's production was only 12,000 
pounds. The lower limit is equally important. The sire whose 
daughters produce only 14,000 pounds when their dams produce 
25,000 is clearly not to be desired or perpetuated by continued 
breeding. 

SUMMARY 

This chapter presents a study of the relation which exists between 
the milk records of a dam and her daughters. The Holstein-Friesian 
365-day age-corrected records are used throughout the study. 
Broadly speaking the results of this study furnish another link in the 
chain of proof necessary to establish the theory that the milk yield 
of the cow is dependent on the inheritance derived from the sire and 
dam. Specifically the conclusion.s show: 

1. That the milk yield of the cow is dependent on the milk yield 
of her dam, the correlation coefficient being 0.497 ± O. 021. 

2. That the milk yields of cows from dams of a given grade of milk 
yield are highly variable. The ranges of milk production to include 
50 and 99 per cent of the daughters are presented. 

3. The evidence analyzed indicates no difference in the inheritance 
of milk yield in mature and immature cows. 



CHAPTER XIV 

THE RELATION BETWEEN THE MILK YIELDS OF COWS FROM: THE 

SAME DAM BUT BY DIFFERENT SIRES. HALF 

SISTERS 

The question of keeping any cow in the herd depends on her worth 
as a milk producer and the ability of her progeny to produce milk. 
The quicker these two points can be determined, the more likely is 
the owner to succeed. It has previously been shown that the milk 
yield of the dam predicts the milk yield of the daughter with a fairly 

TABLE 87 

Variat,ion and correlation of half sisters' milk yiel~ in the Holstein~Friesian 
Advanced Registry 

Mean milk yield.. . .... 19486±158 
Standard deviation of milk yield .......... 4135±111 
Coefficient of variation of milk yield. ....... 21.2±O.6 
Correlation coefficient for the relation of half sisters' milk yields. O.381±O.033 

high degree of accuracy. The accuracy with which the milk yield 
of a dam's daughter predicts the milk yield of her half sister bas not 
been determined. The object of this section is the analysis of this 
problem. 

The age-corrected records for the milk yield of all half sisters from 
a COmmon dam were collected. Table 92 gives the necessary data. 

THE RELATION BETWEEN THE MILK YIELDS OF A DAM'S DAUGHTE-US. 

HALF SISTERS 

The variations and correlations of the milk yields of these half 
sisters are given in table 87. 

The average of the milk yields of these half sisters is slightly 
although not significantly more than that for the whole Advanced 
Registry. The standard deviation is practically the same as that 
for the rest of the Advanced Registry animals. The coefficient of 

224 
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variation is likewise practically the same as that of the rest of the 
breed. 

Tbe correlation coefficient showing the relation of the milk yields of 
half sisters indicates clearly that the milk yield of one half sister 
determines to a fair degree of accuracy the milk yield of the other 
half sister. This resemblance is due to two causes, common heredity 
of the two half sisters from the mother and the common environ
ment under which the two half sisters may have been brought up. 

It is of some interest to note that the correlation coefficient between 
the milk yields of half sisters when the sire is common to each is the 
same, within the limits of random sampling, as the correlation coeffi~ 
cient for the milk yield of half sisters when the dam is common to each. 
Thus for the sire's daughters, the correlation coefficient for the milk 
yield is 0.362 ± 0.01.1 and for the dam's daughters, 0.381 ± 0.033. 
The difference is 0.020 ± 0.036. This difference is less than the prob
able error. The conunon sire has the same chance to govern the 
milk yields of his daughters that the common dam has to govern her 
daughters' milk yields. The results above show that the degree of 
influence that each exert is the same. Such a result furnishes further 
proof of the fact that the sire and dam exert a like influence on the 
milk yield of their daughters. 

The correlation coefficient for the relation of the milk yields of I'll! 
sisters is 0.548 ± 0.027. The correlation coefficient for the milk 
yields of half sisters, the dam being common, is 0.381 ± 0.033. The 
difference of the correlation coefficients is 0.167 ± 0.043 or the differ
ence is 3.9 times its probable error. Full sisters are consequently 
more highly correlated in their milk yield than half sisters. These 
differences between the full sisters and half sisters may be analyzed 
further. The degree of control over the variation of any character by 
another has been shown to be equal to S.D. - S.D. vI - r'. The 
value of r' for the full sisters is 0.3003 and for the half sisters, the 
dam being common, is 0.1452. The value of the standard deviation 
for the full sisters is 4102 and for the half sisters is 4135. The stand
ard deviation remaining after the elimination of the variation due to 
full sisters is 3434. The variation of milk yield due to half sisters is 
312 pounds and the variation due to full sisters is 668 pounds. As the 
only difference in full sisters and half sisters is in the fact that the full 
sisters have a common sire, it seems justifiable to attribute these 
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differences to the influence of the sire. This demonstrates in still 
another way the influence of the sire and of the dam on the milk 
yield of the progeny. 

THE MILK YIELD OF TUE SECOND HA.LF SISTERS WHEN THE MILK YIELD 

OF THE FIRST HALF SISTER IS KNOWN. THE HALF 

SISTERS HAVE A COMMON DAM 

From the data given in table 87 we obtain the average milk yield 
of one half sister when the milk yield of the other is known. This 
determination depends on the assumption of linear regression lines 
and on the surface being approximately Gaussian. These assump
tions are probably at least approximately correct in view of the evi
dence already presented for the relation of the milk yields of full 
sisters and of mother and daughter. The linear regression equation 
for the relation of the milk yields of half sisters when these cows 
have common mothers is given by: 

Second half sisters' milk yield = 12064 + 0.381 first half sister's milk yield (41) 

From this equation the probable average milk yields of the half 
sisters are given in table 88. The probable milk yields of full sisters 
are repeated for its comparative value. 

The milk yield of the first daughter is given in the first column of 
this table. The second column presents the average milk yield of 
the second daughter. These daughters are half sisters from the 
same dam. The milk yields of the second daughters which are full 
sisters to those whose milk yields arc stated in the first column are 
given in the third column. It will be noted that the milk yields of 
the full sisters are much nearer each other than are the milk yields of 
half sisters. The reason for this is fairly obvious on a little considera
tion. The full sisters have not only a common dam hut also a com
mon sire. The sire has a limited inheritance to give to his daughters 
to determine milk yield. It is reasonable to suppose that a single 
sire would have less variation in his inheritance than would two 
different sires. The table shows that such is actually the c""e. 

This table throws some light on the question of how long it is 
desirable to retain a bull in service. It will be noted that if a first 
daughter of a cow has a milk yield of 10,000 pounds it is probable that 
the second daughter of this cow by the same sire will have a milk 
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yield of 14,229 pounds whereas the second daughter by a different 
sire will have a milk yield of 15,873 pounds, or an average increase of 
1644 pounds as the result of changing the sire. On the other hand 
if the milk yield of the daughter is exceptionally high, say 30,000 
pounds, the milk yield of her full sister by the same sire 
and out of the same dam will average 25.179 pounds whereas 

TABLE 88 

Milk yields oj second daughters when the m2'lk y£eld Qj the first daughter £8 
known. Half 8~'8ters and full sisters. 

Al"!:I<AGE M1LK YlELD Ol!l'IECONv I AVI'I<AGE MILK YlI!lL'D OP SlWOND 
DAUQHTERI!. BALF 8ISTEW:I D.\UQHTEllS. FULL SISTER!! 

-----1 
!'"lRST D.-\UGl'tTER'S MILK YIEl.D 

10. DOD 15,873 14,229 
11,000 16,254 14,777 
12,000 16,635 15,324 
13,000 17,016 15,872 
14,000 17,397 16,419 
15, ODD 17,778 16,967 
16,000 18,158 17,514 
17,000 18,539 18,062 
18,000 18,920 18,609 
19.000 19,301 19,157 
20,000 19,682 19,704 
21,000 20,063 20,252 
22,000 20,444 20,799 
23,000 20,825 21,347 
24,000 21,206 21,894 
25,000 21,587 22,442 
26,000 21,967 22,989 
27,000 22,348 23,537 
28,000 22,729 24,084 
29.000 23,110 24,632 
80,000 23,491 25,179 

the milk yield of the half sister by a different sire but from the 
same dam, will average 23,491 pounds or an average decrease of 
1688 pounds as the result of changing the sire. The conclusion is 
obvious, if a sire's first daughters from a given cow are low producers 
his second daughters are also relatively low in production. In other 
words if we wish further daughters from this cow we had better get 
another bull. But if the first daughter from the cow was excep
tionally higb in milk yield, the data show that the second daughter 
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will probably be much higher in milk yield when this same bull is 
used than when a different hull is bred to this same cow. Such being 
the case it appears much more reasonable to keep this bull in service 
as long as possible than to try to better him by a change. 

There is also th" other side of the story. The low producing 
daughter is equally caused by the sire and dam. In other words the 
Ilnick" was foJ' a low producer. The data indicated above point to 
the desirability of changing the bull if the dam is to be kept. The 
question may equally well be asked if it is desirable to keep the dam. 
The probability is that the dam has a poor inheritance for milk yield. 
Under such circumstances it would seem best to dispm:e of such a cow 
as this would be likely to improve the herd. 

We may examine those ca.<;es where the first daughter is of average 
milk production, for example 20,000 pounds age-corrected milk 
yield for the 3G5-day period. The second daughter's milk yield, 
a half sister, would he 1\),082 pounds of milk and the milk yield of 
the second daughter, a full sister, would be 19,704 pounds. That 
is the average milk yields arc practically identical for second full or 
half sistE'rs when the first sister has average production. There is, 
however, this difference. The milk yields of all the full sisters would 
be more concentrated around this average, cover a less range of milk 
yield, than would the milk yields of the half sisters. This point is 
taken up in the following section. 

VARIATIONs IN THE MILK YIELDS OJ<' HALF SISTERS. TILE 1\fILK 

YIELDS BETWEEN WHICH 50 PER CENT OF THE SECOND HALF 

SISTER~ ARE FOUND WHEX 'rHE MILK YIELD OF THE FIRST 

HALF SISTER IS KNOWN 

The range of milk yield necessary to include 50 per cent of all 
additional sisters when the grade of milk yield for one half sister is 
known, is given in table 89. 

The range of milk yield which will include 50 per cent of all second 
daughters whose half sisters milk 20,000 pounds is from 17,103 
pounds of milk to 22,261 pounds of milk or the range is 5158 po.und" 
of milk. This range is for half sisters which have a common dam. 
In Chapter IX it was shown that for full sisters the range of milk 
yield to include 50 per cent of aU second daughters is from 17,388 
to 22,020 pounds of milk or the range is 4632 pounds of milk. The 
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range of milk yield to include 50 per cent of the second daughters for 
full sisters is 526 pounds closer than is the range of milk yield which 
is required to indude 50 per cent of the milk yields of half sisters, 
these half sisters having a common dam. In other words our predic
tion of milk yield for full sisters is much closer than is our prediction 
of milk yield for half sisters. 

TABLE 89 

Milk yields of first daughters and the limits between which would be included the 
milk yields of 50 rer cent of their half sisters 

FIRST DAUQHTi:R'S MlLK J>ROt>UCTION 

10,000 
11,000 
12,000 
13,000 
14,000 
15,000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25f OOO 
26,000 
27,000 
28,000 
29,000 
30,000 

R.4.NGIll OF MILK YIELD OF 50 PER Cl!lNT OF T8111 
SlilCOND DAUGHTJ;;RS. HALF SU~TERS 

13, 294-18, 452 
13,675-18,833 
14,056-19,214 
14,437-19,595 
14, SliH9, 976 
15,199--20,357 
15,579--20,737 
15,960-21, 118 
16,341-21,499 
16,722--21,880 
17,103--22,261 
17,484--22,642 
17,865-23,023 
18,246-23,404 
18,627-23,785 
19,008--24,166 
19,38&-24,546 
19,769--24,927 
20,150--25,308 
20,531-25,689 
20,912-26,070 

There are many other uses to which these tables may be put. It 
is interesting to note that the milk yields of the second daughters 
are low, when the milk yield of the first daughter is low, While the 
milk yields of the second daughters are high, when the milk yield of 
the first daughter is high. These daughters have a common dam. 
The previous study of milk yield shows that the dam materially 
influences the productivity of the daughter. It is of prime import
ance, therefore, to know the milk yield of the dams for it is possible 
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to improve half sisters as much by the careful selection of the dam as 
by the use of a good bull. 

MILK YIELDS BETWEEX WHICH 99 PER CENT OF THE SECOND HALF 

SISTERS ARE FOUND WHEN THE MILK YIELD OF 

THE FIRST HALF SISTER IS KNO,,"'N 

In the previous section we have presented the limits of the probable 
range of variation in milk :yield. In this section the probable maxi
mum limits for this variation arc found. The determination of this 
range is similar to that for the 50 per cent range or that for the 99 
per cent range in the other sf'ctions. 

The range of milk yield necessary to include 99 per cent of the 
daughters from a single dam but by different sires is indeed a wide 
one. Thus, a co,,," producing 14,000 pounds of milk might have a 
sister at nearly the top of the breed in her production or she might 
have a sister of very low production. 'Vith this range of milk yield 
required to cover even 99 out of every 100 such pairs of half sisters, 
it is no ,vonder that sometimes at least the breeder becomes dis
couraged at even guessing what the offspring from any given 
mating will do for her own milk yield. However, it must be remem
bered that in general these are extreme limitR and that most of the 
daughters are much more closely concentrated. 

THE DIRECT EFFECT OF THE DAM ON THE MILK YIELD OF HER 

DAUGHTERS 

In Chapter XIII the writer has presented the correlation coeffi
cient for the relation of tbe milk yield of the dam and her daughter 
as determined by the ordinary product moment method. A good 
deal of interest is attached to the indirect method of calculation as 
used in determining the influence of the sire on the milk yields of 
his daughters since here with the dam and her daugbters the product 
moment coefficient is available for comparison with the coefficient 
found by the more indirect method. 

It will be remembered that anyone dam can fall in but one class or 
array of the correlation table for the relation between her milk yield 
and that of her daughters. In other words the daughters will form 
one and only one of the arrays of such a table. Had we enough 
daughters it would be possible to get the standard deviation of such 
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an array, at least approximately, by determining the standard devia~ 
tion of the daughters' milk yields. In the normal correlation Bur
face the standard deviations of the arrays bear a relation to the cor
relation coefficient and standard deviation of the whole table. This 
relation is: 

S.D.al'J'aY = S.D.table-V~ 

From this relation it is possible to determine the direct influence of 
the dam on the milk yield of the daughter. 

TABLE PO 

Milk yieldB of ji,8f daughters and the limit8 between which woUld lie the milk yields 
of 99 per cent of their half sisters 

FlRST DAUGUTER'S MIL£: YIELD 

10.000 
1I,000 
12,000 
13,000 
14, 000 
15.000 
16,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22,000 
23,000 
24,000 
25,000 
26,000 
27,000 
28,000 
29,000 
30,000 

I n."-NGE OF MILl\: YJ'ELD OF W PEn CENT OF THE 

I 

SECOND D_.._tTGHTElUl~ HALF SISTERS 

G, 008-20, 738 
6,389-26, 119 
6, 770-26,500 
7,151-26,881 
7,532-27,262 
7,913-27,6.43 
8, 293-28, 023 
8, 674-28, 404 
9,055-28,785 
9,436-29,166 
9,817-29,547 

10,198-29,928 
10,579-30,309 
10, 96rHlO, 690 
11,341-31,071 
11,722-31,452 
12,102-31,832 
12,483--32, 213 
12, 864-32, 594 
13,245-32,975 
13, 626-33, 356 

As indicated in an earlier section this coefficient will be larger than 
the product moment coefficient because of the fact that the standard 
deviations of the individual cows are calculated around the rough 
observational mean and because the number of individuals infiuencef 
the size of the standard deviation. The difficulty, and it appears t( 
be a real one, is that the correlation coefficient calculated in thil 
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manner is too large as compared with the direct method of calcula
tion. In table 91 are given the dams' herd book numbers and the 
standard deviations. Only those cows with three or more daughters 
were used. 

TABI,E In 

Standard deviations of the milk yielM of the daughters for those dams which had 
three or more daughters 

I STANDARD DEVIATION I 
DAM'S NUM1UilR 

S'I'ANDU\D DEvrA'l'lON 
DA:d'S XUMBEII OF JHUGEJTEJil,S' I OF DAUGlITERS' --I :.:::" II 

MlLK YlELl> ------
pounds 

25,173 943 I 73.286 1.247 
31,408 1,225 77,032 1,247 

38,802 2, 160 I 77,491 1,090 
46, 348 4, 497 I 77,777 2,357 
47,448 5,888 I 78,331 6,164 
50,657 1,247 [ 79,290 1,633 
51,737 1,247 76 684 1,414 
53,646 2,625 

I 

82,444 4,190 
54,125 433 84,455 816 
54,170 4,082 86,998 1,700 
55,150 2,315 87,301 471 
55,194 4,028 

I 

90,522 4,497 
B2,230 2,278 90,846 4, 989 
62,337 2,055 93,789 2,357 
63,667 471 98,734 4,867 
64,178 2,625 99,074 1,700 
65,465 1 99,086 3,300 
65,882 3,399 100,999 1,633 
66,788 2,357 101,313 2,357 
68,099 1,886 106,688 1,299 
70,231 2,160 106,988 3,300 
70,349 2,055 107,842 1,414 
70,427 1,633 108,681 2,055 
71,624 4,110 110,877 4,320 
71,679 2,786 112,246 471 
71,850 1,090 120,022 2,160 
71.898 ' 471 174, 475 3,559 

From these results the average weighted standard deviation was 
found to be 2733 pounds. The standard deviation of the whole 
population was 4139 pounds. The correction factor for the standard 
deviations based on the number of daug)lters for eacb dam is 0.7376. 
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The standard deviation after applying this correction is 2733 + 
0.7376 = 3705. From these results the correlat.ion coefficient is 
found to be 0.446. This correlation coefficient agrees closely with 
that of the product moment method 0.497. The inclirect method 
clearly lends further support to the conclusion that the milk yield of 
the dam controls to a certain degree the milk yield which the daughter 
is able to give. The correlation coefficient measuring the amount 
of this relationship is about 0.47. 1 

The correlation coefficient for the relation of the milk yields of 
daughter and sire as found in Chapter X was 0.52. The difference 
between 0.47 and 0.52 would not be significant. Such being the 
case the influence of the sire on the milk yield of his daughters is 
clearly equal to the influence of the dam on the milk yield of her 
daughters and vice versa. Unfortunately it is impossible to deter
mine the milk yield of the sire directly. This can be done only by a 
study of the sire's daughters' milk records. The milk yields of the 
dam ean be measured. Such being the case, the breeder should 
pay the same attention to the dam in making any mating that he 
pays to the sire, for the milk yield of the dam tells much about the 
future milk yield of the daughters. 

t The validity of t.he method for determining the correlation coefficients 
for the standard deviations corrected for number of daughters may be exper:
mentally checked by the following experiment. Suppose that the assumption 
is made that the daughters are drawn from the same population as that of table 
80 where the actual relation of the milk yield of daughters and daTllB is known. 
In this case the correlation coefficient is 0.497. A random sample of three is 
drawn and recorded. The three samples correspond to three daughters. 
The average weighted standard deviation of daughters was found to be 2662 
for this experiment. The standard del'iation of all daughters is 4325. The 
correction factor for the standard deviation based on samples of three is 0.7236. 
Or 2662, the actual standard deviation, + 0.7236 = 3679, the corrected stand
ard deviation. From the relation of these two standard deviations the cor
relation coefficient is found to be 0.526. As noted above the actual correlation 
coefficient for the table of daughters' and dams' milk yields, from which these 
samples of three were drawn was 0.497. The agreement between the two 
correlation coefficients is remarkable. The validity of the method of calcu
lating the correlation coefficient from the standard deviations appears to be 
experimentally sound. 
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TABLE 92 

('orrelalion surface for milk y£elds of half sisters. Common dam 

SUMMARY 

This section presents a study of the milk records of those Holstein
Friesian COWS, which are out of the same dam but by a different sire. 
The major conclusions are: 

1. The milk yield of a cow indicates the probable milk yield 
of her half sister, the dam being the common parent. The correla
tion coefficient measuring this relationship is 0.381 ± 0.033. 

2. The probable variation of the milk yield of the half sisters is 
presented both as a whole and for different grades of milk yield. 
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3. The comparison of the correlation coefficients for the milk 
yields of half sisters with the sire as the common parent and of half 
sisters with the dam as common parent shows that the correlation 
coefficients are practically the same, 0.362 and 0.381. 

4. The correlation coefficient for the milk yields of daught.er and 
dam is determined by the indirect method of the standard deviations 
of the array of daughters" milk yields. The correlation coefficient is 
found to be 0.446. This agrees very nicely with the correlation 
coefficient for the direct relation of the milk yields of daughter and 
dam, 0.497, as found in another chapter. 

5. The correlation coefficient for the relation of the sire's and 
daughter's milk yield is further analyzed. The correlation coefficient 
0.52, measuring this relationship, agrees closely with the correlation 
coefficient measuring the relationship of the milk yields of the dam 
and daughter. These facts make it apparent that the milk rields 
of the daughter are jointly dependent on the sire and dam. 



CHAPTER XV 

ON THE RELATION BETWEE!i THE BUTTER-FAT PERCENTAGE OF 

l\i[oTHER AND DAUGHTER 

In organizing a herd, the individual animals should be considered, 
not so much for their own production, as for the possibility of their 
offspring's being worthy in milk yield and butter-fat percentage, 
For a bull this fact is particularly evident, for aside from his part 
in initiating the series of events leading to milk production, a hull's 
worth comes largely in the merit of his daughters in milk yield, 
The fact that the bull is able to serve many cows while each cow 
has one calf leads to the saying that Ii bull is half the herd, And 
so he is, but it is well to remember that for each calf he is no more 
than half. The dam is the other half and deserves just as much 
consideration as does the bull, 

In an earlier section it was shown that the average milk yields 
of the daughters increase as the relative level of the milk yields 
of their dams becomes larger, The present chapter will deal with 
the other item of interest in connection with milk-butter-fat per
centage, It is true that the variable generally considered is butter
fat, However, a little consideration of the fact that butter-fat is 
merely the multiple between the pounds of milk and the analysis 
of the milk will make it clear that it is the concentration of the fat 
which is the important factor, Furthermore when it is realized 
that in the Holstein-Friesian breed the concentration of this fat, 
butter-fat percentage, bears little relation to the amount of milk 
a cow prodnces it becomes clear that this variable is nearly if not 
entirely independent of the yield of milk, and therefore should be 
t1 e"ted as a separate variable, The influence of the cowan the 
butter-fat percentage of her offspring will be studied in this sec
tion, The data include those Holstein-Friesian cows which have 
Advanced Registry records and whose daughters also have Advanced 
Registry records, 

236 



BUTTER-FAT PERCENTAGE OF MOTHER AND DAl}GHTEn 237 

THE RELATION BETWEEN THE BU1TER~FAT PERCENTAGE OF MOTHER 

AND DAUGHTER IN THE HOLSTEIN-FRIESIAN ADVANCED REGISTRY 

One consequence of the inheritance of butter-fat percentage is 
the existence of a relation between the butter~fat percentages of 
the mother and her daughter. Thus the daughters coming from 

TABLE 93 

Correlation surface showing the relation of the butter-fal percentages of mother 
and daughter in the H olstein-Friest"an Advanced Reg£stry 

2.6-2.7 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 

4.4-4.5 

dams of four per cent should be higher in their butter-fat percent
age than the daughters coming from dams whose butter-fat per
centage is three per cent. The data showing the relation of the 
butter-fat percentages of the pairs of mothers and daughters is 
given in table 93. 

It is of some inlportance for the future use of the constants de
rived from this table to note that the correlation surface has the 
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ordinary appearance of such a surface for 8" correlation coefficient 
of about 0.4. The assumption appears reasonable that the data 
are drawn from a Gaussian surface. The constants showing the 
yariations and correlations of the butter-fat percentages of mother 
and daughter are given in table 94. 

The butter-fat percentages of daughters and their dams are 
slightly, although not significantly, in excess of the rest of the breed 
jUdging from the records of the whole Advanced Registry. The 
butter-fat percentages of mother and daughter are practically the 
same. The standard. deviations for butter-fat percentages of mother 
and daughter are the same within the limits of random sampling. 
The coefficient of variation for the butter-fat percentages of mother 
and daughter an' also approximately the same. These facts in-

TABLE 94 

The varia,lion and correlation of the butter-fat percentages of mother and daughter 
in the lIolste"in-Fr~iesian Advanced Registry 

Mean butter-fat percentage, daughter.. . 3.440±O.OO8 
Mean butter-fat percentage, dam.. '" 3.445±O.009 
Standard deviation of butter-fat percentage, daughter... . O.31l±O.006 
Standard deviation of butter-fat percentage, dam., . O.318±O.006 
Coefficient of variation of butter-fat percentage, daughter.. . ... 9.04 ±O.18 
Coefficient of variation of butter-fat percentage, dam... 9.24 ±O.18 
Correlation coefficient between the butter-fat percentages of 

mother and daughter.... . O.413±O.023 

dicate thut a fair random sample of the Advanced Hegistry records 
is represented in these data. 

Tbe correlation coefficient measuring the degree of interdepend
ence of the butter-fat percentages of mother and daughter is fairly 
high. The butter-fat percentage found in the milk of the daughter 
is partially dependent on the butter-fat percentage found in the 
milk of her mother. In other words butter-fat percentage is trans
mitted frorh mother to daughter. The daughters of dams whose 
butter-fat percentage is more than 3.6 per cent are higher in their 
butter-fat percentages than are the daughters of dams whose but
ter-fat percentage is less than 3.6 per cent. 

The correlation coefficient for the relation of the mother's and 
daughter's butter-fat percentages is slightly less than the correla
tion coeflitient for the mother's and daughter'S milk yields, 0.413 
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± 0.023 to 0.497 ± 0.021. The difference is 0.084 ± 0.031. This 
difference is but 2.7 times the probable error and cannot therefore 
be considered significant. 

The correlation coefficient for the relation of the butter-fat per
centages of full sisters is 0.464 ± 0.032. The correlation coefficient 
is 0.051 ± 0.040 more than the correlation coefficient for the rela
tion of the butter-fat percentages of mother and daughter. The 
difference is clearly not significant. 

The correlation coefficient for the relation of the hutter-fat per
centages of half sisters is 0.374 ± 0.015. This correlation coef
ficient is 0.039 ± 0.027 less than that for the relation of the butter
fat percentages of mother and daughter. This difference is not 
significant. The interdependence of the full sisters' butter-fat per
centages, of the mother's and daughter's butter-fat percentages, and 
of the half sisters' (common sire) butter-fat percentages makes them 
valuable, in the order indicated, for indicating the probable produc
tion of any unknown cow. 

A practical consequence of the correlation between the butter
fat percentage of mother and daughter may be illustrated thus. 
There are 444 daughters which come from dams whose butter-fat 
percentage was less than 3.6 per cent. These daughters' average 
butter-fat percentage was 3.38. The 167 daughters from dams 
whose butt.er-fat percentage was more than 3.6 per cent had an 
average butter-fat percentage of 3.59 per cent. The daughters of 
the high test group of dams had a butter-fat percentage of 0.21 
per cent in excess of the daughters which came from the lower test 
group of dams. That such a difference is a real one, well worthy 
of consideration may be seen more clearly when it is converted into 
pounds of butter-fat for tbe year. On the average, at mature pro
duction, such a difference amounts to over 40 pounds of butter
fat for each of the 167 cows from the higher testing dams. 

The small breeder has a real problem hinging on this point. It 
is a question whether such a breeder should spend his money on a 
high-priced bull, and thereby, perhaps, cut down on the cows, or 
whether he shall spend his money on cows known to be better pro
ducers than the animals within his herd. Admittedly this ques
tion is a complex one and the argument is not always entirely con
clusive. The side of it relating to milk yield has been touched on 
elsewhere. It may be noted that the sire and dam appear to have 
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an equal influence on the butter-fat percentage of their daughter. 
V\T ere it possible, then, to measure directly the productive powers 
of the sire in butter-fat percentage it would be reasonable to ex
pect more progress in the herd for the expenditure of a given sum 
by the selection of a high butter-fat percentage sire. However, it 
is not possible to determine the sire's worth directly. If he is a 
sire under four years old the only possible criteria of his productive 
qualities are the milk yields of his mother or his sisters. It will 
be shown later that the butter-fat percentage of a sire's dam is not 
so reliable a measure of the sire's daughters butter-fat test as is 
the butter-fat test of the daughters' dam. The chance taken on 
the probable worth of the daughters is larger when the prediction 
is based on the paternal granddams' butter-fat percentage than it 
is when the prediction is based on the dam's butter-fat percentage. 
In view of this fact it would appear as if greater progress would be 
made by the small breeder in increasing the butter-fat percentage 
of his cows if he devoted more time to the character of the cows 
forming his herd. This is especially true if this breeder is able to 
associate himself with others in a purchase and use of a tested) dis~ 

ease-free bull. 

THE RELATION OF THE BUTTER-FAT PERCENTAGES OF MATURE DAUGH

TERS AND MATURE MOTHERS IN COMPARISON WITH THE BUTTER~FAT 

PERCENTAGE OF IMMATURE DAUGHTERS AND THEIR IMMATURE 

MOTHERS 

As noted in a former section, Rietz,! in his important contribu
tion to the inheritance of butter-fat arrives at the conclusion that 
butter-fat is inherited more strongly in "mature" animals than in 
"immature" cows. As the evidence for this conclusion has been 
cited and discussed in some detail in the section on the relation of 
the milk yield "of mother and daughter, it seems necessary here to 
present only the correlation coefficients for the butter-fat percent
ages of the "mature" and H immature" groups. These correlat:on 
coefficients for the 365-day records for the butter-fat percentage 
arc given in table 95. 

The correlation coefficient for the mother under four years and 
the daughter over four years is based on the limited number of 28. 

1 Eietz, H. L. 1909.' On inheritance in the production of butter~fat. Bio
metrika, vol. vii, pp. 106-126. 
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Each of the other groups sre easily within the limits of random 
sampling of each other. These results support the conclusion that 
the butter-fat percentage of the I'immature" cows is as strongly 
inherited as that for H mature" cows. Rietz further subdivides his 
"immature" group. If we subdivide ours we find that for those 
cows under three years of age the correlation between the butter
fat percentages of mother and daughter is 0.304 ± 0.101 and for 
those cows with ages three to four years the correlation coefficient 
is 0.609 ± 0.082. These correlation coefficients do not differ sig
nificantly from each other or from those of the "mature" groups. 
It is unfortunate that the under three-year-old group and the three
year-to-four-year-old group were not larger. However, the results 
all tend to confirm the conclusion that within the limits of random 

'rABLE9S 

Correlation coefficients Jor the butter-fat percentages oj mother and daughter Jor 
certain age groups 

Over 4 years 
Under 4 years 
Over 4 years 
Under 4 years 

Over 4 years 
Over 4 years 
Under 4 years 
Under 4 years 

COlUllCLATION CO:mJTICllINT!'OR 
BUT'J'lUI.~l"AT Pill1CJ:N'l'AQlC 

O.427±O.042 
O.760±O.054 
O.374±O.032 
O.447±O.058 

sampling there is no difference between the inheritance of milk 
yield or butter ... fat percentage in the "mature" or "immature}) 
groups. 

THE AVEllAGE BUTTER-FAT PERCENTAGE OF THE DAUGHTER WHEN 

THE BUTTER-FAT PERCENTAGE OF THE MOTHER 18 KNOWN 

From a practical standpoint, nothing could be of more value to 
the dairyman than to be able to determine exactly the milk yield 
and butter-fat percentage of a cow before the mating to produce 
her was made. It is to be hoped that some day this exactness of 
prediction will be reached. The data given in table 94 enable us 
to make a fairly long stride in this direction, for from the dam's 
record we are able to determine: (1) What will be the average 
butter-fat percentages of the daughters for those dams which have 
a given grade of butter-fat percentage; (2) within what range of 
butter-fat percentage to expect the daughters when these daughters 
come from dams whose butter-fat percentage is a given grade; 
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(3) what will be the probable limits of the daughters' range in butter
fat percentages when they come from dams of a given grade of 
butter-fat percentage. The average butter-fat percentages of the 
daughters from a given grade of butter-fat percentage in the dams 
are given in tabular form below. These are, of course, average 
productions of the daughters and not necessarily the butter-fat per
centage of anyone individual daughter. 

Table 94 furnished the necessary data to determine the probable 
butter-fat percentage of the daughter when the butter-fat per
centage of her mother is known. These determinations are, of 
course, subject to the condition of feeding and handling of the 
Advanced Registry. The equation for the relation of the butter
fat percentages of mother and daughter is: 

Daughter's butter-fat percentage = 2.05 + 0.404 dam's butter-fat 
percentage (42) 

Table 96 gives the average butter-fat percentages of the daughters 
for different grades of butter-fat percentage in the dam. The most 
noticeable feature of this table is that as the butter-fat perc.entage 
of the dam increases the butter-fat percentage of the daughter in
creases. If the butter-fat percentage of the daughters from very 
low record dams are examined it is found that the daughters' but
ter-fat percentages are 0.5 per cent higher than their parents'. On 
the other hand 3.4 per cent dams have daughters only slightly over 
3.4 per cent. But the daughters from 4.6 butter-fat percentage 
dams are nearly 0.6 per cent less than their mothers. The daughters 
of very low parents or of very high parents tend to be respectively 
lower or higher than those of the rest of the breed, which means 
that they tend to revert toward the average production of the Hol
stein-Friesian breed. The really significant fact for the breeder, 
however, is that the daughters from low testing dams tend to be 
low and the daughters from high testing dams tend to be high. 

Table 96 indicates a point worthy of consideration in the choice 
of a bull. If a bull is bred to a very low butter-fat percentage cow 
it is reasonable to expect the daughter to be higher testing than the 
dam. Under such conditions we should not attribute too good 
qualities to such a bull. On the other 'hand, a bull bred to a very 
high butter-fat testing cow would be expected to have a daughter 
wlwse butter-fat teet is lower. Under these conditions the bull 
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should not be blamed too severely. The distance or range which 
the buWs daughters should exceed in their butter-fat percentage 
to make them worthy will be discussed in the following section. 

If a comparison is made between the butter-fat percentages of 
full sisters and of mother and daughter it will be noted that full 
sisters tend to resemble each other more than do mothers and 
daughters. While the difference is not a large one it does show that 

TABLE 96 

Butter--jat percentages of dams and the average butter-fat percentages for their 
daughters 

lU.M'S BUTTER-FAT PERCEN'I'AGE 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

EXPECTED AVIlRAGE BUTTER-l!'AT PEactilNTAGJ: 
OF 'J'HE DAUGHTERS 

3.10 
3.14 
3.18 
3.22 
3.26 
3.30 
3.34 
3.38 
3.42 
3.46 
3.50 
3.54 
3.58 
3.62 
3.66 
3.70 
3.75 
3.79 
3.38 
3.87 
3.91 

the full sisters tend to be more nearly alike in their butter-fat per
centages than do mothers and daughters. If the butter-fat per
centages of half sisters be compared with those of mothers and 
daughters, the butter-fat percentages of mothers and daughters are 
found to be more alike than the butter-fat percentages of the half 
sisters (by the same sire but out of different dams). 

In using the equation for the prediction of the milk yield of the 
daughter from that of the dam the assumption is made that the 
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regression lines are linear. The raw observational mean butter
fat percentages of the daughters for each grade of dam's butter
fat percentage are shown in figure 19. 

The observational means at the extremes of the table depend 
on relatively few data. The fit of the regression curve is better in 
the middle than at the extremes. It might be possible to get a 
parabola which would fit the observations a little more closely than 
does the linear equation. This problem may be analyzed a little 
further. The correlation ratio for table 93 is equal to 0.452 ± 0.022. 

, .. 
{MM'S BlJrrCR- FAT P£RC£N7"AfT[. 

FIG. 19. BUTTER-FAT PERCENTAGES OF MOTHER AND DAUGHTER FOR THE 

365-DAY RECORDS, HOLSTEIN-FRIESIAN ADVANCED REGISTRY 

The correlation ratio is not significantly different from the correla
tion coefficient. The test for the linearity of regression is the rela
tion between the correlation ratio squared minus the correlation 
coefficient squared. 

",,2 _ r! = 0.034 ± 0.010 

The result is 3.4 times the probable error. There is consequently 
some ground for the belief that a curve might fit the raw observ .... 
tions somewhat better than the line. However, the difference in 
the fit would not be very great for the test for lin.,..,.ity is only on 
the horder line of significance. Therefore, in view of the advantages 
of a linear equation it is believed to be desirable to use it in pref
C!'eDce to a curve" 
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VARIATIONS OF BUTTER-FAT PERCENTAGE. THE BUTTER-FAT PER-

CENTAGE BETWEEN WHICH 50 PER CENT OF THE DAUGHTERS ARE 

FOUND WHEN THE BUTTER-FAT PERCENTAGE OF THE DAM IS KNOWN 

We should not expect a single daughter to have exactly 3.58 per 
cent of butter-fat in her milk when she came from a dam whose 
butter-fat per cent was 3.8. There is a range of butter-fat per
centage within which the daughters would test for any given grade 
of dam. To properly select our cows and know with what we are 
dealing it is necessary to know something about this variation in 
yield. Thus if there are 100 daughters which came from dams 
whose butter-fat percentage was 3.B, the butter-fat percentage of 
about 50 of them would be between 3.39 and 3.77. The other 50 
would lie outside these limits, approximately half or 25 would be 
above and the other half would be below. The butter-fat per
centages given in the next table show the limits between which 
would lie the butter-fat percentage of 50 per cent of the daughters 
from dams of a given grade of butter-fat percentage. This range 
is determined from the data of table 94. The average standard 
deviation of any array of daughters is equal to S.D. -./1- T' or 
for our data is equal to 0.311 -./ 1 - 0.413' or 0.284 per cent of but
ter-fat. The limits of the butter-fat percentage necessary to in
clude 25 per cent of the daughters on either side of the mean when 
the dam's hutter-fat percentage is known are given by mean ± 
0.67449 X 0.284. These limits are given in table 97. 

From this table it will he seen that there is a fairly wide range 
of butter-fat percentage necessary to include even 50 per cent of 
the daughters of a given grade of dam. Thus for the 100 daughters 
of 3.2 per cent dams, a range, whose lower limit is 3.15 and 
whose upper limit is 3.53, would be required to include ap
proximately 50 of them. Twenty-five of the other fifty would be 
expected to have a hutter-fat test less than 3.15 and the other 25 
would be expected to have a butter-fat test more than 3.35. It 
will be noted that as the grade of the butter-fat percentage of the 
dam increases the range likewise moves up. Thus the lower limit 
of the range {Of the cows coming from 2.6 per cent dams is 2.91 
while the lower limit of the range for the cows coming from 4.6 
per cent dams is 3.71. 
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RANGE OF :BUTTER~FAT PERCENTAGE NECESSARY TO INCLUDE 99 PER 

CENT OF THE DAUGHTERS WHEN THE BUTTER-FAT PERCENTAGE 

OF THE DAM IS KNOWN 

In table 97 are given the probable limits of the range in butter
fat percentage of 50 per cent of the cows coming from dams of a 
given grade of butter-fat percentage. Often it is important to 

TABLE 97 

Butter-fat percentages oj dams and the limits between which would lie the butter
fat percemages of 50 per cent of their daughtel'B 

DAM'S Bt.'TTER-P'AT Pl!:RCE:t.""I'AGlC 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

RANGE 01" BUTTER-FAT Pl1l1tClilNTAGE OF 
60 PER CENT OF TlIl!: DAU()BTEl!S 

2.91-3.29 
2.95--3.33 
2. 9!J..3. 37 
3.03-3.41 
3.07-3.45 
3.11-3.49 
3.1&-3.53 
3.HHl.57 
3.23-3.61 
3.27-3.65 
3.31-3.69 
3.3&-3.73 
3.3!J.-3.77 
3.43-3.81 
3.47-3.85 
3.51-3.90 
3.5&-3.94 
3.5!J.-3.98 
3.63-4.02 
3.67-4.06 
3.71-4.10 

mow the probable extremes of butter-fat percentage that may be 
'ound in daughters of dams producing a given grade of butter-fat. 
By defining the limits as those within which W per cent of the 
iaughters are found, a table may be formed to show the range for 
,he majority of the offspring. The points limiting such a range 
s determined by: 

mean ± 2.58 X 0.284 

rable 98 shows these limits. 
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Table 98 gives the range of butter-fat percentage within which 
should be found 99 per cent of the daughters from any given grade 
of dam. This range is quite large. However, it should be remem
bered that even this range of butter-fat percentage is now and then 
exceeded by some daughter from a dam of the given grade of but
ter-fat percentage. It is, however, noticeable that the daughters 

TABLE 98 

Range of butter~fat percentage within 'Which would be expected 99 per cent of the 
daughtets from a given g1'ude of dam 

DAM'S BUT'l'ER-FAT PERCENTAGE 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
8.8 
8.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

lUNGE OF BUTTER-FAT PERCENTAGl!I OF 
99 PElil CENT or 'l'Bl!i DAUGBT'lIIlUl 

2.37-3,83 
2.41-3.87 
2.45-3.91 
2.49-3.95 
2 53-3.99 
2.57-4.03 
2.61-4.07 
2.65-4.11 
2.69-4.15 
2.73-4.19 
2.77-4.23 
2.81-4.27 
2.&>-4.81 
2.90-4.36 
2.94-4.40 
2.93-4.44 
8.03-4.48 
3.06-4.52 
8. 1(}-4. 56 
8.14-4.60 
8.17-4.64 

from low testing dams do not have such high butter-fat percentages 
as those from dams of higher test. This is what inheritance means. 
It defines the end results of the processes of inheritance and shows 
us some of the steps necessary to bring about its control. The 
exact numerical conclusions of the data are limited by the data. 
However, as will be shown elsewhere, in principle the conclusions 
are true for another breed, the Jersey. 
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SUMMARY 

The daughter, in the Holstein-Friesian breed and for the 365-
day test, is partially dependent on her mother for the butter-fat 
percentage which her milk yield will test. In general the results 
of this study furnish another link in the chain of proof for the in
heritance of butter-fat percentage. Very briefly the results are: 

1. The correlation coefficient measuring the degree of dependence 
of the butter-fat percentage of the daughter on that of the dam 
is 0.413 ± 0.023. 

2. The butter-fat percentages of cows from dams of a given grade 
of butter-fat percentage are quite variable. The ranges of butter
fat percentages to include 50 per cent of the daughters and 99 per 
cent of the daughters are presented. 

3. The evidence indicates no difference in the inheritance of 
butter-fat percentage in "mature" and I'immature" cows. 



CHAPTER XVI 

THE RELATION BETWEEN THE BUTTER-FAT PERCENTAGES OF COWS 

FROM THE SAME DAM BUT FROM DIFFERENT 

SIRES. HALF SISTERS 

Another phase of the problem of breeding for milk and butter·fat 
production is the question of the influence of the dam as shown by 
the butter·fat percentage of her daughters. Two kinds of daughters 
are available, full sisters and half sisters. The relation between the 
hutter·fat percentages of full sisters has been analyzed. The rela· 
tion of the butter·fat percentages of the half sisters, when the dam is 
the common parent, has not been examined. This relation gives 
another measure of the influence of the dam on the butter·fat per· 
centage of her daughters. A comparison of the full and half sisters 
will also verify our previous results on the influence of the sire on the 
butter·fat percentage of his daughters. The whole furnishes another 
stone in the foundation for the proof of thc inheritance of hutter· 
fat percentage. 

THE RELATION BETWEEN THE BUTTER-FAT PERCENTAGES OF A DAM'S 

DAUGHTERS. HALF SISTEns 

The constants descrihing the variation and correlation of the 
butter·fat percentages of half sisters are given in table 99. The 
correlation surface from which these constants are obtained is given 
in table 106. 

The average-butter·fat percentage for these half sisters is practi· 
cally the same as that for the Advanced Registry taken as a whole. 
The standard deviation and the coefficient of variation are slightly, 
although not significantly, less than those for the whole Advanced 
Registry. The correlation coefficient for the relation of the butter· 
fat percentages of half sisters, while small, is significant. From this 
fact the butter·fat percentage of one half sister may be said to govern 
to a certain degree the butter·fat percentage of the other half sister. 
This resemblance may be due to the common heredity coming from 

249 
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the dam or it may be due to the common environment under which 
the tests are made. 

There is ground for the belief that the correlation coefficient for 
the half sisters with a common dam is too low. The records of the 
daughters of Artis Belle of Riverside 2D are quite exceptional. Two 
of these daughters, Aralia Belle Queen and Artis Belle King have 
butter-fat tests of 3.7 and 4.1 per cent respectively. The other 
daughter Lady Riverside Belle has a butter-fat test of only 2.57. 
In a later 7 -day test this cow has a butter-fat percentage of 3 per 
cent. Such extreme ranges for the butter-fat tests of the daughters 
even though they are half sisters are not common. Figure 20 shows 
how materially the record of Lady Riverside Belle has influenced the 
regression line and consequently the correlation coefficient. 

The average butter-fat percentages of the second half sisters for 
the given butter-fat percentages of the first half sisters are given as 

TABLE 99 

Var'iat£on and correlation of half Bisters' butter-fat percentages 'in the Holstein
Friesian Advanced Registry, all data 

Mean butter-fa.t percentage... . ............. , ...... , ,3. 44±O.Ol 
Standard deviation of butter-fat percentage.. . ........... O.302±O.008 
Coefficient of variation of butter-fat percentage.. . .. , ..... ,8. 78±O.24 
Correlation coefficient for the relation of half sisters' butter-fat 

percentages.. . ... , ....... , .... . 0. 173±0.037 

the irregular solid line. It is obvious from this observational line 
that the single record of Lady Riverside Belle materially influences 
all calculations. Whether the record might be ao error Or whether 
Lady Riverside BelIe represents one of those extreme variants which 
are occasionally found, it seems unfair to use such an abnormal 
record in view of the general trend of the rest of the data. The data 
for the whole table have been calculated, however, and are given in 
table 99. The solid straight line represents the regression line based 
on these data. These constants are presented for their comparative 
value and will not be used further. 

Dropping the record of Lady Riverside Belle, the constants shown 
in table 100 are derived from the data. 

The correlation coefficient measuring the relation of the butter
fat percentages of half sisters with the dam as the common parent 
0.221 ± O.O~, is less than the correlation coefficient measuring the 
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relation of the butter-fat percentages of the half sisters with the sire 
as the common parent, 0,3i4 ± 0.015. The difference, 0.3H -
0.221 = 0.153 ± 0.040, is 3.8 times the probable error and would 
consequently be considered as significant. However, despite the 
probability agrunst random sampling as tbe cause of tbis difference 
in tbe results it is believed tbat random sampling is tbe actual cause 
of the difference. This conclusion is supported by a comparison of 
all tbe coefficients thus far deduced. These coefficients are found in 
table 101. 

These studies on the correlation coefficients have favored a greater 
resemblance between tbe milk yields of the members of the different 

3.$5 
HALf SISTERS' BurrER- fAr PEflCENTAfrES 

FIG. 20. AVERAGE BUTTER-FAT PERCEN'rAGES OF SECOND HALF SISTERS WHEN 

THE BUTTER-FAT PERCENTAGE OF THE FIRST HALF SISTER Is OF A GIVEN 

GRADE 

groups than between the butter-fat percentages of tbe cows of these 
different groups. All coefficients are strictly comparable save that 
for the butter-fat percentages of half sisters with common dam. 
Here, despite the fact that the dam appears from the atber data 
to have equal influence with the sire, the coefficient is slightly lower 
than it would seem it should be. In view of this comparison, ran
dom sampling is indicated as the cause of tbis difference. All cor
relation coefficients agree in showing a fairly marked relation between 
the milk yields and butter-fat percentages of the different groups. 
It will be noted tbat the correlation coefficients for half sisters are 
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less than those for mother and daughter, and for full sisters, agreeing 
with the expectation on the hasis of inheritance of milk yields and 
butter-fat percentages from both sire and dam. 

Before turning to the data on the prediction of the butter-fat per
centage of the second half sisters when the hutter-fat percentage of 
the first half sister is known, it seems well to examine the regression 
lines. Figure 20 shows the raw and fitted regression lines. The 
trend of the majority of the data indicates that the regression line 

TABLE 100 

r ariation and correlation of half sisters' butter-fat percentages omitting the 
record of Lady Riverside Belle 

Mean butter-fat percentage. . . .. . 3, 44±O.O1 
Standard deviation of butter~fat percentage.. . .... O.290±O.OO8 
Coefficient of variation of butter-fat percentage.. . ....... S.42±O.23 
Correlation coefficient for the relation of half sisters' butter-fat 

percentages ..... O.221±O,036 

TABLE 101 

Correlation coefficients for the milk yields of the different groups in comparison 
tvith the c(lrrelalion coefficients of the butter-fat percentages for these groups 

Half sisters, common sire ... 
Half sisters, common dam . . 
Full sisters .. 
Mother and daughter . . 

O.374±O.015 
O.221±O.036 
O.464±O.032 

.... O.413±O.023 

O.362±O.015 
O.il81±O.033 
O.548±O.027 
0.497±O.021 

should be linear. Omitting Lady Riverside Belle the correlation 
ratio is found to he 0.317 ± 0.035. The correlation ratio squared 
minus the correlation coefficient squared is equal to 0.052 ± 0.018 
or the difference is 2.9 times the probable errOr. Considering the 
irregularity of the regression line this agreement of correlation ratio 
and correlation coefficient is quite satisfactory. The dotted line 
represents the regression line found by dropping the ahnormal record 
of Lady Riverside Belle. The observed average butter-fat percent
ages after this record is dropped are shown as sms.ll circles. 
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THE BUTTER-FAT PERCENTAGES OF THE SECOND HALF SISTEltS WHEN 

THE BUTTER-FAT PERCENTAGE OF THE FIRST HALF 

SISTER IS KNOWN 

The equation for the butter-fat percentages of the second half 
sisters when the butter-fat percentage of the first is known is equal 
to: 

B. F. per cent second half sister = 2.684 + 0.221 b. i. per cent 
first half sister (43) 

This equation is the one used in calculating the dotted line of figure 

TABLE 102 

Average butter-jat percentage of a dam's second da11f}hters when the butter-fat 
percentage of the first daughter is known. Hall sisters and full sisters 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
8.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

3.26 
3.28 
3.30 
3.33 
3.35 
3.37 
3.39 
3.41 
3.44 
3.46 
3.48 
3.50 
3.52 
8.55 
3.57 
3.59 
3.61 
3.63 
3.66 
3.68 
3.70 

3.04 
3.09 
3.13 
3.18 
3.22 
3.27 
3.32 
3.36 
3.41 
3.46 
3.50 
3.55 
3.60 
3.64 
3.69 
3.73 
3.78 
3.83 
3.87 
3.92 
3.97 

20. From this equation, table 102 is obtained to show the probable 
butter-fat percentage of a half sister as determined from that of 
another. Similar information for full sisters is repeated because of 
its comparative value. 
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The average butter-fat percentage of the Holstein-Friesian 
Advanced Registry cattle is 3.428 per cent. Examination of the 
above table shows that the butter-fat percentages of the second 
daughters differ only slightly from the average of the breed as the 
first daughter's test increases. Thus when the first daughter's 
test is 2.6 per cent the second daughter's average test is 3.3 per cent. 
When the first daughter's test is 4.6 per cent the second daughter's 
average test is 3.7 per cent or the increase is 0.4 per cent. This 
increase in the test is low in amount. It seems probable from other 
results that it would be somewhat greater if it were possible to obtain 
365-day records on the whole breed. 

If the data for full sisters are contrasted with those for half sisters 
it is to be noted that the record of a first sister predicts the average of 
a second full sister much closer to its own record than it does the 
average of the half sister. To illustrate this point concretely, the 
first daughter's butter-fat percentage is assumed to be 2.6 per cent, 
the full sisters' average butter-fat percentage is 3 per cent whereas 
the half sisters' average butter-fat percentage is 3.26 or in other 
words the average of the full sister is 0.26 per cent of butter-fat 
closer to the first sister than is that of the half sister. This fact holds 
for the high butter-fat percentage as well as for the low butter-fat 
percentage. When the butter-fat percentage of the first sister is 
high, 4.5, the average butter-fat percentage of the full sister is 3.92 
and for the half sister is 3.68 or the full sister is 0.24 per cent of butter
fat nearer the high testing daughter than is the half sister. The 
practical application is obvious. When the breeder finds a mating 
that produces one or more high butter-fat testing daughters let him 
hold to it and perpetuate it by repeating the mating as often as 
possible. On the other hand if the breeder finds his bull giving low 
testing daughters, the bull should be dropped unless there is some 
other good r.eason for keeping him. It is also a question if the cow 
producing daughters which are low testing should not also be dropped. 

VARIATIONS IN THE BUTTER-FAT PERCENTAGES OF HALF SISTERS. 

THE BUTTER-FAT PERCENTAGES BETWEEN WHICH 50 PER CENT 

OF THE SECOND HALF SISTERS ARE FOUND WHEN THE BUTTER

FAT PERCENTAGE OF THE FIRST HALF SISTER IS KNOWN 

The range of butter-fat percentage necessary to include 50 per 
cent of all second sisters when the grade of butter-fat percentage for 
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the first half sisters is known, is given in table 103. This range is 
determined from the data of table 100 by the following formula: 

0.67449 X 0.290 "';1 - 0.221' = 0.191 

From the table it will be seen that a range of about 0.4 per cent of 
butter-fat will include 50 per cent of the second half sisters. As 
noted earlier, the daughters of Artis Belle of Riverside 2D, 

TABLE 103 

The butter-fat percentage of the first daughter and the limit8 between which would 
be found the butter-fat percentages of 50 per cent of the half sisters 

FIRST DAUGHTER'S B{JTTER-FAT PERClIlNTAGIl 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

HANGE OJ!' llVTTEH-jI'AT PltR(;'ENTAGE OF 
50 PER cmNT OF THE: SECOND OAUGllTEU,s. 

3.07-3.45 
3.09-3.47 
3.11-3.49 
3.13-3,52 
3.1&-3.54 
3.18-3.56 
3.20-3.58 
3.22-3.61 
3.25-3.63 
3.27-3.6.1 
3.29-3.67 
3.31-3.69 
3.33-3.72 
3.3&-3.74 
3.33-3.76 
3.40-3.78 
3.42-3.80 
3.44-3.83 
3.4&-3.85 
3.48-3.87 
3.51-3.89 

had butter-fat tests of 2.57, 3.7, and 4.1. Looking up a first 
daughter'S test of 2.6 on table 103 we note that these other half 
sisters at 3.7 and 4.1 would be both outside and above the range which 
should include 50 per cent of the half sisters of a 2.6 per cent cow. 
The question comes up as to how much further out of the range are 
these tests 3.7 and 4.1. The data of the next table assist in 
answering this problem. 
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BUTTER-FAT PERCENTAGES BETWEEN WHICH 99 PER CENT OF THE 

SECOND HALF SISTERS ARE FOUND WHEN THE BUTTER-FAT 

PERCENTAGE OF THE FlltST HALF SISTER IS KNOWN 

Two and fifty-eight hundredths times the standard deviation of 
the arrays gives the range on each side of the average test necessary 
to include 99 per cent of the daughters from any given dam. The 
data for this calculation is taken from table 100. The results are 
given in table 104. 

TABLE 104 

The butter-jat percentages of first daughters and the limits betw6etl which would 
be found the butter-fat percentagf'.8 of 99 per cent of their half sisters 

il'I1t8T DAUGHTEft'2 BUTTER~FAT PElI.CEN'I'AGE 

2.6 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 

RANGE OF Blj"'I"l'Elt-FA'l' Pl'lkC£NTAGIIl OF 
91} PElll CENT OF TlIlil 8BCOND DAUGilTlIlRS. 

HALF SISTBRS. 

2.5&-3.99 
2.5&-4.01 
2.57-4.03 
2.60-4.06 
2.62-4.08 
2.64-4.10 
2.60-4.12 
2.68-4.14 
2.71-4.17 
2.72-4.19 
2.7&-4.21 
2.77-4.23 
2.79-4.25 
2.82-4.28 
2.64-4.30 
2.86-4.32 
2.68-4.34 
2.91-4.37 
2.92-4.39 
2.9&-4.41 
2.97-4.43 

Examination of table 104 shows that the range of butter-fat per
centage necessary to inclUde 99 per cent of the second half sisters is 
indeed large. If we examine this table for the first daughter of 2.6 
per cent of butter-fat we note that a second daughter with a butter
fat test of 4.1 per cent is on the border line or the chance is 99 to 1 
against such a wide deviation. The chance against getting such .. 
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wide deviation as a 3.7 per cent half sister to another testing 2.6 per 
cent is about 10 to 1. Therefore for the two half sisters the chance 
against getting them when their other half sister tests 2.6 pel' cent 
is more than 900 to 1. Here again there is evidence leading to the 
belief that the case of Lady Riverside Belle is exceptional, justify
ing the action taken in omitting her record in the correlations. 

THE DIRECT INFLUENCE OF THE DAM O~ THE BUTTER-FAT PERCENTAGE 

OF HER DAUGHTERS 

The correlation between the butter-fat percentages of daughter 
and dam may be determined from tbe standard deviations of the 
butter-fat percentages in the same manner as that used for the sires. 

The standard deviations of the daughters' butter-fat percentages 
for all dams having three or more daughters are given in table 
105. 

From these data the average weighted squared standard deviation 
is found to be 0.04403. The standard deviation is 0.2098. The 
correction factor for this standard deviation (on account of the few 
individuals from which the individual standard deviations are deter
mined) is 0.7376' or the corrected standard deviation is 0.2845. The 
standard deviation for the whole population is 0.3024. These data 
give the correlation coefficient as 0.34. This correlation coefficient 
is influenced by tbe extreme variation of the daughters of Artis 
Belle of Riverside 2D previously described. If fhe records for these 
daughters are excluded the correlation coefficient becomes 0.39. 
The correlation coefficient by the direct product moment method 
for the butter-fat percentages of mother and daughter is 0.413 ± 
0.023. These results agree rather well. They sbow that in the 
Holstein-Friesian Advanced Registry cattle, the butter-fat percent
ages of the daughters depend on those of the dam. 

The correlation coefficient for the butter-fat percentages of the 
daughter and sire was found to be 0.53. This correlation coefficient 
is probably not significantly larger than the correlation for the rei.". 
tion of the hutter-fat percentages of mother and daughter, 0.413 

t Editorial. 1915. On the distribution of the standard deviations of small 
samples. Appendix: 1. To papers by HStudent" and R. A. Fisher, Biometrika, 
vol. x, pp. 522-529. 

Young, Andrew W. Note on the standard deviation of samples of two or 
three. Biometrika., vol. xi, pp. 277-280. 
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± 0.023, as calculated directly from the yields of the corrected cor
relation coefficient for mothers' and daughters' butter-fat percent
ages or as just calculated for the standard deviations of the arrays. 
Certain points may be noted concerning this difference. The cor-

TABLE 100 

The standard deviations of the butter-fat percentages of the daughters for th08B 
dams which had S or more daughtera 

I S'tANDARD DEHA.TJON I 18TAND.U~D DIIIVlATION 
D.HI'S NUMllER T~~!~;'!.~~~:::A~~8 I DAM'S Nt.'MBER OF DAUGlITERB' BUT-

! TIlR-FAT PERCENTAGIIIJ 

25,173 0.094 I 73,286 0.205 
31,408 0.109 76,684 0.125 
38,802 0.216 77,032 0.205 
46,348 0.450 77,491 0.148 
47,448 0.082 77,777 0.189 
50,657 0.125 78,331 0.125 
51,737 0.001 79,290 0.047 
53,646 0.141 82,444 0.464 
54,125 0.228 84,455 0.170 
54,170 0.170 86,998 0.047 
55,150 0.980 87,301 0.125 
55,194 0.287 90,522 0.125 
62,230 0.130 90,846 0.094 
62,337 0.047 93,789 0.094 
63,667 0.163 98,734 0.292 
64,178 0.205 99,074 0.094 
65,465 0.047 99,086 0.189 
65,882 0.125 100,999 0.216 
66,788 0.141 101,313 0.082 
68,099 0.340 106,688 0.087 
70,231 0.001 106,988 0.556 
70,349 0.3.16 107,842 0.047 
70,427 0.047 108,681 0.125 
71,624 0.216 110,877 0.216 
71,.679 0.162 112,246 0.125 
71,81>0 0.050 120,022 0.141 
71.898 0.170 174,475 0.648 

rected standard deviations of the arrays are practically the same 
0.2845 to 0.2818. The difference lies in the standard deviations 
of the whole population. This standard deviation for the daughters 
of mothers is 0.3024 per cent of butter-fat and for the daughters of 
the sires is (}.3313 per cent of hutter-fat. That is, the population of 
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daughters' butter-fat percentages was less scattered for the mothers 
than it was for the sires. It seems unlikely that this difference 
would be found to hold true for the whole population of Holstein
Friesian cows. On the basis of these facts it seems desirable to 
await other data, now being analyzed, before attempting to inter-

TABLE 106 

Correlation surface showing the relation of the butter-fat percentages of half 
sisters. Common dam. 

HAl;!" 8ISTERS' I HALF SISTERS' BUTTItR-FAT PERCENTAGES r" !I, --'~~I~~I~~I~\I~ti~tl!r T 
~: ~ 1 3 ; ~I d !, i 1 ~ 2 1 1 !~ 
3.1 2 6 4 5 71513 3 \ 1 36 
3.2 1 6 5 6\914 9\ 6 3 1 1 3 2 1 67 
3.3 1 2 4 7 916

1
14\9 8 5 1 2 78 

3.4 1 1 1 5 51414

1

121410 5 1 1 1 85 
3.5 1 1 3 9 914 8 1 1 3 4 1 1 1 57 
3.6 1 3 6 810 1 2 6 1 1 39 
3.7 1 1 2 3 5 5 1 6 2 1 2 2 31 
3.8 1 1 1 3 1 1 1 9 
3.9 2 1 1 4 2 8 1 1 20 
4.0 1 1 3 2 1 1 2 1 12 
4.1 1 1 1 3 
4.2 2 1 1 1 5 
4.3 1 1 1 3 
4.4 
4.5 1 1 

4.&-4.7 

pret these possible differences between the sire's and dam's influence 
on the butter-fat percentage of their offspring. In any case the 
conclusion is justified from a comparison of these resuits that the 
sire and dam both playa large part in determining what the butter
fat percentage of their offspring will be. 
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SUMMARY 

This paper presents a study of the butter-fat percentages of those 
Holstein-Friesian Advanced Registry cattle which are out of the 
same dam but by different sires. 

These results show that the butter-fat percentages of the half 
sisters are dependent on each other to a certain degree. The correla
tion coefficient measuring the degree of this dependence is 0.221 
± 0.036. This correlation coefficient is the smallest correlation 
coefficient yet found for the relation of either milk yield or butter
fat percentage between sisters or between daughters and their 
parents. 

The variation of the half sisters' milk yields is presented both as a 
whole and for the limits of 50 and 99 per cent of the population. 

The correlation corfficient for the butter-fat percentages of mother 
and daughter is calculated from the daughters' butter-fat percent
ages. The resulting coefficient 0.39, furnishes further proof of the 
dependence of a cow's butter-fat percentage on that of her mother. 



CHAPTER XVII 

ON THE REL..\.TION BETWEEN THE MIUK YIELD OF THE DAUGHTEll 

AND THE BUTTER-FA.T PERCENTAGE OF THE DAM OR BETWEEN 

THE BUTTER-FAT PERCENTAGE OF THE DAUGHTER AND 

THE MILK YIELD OF 'l'HE DAM 

The assertion is frequently made that a high milk yield means a 
low butter-fat percentage and a low milk yield a high butter-fat per
centage. As shown earlier, there is little basis for this remark where 
the individual Holstein-Friesian cow is concerned, the correlation 
being so small that casual inspection would probably pass it by 
unnoticed. For some of the other breeds, particularly the Channel 
Island breeds, such a relation exists.1 The question naturally arises 
as to whether there is any cross-association between daughter and 
dam, for these variables-milk yield of daughter and hutter-fat 
percentage of dam, butter-fat percentage of daughter and milk yield 
of dam. Such an association would not be expected on inheritance 
grounds unless the linkage between the factors causing the increase 
or decrease of the two characters were very close, if not absolutely 
the same. If the linkage is as tight as this, the cross-correlations of 
daughter's and dam's records should be very large and negative in 
size. The succeeding tables show these correlations. 

Another point arises in this connection-the influence of environ
ment on the record of the individual. Data have been presented to 
show the large correlations which exist between the milk yields of 
daughter and dam and between the butter-fat percentage of daughte, 
and dam. If these correlations are due to care, feeding, in other 
words, environment, it would be supposed that similar correlations 
would be found for the cross-correlations, that is, for the milk yields 
with the butter-fat percentages of daughter and dam. The absence 
of such correlations is a strong point in the argument that the environ-

1 Gainea, W. L., and Davidson, F. A. 1923. Relation between percentage 
fat content and yield of milk. Illinois Agri. Exp. Station, Bul. 245, pp. 577-
621. 
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ment has had relatively little effect on the results herein presented. 
Table 107 gives the correlation surface for the relation of the milk 
yields of the daughters with the butter-fat percentages of the dams. 

The correlation surface for the relation of the butter-fat percentages 
of the daughters and the milk yields of their dams is given in 
table 108. 

TA13lli 10i 

Correlation surface shoun'ng the relation between the milk yields of the daU{/hters 
and the butter-fat percentages of the dams 

::$" 111 II ' I ! I I "'I'Ti'I'i'~"! I I 1111 I!II 
I§I§ g gi§l§'l§i g:g g,g,g:8'~'BI~I§'§'§ 1< 8 gig § 

2 t~ 7 [~I~i~!I""I~~~I~!1~!:I~ri'I"rI1'll'f'IIE:!E:: 
;:~ I ) :1 11 1'1 2 11 ! 3! 1[ I \ 2[ ~I' 11 III 1

5 

3.0 1/21114' 2 3
1

7.[6! 7! 3, 5 21 Ii 1 ,1, 1, 1 [I 47 
3.1 2[' 31 51 4[ 5, 6 8 4' 4j 3 6'1 IIi III 11 54 
3.2 3 2 4 4 6 6 9131 31 7

' 
11 3[1 7 41 [I 2, 1 1 68 

3.3 114
1 

4116181141 9[10

1

10'1 9 6, 51 4[ zI 3, III 2 1 100 
3.4 1 1 2 6 4

1

10 6'110 5 9 5 3: 3, 2 4 I 3 2 4 1 81 
3.5 1 1 3 4, 5 91 7 7 7\5

1 
8 3 1 2 2 1 66 

3.6 1 1 2 2, 3 2 6' 2 3 4 7 4. 4 1 3 1 2 48 
3.7 I 1 2 3 2 2 7 1 4 4 5 4 1 3 39 
3.8 2 1 3 1 2 3 1 2 3 1 1 1 2 1 1 25 
3.9 2 1 1 3 2 6 1 1 3 1 21 
4.0 1 1 2 1 1 1 1 1 9 

4.1 \ 1 2 2 1 2 1 1 1 11 
4.2 1 1 2 1 5 
4.3 1 1 1 1 4 

4 4-4.5 2 1 1 4 

---~ -;1-;;~I;I;,~,48,66~,;:~48I32;,;;;,"i5~,~1-; 211611 

The means, standard deviations, and coefficients of variation for 
these cows are repeated from the previous tables on these data. 
The correlation coefficients are new. • Table 109 presents these data. 

Figure 21 shows the regression lines for table 107 and figure 22, 
the regression lbles for table 108. 
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Table 109 and figures 21 and 22 make it clear that there is no rela
tion between the milk yields of the daughters and the butter-fat 
percentages of their dams. The correlation coefficient is even less 
between the butter-fat percentages of daughters and the milk yields 
of the dams. Thus the popular notion that high milk yield spells 

TABLE 108 

Correlation surface showing the rdation between the butter...Jal percentages of the 
daughters and the milk yields of the dams 

DACGHTER'S 
BUTTER~FAT 

PERCE:'"TAGl'l 

2.6-2.7 
2.7 
2.8 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 
4.0 
4.1 
4.2 
4.3 
4.4 

4.&-4.6 

1'1 I ill I I :'1"111'[ I I 'I'! i ~1~1~I~ig_I~'~ ~'g_ 8, 8. 8.1!H ~IU ul~ i 
~ ~ ~Irl~i~ :~I~~~~££££~££l~£: 

I 
III 11 1 1 1 1 7 

1122\3122 1 15 
13\517573351 41 

1 I 1 217 61s' 3
1 

2 7 3 I 5 5 2 I 1 1 1 1 59 
1 2 6 317 3 8 8 7 3 4'1l 4 2 2 1 72 

31061314413917560 1 86 
1 2 4 519121 4 4 9 410 4 513 1 3 5 2 87 

1 1 4 4 3' 5 7 8 6 8 6 4 1 2 5 1 1 67 

11456[5483431531122 58 
11122219535422211 43 

1 1 1 3 1 1 I 2 1 I 1 14 
111122221 1121 18 

21414111 15 
1 1 1 1 I 1 1 7 

2 1 1 1 5 
1 2 1 1 1 6 

----1------------------ -
5 8153642,6740(59166)56,5134,43281151410 7 7 6 1 1 Gil 

low butter-fat percentage seems to have but slight foundation in so 
far as these relations may be transmitted from dam to daughter. 

The lack of any correlation between the milk yields of the daughters 
lind the butter-fat percentages of the dams and vice versa is impor
tant in interpreting any possible influence of environment on the 



45 

t----p. 
V 

5 ----
1\ A /'. > ~ il -- '- \'V rv'''-

«> 
\" 

IDSOO IS 6 00 22500 28500 34S/X) 
DAUG-HTER'S MILK YIELD. 
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relation of the milk yields of daughters and dams or the correlation 
of the butter-fat percentages of daughters and darns. These correla
tion coefficients were both rather large, 0 .4 and 0.5. If this correla
tion was largely aC{lounted for by heterogeneity in care and feeding, 
SaIne pairs having larger milk yields because of better care than iR 
given other pairs, then similar relations would be expected to exist 
for the cross-correlations. Since these cross-correlations are prac
tically zero it appears a justifiable conclusion that the environment 

TABLE 109 

Cotu3tants for the van·alion and cross-correlation coefficients for the milk yields 
and butter-fat percentages of the daughters and their dams 

Mean ... 
Standard deviation .. 
Coefficient of variation . . 

Mean .... 
Standard deviation .. 
Coefficient of variation ... 

Daughter 

. . . . . . I 
I 

Dam 

.. ·1 ... 

19,604±1I3 
4,132±80 
21.1±O.4 

18,803±l09 
3,986±77 
21.2±0,4 

Correlation coefficients 

Daughter'SlUilk yield and daro's butter-fat percentage . . 
Dti.ughter's butter-fat percentage and daro's roilk yield .. 

I lJIT1'1"EIil~FA.T 
! Pf;I\CEN"'l'AOIll 

3.44±O.Ol 
O.311±O.Ol 

9.0±O.2 

3,45±O.01 
O.318±O.Ol 

9.2±O.2 

O.070±O.027 
O. 034±0. 027 

has had a relatively insignificant influence on the correlation of the 
records of daughter and darn. In fact heredity appears to be the 
large element in the control of milk yield and butter-fat percentage. 

SUMMARY 

This chapter treats of the relations between the milk yields of the 
daughters and butter-fat percentages of dams or between the butter
fat percentages of the daughters and the milk yields of the dams. 
The correlation coefficients of these cross-relations are practically 
zero. In view of this fact, the popular fancy that high milk yield 
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means low butter-fat percentage finds no substantiation for the rela
tions between daughters and their dams. The lack of any correla
tion further tends to support the view that heredity is the large ele
ment in the productivity of the cow) for if environment were a large 
factor we should expect at least a significant correlation for these 
cross-relations. 



CHAPTER XVIII 

ASSORTIVE J\1ATING IN THE HOLSTEIN-FRIESIAN BREED 

Before the time of most of the present day breeders of dairy 
eattle, the principle of selection was put forth as a guide to be fol
lowed by the successful stock man. This principle applied to the 
milch cow is more complicated than when it is applied to beef 
cattle because of the fact that an actual test of the milking quali
ties can be made only for the female offspring. This complication 
greatly handicaps the dairyman. Selection of a sire before he has 
offspring may be based on his dam's record, on his sisters' records, 
or if it is so desired on the records of ancestors further back. In 
this section all the data pre.ented will relate to the sire's dam's 
record. The chapter does not pretend to develop any new prin
ciple. It is merely taking stock of an old one, of the progress made, 
and of the possibilities of accomplishment. Some information on 
this point is desirable for at least two reasons. The first is that if 
ass~rtive mating is of frequent occurrence in our breeds of dairy 
cattle it will seriously influence the constants presented in the pre
ceding chapter. Again it is frequently asserted that certain of the 
more careful breeders have been practicing selection in their herd. 
To one investigating this problem the question naturally comes 
up as to whether or not this statement is true. 

THE SELECTION PRACTICED FOR MILK YIELD 

If the selection is operative it must do several things. The sire's 
dam's record should be higher than the rest of the breed. To be 
effective for the individual breeder the record of the sire's dam would 
be larger than the record of the cows to which the sire is bred. Study 
of the Holstein-Friesian 365-day records shows that the average 
record of the sire's dams for the 124 cases available was 20,024 
pounds age-corrected milk. The average of the records for the 
cows to which the sire was bred was 19,395 pounds of age-corrected 
milk, a difference of 629 pounds of milk in favor of the sire's dams. 

267 



268 MILK SECRETION 

This difference is in the right direction, but is too small in amount 
to accomplish the results desired. There is practically no differ
ence in the butter-fat percentage of the sire's 'dam and the cow to 
which he is hred. The averages are 3.48 and 3.46 respectively. 
These differences are not so large as they would be expected to be. 
The data for this comparison are taken from table 110. 

The correlation suriaces from which these constants are derived 
are given in tables 111 and 112. 

Table 110 shows that the mean milk yields of paternal grand
dams and dams do not differ significantly from each other. The 
standard deviations of the paternal granddams' and dams' milk 

TABLE 110 

Average milk yields and constants of variation faT the paternal granddams' and 
the dam,<;' milk productions and butler-fat percentages 

Mean milk yield . .. 
Standard deviation of milk yield .... 
Coefficient of variation of milk yield . 
Correlation coefficient between the milk 

yields of dam andpat.erna,l granddam ... 

I 
19,395±256 
4,223±181 
2l. 8±l. 0 

Mean butter-fat percentage.. 3.48±O.02 
Standard deviation of butter-fat perr.entage. O.350±O.015 
Coefficient of variation of butter-fat percent-

age...... lO.l±OA 
COFrelatioD coefficient between the butter-fat

j percentages of dam and paternal granddaro 

2O,024±2b7 
4,236±181 
2l.2±l.O 

O.142±O.059 
3.46±O.02 

O.320±O.014 

9.2±0.4 

O.OOl±O.061 

yields are practically the same. The coefficients of vari.ation are 
also practically the same. The correlation coefficient between the 
milk yields of the paternal grand dams and the dams indicates a 
a slight. selection. Thus, while it is true that some selection is 
going on, this selection is not so great as first thought wonld sug
gest. It seems probable that if it were more Bevere it would be 
for the best interests of the breed. The severity of the selection 
may best be shown by the following example. A sire is purchased 
for breeding to certain cows. The sire's dam has a record. If the 
selection is severe it would be expected that the better the cow's 
records the better the sire's dam's record ought to be; for it does 
not seem .as If any breeder would want to breed a 25,OOO-pound 
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cow to a bull whose dam had a record of but 15,OOO-pounds. The 
average production of the paternal granddam for each grade of 
milk production for the dam may be obtained from the regression 
equation as derived from table 110. This equation is: 

Sire'$ dam's milk yield = 17264 + 0.142 dam's milk yield (44) 

Figure 23 gives the comparison of the raw means with the average 
milk yield as derived from this equation. The average milk records 

TABLE 111 

COTrelation surface for the relation of the milk yields of the paternal granddam 
and the dam 

DAM'S MILK TIELD (POUNDS) 

PATEItNAL 
GRANDDAW'S 1I.ILK 

YIELD (POUNDS) il~I~I~ ~ ! 'II, I !I!I!I~ I II, ! ! I I, 
-12-'-r-!-:L-;0-,000--I--I-I-i-H-l~-I-~~~11-~II------- /3: 

15,000 I 
16,000 2 1 1 3 6 1 1 3 3 1 1 23 

~i:E 4: : : 2 ~ I ~ >: 1~ 
20,000 1 2 2 1 1 3 3 2 1 1 17 
21,000 I 1 1 1 3 2 1 10 
22,000 2 1 1 2 6 
23,000 2 2 1 1 6 
24,000 
25,000 
26,000 
27,000 1 2 1 1 

::::::~ 1 1 1 1 111 2 
30,000-31,000 1 

-----+1-1-52-;; 712-;;5«713812786 

2 
1 
7 
5 
3 
1 

2 1 21 124 

for the sire's dam and the cows to which the sire is bred are shown 
in table 113. 

Table 113 shows a small difference to exist between the milk 
yield of a sire's dam wben he is bred to lO,OOO-pound cows and the 
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milk yield of a sire's dam when he is bred to 30,OOO-pound cows. 
On this basis the sires bred to high milking cows are slightly bet
ter than those bred to low milking cows. The difference is not 
very marked. Thus the dams of sires bred to 10,OOO-pound cows 
had an averge production of 18,687 pounds of milk whereas the 
dams of sires bred to 30,OOO-pound cows had an average production 
of 21,533 pounds, or the difference in favor of the sire's dams bred 

TABLE 112 

Correlation 8urface for the relation of the b1ttter-fat percentages of paternal 
granddam and dam 

DAM'S BmE'~FAT PEBCENTAGE 
GRANtlDAlI'S 

BUTTER-FAT PERCENT.4-"E) 

~I" I 1 + +I~ "I.,I~ (PATERNAL) 
~ ~ ~ e<J : : Q -...... -1--~~-2.7-2.8 1 2 3 

2.8 
2.9 1 1 1 2 1 

211 
6 

3.0 1 31 1 1 9 
3.1 2 1 1 3 1 2 1 11 
3.2 1 3 2 1 1 2 10 
3.3 1 2 1 1 3 3 1 12 
3.4 2 1 1 1 1 1 1 1 1 1 1 12 
3.5 1 6 1 1 3 3 1 1 1 18 
3.6 1 2 1 5 1 2 1 1 3 17 
3.7 2 1 1 1 1 1 1 8 
3.8 2 1 1 5 9 
3.9 2 1 2 5 
4.0 1 1 2 
4.1 
4.2 
4.3 1 1 

4.4-4.5 1 1 

611011151;-;;~IM12 ~-;I-I~ 
----~-

5 3 1 22 1 124 

to the 30,OOO-pound cows is only 2846 pounds of milk. If there 
were no selection practiced within the breed the averages of the 
dams of the two sets of sires would be the same. Since the differ
ences are so nearly the same the selection of sires is not severe. 

This point is illustrated in figure 23. The raw mean milk yields 
of the paternal granddams for each grade of milk yield of the dams 
are irregular, covering quite a large range. There is a slight upward 
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trend to these average yields. This is shown by the line derived 
from the equation to these raw average yields of tbe paternal grand
dams. 

The variation in production of the sire's dams is also large in 
amount. Thus the range of milk yield necessary to include 50 

" ~~500'r-Tt--r4--------------~-----+--~--+-----~_l 
" ~ 
<l 

'" ~ 
17$QO'r--t+------------------~------------------f__l 

yftLD 

FIG. 23. AVERAGE MILK YIELD OF PATERNAl. GRANDDAM FOR EACH GRADE: 

OF MILK YIELD OF 'l'B:E DAM 

TABLE 118 

Milk records of the sire'a dam and the milk recorda of the COW8 to which the 
Bire is bred 

bAV.'S lULK TlmoD 

10,000 
14,000 
18,000 
22,000 
26,000 
30,000 

GlU.NDDAM'S (SIBil'S SIDIIl) IIlILlt YlmoD 

18,687 
19,256 
19,825 
20,395 
20,964 
21,533 

per cent of the sires' dams for those sires bred to cows of 10,000 
pounds production is from 15,859 to 21,515 pounds, or the range 
is over 5,000 pounds. A similar range exists for the dams of the 
sires bred to cows of higher milk yield. The range of production 
necessary to cover the majority of the sires' dams' milk yields for 
II given grade of dam to which the sire is bred is large indeed. In 
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fact, the range is large enough to cover practically the whole of the 
nonnal range of milk yield as it is found in Holstein-Friesian Ad
vanced Registry cows. These facts substantiate the conclusion 
that, while some selection of the sire on the basis of his dam's record 
is going on in the breed, this selection is not at all severe. From 
the results obtained in a study of the milk records of the daughters 
of such sires it is clear that the sire's grandmother plays her part 
in causing the granddaughter's milk yield to be high or low. For 
the breeder who has cows milking say 14,000 pounds it is fine for 
him to have a sire whose dam is in the 25,OOO-pound class. On the 
other hand for the breeder who has 22,000-pound cows, it is not 
80 desirable to breed them to a sire whose mother's production is 
14,000 pounds, if one is able to judge by the milk yields of the 
daughters. 

THE SELECTION PRACTICED FOR BUTTER-FAT PERCENTAGE 

The data in table 110 show that there is little or no selection 
practiced for sires which have dams of high or low butter-fat per
centage. That is, the average butter-fat percentage of the sire's 
dam is practically the same in average amount no matter what this 
sire's mate may have for her butter-fat percentage. Table 114 
shows the averages of the butter-fat percentages for the sire's dams 
for each grade of butter-fat percentage for his mate. These averages 
are derived from a regression equation as determined from the data 
contained in table 110. 

The differences between the sire's dam's average butter-fat per
centage are so slight as to be negligible even for the extreme grades 
of butter-fat percentage of the cows to which the sire was bred. 
There has consequently been practically no selection of the sire's 
dams for their butter-fat percentage, the sire's dam having the same 
average butter-fat percentage whether the sire was bred to cows 
whose butter-fat percentage was 2.6, 4.6 or anywhere within this 
range. Of course the ·sires' dams vary in butter-fat percentages. 
This variation is about the same for all groups. To include 50 per 
cent of the sires' dams a range from 3.3 to 3.7 per cent of butter
fat is necessary. The range necessary to include 99 per cent of 
the cows covers that for practically the whole breed, that is, 2.6 
to 4.5. . 
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These results give concrete data on what is happening in the breed
ing operations of one breed. The results are believed to be based 
on all cows which had 365-day records up to volume 31 of the t\d
vanced Regi~ter. They are essentially the same as the results from 
a similar study of the Jersey breed. Taking the breeders as a whole 
there is concrete evidence to support the contention that a selection 
of sires on the basis of their dams' record is actually taking place. 
The data further shows that a man who owns high milking cows 
selects his sire on the basis of a higher record for the sire's dam than 
does the man who has low milking cows. There is room for improve
ment in both of these directions. The sire's dam's production is 
indicative of the granddaughter's milk yield. Consequently, the 
higher this production, the better the chance that the granddaughter 
will herself produce higher than the average of the breed. 

TABLE 114 

Butler-fa.t percenta.ge of the 8ire'8 dam and the butter-fat percentage of the cows 
to which the 8ire is bred 

v.ur's Bl:"1"1'!lR-FAT PERCENTAGE 

2.6 
3.0 
3.4 
3.8 
4.2 
4.6 

3.5 
3.5 
3.5 
3.5 
3.5 
3.5 

There is no evidence in the data for any selection of sires on the 
basis of their dams' butter-fat percentage. Butter-fat percentage 
is transmitted just as truly by the grandmother to her granddaughter 
as is milk yield from the grandmother to her granddaughter. There 
appears to be opportunity for further progress here. 

THE RELATION BETWEEN THE MILK YIELDS OF THE PATERNAL AND 

MATERNAL GRAND DAMS 

Another measure of assortive mating is the relation which exists 
between the milk yields of the two granddams--paternal and ma
ternal. If assortive mating is present the sires which have parents 
of high milk yield should be bred to cows which have mothers of 
high milk yield and vice versa. Data on this point are surprisingly 
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scarce when it is limited to those cows which are in the Advanced 
Registl}' and which have their two grand dams with Advanced 
Registry records. Tables 115 and 116 show the correlation surfaces 
for milk yields and butter-fat percentages of the paternal and 
maternal granddams. 

Table 117 shows the constants derived from tables 115 and 116, 

TABLE 115 

Correlation surface for the milk yields oj the paternal and maternal granddams 
in the Holstein-Friesian Advanced Registry 

MATERNAL GRANDDAM'S MILK TIEL)) 

P,~TIlRNAL 

i ~I§. § 8
1
8 

~ GRANDI)A.!II'S M:ILll: 
YIEl-D 

~~ g g H §8 ~I§· ~I~ H S;;'~ ~~ !:"~ g g/;f g:g: 11; Ii Ill': ----I- ---
12,000-13,000 1 1 I 3 

13,000 1 I 
14,000 I I I 3 
15,000 I I 2 
16,000 3 1 1 2 1 8 
17,000 
18,000 1 I 1 1 1 5 
19,000 1 I 1 3 
20,000 1 2 2 3 I 9 
21,000 2 2 4 
22,000 1 1 
23,000 1 1 
24,000 
25,000 1 1 
26,000 
27,000 I 2 

11 I + 
4 

28,000 1 2 5 
29,000-30,000 -;~h-; I I 

1-;--; ---- ----
2 1 5 3 3 2 3 2 1 2 1 2 51 

The average milk yields, standard deviations of milk yield, and 
coefficients of variation of the paternal and maternal granddams 
do not differ significantly from each other. It will be noted that 
the milk yield of the paternal granddam is about 800 pounds more 
than that for the maternal granddam. When the number of bulls 
needed is ve~ much less than the number of cows needed, it would 
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TABLE 116 

Correlation surface for the butler-fat percentage8 of the paternal and maternal 
granddams in the H olstein~Friesian Advanced RegiRtry 

=::11:1, I ~'I"";"IT""i'i"'1 I" I 

.:~.:., , ,_:_ -'-II : I: -'- : II' , : i ~ I ;-

3,1 1 1 

U 1 : 1 !! ; I I; ~ 
3,5 1 2 1 2 1 1 1 9 
3,6 1 1 1 2 1 1 7 
3.7 I 1 1 1 3 
3.8 2 2 
3.9 1 1 
4,0 1 1 
4,1 
4.2 

4.3 1 I 1 

~I~I-~~ --;-~I~ --;-~+-;12r;- 5: 
TABLE 117 

Averages} constams of variation} and correlation coefficients for paternal and 
maternal gratuldams' milk yields and butter-fat percentages 

PATE!i!N.lL 
GRANI)DAM 

-----------~-~.---

Mean milk yield .. 
Standard deviation of milk yield .... 
Coefficient of variation of milk yield .. 
Mean butter~fat percentage .... 
Standard deviation of butter-fat percentage .. 
Coefficient of variation of butter-fat percentagei 

20,245±455 
4,822±322 
23,8±L7 
3A8±Q,Q3 

Q, 335±0, 022 
9.6±Q.6 

19,422±446 
4,727±316 
24.3±L7 
3,38±Q,Q2 

O,259±O.0l7 
7.7±O,5 

Correlation coefficient for the relation of the pa.ternal and mater-
nal granddams' milk yields. . . . . . . .. O. 296±0. 086 

Correlation coefficient for the relation of the pa.ternal and mater-
nal granddams' butter-fat percentages.. . O.O4O±O.094 
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seem as though the bulls with much higher producing paternal grand
dams would be selected more frequently. As it is now, scarcely 
any selection in this regard is in progress for the 365-day Advanced 
Registry records. The correlation coefficient for the sires' dams' milk 
yields with the maternal dams' milk yields is significant. This in
dicates that there is a tendency to breed the cows with good produc
ing mothers to the bulls with good producing mothers. The data 
are too few to make this more than a tentative conclusion. 

The butter-fat percentages of the paternal granddams are slightly, 
although not significantly, more than the butter-fat percentages of 
the maternal grand dams. The standard deviation and the coeffi
cient of variation of the paternal granddams are more than the 
standard deviation and the coefficient of variation of the maternal 
granddams. These differences are large but because of their large 
probable errors are not significant. The correlation coefficient for 
the butter-fat percentages of the paternal and maternal granddams 
is small and not significant. Thus there is no tendency to mate 
cows with the high butter-fat testing dams to bulls with high butter
fat testing dams. In other words, there is DO assortive mating for 
butter-fat percentage. 

These results substantiate the others presented for the sire's 
dam and the cow to which the sire was bred. There is assortive 
mating for milk yield to a slight degree but there is no assortive 
mating for butter-fat percentage. In ternlS of selection there is 
some slight attention paid to the milk yield of a sire's dam in com
parison with the milk yield of the cows to which he is going to be 
bred and to the milk yields of the dams of the cows to which he is 
going to be bred. This selection is far from stringent. There is 
no selection for butter-fat percentage. 

SUMMARY 

The evidence herein presented shows that there is a slight degree 
of aasortive mating for milk J~eld and no aaBortive mating for butter
fat percentage in the Holstein-Friesian breed. The specific evidence 
is: 

1. The milk yields of the paternal granddams are somewhat ahove 
those of the cows to which the sire is bred. 

2. There is a small correlation coefficient between the milk yields 
of the sires' dams and the COlvS to which the sires are bred. This 
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correlation i. plus indicating that the sires with dams of slightly 
better milk yield are bred to cows which have slightly better milk 
J-ields. 

3. The butter-fat percentages of the sires' dams are slightly less 
on the average than the butter-fat percentages of the cows to which 
they are bred. 

4. There is no correlation between the butter-fat percentages 
of the sires' dams and the butter-fat percentages of the cows to which 
these sires are bred. 

5. A small correlation exists between the milk yields of the sire's 
dam and the milk yields of the dam of the cows to which he is bred. 

6. No correlation exists between the butter-fat percentages of 
the sire's dam and the butter-fat percentage of the dam of the cow 
to which he is bred. 



CHAPTER XIX 

THE RELATIVE INFLUENCE OF ENVIRONMENT AND HEREDITY ON 

THE MILK YIELDS AND BUTTER-FAT PERCENTAGES 

Milk production is a quantitative character. It varies from cow 
to cow and from lactation to lactation even for a single cow. But 
even with this variation, milk produrtion curves are of rather uniform 
type, definite range, and shape. For anyone individual the range of 
milk production is limited within fairly narrow bounds. To those who 
are breeding dairy cows or those who are interested in the solution 
of dairy breeding problems the question naturally arises, ""'~hat 
limits the production of anyone cow?" In last analysis the position 
of anyone cow in this variation Clll'lre depends on two variables: 
environment, in its effect on growth, development, and testing of 
dairy cows; and heredity, in that at the beginning of the cow's 
existence she receives from her sire and dam the elements for milk 
production. Heredity) then, is the basic element which can be 
changed at the will of the breeder only by changing the parents and 
producing another cow. The environment on the other hand is 
a thing by which the breeder can materially influence milk 
production. 

In this paper an attempt will be made to measure the relative 
influence of these factors on milk yield. The environment is that 
of the Advanced Registry test. While such an environment is 
quite variable it is probably not quite so variable as would be found 
by taking the herds throughout the country as a whole. 

The problem may be considered from this angle. The cows 
composing the Advanced Registry are scattered over the country. 
They are grouped into a herd here and a herd there. These cows 
differ in production. These herds may differ in production. Thus 
a herd in ~:raBsachusetts may differ from one in Maine in its milk 
yield. For the sake of comparison the Maine herd's average milk 
yield may be 20,000 pounds and that for Massachusetts may be 
16,000 pounds. The difference of 4000 pounds may be due to 
better feeding, to better care, to hetter location, in fact to any or all 
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of the environmental factors influencing milk yield; or it may be 
due to better sires Or dams which gave birth to the animals compos
ing the herd, in short to heredity. It is possible to differentiate 
such herds. When they are so differentiated the relative part played 
by heredity and environment in the milk yields may be determined 
as follows: The combined influence of these two variables may be 
measured by correlating all the individuals within the herd for all 
the herds and without regard to pedigree. In this way a measure 
is obtained of the place-influence on milk yield. If, now, this 
place-influence is due to environment it ought to influence all ani· 
mals alike. The average milk yield of the unrelated cows ought 
to be a satisfactory measure of the influence of feeding and other 
variable elements of the environment} for the successful feeder ought 
to be able to raise the milk yields of unrelated cows as readily as 
those which are related. If, then, the three possible combinations 
of correlations are obtained, for example the correlatioil of the milk 
yields of each full sister, and the correlation of the milk yields of 
each full sister with the average herd production of thc unrelated 
cows, we are in a position to determine the relative influence of the 
three variables. For the correlation of the full sisters' milk yields 
measures the combined influence of environment and heredity) and 
the two other correlations measure the effect of the feeding and care 
in raising one herd's average above that of another. The influence of 
heredity may then be determined by the partial correlation coeffi
cient for the milk yields of full sisters for a constant milk yield for the 
herds from which they came. It is obvious that in considering any 
particular pair of relatives, we are by no means considering the in~ 
iluence of the whole heredity, but only such influence a.s the common 
parents can transmit. On the other hand the whole envITonmental 
influence which tends to jointly influence the milk yields of the two 
relatives is examined under environment. 

THE DIFFERENTU TION EXISTING FOR HERD MILK YIELD 

There are 74 herds with more than ten yeady record cows. The 
average milk yield of these cows is 19,519 pounds. The standard 
deviation for milk yield is 4069 pounds. The average butter-fat 
percentage is 3.44 per cent and the standard deviation is 0.310 per 
cent. These data are closely similar to those of the Advanced Regis
try taken as a whole. The average milk yields of these herds range 
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from 15,033 to 25,800 pounds of milk. The range of butter-fat per
centage is from 3.15 to 3.95 per,cent. If the herds are differentiated 
either because of environment or heredity or both we should find 
" correlation between the milk yields and butter-fat percentages 
of the cows composing these herds. To illustrate, if a cow comes 
from the herd of a very careful feeder and the cow's milk yield is 
large because of this feeder's skill, then other cows coming from this 
herd should have their milk yields raised because of their feeder's 
skill. In other words, the milk yields of the cows composing such 
a herd should be correlated with the management of the herd. In 
the same way, if a herd's average milk yield is due to the influence 
of one bull, and if the bull's heredity is such that he causes his 
daughters to have a high milk yield, then the cows' milk yields in 
this herd should be correlated beeause of this heredity. If both 
of these combinations are at 'work on the milk yield, the final yields 
will be determined by this joint reaction. The correlation ratio 
for the milk yields and herds is 0.603 ± 0.011 and for the butter-fat 
percentage is 0.490 ± 0.013. The herds of the country are conse
quently differentiated as to yield. There is a high degree of rela
tionship between the herds and the milk yields or butter-fat per
centages of the individual cows in them. Figures 24 and 25 show 
the average milk yields and butter-fat percentages of the different 
herds arranged in !l.'3cending order. Table 118 gives the means, 
standard deviations, and correlations noted above. 

Table 118 shows that a large correlation exists between the milk 
yields or butter-fat percentages of cows and the herds from which 
they come. As noted elsewhere this correlation may be due to en
vironment, or to heredity, the environment within a herd tending 
to he more constant than between herds and the cows composing 
the berd frequently having much in the way of common heredity 
due to the use of a single bull and the same dams. The problem 
now becomes one of differentiating the influence of these two varia
bles. This problem may be approached through the following chan
nel, making the !l.'3sumption that all animals without regard to hered
ity are equally responsive to enviromnent. I determined the mean 
milk yields and butter-fat percentages of those cows within a herd 
which are neither full nor half sisters'. These averages should meas
Ure quite accurately the influence of enviromnent on the milk yield 
or butter-fltt percentage, for, iii! has been shown earlier, the grand-
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parents have only a relatively small effect on the productivity of 
their granddaughters, and the generations further removed have 
even less effect. With this information the partial correlation 

FIG. 24. AVERAGE ADVANCED REGISTRY MILK YIELl>S OF THE 74 HERDS CON

TAINING 10 OR MORE Cows 

The records are arranged according to yield 

FIG. 25. AVERAGE ADVANCED REGISTRY BUTTER-FAT PERCENTAGE 010' THE 74 

HERDS CONTAINING 10 OR MORE COWS 

Tbe recorda are arranged according to the butter-fat percentage 

method offers a means of solving the problem before us. If we 
correlate the three variables, milk yield of one siBter with the milk 
yield of another, the milk yield of the full sister with the average 
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milk yield of the unrelated cows in the herd from which they came, 
and the milk yield of the other full sister with the milk yield of the 
unrelated cows! in the herd from which she came, we are then in 
a position to determine the relation of the milk yields of full sisters 
for a constant milk yield for the herds from which they came (con
stant environment as measured by its effect on milk yield). This 
coefficient gives a measure of the heredity, divorced from environ
ment, in determining the milk yield of the cow. The correlation 
of one sister's milk yield with the average milk yield of the unrelated 
cows of the herd, should be the same as the correlation of the other 
sister's milk yield with the average milk yield of the unrelated cows 
of the herd. In obtaining this coefficient only the one calculation 

TABLE 118 

Means and standard deviations of milk yields and butter-fat percentages of 14-
herds containing 10 or more Advanced Registry cows. Correlation ratios 
showing the relation between the herds and the milk yields and butter-fat per
centages of the cows coming from them 

, Dl!:YIATION 

CORRELATION RATIO 
FOR HERDS .AND 

PRODUCTIVE 
CAP.ACITY OF 

COWS CONTAIN"ED 

VllARACTERSCORREL.!.TEI) I: .YE.\~' I STANDARD 

------~!------ ----~I-----
Milk yield 74 herds .. / 19,519 I' 4,069 15,033-25,800 0.603±O.01l 
Butter-fat percentage 

74 herds ............ 
1 

3.44 0.310 3.15-3.95 0.490±O.013 

is made. Table 119 gives the correlation surface for the fuJI sisters' 
milk yields and the average milk yield of the unrelated cows in the 
herd. 

The correlation surface for the unrelated cows' average butter
fat percentage and the butter-fat percentages of the fuJI sisters is 
given in' table 120. 

Examination of table 119 shows that the herd's average for milk 
yield is less for the cows which are neither full nor half sisters, than 
for the average of all the animals in the herds. The number of 
full sisters which may be used to determine their relations to herd's 
average production are also limited because of the fact that many 

1 UnJ:'elated COWB are throughout used to designa.te the cowa in the herd 
which are neither f1111 nor half sist.ers. 
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TABLE Illl 

Correlation surface for the milk yields of full sisters and the herd's average milk 
yieldJor the unrelated cows (ne£therfull nor half 8£sters) 

TABLE 120 

CQrrelation surface for the butter-fat percentages of full sisters and the herd's 
average butter-fat percentage for the unrelated cows (neither full nor half 

sisters) 

B=':,~~:~~~~~~~;AGE -I I II II I I I I II I I~'I FOl'll'NIUILATItD cows co' I I I I ~ 
~I;; :: ;: ;: ;; ::l~ : :; :; :; :;[~ ~I::; : ~ 

-2-9-5-3-0-5--1-1:- --;----;I-I--~I-I----,--I'--4-

3 05 1 2 1 5 2 1 12 
3 15 2 1 3 112 6 1 15 
3,25 1 4 5 5 6 2 1 3 1 1 1 30 
3,35 1 1 2 4' 6 5 5 6 1 I 32 
3.45 2 2 2 ;l 4 2 2 1 1 18 
3.55 1 1 2 3 li 4 7 2 6 3 I 1 1 34 
3.65 1 2 2 I 1 1 8 
3.75 3 1 3 7 
3.85 1 3 1 1 2 1 1 10 
3.95 2 1 3 
4.05 1 3 1 3 3 I I 13 
4.15 I I 2 

4.25-4.35 I 1 

1,31"4~,;-;;_;,;I;:;;:u,;_;I;_;-;183-;--;I-W-
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of the herds have tested only cows related as either full or half 
sisters. The constants for the two tables are given in table 121. 

The average milk yield of the herd's averages is rather low and 
the butter-fat percentage is slightly high. The correlation coef
ficient for the milk yield is small and compared with its probable 
error not significant. The milk yields of the full sisters are but 
slightly influenced by the herds from which they came. The butter
fat percentages of the full sisters are more markedly affected. The 
partial correlation for the milk yields of full sisters for a constant 
herd's average milk yield is: 

0.548 - 0.092% 
"';1 _ 0.0922",1 _ 0.0922 or 0.544 ± 0.035· 

TABLE 121 

M cans and standard deviations oj full sisters' milk yields and butter-fat per
centages and of the herds from which they came. Correlation coefficients for full 
sisters and herd's average performance in milk yield and butter-fat percentage 

( . I 8TANDA.IU> I CORRELATION 

M--~-~-li-'~e-i~-~e-:r-,.-.-,,-------.i 1:::: I D:'::N I COllFTICIIIIl(T 

Herd's average... .. ..' i 17,915 1,467 O.092±O.049 
Butter-fat percentage: I 

Full sisters. . 3 42 0 299 \ 
Herd's average... '::.:: 3:51 0:288 0.224±O.047 

The partial correlat.ion coefficient for the butter-fat percentages 
of full sisters is: 

0.464 - 0.2242 
'1/1 _ 0.224' '1/1 _ 0.224' or 0.436 ± 0.040 

These results show that when the influence of environment on 
milk yield is made constant there still remains a substantial corre
lation between the milk yields and butter-fat percentages of full 
sisters. The correlation coefficient should consequently be very 
nearly that due to heredity. In other words heredity plays by far 
the larger part in determining milk yield and butter-fat percentage 
for these full sisters . 

• The probable errors are based on the smallest number of individuals in 
any table for the Iroup. 
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THE RELATIVE INFLUENCE OF ENVIRONMENT AND HEREDITY ON THE 

MILK YIELD AND BUTTER-FAT PERCENTAGE OF HALF SISTERS. 

THE SIRE, THE COMMON PARENT 

The problem of the relative influence of feeding, care, and other 
environmental factors on the milk yields of half sisters may be ap
proached in the same manner as that used for the full sisters in the 
preceding section. The correlation table showing the relation of 
the milk yields of ha]f sisters, common sire, and the average milk 
yields of the unrelated cows, neither full nor half sisters, in the herds 
from which they came is given in table 122, 

The correlation surface showing the relation of the butter-fat 
percentages of half sisters and the average butter-fat percentages 
of the unrelated cows in the herds from which they came is given in 
table 123, 

The constants derived from tables 122 and 123 are given in 
table 124, 

From the data of table 124 we may obtain the relation of the milk 
yields and butter-fat percentages of half sisters under a constant 
environment if we consider that the milk yields and butter-fat per
centages of the unrelated cows in the herd offer a sufficient cri.terion 
of the influence of this environment on the milk yields of all the cows 
in the herd, Such an assumption appears to be entirely reasonable, 
The correlation between the milk yields of half sisters is 0,362, 
The correlation coefficient between the butter-fat percentages of 
half sisters is 0,374. The correlation coefficient for the milk yields 
of half sisters under a constant environment is: 

O.~62 ~.!i4;~7' or 0,319 ± 0.018 

The correlation coefficient for the butter-fat percentages of half 
sisters for the same constant environment in so far as it influences 
butter-fat percentage is: 

0.~74 ~.~;:. or 0.362 ± 0.017 

These results are in accord with those for the full sisters. They 
show clearly that if these full or half sisters are placed in the same 
herd, the differentiation in their milk yields and butter-fat per
centages would be marked. The variable remaining to ca.use this 
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TABLE 123 

Correlation surface showing the relation oj the butter..Jat percentages oj hal! 
aisters, common sire, and the average butter-fat percentage of the unrelated 

cows in the herd from which they came 

HERO'S AVERAGE BvTTER~FAT PERCENTAGE OF HALF SIS'l'EAA, StRg'S SIDE 

""1""'''''1''''1",,10'0''''' "" "" .., .." .., ""I"'" "'" ...... j ..... '"" ., ..... 
,IEi,f;J.~~En ~1~'I"lw.I~U_11 ~ I ~ I ~ I.., I~I"I., ~'~IU~ J~I~ 
--2.-8f-i-~-95- -~~1-11~1~(~1' 1~1~IJ:I~]I~:~~I--~I- ~ 

3.15 11215 8 8 9 6 2 3 2 1 1 48 
3.25 1 1 111211415 24 28 22 23

1

11 916 2 5 3 1 1 179 
3.35 1 1 31319 17 22 2Q 191310 510 1 2 I 1 158 
3.45 4 8 81419 20 32 28 251211 6 3 3 3 1 199 
3.55 21918116 28 31 24 2612112

1

11 7 2 2 4 I 216 
3.65 I 2 515 5 13 8 1311016 3 214 4 81 
3.75 1 2 1 4 6 6 3 3 1 1 1 1 I 33 
3.85 5 218 7 9 to 16' 8 6 7 2 4 1 2 89 
3.95 1 2 1 3 5 I 41 1 I 19 
4.05 1 4 4 2 4 211 2 112 2 25 
4.15 I 1 2 11 1 1 5 

4.25-4.35 1 ___ 1 ___ __: __: -_!_,-j-=I- -I_!_ --_! 
2 4,10,13145,77,99,133164115*46,961654513012411*3 81 21 Iii, 155 

TABLE 124 

Means and standard deviatiom of half sisters' milk yields and butter-fat per
centages " means and .9tandard dem'at£ons oj the averages of the herds from whick 
these half sisters came; and the correlation coefficients for half sisters and the 
herds' average performances in milk yield and butter-fat percentage 

------------- _::_ ~ -----I 
S'l'4NoARD 

Milk yield: 
Ha.lf sisters, 
Herds' averages"., 

Butter-Iat percentage: 
Half sisters, , ... , , ' 
Herds' averages", 

19, 381 4, 160 
18,281 1,660 0.247±0.019 

3.44 0.315 
3.51 0.258 0.138±0.019 

differentiation is the inheritance for milk yield or butter-fat per
centage received from the sire and dam for the full sisters and the 
sire for the half sisters. 
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THE RELATIVE INFLUENCE OF ENVIRONMENT AND HEREDITY ON THE 

MILK YIELDS AND BUTTER-FAT PERCENTAGES OF HALF SISTERS. 

THE DAM, THE COMMON PARENT 

The correlation surfaces for the relation of the milk yields and 
butter-fat percentages of half sisters (same dam) to the average milk 
yield and butter-fat percentage of the unrelated cows in the herds 
from which they came are given in tables 125 and 126, 

TABLE 125 

Correlation surface showing the relation of the milk yields of half siste'l's to the 
average milk yield oj the unrelated cows in the herd from which they came 

I MILK YIELl> OF H \Ll" SIS'J'ltRS, COkUON D~Jd 

HERD',mRAOE 8111 I I1I1 II11II § 'o:'~,~~~;~~.o ~ ~ ~ ~ ~ ~ ~ ~ ~I~'~ ~ ~ ~ 8, ~lill_l~ ~ ~ ~ l 
""I:; ::I~ ~ ;:;: :s ~ !: ~i;::::£';O: ~ ~ ;;li ~ ~ t;;lgiI ~ ~ --'I' 1--;-; -;-;-l-,---;------ -

13, 500-14, 500 10' 
14,500 J I ~ 31 2 ~II 21 I 1 

11 
15,500 I 4 
16,500 I' , 1"1"1"" 2 29 
17,500 112 3

1

2 2 7 6 316[3 3 2 2 2 1 45 
18,500 , 2 311 2, 1 2 I 1 \ 14 
19,500 11 12'433223

1

23 5 I 4 I I 1 39 
20,500 2 3 2 I I I 2 12 
21,500 , 12 1 I 1 I 1 7 
22,500 I I I 3 I 6 
23,500 

II 1 
2 4 

24,500 2 1'1 I I 6 
25,500 

----1----1-26,500-27,509 I I I 3 
- ---;~I-~,l00 1 1 4, 3 9 8,1314,2312318,12115 15 511 6 

Tbe average milk yields and bntter-fat percentages, the standard 
deviations, and tbe coefficients of correlation derived from tables 125 
and 126 are given in table 127, 

Tbe data of table 127 furnish the necessary information to derive 
the relation of the milk yields and butter-fat percentages of half sisters 
for a constant milk yield or butter-fat percentage in tbe berds from 
which they came-the • .iIect of the environment on the herd'. per
formance being measured by the milk yields or butter-fat percentages 
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of the unrelated cows in the herd. The correlation coefficients of 
0.402 for the milk yield and 0.233 for the butter-fat percentage show 
that the environment influences the performance of these cattle. 
The major difference between herds in all probability is brought 

TABLE 126 

Correlation surface shotuing the relation of the butter~fat percentages of hal/sister, 
to the aVfYl'age butter~fat percentage of the unrelated cows in the herd 

from which they came 

BU'r'l'JlK·J'AT PERCJlN'I'A.OII OF HALF SI:BTliIKB, COlutON DAY 
BERD'S ..._ VJI)RAGJl 

BU'l"I'lltl.·FA'I' PlCRCCN'I'AGIl 

~ ~I: 3 POR UNRELATED cows '" ~ ~I" "+~t"'~~" ~"" .... "" M"""""""""" .... "Of("""" ---------
3.05--3.15 1 1 3 3 5 3 1 3 20 

3.15 1 1 
3.25 1 3 3 16982421 I 1 1 42 
3.35 2 3 376116343 3 4 1 56 
3.45 2 rq!;r I 27 
3.55 3 2 1 31 
3.6S 

k~ 
I 1 Iii 1 1 1 I 8 

3.75-3.85 2 1 5 

-1~ltl Hi~:;32\;lwI914 ------
9 7 1 2 2 190 

TABLE 127 

Means and standard deviations of half sil'lters' milk yields and butter-fat per
centages; means and standard deviatiom of the averages of the herds from which 
these half sisters came; and the correlation coefficients for the retation of the 
half 8isters' milk yields and butter-fat percentages with these herd-averages 

Milk yield: 
Half sistera ... 
Herds' a.verages ................... . 

Butter-fat percentage: 
Half sisters ........ ............. . 
Herds' a.verages ................. , .. 

19,232 
18,889 

3.46 
3.41 

4.000 
2.690 

0.301 
0.166 

0.402±0.035 

O.233±O.043 

about by the feeding "nd management of the cows both before and 
during the test. To get the relation between the milk yields of 
half sisters for a constant environment it is necessary to know the 
raw correlations between the milk yields of these half sisters in the 
heterogeneous environment of the many herds in the Advanced 
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Registry. The correlation between the milk yields of half sisters 
with a common dam is 0.381. The correlation between the butter
fat percentages of half sisters in the same environment is 0.221. 
The partial correlation for the milk yields of half sisters for a con
stant herd's yield is: 

o.~~ -;;.~;::~ or 0.262 ± 0.046 

The partial correlation coefficient for the butter-fat percentage of 
half sisters for a constant herd's butter-fat percentage is: 

O.;2~ ~.~~~ or 0.176 ± 0.047 

The correlation for the relation of these half sisters with the herd's 
average for the unrelated cows is quite a good deal more for both 
the milk yield and butter-fat percentage than the correlation co
efficients for these same variables using the data for the half sisters 
on the sire's side or for the full sisters. Because of these large values 
the correlation coefficients for the milk yields or the butter-fat per
centages of half sisters for a constant herd's average are reduced to 
values less than those for the other groups of full or half sisters 
(common sire). The difference between the milk yields for the 
half sisters on the sire's and dam's sides of the pedigree is not sig
nificant. The difference for the butter-fat percentages of the half 
sisters is greater, being 3.7 times the probable error and in custom
ary parlance would be considered significant. There is a signifi
cant relation between the milk yields of half sisters with a common 
dam, when the milk yield of the herd is made constant. Signifi
cant relation exists for the butter-fat percentages of these half 
sisters when the butter-fat percentages of the herds are made con
stant. In fact the correlation coefficients are not significantly 
lowered by making the performance of the berds constant. Heredity 
and not the herd management would consequently be the major 
influence ,in the cows' production. 

THE RELATIVE INFLUENCE OF ENVIRO.N¥ENT AND lWEEDITY ON mE 

MILK YIELDS AND BUTTER-FAT PERCENTA.GES OF MOTHERS 

AND DAUGHTERS 

To determine the relative influence of environment and heredity 
on the milk yields and butter-fat percentages of the daughters and 
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their dams, we obtain as before the relation of the milk yields and 
butter-fat percentages of these daughters and dams to the average 
milk yields and butter-fat percentages of the unrelated cows in the 
herds from which they came. This correlation measures roughly 
the effect of the enviromnent, since it shows to what extent the en
vironment raised or lowered the milk yields or butter-fat percent
ages of all the cows in the herd. To obtain the influence of heredity 
it is necessary to resort to the partial correlations of the second order. 
By having the necessary correlations of the milk yields and butter-fat 
percentages of daughters and dams, of daughters and the daughters' 
average herd's unrelated cows' performance, of daughters and the 
dams' average herd's unrelated cows' performance, of dams and 
the daughters' average herd's unrelated cows' performance, of dams 
and the dams' average herd's unrelated cows' performance, the daugh
ters' herd's average unrelated cows' performance and the dams' 
herd's average unrelated cows' performance, it is possible to obtain 
the relation of the daughter's and dam's records for milk yield and 
butter-fat percentage for constant environment, at least in so far 
as these variables are affected by the feeding, management, etc. 
The Ultimate results measure roughly, at least, the influence of hered
ity separated from the other extraneous variables. The constants 
of table 128 furnish the necessary information. 

From these zero order correlation coefficients the correlation 
between the daughter's and dam's performances for a constant 
daughter's and dam's herd's average perfonnance is obtained by the 
usual partial correlation formulae. This method of procedure is justi
fied since all regression lines are practically linear and the corre
lation sunace. resemble the normal surface sufficiently closely for 
practical purposes. These partial correlation coefficients for the 
milk yields and butter-fat percentages of mother and daughter are: 

Milk yield 
Butter-fa.t percentage: .. 

........... 0.394 '" 0.038 
... 0.4J)2 ot 0.036 

The correlation coefficients show that in the end result, a cow's 
milk yield or butter-fat percentage is controlled to a very large 
degree by the inheritance she receives from her dam. This inheri
tance makes itself manifest even under the diverse environments 
nf many different herds. 
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It is helpful to review brietly the data thus far presented. The 
influence of the herd's average performance (broadly speaking 
environment) should be completely accounted for by the correia.
tion coefficient. The intluence of heredity is only accounted for 
in so far as the particular relation is able to do it. The correlation 
coefficients between the cow's production and the average of the 
unrelated cows varies widely, 0.092 to 0.453 for milk yield and 0.066 

TABLE 128 

M cans and standard deviations Jor the milk yields and butter·jat percentages oj 
daughters, their dams, the daughters' herd's average of unrelated cows, and the 
dams' herd's average of the unrelated cows. Correlatt'on coefficients measuring 
the retatiomhipjor all possible combinations oj thes6variables 

I mLXYJ::~d I---...-s-'.-n .... :--. 
Mean deviation Mean deviation 

---------- --------- ---
Daughters' performance .. ..(1) 19,718 4,016 
Dams' performance '" .(2) 18,603 3,905 
Daughters' herd's average unrelated 

cows' performa.nce .. .. (3) 18,846 2,636 
Dams' herd'$ average unrelated cows' 

performance .. .(4) 18,748 2,625 

Correlation coefficients 

Daughters and dams... .. (12) 0.497±0.021 
Daughters and herd's average... ..(13) O.379±O.038 
Daughters and dams' herd's average ... (14) O.388±O.037 
Dams and daughters' herd's average ... (23) OA17±O.036 
Dams and dams' herd's average... '" (24) O.453±O.035 
Daughters' and dams' herd's average ... (34) O.973±O.OO2 

3.46 0.316 
3.46 0.315 

3.41 0.156 

3.41 0.157 

o .413±0. 023 
0.066±0.044 
O. 095±O. 044 
O.l84±O.043 
O. 243±0. 041 
O.891±O.009 

to 0.243 for butter-fat percentage. Actually the mode of procedure 
to obtain some measure of the effect of the herd's average on the 
actual n{ilk yield of the cow is undoubtedly subject to a large prob
able error. The most reasonable measure of this influence appears 
to be the average of the correlation coefficients, 0.3 for milk yield 
and 0.2 for butter-fat percentage. These correlation coefficients 
affect the zero order correlations of the respective relations to only 
a small degree, in general less than 3 times the probable error of 
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the difference. In view of this relatively small influence, the con
clusion for an combinations appears to be that the milk yield or 
butter-fat percentage of the cow is largely controlled by the inheri
tance she receives, although at the same time the cow receiving 
the better care produces somewhat more milk even for the Advanced 
Registry cows. 

pnEDICTION OF MILK YIELD AND BUTTERwFAT PERCENTAGE FROM 

THAT OF THE RELATIVES AND HERD's AVERAGE PERFORMANCE 

From the data presented it is possible to form equations for the 
prediction of the milk yields and butter-fat percentages of a cow 
when the productivity of her relatives and the performance of the 
herd from which she came are known. These equations are given 
below. The milk yield or butter-fat percentage of one full sister 
may be called A, for the second full sister B and the average milk yield 
of the unrelated cows in the herds from whence they came e. The 
equations for the cow's probable milk or butter-fat percentage as 
determined from the performance of her full sister and the unrelated 
animals in the herd are: 

Milk yield A = 0.54 milk yield B + 0.14 milk yield C + 6463 (45) 
Butterwfat percentage A = 1.42 + 0.44 butter-fat percentage B + 0.14 

butter-fat percentage C (46) 

For half sisters with a common sire the equations are: 

Milk yield A = 0.32 milk yield B + 0.44 milk yield C + 5178 (47) 
Butter-fa.t percentage A = 1.79 + 0.36 butter-fat percentage B + 0.12 

butter-fat percentage C (48) 

Where A = milk yield or butter-fat percentage of half sister. 
B = milk yield or butter-fat percentage of second half sister. 
e = average milk yield or butter-fat percentage of unre

lated cows in herd from which A or B came. 
Similarly the equations for the half sisters with a common dam 
are: 

Milk yield A = 5935 + 0.26 milk yield B + 0.44 milk yield C (49) 
'Butter~fa.t percentage A = 1.70 + 0.18 butter-fat percentage B + 0.33 

butter-fat percentage C (50) 

the letters having the aame significance as those for half sisters with 
a common sire. 
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The equations for a daughter's probable milk yield or butter
fat percentage from that of her dam and the average of herd'. un
related cows from which each of them came are: 

Milk yield A - 5912 + 0.42 milk yield B + 0.32 milk yield C - 0.01 milk 
yield D (51) 

Butter~fat percentage A = 2.08 + O.~ butter·fat percentage B - 0.05 
butter-fat percentage C + 0.03 butter-fat percentage D (52) 

The significance of the letters is: 
A = the probable milk yield or butter-fat percentage of daughter. 
B = milk yield or butter-fat percentage of the dam. 
e = average milk yield or butter-fat percentage of the daughter's 

herd's unrelated cows. 
D = average milk yield or butter-fat percentage of the dam's 

herd's unrelated cows. 
By calculating these equations for various degrees of performance 

some idea may be gained of the amount of influence exerted by 
the diiferent variables. If the lowest and the highest ranges of pro
duction are chosen the following poinis would be used; for the dif
ferent relatives 10,000 pounds as the low point and 30,000 pounds 
as the high point in milk yield, 2.6 as the low point and 4.4 for the 
high point for the butter-fat percentage; for the herd's average pro
duction 14,000 as the low average and 23,000 as the high point in 
milk production, and 3.2 for the low point and 3.8 for the high point 
of the butter-fat percentage. When the necessary calculations 
are made for the equation for milk yield it is noted that the herd'. 
average production when increased from the lowest to the highest 
causes an average increase in the cow's production of 3000 pounds 
and an average increase of the butter-fat percentage of 0.08 per 
cent. As would be expected the effect of the relatives varies with 
the kind, the influence ranging from 5200 pounds to 10,800 pounds for 
milk yield and from 0.32 to 0.76 of a per cent for the butter-fat per
centage., The average effect of the near relative is consequently 
considerably more than the influence of the herd management for 
cows wbieh receive the care which is normally given to Advanced 
Registry cows. As only the partial effect of heredity is measured 
by the near relatives and as the total influence of environment is 
taken into consideration it would appear to be a fair conclU!!ion 
that while the environment has an appreciable influence on the milk 
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yield or butter-fat percentage of even cows as well kept as those of 
the Advanced Registry this influence is relatively little compared 
with that of heredity. 

The total correlation between the milk yield or butter-fat per
centage and the performance of the relatives and the performance 
of the herds from which they come for these two items may be de
rived as follows. The total correlation of a series of variables with 
a single variable is equal to: 

_11 S.D.1.23z . .•• x R 
-" - S.D.I =z ]'23 .•.. x 

where R,." ....• is the total correlation coefficient and the S.D. 
equals the respective standard deviations. The values of R1.U .... x 

for full sisters, half sisters, daughters and dams, and the herd's 
average performances are given in table 129. 

TABLE 129 

Total cDrrelation coefficients for the milk yields and butter-fat percentages of full 
Maters, half sisters, and daughters for constant milk yields and butter-fat per
centages of the herd's average performances for the unrelated cows and Jor the 
jullsisters, hal! sisters, or dams 

FlJ.ll sisters ... 
Half sisters (common sire) . . 
Half sist-ers (common d8Jll) 
Daughters (dam's performance known) .. 

Milk 

0.549 
0.396 
0.468 
0.532 

0.482 
0.383 
0.285 
0.413 

The correlation coefficients of table 129 are of fair size indicating 
a sigoificant influence of the two variables studied on the milk yield 
or butter-fat percentage of the cow. The application of these facts 
to practice may be made by the use of the equation given above. 
A little of the theoretical side may be discussed for by its discussion 
some light is thrown on the why of the above facts. 

For the obvious reason that only cows give milk, the discussion 
and analysis has been limited to a comparison of the female part of 
the parents and the first generation offspring. The measurement of 
the force of heredity is prescribed by the equivalent of the chromo
somes passed along by one parent or in half sisters by the equivalent 
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of half the chromosomes passed along by one parent. By following 
Wodsedalek's work the following facts may be derived. If there 
are 37 chromosomes in the male and 38 chromosomes in the female 
of cattle, then, on the average a mother and daughter would have 19 
common chromosomes. In the case of two half sisters, the dam 
being common, there would be 9! common chromosomes. Half 
sisters, with a common sire, would have 10 common chromosomes, 
the sex chromosome going to every female unchanged. For full 
sisters, there would be 10 common chromosomes from the sire and 
9! common chromosomes from the dam, so that there would be 
19! common chromosomes between them. The full sisters would 
consequently tend to resemble each other in milk yield or butter-fat 
percentage more than daughters would resemble their dams, and 
half sisters with a common sire would tend to resemble each other 
more than half sisters with a common dam. These suppositions 
based on the chromosome behavior as already noted are borne out 
by the data presented above. 

The next problem which may be considered is the problem of the 
amount of control exerted on the milk yield or butter-fat percentage 
of a cow by the combined action of both parents. In an earlier 
section it was shown that the relationship between the daughter 
and sire for milk yield is that measured by a correlation coefficient 
of 0.52 and the same relation for butter-fat percentage has a correla
tion coefficient of about 0.53. These coefficients are slightly higher 
than those for the daughter and dam. In view of the evidence just 
presented it seems probable that the relationship of sire and daughter 
due to heredity is at least that measured by a correlation coefficient 
of 0.45. The facts on assortive mating just presented indicate that 
the correlation between the milk yields of paternal granddam and 
dam would have relatively little influence on the combined effect 
of parental heredity in determining the milk yield of a cow. The 
correlation between the somatic performance of the patsrnal grand
dam and the dam for milk yield and butter-fat percentage was 0.142 
and 0.20( respectively. Were it possible to determine the somatic 
performance of the sire it would follow from this low correlation and 
the hazards of choosing a bull on the basis of such low correlations, 
that the correlation between such a somatic performance of the bull 
and the performance of the cow to which he was mated would be 
much less than this figure. To be SlITe that we are not favoring the 
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hypothesis of heredity these correlations may be !Ul8UIlled to be those 
between the sire and dam. As already noted the correlations 
between sire and daughter are at least 0.45 for both milk yield and 
butter-fat percentage. The correlations between daughter and 
dam are 0.39 for milk and 0.40 for butter-fat percentage. With 
these data and the methods indicated above the combined correla,
tion between both parents and their offspring may be determined. 
These total correlation coefficients are 0.59 and 0.58 respectively for 
correlation of the two parents' milk yields or butter-fat percentages 
with the milk yields or butter-fat percentages of their daughters. 

In another place it was shown that the yearly milk yields and 
butter-fat percentages af Hallitein-Friesian cows in successive lac
tations had the following average correlation coefficients with each 
other, 0.66 for milk yield and 0.72 for butter-fat percentage. The 
consistency of the milk yields or butter-fat percentages of a cow from 
one lactation to another is a measure of the influence of two variables, 
the heredity of the cow for milk yield and butter-fat percentage, and 
those elements of the environment which are constant and make for 
consistency in the performance from lactation to lactation. It will 
be noted that the correlations of the parents' with the offspring's 
production are only a little less than are the correlations of the cow's 
performances from lactation to lactation. From this, heredity seems 
to he the large element in governing the permanence of the perform
ance of dairy cattle. 

SUMMARY 

Evidence is herein presented to show the relative influence of 
environment and heredity on the milk yields and butter-fat percent
ages of dairy cattle. The problem was approached on the hasis that 
the milk yields and butter-fat percentages of the unrelated cows 
furnish a measure of the influence of the environment on the variables 
for all cows in the herds. Only a partial influence of heredity could 
be measured, depending on what combination of relatives was used. 
The relatives compared were full sisters, half sisters with common 
sire, half sisters with common dam, and daughters and dam. 

The analysis of these results shows that both environment and 
heredity play a part in the consistency of the milk yield of near 
relatives. The closer the relative, genetically, the greater the 
inheritance transmitted and the greater the resemblance in their 



298 MILK SECRETION 

performance. The proportionate effect of the measured heredity 
versus the environment depends on the nearness of the relatives. 
Where both parents were considered, the correlation of their perform
ances with those of their daugbters due to heredity was nearly 0.6 
for both milk yield and butter-fat percentage. Where only the dam 
was considered the correlations were practically 0.4 for both milk 
yield and butter-fat percentage. For full sisters the correlations 
were 0.54 for milk yield and 0.44 for butter-fat percentage. For 
half sisters the correlations were 0.32, sire common parent, and 0.26 
dam COIDmon parent, for milk yield and 0.36 and 0.16 for butter-fat 
percentage. 

The environment was found to control about 4 per cent of the 
variation in butter-fat percentage. 

These facts point to the conclusion that heredity plays the largest 
part in the permanence of milk yield orbutter-fat percentage in any 
cow. 



CHAPTER XX 

THE INHERITANCE OF MILK YIELD AND BUTTER-FAT PERCENTAGE 

FROM PATERNAL GRA:m>SIRE TO GRANDDAUGHTER 

Inheritance of milk yield or butter-fat percentage from paternal 
grandsire to granddaughter can he demonstrated only indirectly 
.since it is impossible to measure the performance of the sire. The 
means which will be used to demonstrate the inheritance consist of: 
first, showing that there is a relation between the milk yields and 
butter-fat percentages of the granddaughters; and second, the in
direct method of measuring the relation between the milk yields and 
butter-fat percentages of paternal grandsire and granddaughters by 
the comparison of the standard deviations of the total popUlation 
with those for the single sires. 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. 
With this fact and the known relations of the standard deviation of 
the arrays to the standard deviation of the whole table it is possible 
to calculate the correlation coefficient. In actnal practice this value 
tends to be slightly higher than the product moment value. 

THE CORRELATION OF THE MILK YIELDS AND BUTTER-FAT PERCENTAGES 

OF GRANDDAtIGHTERS liAV-ING A COMMON PATER..~AL 

GRANDSIRE 

The physical constants for the granddaughters are given in 
table 130. 

The average milk yields of these paternal granddaughters are quite 
a little in excess of those for the Holstein-Friesian cows taken as a 
whole. The standard deviation is approximately like that of the 
whole breed. The coefficient of variation is slightly less than that 
for the whole breed. The correlation between the milk yields of 
these granddaughters is small but distinctly significant. From a 
genetic standpoint the correlation is rather less than expected. 

29\) 
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The average hutter-fat percentage and the standard deviation of 
it, for granddaughters is rather more than might be expected on the 
basis of all the Holstein-Friesian records. The correlation coefficient 
for the relation of the granddaughters' butter-fat percentages is 
distinctly significant and is probably larger than that for the milk 
yield. 

A better appreciation of what these correlation coefficients mean 
may be gained by forming the prediction equations for the milk 
yield or butter-fat percentage of one granddaughter when the milk 
yield of another granddaughter is known. The equation for the milk 
yields of the granddaughters is: 

Milk yield paternal granddaughter = 1&517 + 0.070 milk yield of .first 
paternal granddaughter (53) 

TABLE 130 

Means, standard deviations, coefficients of variation, and correlation coefficient. 
fot' the paternal qranddaugkter.s' m£lk 1/i'e!d8 and butter-fat percentagea 

Mea.n ........................ . 
Standard deviation .. 
Coefficient of variation . .... . 
Correlation coefficient .... . 

19,911±59 
4,133±42 
20.8±O.2 

O.070±O.014 

3. 458±O. 005 
O.327±O.OO3 
9.47±O.09 

o.li6±O.014 

The butter-fat percentage of a second paternal granddaughter 
when the butter-fat percentage of the first is known, is: 

Butter-fat percentage second paternal granddaughter = 2.85 + 0.176 
butter-fat percentage of first paternal granddaughter (54) 

From these equations, tables may be formed to show the probable 
milk yields or butter-fat percentages of the second granddaughters 
when the milk yields or butter-fat percentages of the first grand
daughters are known. This information is given in tables 131 and 
132. From the data of table 130, the amount of variation in the 
performatlCe of this granddaughter may be calculated. Two limit
ing ranges of this variation are chosen to illustrate the breadth of 
this variability; the range which will include 50 per cent of the grand
daughters and the range that will include 99 per cent of the grand
daughters when the performance of the first granddaughter is known. 
Table 131 gives this information fO)' the milk yields and table 132 
for the butter-fat percentages. 
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Table 131 shows that as the milk yield of the first granddaughter 
increases, the average milk yields of the second granddaughters also 
increase. This increase of the second granddaughter is slight even 
though the first may increase a great deal. Thus, when the first 
granddaughter has a milk yield of 10,000 pounds the second has an 

TABLE 131 

Average milk 1ft'elds of second granddaughters (paternal grand8ire) when th8 
performance of the first granddaughter is known. Range in milk pield neces
sary to -include 50 per cent and 99 per cent of the 8f!cond granddaughters when 
the performance oj the first granddaughter i3 known. 

AVE1U.GJIl MILK 
BANGII OF llILK YIIILD NECQUARl' TO INCLU1H~ 

lIn.K TIELDS 0,. FlRST 
GRANPOA.UGH'l'.&n 

YIEt-DS 01" SECONn 
GRANDDAUGRTIIRS 1i0 per I)e1lt of eeoond 00 per ~nt of 8eoond 

granddaughters granddaughters 

10,000 19,217 16, 43il-:~I, 998 8,580-29,854 
11,000 19,287 16,506-:22,068 8, 65()-29, 924 
12,000 19,357 16,576-22,138 8, 720-29, 994 
13,000 19,427 16,646-22,208 8, 790-30, 064 
14,000 19,497 16,716-22,278 8, 880-30, 134 
15,000 19,567 16,786-22,348 8, 930-30, 204 
16,000 19,637 16,85&-22,418 9,000-30,274 
17,000 19,707 16, 926-22,488 9,070-30,344 
18,000 19,777 16,996-22, 558 9,140-30,414 
19,000 19,847 17, 066-22, 628 9,210-30,484 
20,000 19,917 17,136-22,698 9, 280-~O, 554 
21,000 19,987 17,20&-22,768 9, 350-30, 624 
22,000 20,057 17,27&-22,838 9, 420-30, 694 
23,000 20,127 17,346-22,908 9, 490-30, 764 
24,000 20,197 17,416-22,978 9, 560-30, 834 
25,000 20,267 17,48&-23,048 9, 830-30, 904 
26,000 20,337 17,556-23,118 9,700-30,974 
27,000 20,407 17, 626-23, 188 9, n0-31, 044 
28,000 20,477 17,696-23,258 9,840-31,114 
29,000 20,547 17, 766-23,328 9,910-31,184 
30,000 20,617 17,836-23,398 9,980-31,254 

average milk yield of 19,217; and when the first granddaughter has a 
milk yield of 30,000 pounds, the second has an average milk yield 
of 20,617. Or for an increase in milk yield for the first granddaughter 
of 20,000 ponnds there was an increase in milk of only 1400 pounds 
for the second granddaughters. In other words, the knowledge that 
one granddaughter had a milk yield of 30,000 pounds would only 
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tell us that another granddaughter's milk yield would on the average 
be 1400 pounds more than that of the second granddaughter of a sire 
whose first granddaughter had a milk yield of 10,000 pounds. Clearly 
even as to average milk yields the record of a granddaughter has 
relatively little value in predicting the milk yield of another. 

Furthermore, the variation of the milk yields of these grand
daughters is very large. Column 3 gives the ranges necessary to 
include 50 out of every 100 granddaughters and column 4 gives the 
range between which should be found 99 out of every hundred 
granddaughters when the milk yields of one of them are those shown 
in column 1. These ranges are large, indicating a relatively low 
predictive value. From these facts it may be concluded that there 
is relatively little advantage in knowing the milk yields of one grand
daughter if we are trying to estimate the probable production of 
another granddaughter. The case is even worse for cousins. The 
correlation coefficient for the milk yields of cousins is only 0.005 
where the mean milk yield is 19,850 pounds and the standard devia
tion is 4210 pounds. All results are consistent in showing that the 
animals which are valuable for the indication of the probable milk 
yield of a cow must be near relatives-in fact close relatives. 

The correlation for the butter-fat percentages of the grand
daughters are a little higher than those for the milk yields. These 
higher correlation coefficients lead to a greater predictive value 
for the butter-fat percentages of granddaughters. The predictive 
value is small even for this case, however. Table 132 gives the in
formation for the butter-fat percentages of granddaughters of the 
paternal sire. 

As would be expected from the correlation coefficient, a record of a 
paternal grandsire's granddaughter for butter-fat percentage has 
some predictive value in indicating that of another granddaughter. 
For these data this value is slightly more than it is for the milk 
yields of these individuals. Thus the average butter-fat percentages 
of granddaughters when a first granddaughter has a butter-fat per
centage 'Of 2.6, is 3.31. The granddaughters with first grand
daughters of 4.5 per cent have an average butter-fat percentage of 
3.64 or an increase of 0.33 per cent. While this increase is small it is 
significant. The ranges of butter-fat percentage necessary to include 
50 per cent and 99 per cent of the second granddaughters are quite 
large, showing that it is not possible to predict a given grand-
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<laughter's production with much accuracy even though the produc
tion of a fairly large group of them will have the average butter-fat 
percentages indicated above. Cousins are of even less value in 
predicting performance. The correlation coefficient for the cousin's 
butter-fat percentage is only 0.119, where the mean butter-fat per
centage is 3.45 and the standard deviation is 0.326. This relatively 

TABLE 132 

Average butter-fat percentages of the second gratuldaughters (paternal grandsire) 
when the performance of the first granddaughter is known. Range in butter-fat 
percentage necessary to include 60 per cent and 99 pet cent of ate second grand
daughters when the performance of the first granddaughter is known 

AVERAGE BU1"J'I!:B-lI'AT 
BANGI!: OP lIUTTII:B-lI'A.T PBRClCNTAGE 

NJlC'MSA.RY TO INCLUl)E 
PERCENTAGE OJ!' FIRST PERCENTAGE 

OF SE(lOND GlUND-
O:a.ANDDAUGllTEB 

DAUGBTBlI.s 50 per oent of second 9{l per cent of serond 
granddaughters granddaughters 

2.6 3.31 3.1-3.5 2.5-4.1 
2.7 3.32 3.1-3.5 2.5-4.2 
2.8 3.54 3.1-3.6 2.5-4.2 
2.9 3.36 3.1-3.6 2.5-4.2 
3.0 3.38 3.2-3.6 2.&-4.2 
3.1 3.39 3.2-3.6 2.&-4.2 
3.2 3.41 3.2-3.6 2.&-4.2 
3.3 3.43 3.2-3.7 2.6-4.3 
3.4 3.45 3.2-3.7 2.&-4.3 
3.5 3.47 3.3-3.7 2.&-4.3 
3.6 3.48 3.3-3.7 2.7-4.3 
3.7 3.50 3.3-3.7 2.7-4.3 
3.8 3.52 3.3-3.7 2.7-4.4 
3.9 3.54 3.3-3.8 2.7-4.4 
4.0 3.55 3.3-3.8 2.7-4.4 
4.1 3.57 3.4-3.8 2.7-4.4 
4.2 3.59 3.4-3.8 2.8-4.4 
4.3 3.61 3.4-3.8 2.8-4.4 
4.4 3.62 3.4-3.8 2.8-4.5 
4.5 3.64 3.4-3.9 2.8-4.5 

small correlation between cousins acts like a wet blanket to a popular 
method of pedigree writing. In this method it is customary to say, 
"by an unknown bull X brother to a famous bull Y whose daughters 
produced and tested phenomenally." These daughters would be 
cousins to those of the unknown bull X. Consequently, even though 
the knowledge of the phenomenal production of the famous buU'8 
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daughters is to be desired, but little is gained in predicting the 
probable performance of the unknown buU's daughters since little 
relation exists between the accomplishments of cousins in these 
cattle. From all that has preceded it is consistantly true that the 
prediction of a cow's milk yield or butter-fat percentage must be 
based on very near relatives. 

THE :nELATrON BETWEEN THE GRANDSIRE A~"D THE PRODUCTIVITY 

OF HIS GRANDDAUGHTERS 

The calculation of the direct relation of the grandsire to the 
production of his granddaughters comes from a knowledge of the 
standard deviations of the production of the grandsire's grand
daughters and their relation to the standard deviation of all the 
granddaughters. The data for the standard deviations of the grand
sire's granddaughters' milk yields and butter-fat percentages are 
given in table 133. 

From the data of table 133 the mean weighted squared standard 
deviation is equal to 13,636,260. This standard deviation must be 
corrected for the small number of individuals on which the individual 
standard deviations are based. This correction on the basis of the 
relative frequency of tbe individual classes is 1.1774 or the mean 
corrected squarcd standard deviation for the individual arrays of the 
grandsire is 16,055,333. The standard deviation for the milk yields 
of these granddaughters is 4133 pounds. The correlation coefficient 
between the grandsires and the milk yields of the granddaughters 
is then equal to: 

Jl - 16,055,333 or 0.245 
1 17,083,822 

In the same manner, the mean weighted squared standard devia
tion of the butter-fat percentages is equal to 0.0806124 and the 
corrected mean weighted squared standard deviation of the arrays 
of granc,)daughters is 0.094913. The squared standard deviation for 
the granddaughters is 0.107194. The correlation coefficient for the 
grandsire's potential butter-fat percentage and the granddaughters' 
butter-fat percentage is: . 

. 1 0.094913 
~1 - 0.101194 or 0.339 
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TABLE 133 

Standard deviations of the milk yieldR and butter-fat percentages of orandsira 
having six or more daughters in the Advanced Registry 

'TANDA~ nmttoN O>TRBI 8TANDJ.RD DEVIATION" OF 'rIl1I 
')RANP$IRII'S GR4NDDA.UG!flTERB GllANDSIl.IlI'S Gli:ANDUAuaflTCM 
SCRUBOOH: UI!lRD BOOK 

NUMaca 
Milk yields ,!.!~t!;:6 

NUKBlIlI!. Bl.ltterwfat MilkyieJds peroentagM -------- ---- ------------
14,634 4,764 0.194 29,642 4,276 0.339 
18,726 1,750 0.348 29,737 2,749 0.215 
20,735 4,152 0.352 30,154 3,300 0.262 
21,033 1,278 0.136 30,190 4,642 0.443 
21,226 4,271 0.282 30,328 1,491 0.160 
21,318 2,539 0.220 30.412 4,298 0.275 
21,366 3,836 0.319 31,030 3,594 0.291 
21,724 2,415 0.196 31,212 4,382 0.362 
22,128 3,362 0.302 31,361 1,979 0.107 
22,235 1,067 0.243 31,789 3,024 0.295 
22,241 1,772 0.203 31,943 4,158 0.224 
22.372 3,912 0.212 32.242 2,585 0.406 
22,394 2,937 0.280 32,429 2, 828 0.381 
22,779 4,366 0.290 32.481 2,904 0.231 
22,894 4,410 0.347 32,554 4,709 0.225 
22.909 5,091 0.205 32,558 3,480 0.287 
23,102 3,902 0.320 32,571 2,342 0.308 
23,109 3,775 0.157 32,846 2,753 0.287 
23,154 3.403 0.214 34,503 3,455 0.383 
23,224 4,233 0.256 34,932 3,096 0.354 
23,260 4,467 0.383 35,077 4,731 0.294 
23,300 3,110 0.299 35,227 3,648 0.280 
23,446 1,790 0.190 35,269 4,124 0.272 
23,971 3,954 0.311 35,158 2,657 0.273 
24, 762 2,311 0.250 36,168 4,350 0.258 
25,368 3,040 0.299 36,324 3,392 0.236 
25,467 2,449 0.334 35,974 3, 475 0.304 
25,700 4,525 0.266 37,314 3,176 0.314 
25,755 2,326 0.161 38,291 3,542 0.349 
25,982 3,715 0.322 38,446 3,642 0.503 
26,025 3,472 0.119 38,462 3,012 0.235 
26,239 2,754 0.216 38,835 500 0.291 
26,250 3,590 0.224 38,978 4,155 0.192 
26,533 4,304 0.3!l 39,037 4,571 0.293 
26,766 3, 566 0.247 39,849 2,763 0.236 
26,935 4,207 0.163 40,534 1,700 0.189 
26,939 4,116 0.229 40,592 2,217 0.208 
26,940 2,587 0.183 41,266 3,933 0.247 
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TABLE 133-Ctmlin\led 

STIll'iDAaD VEVIATION 011' THE I STANDARD OIlVlATION or nIlI 
GRANDSIRE'S OKANDDAUGBTEHS GRAND$IRIl'S GIUNDDAUGHTBRS 
SBKD BOOK BJUl.D 800X 

NUMBElt Butter-fat NUMlIER Butter-fat Milky.ieJdto percentages Milk yields 
""",0"----- -------- ---- --------

27,041 2,775 0.263 42,142 2,921 0.271 
27,100 2,357 0.309 44,444 5,998 0.292 
27,282 2,968 0.332 44,781 2,441 0.273 
27,823 1,572 0.198 44,931 4, 123 0.149 
27,929 2,595 0.285 45,674 2,991 0.208 
28,133 1,700 0.259 46,136 3,505 0.237 
28,176 3,014 0.170 46,767 2.582 0.514 
28,400 3,663 0.188 48,020 4,610 0.255 
28,430 3.289 0.217 49.643 1,528 0.115 
28,660 4.611 0.297 51,523 3,727 0.224 
28,835 2,100 0.338 53,418 3,345 0.390 
29,328 2.814 0.303 56,435 3,796 

I 
0.183 

29,521 2,727 0.169 60,403 3,327 0.270 
29,600 2,427 0.287 66,664 4,235 0.127 

72,287 2,129 0.281 

These correlation coefficients are apt to be a little larger than the 
product moment correlation coefficients. The correlation of the 
granddaughters with the sire is of the order 0.25 or about half that 
for the relation of the sire and dam to the milk yield or butter-fat 
percentage of their daughters. This is in line with most other evi
dence on the inheritance of quantitative characters. The fact in 
itsclf is important for those who are to purchase stock where per
formance is the chief consideration, for under these conditions the 
record on a grandparent is only about half as good as the record On a 
parent in predicting milk yield or butter-fat percentage of a cow. 
In like manner the variation of the records of the granddaughters is 
quite a good deal larger for those where the grandparents are con
stant in performance than the performance of the daughters for a 
constant performance of the parents. 

These facts shed some light on the poverty of the results of ordinary 
pedigree study in predicting the productivity of cattle. In pedigree 
study the animals controlling the milk yields of the cow pedigreed 
are shown to be more influential in the first and less important in the 
second generation. If, and the writer has some fragmentary infor
mation to substantiate this, the animals in the third generaticm are 
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correspondingly less in their influence it follows that any pedigree 
study based on these third generation animals or animals further 
removed is going to have little weigbt in determining the milk yield 
or butter-fat percentage of a cow so pedigreed. Thus it is not sur
prising to find the results of the pedigree study previously made, 
showing little of value in assisting to determine the probable pro
duction of a cow, when this study is so largely devoted to the 
third generation animals or those beyond in the fourth and fifth 
generations. 

SUMMARY 

This section presents the data for tbe inheritance of milk yield 
and butter-fat percentage from the paternal grandsire. Two meth
ods are used to demonstrate this inheritance. The first consists in 
showing that there is an association between tbe milk yields and 
butter-fat percentages of the granddaughters and of the cousins. 
The correlation coefficients are: for milk yield 0.070 ± 0.014 for 
granddaugbters and 0.005 ± 0.029 for cousins; and for butter-fat 
percentage 0.176 ± 0.014 for granddaughters and 0.119 ± 0.029 
for cousins. The second method depends on the relation of the 
standard deviation of the grandsire's granddaughters' milk yields 
or butter-fat percentages to the standard deviation of the milk yields 
or butter-fat percentages of all the granddaughters. These cor
relation coefficients are 0.245 for milk yield and 0.339 for butter-fat 
percentage. From these facts it is clear that milk yield and butter
fat percentage are inherited from grandsire to granddaughter. This 
inheritance, wben measured by the correlation coefficients, is only 
about one-half that found for the parents. 



CHAPTER XXI 

INFLrENcE OF THE PATERNAL GRANDDAM ON THE MILK YIELDS 

AND BUTTER·FAT PERCENTAGES OF HER 

GRANDDAUGHTERS 

A discussion of the inheritance received by tbe granddaughter 
from the paternal granddam follows naturally on that for the pater
nal grandsire. As with the grandsire two general methods are open 
for the analysis of this inheritance from the granddam to grand
daughter; the method of measuring this inheritance by the associa
tion which may exist between the milk yields and butter-fat per
centages of relatives having a common paternal granddam, and the 
direct correlation between the milk yields and butter-fat percentages 
of the paternal grand dam and her granddaughters. This last is 
much the more satisfactory method since actual records are available 
for both variables. The relation of the records of granddaughters 
are of much importance in the selection of breeding stock since such 
records are frequently all that are available. Table 134 presents 
the data showing the association which exists between the milk yields 
and butter-fat percentages of granddaughters. 

The average milk yield and butter-fat percentage of this group of 
cows is larger than those of the breed taken as a whole. The con
stants of variation are similar to those of the breed taken as a whole. 
The correlation coefficients for the milk yields and butter-fat percent
ages of the granddaughters show that there is a distinct relation 
between the performance of these relatives. These correlation 
coefficients are larger than are those for the granddaughters which 
have the grandsire in common. Part of this difference is caused by 
the facf that many of these granddaughters are either full or half 
sisters and that the effect of these cows on the correlation coefficient 
is more pronounced in the case of the granddaughters where the 
paternal granddam is common than it is in the case where the pater
nal grandsire is the common ancestor. The comparison on the basis 
of cousins is given in table 135. 

308 



INFLUENCE OF PATERNAL GRANDDAM ON MILK YIELD 309 

The correlation coefficients for the milk yields and butter-fat per
centages are larger for cousins when the granddam is the common 
parent than they are when the grandsire is the common parent. The 
differences are only on the border line of significance, however. The 
correlation coefficients for the cousins are only about one half as 
large as those for the milk yields of half sisters and about one third 
as large as those for full sisters or for parent and offspring. These 
constants plainly show the importance of records on near relatives 
in attempting to predict the milk yield of any cow. 

TABLE 134 

Constants of tJariation for the performance of granddaughters in milk yield 11M 
butter4at percentage 

PBTBICAL CONS'l'A!Ii'I's 

Mean........................... 19,970±63 
Standard deviation.................... 4,095±45 
Coefficient of variation................ 2O.5±O.2 
Correlation coefficient.... 0.297~0.014 

TABLE 135 

3.48±0.01 
O. 325±0. 001 

9.3±0.1 
0.336±0.014 

The correlaticgz. between the milk yields and butter-fat percentages of cousinB 

Cousins (common grandsire) . ........ . 
Cousins (common granddam) ...... ... . 

MilkyieJd 

O. oo5±0. 029 
0.171±0.045 I 

Butte .... fat ~tRge 

0.119±0.029 
0.214±0.044 

Table 136 shows the prediction of the milk yields of one grand
daughter when the milk yield of another granddaughter is known. 
This equation is based on the data of table 134. 

Milk yield second granddaughter = 14039 + 0.297 milk yield 
first granddaughter (55) 

Column 1 gives the milk yield of the first granddaughter. Col
umn 2 gives the probable average milk yields of the second grand
daughters when the first granddaughter's performance is that given 
in column 1. Columns 3 and 4 give the ranges of milk yield neces
sary to include 50 per cent and 99 per cent of the second grand
daughters when the first has the milk yields shown in column 1. 
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These last two columns are ohtained from the standard deviation of 
the arrays. 

The milk yield of one granddaughter predicts that of another with 
a fair degree of accuracy. The second granddaughter of a pair 
where the first's milk yield is 10,000 pounds has a probable milk yield 
of 17,009 pounds; and the second granddaughter, where the first's 
milk yield is 30,000 pounds, has a probable milk yield of 22,949 
pounds, or an increase of 5940 pounds of milk over the second grand
daughter of the lower group. The variation of the second grand
daughters' milk yields is large, the range for the 50 per cent and 99 

TABLE 1M 

Expected milk yield of second gTandda'U{Jhters when the milk yield of the first 
granddaughter is known. Range oj variation necessary to include 50 per cent 
and 99 per cent oj the second (Jranddaugh,ters 

EXPECTED 14ll.K TIELD 
RANUli NECESSARY 'rO INCLUDm 

JIlILXTIELDJ'IIUJ'l' 
GBANlJDAU(lBTER 

Ol'8111COND 
va per ceD.t of the ORANDDAUGH'l'ERS 50 peroont of the 

granddaughters gtanddaUgbten. 

10,000 17,009 14,372-19,646 6,922-27,096 
12,000 17,603 14,96&-20,240 7,516-127,690 
14,000 18,197 15,560-20,834 8, IHHl8, 284 
16,000 18,791 16,154-21,428 8;704-28,878 
18,000 19,385 16,748-22,022 9,298-29,472 
20,000 19,979 17,342-22,616 9,892-30,006 
22,000 20,573 17,936-23,210 10,486-30,660 
24,000 21,167 18,530-23,804 11,080'31,254 
26,000 21,761 19,124-24,398 11,674-31,848 
28,000 22,355 19,718-24,992 12,268-32,442 
30,000 22,949 20,312-25,586 12,862-33,036 

per cent limits being nearly as extensive as those for the whole 
breed. 

The mean butter-fat percentages and limits of the 50 and 99 per 
cent ranges for the second granddaughters are given in table 137. 
These lll'e obtained by the same methods as those used for table 136. 

Table 137 furnishes the information necessary to obtain some 
idea of the probable butter-fat percentage of a granddaughter from 
the known butter-fat percentage of another granddaughter. The 
data presented indicates quite clearly that the granddaughters' 
productivities are related even though the relation is small in 
amount. 



INFLUENCE OF PATERNAL GRA.NDnAM ON MILK YIELn 311 

THE RELATION BETWEEN THE MILK YIELDS AND BUTTEB-FAT 

PERCENTAGES OF PATERNAL GRANDDAM AND 

GRANDDAUGHTER 

The correlation surface for the relation of the milk yields of pater
nal granddams and their granddaughters is given in table 138. 
The correlation surface for the butter-fat percentages of granddam 
and granddaughter is given in table 139. The constants deduced 
from these tables are found in table 140. 

The mean milk yields of both groups, granddaughters and grand
dams, are larger than those of the rest of the breed. The standard 

TABLE 137 

Expected mean b1dter-fat percentage and range nece8:8aty to include 50 and 99 
per cent of the second granddaughters when the butter-fat percentage of the first 
granddaughter is known 

PmRClIlNTA.GE OF FlRST 
GBIJIDDAUQIlTER 

2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 

lIXl'lIICTI!:D IIUTTltR--I"AT 

l'~:~~E OF 1-'C:o-",,-,-,,-nt-.-ft-:-b-' -;--,,-.... -~-t-• .,.".,.b.-
GRANDDAUGlITJ:R8 granddaughteIfI granddaughters 

3.19 
3.25 
3.32 
3.39 
3.46 
3.52 
3.59 
3.66 
3.72 
3.79 
3.86 

3.0-3.4 
3.1-3.5 
3.1-3.5 
3.2-3.6 
3.3-3.7 
3.3--3.7 
3.4-3.8 
3.ih3.9 
3.5-3.9 
3.&-4.0 
3.7-4.1 

2.4-4.0 
2.5-4.0 
2.5-4.1 
2.6-4.2 
2.7-4.2 
2.7-4.3 
2.8--4.4 
2.9-4.5 
2.9-4.5 
3.0-4.6 
3.1-4.7 

deviations of these milk yields are also larger than those ordinarily 
found. The average butter-fat percentages and the standard 
deviations of them show values normal to the Holstein-Friesian 
breed. The correlation coefficient for the milk yields of. grand
daughter and granddam is about that to be expected from the known 
manner in which the chromosomes, carrying the factors for milk 
yield, would assort. From a practical standpoint, then, the milk 
yield of the paternal granddam iodicates to some degree the prob
able milk yield of her granddaughter. The correlation coefficients 
for these milk yields are only about one half those for the parent and 
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offspring correlations. In other words the record of a grandparent 
is not of so much value as that of a parent in predicting the milk yield 
of the offspring. 

TABLE 1S8 

CO'rrelation surface for tke milk y£eld8 oj paternal grandd4ms and their 
granddaughters 

O~~~;!~~.~:B il~I~I~I~!!!! ~1~1;ls!~ iii ~I!I!I~I! !1~li 
11,000-12,000 ---~-~I~-I-I~I-I~--;----- -7 

12,000 I, I 2 

13,000 I I 21 I I 1 2 8 
14,000 I 2 214 113 2 15 
15,000 I 3 4 2 2[2 I 2 3 3 23 
16,000 3 2 21 I 2 5 3 I 41 3 2 I I 30 

;~:~o:: I I ~II :1 r II; ! ; I I: ~ 
19,000 I III 3 I 2 3 3 I I I I I 30 
20,000 I I I I I 2 I 3 4 3 2 20 
21,000 2 III 2 I I, 4 1 I I I 2 I 19 
22,000 3 8 2 2 3 I I 20 
23,000 1 3 2 1 1 I I 2 1 13 
24,000 I 2 I I 2 I 2 I I 12 

25,000 251 1 3 2 2 13 
26,000 1 3 
27,000 2 2 1 1 6 
28,000 2 1 1 3 I 8 
29,000 I 1 
30,000 1 1 
31,000 I I 
32,000 2 2 
~ooo 1 1 

34,000-35,000 I 1 

~1-1~1~lwi~:;;;;WI~j; ;o117~~W--;17--;7-;-; m 
The correlation coefficient for the butter-lat percentages of grand

dam and granddaughter is not so large as it could be expected to be 
either from the probable distribution of the chromosomes or from 
the relations determined on the cousins. In any case the correJ..tion 
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TABLE 139 

Cor,.«ation sur/ace/or the butter~Jat pet'centagea of paternal granddamll and their 
granddaughtM'B 

TABLE 140 

CO'h.8tants of variatiofl.. and correlation coefficients for the milk yields and butter
fat percentages of paternal (J1'anddaTlU! and granddaughters 

Mean ..... 
Standard deviation .. 
COefficient of variation 

Granddaughters 

.. '119,851±179 
" 4,429±126 
'" 22.3±O.7 

Granddams 

E:~!1:1~~i~L:.:.··.::·::.:::::: .\ 
Correlation coefficient.'.' ............ . 

20,063±182 
4,503±129 
22.4±O.7 

O.2.l8±O.038 

3.43±O.OI 
O.319±O.009 

9.3±O.3 

3.W±O.Ol 
O.319±O.009 

9.1±O.3 
O.091±O.040 
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coefficient shows that there is a distinct association between the milk 
yields of paternal granddams and granddaughters. The case for the 
butter-fat percentage is not so clear. The raw regression lines 
together with the straight line equations for the same are shown in 
figures 26 and 27. 

From these straight line equations similar information to that 
previously presented for the granddaughters may be tabled for the 
milk yields and butter-fat percentages of granddam and grand-
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FIG. 26. CURVES SHOWING THE RELATION BETWEEN mE MILK YIELDS OF 

PATERNAL GUNDDAM AND GRANDDA.UGHTER 

daughter. The equation for the probable milk yield of grand
daughter from the milk yield of granddam is: 

Granddaughter's ",ilk yield - 14759 + 0.254 gr."dde",'. milk yield (56) 

The equation for the butter-fat percentage of the granddaughter 
from that of the granddam is: 

Granddaughter'S butter-fat percentage "'" 3.12 + 0.090 grand-
dam's butter.Jat percentage (57 ) 



INFLUENCE OF PATERNU, GRANDDAM ON MILK ymLD 315 

Table 141 shows the average milk yields of the granddaughters 
for given milk yields of the granddams. The ranges necessary to 
include 50 per cent and 99 per cent of the granddaughters' milk yields 
for the different granddams' milk yields are also given. 
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FIG. Z1. CURVES SHOWING TB:e:l RELATION BETWEEN THE BUTTER~P'AT 

PERCENTAGES OF PATERNAl, GRANDDAl( AND GRANDDAUGHTER 

Table 142 gives the same information for the butter-fat percentage. 
As would be expected from the correlation coefficients, the milk 

yields of granddam and granddaughter correspond more closely to 
each other than do the butter-fat percentages of granddam and 
granddaughter. 
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TABLE HI 

Expected milk yields oj granddaughters Jor given milk yields of the granddums. 
Range of variation nece88ary to include 50 and 99 per cent of the granddaughters 
jor given milk fI£elds oj tkegranddams 

B.A.NGJ: 0,. MILk Tl"&LD NJlK:ms&A-RY 1'0 INCLUDC 
MILK YIELD OF EXl'Jtcrn:o MILK YIELD 

GlUoNDDAJf8 OJ' O.QANDDA,DOSTERS 60 per cent of the 
granddaughters 

gg per !lent of the 
granddaughters 

10,000 17,297 14,411-20,183 6,257-28,337 
12,000 17,805 14,919-20,691 6,765-28,845 
14,000 18,312 15,42t> 21,198 7,272-29,352 
16,000 18,820 15,934-21,706 7, 78!H!9, 860 
18,000 19,327 I 16,441-22,213 8,287-30,367 
20,000 19,835 16,949-22,721 8,795-30,875 
22,000 20,343 17,457~23,229 9,303-31,283 
24,000 20,850 17,964-23,736 9,8HHlI,890 
26,000 21,358 18,472-24,244 10,318-32,398 
28,000 21,865 18,979-24,751 10,825-32,905 
30,000 22,373 19,487-25,259 11,338-33,413 

TABLE 142 

Expected butter-fat percentage of granddaughters for given butter-Jat percentages 
of the granddams. Range of var£ation necessary to include 60 and 99 per cent 
of the grandda'Ughters for given butter-fat percentages of the granddama 

Jt1PIilCTED "QUTT1lR-FJ.T 

IUNGl! OF JlU'I"I'1'lR ..... AT PIIBCICNTAGIl 
NIICmsaABT TO INCLUDE 

PJI)RCENTAGE8 OJ!' 'l'HE t'H:~~~~D~G:;::n$I-",-pe-,-oo-n'-O-ft-h-' -'-"-pe-, -.. -n'-o-Cft-Ch.-
granddaughteI'8 granddaughters 

2.6 
2.8 
3.0 
3,2 
3.4 
3.6 

·3.8 
4.0 
4.2 
4.4 
4.6 

3.35 
3.37 
3.39 
3.40 
3.42 
3.44 
3,46 
3,48 
3,49 
3,51 
3.53 

3.1-3.6 
3.2-3,6 
3.2-3.6 
3.2-3.6 
3.2-3,6 
3.2-3,7 
3.2-3,7 
3.3-3.7 
3.3-3.7 
3.8-3.7 
3.8-3,7 

2.5-4,2 
2.5-4.2 
2.6-4.2 
2_5-4,2 
2.5-4.2 
2.5-4,3 
2.5-4.3 
2,7-4.3 
2.7-4.3 
2.7-4,3 
2.7-4.4 
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SUMMARY 

In this section a study has been made of the influence of the grand
dam on the milk yields and butter-fat percentages of the grand
daughters. This influence is manifest in the performance of the 
granddaughters, the performance of the cousins, and the performance 
of the granddaughters in relation to the performance of the grand
dams. The correlation coefficients for the granddaughters are 0.297 
for milk yield and 0.336 for butter-fat percentage. The correlation 
coefficients for the cousins are 0.171 for milk yield and 0.214 for 
butter-fat percentage. The correlation coefficients for the grand
dams' and granddaughters' productivity are 0.258 for milk yield and 
0.091 for butter-fat percentage. These correlation coefficients point 
to the general influence of the granddam on the milk yield of her 
granddaughters measured by a correlation of 0.2 to 0.25 for milk 
yield and butter-fat percentage. In other words, the paternal grand
parents are about equally potent in their influence on the milk yield 
and butter-fat percentages of their granddaughters and only about 
half as effective as the parents. 



CHAPTER XXII 

INFLUENCE OF THE MATERNAL GRANDSIRE ON THE MILK YIELDS 

A:r-."'D BUTTER-FAT PERCENTAGES OF HIS GRANDDAUGHTERS 

As noted elsewhere the maternal side of pedigree study is neglected 
in preference to the paternal side. Is this practice one based simply 
on custom or has it a genetic background to support it? This 
section and the one to follow will present the evidence for the influence 
of the two maternal grandparents on the milk yields and butter-fat 
percentages of the granddaughters. 

The mode of analyzing the problem will be the same as that 
previously used. The relation of the milk yields and butter-fat 
percentages of the granddaughters, the relation of the milk yields and 
butter-fat percentages of the cousins, and the direct relation of the 
milk yields and butter-fat percentages of grandsire and granddaughter 

. constitutes the data presented on this problem. The mean milk yields 
and butter-fat percentages of the granddaughters are presented in 
table 143. The standard deviations, coefficients of variation, and 
correlation coefficients are also given for these granddaughters. 

The average milk yield and butter-fat percentage of this group 
of cows is closely similar to that of the whole Holstein-Friesian 
breed. The standard deviations are also similar to those of the whole 
breed. The groups of cows making up the granddaughters are 
accordmgly, entirely comparable and representative of all the cows. 
The correlation coefficients for the milk yields and butter-fat per
centages of these granddaughters are of fair size and are distinctly 
significant. The productivity of each granddaughter is related 
to that of the other in such a way that a larger milk yield or butter
fat p&centage of one means a larger milk yield or butter-fat per
centage of the other. How closely these records agree is shown 
in the next tables where the a "erages and variations of the second 
granddaughter are given for " given performance of the first 
granddaughter. 

Table 144 is self-explanatory. Table 145 contains similar in
formation for the butter-fat percentage of these granddaughters. 
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The data of tables 144 and 145 present the information necessary 
to determine approximately the probable performance and the 
possible variation of this performance for a cow when her maternal 
grandsire has another granddaughter with a record. The grand
daughters may be full or half sisters or cousins. It is of much im-

TABLE 143 

Constanta of variation for the milk yields and butter-fat percentages of maternal 
granddaughters 

lil.!l.TERNAL ORANlJDAUGHTIlrR'S CON8TA~ 
0)' VAlUATION 

Mean .. 
Standard deviation ......... ,. 
Coefficient of variation 
Correlation coefficient 

19,278±66 
3, 957±47 
2O.5±O.3 

0.244±0.016 

3.45±0.01 
0.313±0.003 

9.1±0.1 
O. 224±0. 016 

TABLE 144 

Expected milk yields of one granddaughter when the milk yield of the find grand
daughter is known. Range oj variation necessary to include 60 and 99 per 
cent oj the aireond granddaughters 

IIXPIIC'l'I:D MILl( TUILD 
llANGII NIICM8ART TO INCLtm. 

MILK YI:aLD J'lRBT 
GKANDDAUGIITllIll O.8lCCOND 

50 per cent of the 99 per cent of the GRANDD4UGIITIlB8 
gra.nddaughters granddaughters 

10,000 17,014 14,425-19,603 7, 113-~6,915 
12,000 17,502 14,913-20,091 7,601-27,403 
14,000 17,990 15,401-20,579 8,089-27,891 
16,000 18,478 15,889-21,067 8,577-28,379 
18,000 18,_ 16,377-21,555 9,065-28,867 
20,000 19,454 16,865-22,043 9,553-29,365 
22,000 19,942 17,353-22,531 10,041-29,843 
24,000 20,430 17,841-23,019 10,529-®,881 
26,000 20,918 18,329-23,507 11,017-30,819 
28,000 21,406 18,817-23,995 11,505-31,307 
30,000 21,894 19,305-24,488 11,993-31,795 

partance to examine the relation of the milk and butter-fat records 
of cousins when the maternal grandsire is the common parent. 
The analysis of this data is given in table 146. 

The correlation coefficients for the milk yields and butter-fat 
percentages of cousins with commOn paternal dams and of cousins 
with common maternal grandsires are closely sinIilar to each other. 
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These correlation coefficients are of fair size. The correlation 
coefficient for the milk yields of cousins with a common paternal 
grandsire is not significant, that for the butter-fat percentage is 
significant. No hiological reason appears to exist for this difference. 

TABLE 145 

Expected butter-jat percentage Of one granddaughter when the butter-fat per
centage oj the first granddaughter 1,'8 known. Range of VGT'!:ati"on necessary 
to include 50 and 99 per cenl. oj the second granddaughters 

2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 

3.26 
3.31 
3.35 
3.40 
3.44 
3.49 
3.53 
3.58 
3.62 
3.67 
3.71 

TABLE 146 

3.1-3.5 
3.1-3.5 
3.2-3.6 
3.2-3.6 
3.2-3.7 
3.3-3.7 
3.3-3.7 
3.3-3.7 
3.4-3.8 
3.4-3.8 
3.5-3.9 

The correlation of the performance of cousim 

2.5-4.0 
2.5-4.1 
2.6-4.1 
2.5-4.2 
2.7-4.2 
2.7-4.3 
2.7-4.3 
2.8-4.4 
2.8-4.4 
2.9-4.5 
2.9-4.5 

I 
CORRELATIoN CO:awJCUIN'1" POB. ~1Il 

lUND 01' cousIN (COliMON GRANDPABBN'l') ----,=-..,-0,...'-.. -'".,,"""'::-:--" -,-__ _ 
Milk yield Butter-fat peroentap 

5:::~~1~:::':::::::::::::::::::::::1 0.005±0.020 
0.171±0.045 
0.206±0.02O 

0.119±0.029 
0.214±0.044 
0.216±0.020 

In fact, it seems rather as if the productivity of the cousins should he 
correlated to the extent of about 0.2 or that found for the rest of 
the cousins. Such a supposition is possible for the butter-fat per
centages of cousins with a common paternal grandsire but is statisti
cally doubtful for the milk yields of these same cousins. 
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THE DIRECT RELATION OF THE MATER...~AL GRANDSIRE TO THE MILK 

YIELDS AND BUTTER-FAT PERCENTAGES OF HIS GRANDDAUGHTERS 

By using the same methods as those already described the re
lation between the milk yields and butter-fat percentages of maternal 
grandsire and granddaughters may be found. The standard de
viation of the granddaughter's milk yields for each of the grandsires 
are given in table 147. 

These standard deviations are based on grandsires having 6 
to 14 granddaughters, inclusive. The average weighted squared 
standard deviation for the group is 10,839,820. The weighted 
correction factor, due to the small number of individuals on which 
the single standard deviations are based, is 1.2682. The corrected 
standard deviation is consequently 3709. With this data the 
correlation coefficient is found to be 0.350. This coefficient is 
rather large. However, when the method of derivation is considered 
it will be realized that the coefficient is naturally larger than the 
product moment coefficient. In fact, the true product moment 
r is likely to be somewhere near 0.2 to 0.25 corresponding to the 
coefficients previously found for other similar data. 

In the same manner the relation of the grandsire to the butter
fat percentage of the granddaughter may be determined. Table 148 
gives the standard deviations of the granddaughter's but.ter-fat 
percentages for the same sires as those of table 147. 

From these data the average weighted squared standard deviation 
is found to be 0.06547. Applying the same correction factor due 
to the small nmnber of individuals on which the single standard 
deviations are based, as that for milk yield, 1.2682, we have for the 
corrected squared standard deviation 0.08302. The correlation 
coefficient formed from this data is 0.390. As would be expected 
from the derivation of this coefficient it is rather large. The probable 
value of the product moment r would be more nearly 0.25 to 0.30 
or a value corresponding closely with that of other data on inheritance 
from grandparent to granddaughter. It is of interest to gather 
together these coefficients for the contribution of sire and grandsires 
in governing the production of the granddaughters and compare 
them. The similarity in the method of their calculation makes 
it appear as though the comparison of the coefficients as they are 
calculated is sound. Table 149 gives this comparison. 
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These correlation coefficients are subject to the same influences, 
feeding and care of the cows and heredity. Feeding and care, 
environmental factors, have been shown to modify such correlation 

TABLE 147 

Standard deviations of milk yields of the granddaughters for each maternal 
granti'sire 

GBANm:'l1Blt'a BERD 

635" 2,514 
21,724 1,Z86 
22,187 1,826 
22,233 2,010 
22,235 2,4i8 
22,699 3,399 
22,881 2.967 
22,991 3,830 
23,102 3,149 
23,153 1,543 
23,260 3,417 
23,301 2,267 
23,366 2,561 
23,450 3,726 
23,538 3,562 
23,971 3,758 
24,954 3,606 
25,166 3,727 
25,467 4,740 
25,865 2,749 
25,982 4,832 
26,025 5,047 
26,646 2,267 
26,936 2,268 
27,041 3,659 
27,868 4,992 
28,176 3,625 
28,400 2,749 

·28,430 4,561 

·W. H. F. A. 

I 
I 
! 
! 
i 
I 

I"}HANl)BIR])'SlJEBD 
BOOl( NUMBER 

28,565 
28,982 
29,027 
29,303 
29,500 
29,588 
29,600 
30.624 
30,874 
31,072 
31,212 
31,387 
32,110 
32.322 
32,408 
32,492 
32,554 
32,655 
33,437 
34,1l4 
34,467 
37,652 
38,446 
41,206 
41,266 
41,751 
42,147 
44,034 
44,444 

3,055 

I 3,590 
3,510 

I 2,718 
1,700 
2,840 

957 
1,795 

639 
2,625 
4,357 
3,543 
3,464 
2,673 
2,867 
2,805 
5,249 
2,807 
4,460 
5,735 
2,055 
1,247 
3,201 
3,414 
4,610 
2,537 
2,560 
3,416 
4,346 

coefficients to only a moderate degree. It should be kept in mind, 
however, that the method of calculating these coefficients is such 
that they are probahly larger. than the product moment values. 
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TABLE 148 

Standard deviations of the butter-fat percentages of the granddaughters for each 
maternal gra1Uisire 

OaANi)SIRE'S BERD 
BOOK NUUl!ER 

OF TBE BUTTER-FAT GRANDSlRE'S BEnD OF TO!!: BU'l'Tlift-FAl' 
PERCJ:NTAG8:8 OF THE BOOK NUMBllfl. PERCENTAGES OF Ttlll 

J STANDARD DE'\""IATION I 8T,l.NDAl1D DEVIATION 

------1 OR"-NDDAUGBT.~ ______ 1 GBANDDAUGB'l'E~ 

0.176 -II 28,565 0.160 635* 
21,724 
22,187 
22,233 
22,235 
22,699 
22,881 
22,991 
23,102 
23,153 
23,260 
23,301 
23,366 
23,450 
23,538 
23,971 
24,954 
25,166 
25,467 
25,865 
25,982 
26,025 
26,646 
26,936 
27,041 
27,868 
28,176 
28,400 
28,430 

·W. H. F. A. 

0.406 I 28,982 0.180 
0.229 29,027 0.228 

~:~i [I ~i:E ~:ill 
0.241 30,624 0.157 
0.285 30,674 0.259 
0.088 31,072 0.275 
0.256 31,212 0.183 
0.094 31,387 0.335 
0.242 32,110 0.189 
0.266 32,322 0.164 
0.381 32,408 0.267 
0.239 32,492 0.155 
0.141 32,554 0.211 
0.279 32,655 0.183 
0.191 38,437 0.281 
0.332 34, 114 0.362 
0.285 34,467 0.1'11 
0.096 37,852 0.344 
0.157 38,446 0.344 
0.188 41,206 0.195 
0.229 41,266 0.227 
0.410 41,751 0.205 
0.3Ot\ 42,147 0.335 
0.157 44,034 0.345 
0.350 44,444 0.265 

TABLE 149 

Coefficients showin.g the correlation between the male ancestors and the produc
tivity of the granddaughters 

Sire ........................ . 
Paternal Grandsire ...... . 
Maternal Grandaire ... .... . 

0.521 
0.245 
0.350 

0.526 
0.889 
0.390 
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The values for the sire and daughter for both milk yield and butter
fat percentage are larger than these correlations for the relation of 
the grandsires and granddaughters for either of these constants. 
The associations between the milk yield and butter-fat percent
age of the granddaughter and the maternal grandsire are larger 
than these same constants for the granddaughter and paternal 
grandsire. It should be remembered, however, that the maternal 
grandsires' and granddaughters' coefficients are undoubtedly subject 
to the larger probable error. The size of these coefficients of correla
tion are, on the whole, about the same as those which have been 
found for other quantitative data. The influence of the two grand
sires appears to be approximately equal and less than that of the sire. 
Some appreciation of the amount of this influence may be gained 
by an examination of the degree of control exerted by the ancestor 
on the standard deviation of the progeny's milk yield or butter-fat 
percentage. The average coefficient of correlation for the grand
sires' and granddaughters' milk yield is 0.287 and that for the butter
fat percentage is 0.363. The amount of variation eliminated by 
making the grandsires constant is S.D. - S.D. ,,1=T2 or 4.2 per 
cent for the milk yields and 6.S per cent for the butter-fat percentages. 
For the sire the degree of control is 14.6 per cent for the milk yield 
and 15 per cent for the butter-fat percentage. In other words 
something less than half as much control over the milk yield or 
butter-fat percentage is exerted by the individual grandsires as that 
exerted by the sire. 

SUMMARY 

In this section the data on the inheritance of milk yield and 
butter-fat percentage from the maternal grandsire to the grand
daughter are presented. Three lines of evidence are presented. 
It is shown that a correlation exists for the milk yields and butter
fat percentage of granddaughters of 0.244 and 0.224 respectively. 
The cbrrelation coefficients for the milk yields and butter-fat per
centages of cousins having II common maternal grandsire, are 0.206 
and 0.216. By the application of the method of average standard 
deviation of arrays of granddaughters for each grandsire to the 
standard deviation of all the granddaughters it was possible to 
show that a coefficient of 0.350 for milk yield and 0.390 for butter-
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fat percentage exists between the maternal grandsires and grand
daughters. These data point to the conclusion that the grandsire 
is only one-half as effective in controlling the milk yield or butter
fat percentage of the granddaughter as the sire or, for that matter, 
the dam. 



CHAPTER XXIII 

THE INFLUENCE OF THE MATERNAL GRANDDAM ON THE MILK YIELDS 

AND BU'lTER-FAT PERCENTAGES OF HER GRANDDAUGHTERS 

In the preceding section the analysis showed that the maternal 
grandsire had as profound an influence on the productivity of the 
granddaughters as either paternal grandparent. In spite of this fact 
the evidence shows that what selection for productivity in milk 
yield is accomplished) is more stringently practiced for the paternal 
than for the maternal side of the pedigree. No small importance can 
be attached to this problem. As the evidence about to be presented 
will show, the contribution toward the inheritance of the grand
daughter by the maternal granddam is as important as the contribu
tion of any grandparent in so far as the inheritance affects milk yield 
or butter·fat percentage. In view of these facts it seems reasonable 
to expect a revision in the methods now in vogue in the selection 
and breeding of dairy animals. Table 150 presents the data on 
the average yields, variation in yields, and correlation of the yields 
of granddaughters with a common maternal grandsire. The existence 
of a correlation between the records of granddaughters is, of course, 
a partial proof of the inheritance of milk yield or butter-fat percent
age, the contribution of similar heredity coming from the granddam 
being a cause for this resemblance. 

The average milk yields and butter-fat percentages of this group 
of cows are practically the same as those of the Holstein-Friesian 
Advanced Registry taken as a whole. The constants of variation 
are likewise normal for the breed as a whole. The correlation coeffi
cients for the milk yields or butter-fat percentages of the grand
daugh~ers are fairly large and distinctly significant. The produc
tivity of one of the granddaughters from a common maternal 
granddam controls to a fairly large degree the productivity of the 
other granddaughters. 

The equations to predict the performance of one granddaughter 
from that of auother are given below. From these equations and the 
known variations of the milk yields and butter-fat percentages tables 

326 
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151 and 152 are formed. Table 151 shows the mean milk yields and 
the ranges of milk yield necessary to include 50 and 99 per cent 
of the second granddaughters when the milk yield of the first is known. 
Table 152 shows the same information for the butter-fat percentages. 

TABLE MD 

Constants of variation for the performance of the granddaughters in milk yield 
and butter-fat percentage 

________ P_H_y'_"_AL_'_om __ TA_m ________ .I ____________ I __________ _ 
Mean .... 
Standard deviation ..... . 
Coefficient of variation . . 
Correlation coefficient ... 

19, 476±99 I 
4,16S±70 
21.4 ±0.4 

0.344 ±0.021 

3.45±0.01 
O. 308±0. 005 

8.9±0.2 
0.258±0.022 

TABLE 151 

Average m·t.'lk yleld of second granddaughters where the mllk yletd of the first 1.'8 
known. Range of milk yield necessary to include 50 and 99 per cent of the 
second granddaughters 

FIRST QRAND- ltXPECTED MILK TIE!.!> 
RA~GE NECESSARY TO INCLUDE 

DAUGHTER'!; MILK OF!;ECOND 
fl&LD GRANDDAlJGH'I'ERS 50 percent of the 99 per oont of the 

grtmddaughter.8 granddaUghtere 

10,000 16,216 13,576--18,856 6,117-26,315 
12,000 16,904 14,264-.19,544 6,805-27,003 
14,000 17,592 14,952-20,232 7,493-27,691 
16,000 18,280 15,640--20,920 8,181-28,379 
18,000 IS, 968 16,328-21.608 8,8611-29,067 
20,000 19,656 17,016-22,296 9,557-29,755 
22,000 20,344 17,704-22,984 10,245-30,443 
24,000 21,032 18,392-23,672 10,933-31,131 
26,000 21,720 19,080--24, 360 11,621-31,819 
28,000 22,408 19,786-25,048 12, 309-32, 507 
30,000 23,096 20, 456-25, 736 12,997-33,195 

The milk yield of the second granddaughter for a given milk yield of 
the first is equal to: 

Milk yield second granddaughter = 12776 + 0.344 milk yield first 
granddaughter (58) 

Table 151 shows the information on the milk yields of the grand
daughters derived from this equation. 



328 MILK SECRETION 

In view of what has been previously presented the data given in 
tahle 151 should be self-explanatory. The equation for the butter
fat percentages of second granddaughters for the given butter-fat 
percentages of first granddaughters is given below: 

Butter-fat percentage of second granddaughter = 2.56 + 0.258 butter-fat 
percentage of first granddaughter (59) 

From this equation and the data on the standard deviation given 
in table 150 we obtain the information given in table 152. 

TABLE 152 

Average butter-jat percentage of second granddaughters when the first grand .. 
daughter has a g1:uen butter-fat percentage. Range of butter-fat percentag6 
n.ecessary to incl1.Ule 50 and 99 per cent of the second granddaughters 

RANGE OF BUTTER-FAT PERCENTAOB 
EXPECTED BU'l"l'ER-FAT NECESSART TO INCJ.UOE 

DA,UGliTER S RUTTER-
PERCENTAGE OF 

FAT PERClilNTAGE 
SECOND 

5{}per cent of the 99 per !lent of the GRANDDAUGHTERS 
granddaUghters granddaughters 

2.6 3.23 3.0-3.4 2.5-4.0 
2.8 3.28 3.1-3.5 2.5-4.1 
3.0 3.33 3.1-3.5 2.14.1 
3.2 3.38 3.2-3.6 2.14.2 
3.4 3.44 3.2-3.6 2.7·4.2 
3.6 3.49 3.3-3.7 2.7-4.3 
3.8 3.54 3.3-3.7 2.8-4.3 
i.O 3.59 3.4-3.8 2.8-4.4 
4.2 3.64 3.4-3.8 2.9-4.4 
4.4 3.69 3.5-3.9 2.9-4.5 
4.6 3.75 3.14.0 3.0-4.5 

The question of the relation existing between the milk yields 
and butter-fat percentages of cousins follows naturally on that of the 
second granddaUghters. There are 652 pairs of cousins with a 
common maternal grand dam. The average milk yield for the group is 
19,528 pounds of milk and the average butter-fat percentage is 3.46. 
The standard deviation for the milk yields is 4222 pounds and for 
the butter-fat percentage, 0.314. The group is consequently closely 
similar to that of the whole breed. The correlation coefficients 
for the milk yields and butter-fat percentages of these cousins 
are 0.234 ± 0.044 and 0.244 ± 0.044. Table 153 brings together 
in tabular form the results, which have been presented, on the 
relation of the milk yields and butter-fat percentages of cousins. 
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The correlation coefficients for the performance of the cousins 
with a common paternal grand.ire are less than the rest, the milk 
yields significantly less, the butter-fat percentage probably not 
significantly less. In view of the other evidence presented there 
does not seem to be any biological reason for this difference, for 
as previously noted, the relation of the milk yields of granddaughters 
to their paternal grandsires is the same as the relations for the other 
grandparents. The six other coefficients resemble each other closely 
considering the data from which they are derived. In view of this 
fact and the other relations found for the granddaughters and 
grandparents it appears probable that the cousins in their productiv
ity resemble each other to practically the same extent irrespective 
of what the cornmon grandparent may be. 

TABLE 153 

CQrrelation coefficients for the milk yields and butter-fat percentages of cousins 

Paternal grandsire .. 
Paternal granddam .. 
Maternal grandsire . . 
Maternal granddam . . 

0.OO5±0.029 
O.171±0.045 
0.206±0.020 
O. 234±O. 044 

0.119±0.029 
0.214±0.044 
0.216±O.020 
O. 244±0. 044 

THE DIRECT RELATION OF THE MATERNAL GRANDDAMS TO TPE MILK 

YIELDS AND BUTTEn-FAT PERCENTAGES OF THE 

GRANDDA UGHTER8 

The correlation surface showing the relation of the milk yields 
of maternal granddam and granddaughter is given in table 154. 

The correlation surface showing the relation of the butter-fat 
percentages of maternal granddams and granddaughters is presented 
in table 155. 

From tbese tables the constants of table 156 are derived. 
The mean milk yield of the granddaughters is slightly in excess 

of the mean milk yield of the granddams. On the other hand the 
mean butter-fat percentage of the granddams is larger than that of 
the granddaughters. Both groups are fairly representative of the 
Holstein-Friesian breed. The standard deviations of the milk yields 
are slightly high for the granddams and low for the granddaughters. 
The standard deviations for the butter-fat percentages are about 
normal. 
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The correlation coefficients for both the milk yields and hutter
fat percentages of the granddams and granddaughters are significant 
and large enough to be of some importance. They show clearly that 
the granddam's productivity is an indication of the prohable produc
tivity of the granddaughters. In table 157 are gathered together the 

TABLE 154 

Correlation surface for the relation of the milk yields of maternal granddams and 
their granddaughters 

YAmNAL ~ I I I GRANDi

A UDBTE~' M'i "'II . ~ I 
GRANDDAM'S MILK II I I III I 

mLD !~!~ !!1;!1!1!IIllllllllllIIi!1_ 
10, 00(}-J1, 000 11 1 111 I 4 

li:: \ 11 i I ; 1 : 1 1[ 1 ~ 
14,000 1 1 11 1 1 2 1 1 9 
15,000 1 7 41' 5 3 1 I 1 22 

16,000 3 2 1 I 2 S 
17,000 113314211 17 
18,000 1 3 3 3 1 3 3 1 1 19 
19,000 1 1 3 1 1 1 411 1 1 1 1 1 18 
20,000 1 2 1 2 2 1 1 If) 
21,000 1 2 2 1 6 
22,000 2 1 2 1 1 I 1 1 1 1! 
23,000 1 1 1 1 1 5 
24,000 1 1 1 1 1 1 6 
25,000 1 111 4 
26,000 1 1 2 
27,000 1 1 1 3 
28,000 1 1 
29,000 1 2 1 4 

30, 1JOO...31, 000 1 1 

~~~-;181~,;gIMi;;;l~iV88-;;16-;;-;; 2-~-;; lOO 
coefficients showing the correlation of the grandparental performance 
with the performance of the granddaughters. 

TheBe correlation coefficients agree fairly well when proper weight 
is given to the fact that the correlations for the grandsires are de-· 
rived in such a manner as to make it probable that they are slightly 
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TABLE 155 

Correlation surface for the relation of the buttel'-fat percentages of maternal 
granddams and their granddaughters 

MATERNAL ORAND
DAM'S BU'l'TER-FA'l' 

TABLE 156 

Constants of t)f}//'1,'at£on and correlat£on for the m2'lk y£elds and butter-jat per
centages of maternal granddams and their granddaughters 

Mean .............. . 
Standard deviation, 
Coefficient of variation, . 

Mean ........... , 
Standard deviation, . 
Coefficient of variation. 
Correlation coefficient .... 

Maternal granddams 

.:/ 
18, 729±227 
4. 331±160 
23.1 ±O.9 

Granddaughters 

........ \ 

........ 

20,036±209 
3,986±148 
19.9±O.8 

O.307±O.047 

BU7TEB-F.!.T 
PSltCENTAGli 

3.42±0.02 
O. 295±0. 011 

8.6±O.3 

3.39±O.02 
O.313±O.012 

9.2±O.3 
O.192±O.050 
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in excess of what they would have been had they been derived by the 
product moment method. The evidence as a whole, points to an 
equal influence of the grandparents. The effect on the milk yields 
or butter-fat percentages as measured by the correlation coefficient 
appears to be equal to about 0.2 to 0.25 or a correlation coefficient 
equivalent to that found for most quantitative data. 

Table 158 gathers together the data for a comparison of the 
influence of the female parents and grandparents. 

TABLE 157 

Correlation coefficients jor the relation of the milk yields and butter-fat per
centages of tlte grandparents and granddaughters 

TYPE OF GRANDPAREN'l' 

I Paternal grandsire .. ·1 0.245 0.339 
Paternal granddam .. 0.258 0.091 
Maternal grandsire .. 

!J 

0.350 0.390 
Maternal granddam .. 0.307 0.192 

Average ... ,. 0.290 0.253 

TABLE 158 

Correlation coeffiC'ients for the influence oj the parents and grandparent!'! on the 
milk yields and butter-fat pmcentages of the granddaughters 

Dam .......... . 
Paternal grandam ... 
Maternal granddam. 

Average for grandparents ................ . 

0.497 
0.258 
0.307 

0.282 

0.413 
0.091 
0.192 

0.141 

Table 158 brings out the fact that the correlation coefficients 
of the grandparents' productivity with that of the granddaughters is 
half or slightly less than half that of the parents with their daughters. 
ReturnIng to the formula for the reduction in the variation of per
formance when a given ancestor's performance is made constant, 
S.D. - S.D . ..J 1 -r', we note that for milk yield the dam reduces 
this variability 13.3 per cent, whereas the granddam reduces it 
only 4.1 per cent. For the butter-fat percentage the reduction for 
the dam is 9 per cent and the granddam 1 per cent on the basis 



INFLUENCE OF MATERNAL GRANDDAM ON MILK YIELD 333 

of the above figures. If we take the average of all the grandparents, 
table 157, the reductions for milk yields are parent~l 13.3 per cent 
to 4.3 per cent for grandparents, and for butter-fat percentage 
are parental 9 per cent to 3.2 per cent for grandparents. These 
facts bring out the point, tbat the grandparents control the milk 
yields or butter-fat percentages of their granddaughters to a much 
less degree than do the parents. Consequently, the record of a 
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FIG. 28. THE RELATION OF THE MILK YIELDS OF MATERNAL GRANDDAM A.ND 

GRANDDAUGHTER 

The raw regression lines a~e shown as rough lines. The straight lines are 
derived from the ordinary regression equations. 

grandparent is of much less value in indicating the probable yield 
of a cow than is the record of the parents. In other words it is of 
fundamental importance to have records close up to the cow if we 
are to have progress in breeding for the supremely important economic 
characters, milk yield and butter-fat percentage. 

From the data of table 156 we may now form the prediction 
equations for the milk yields and butter-fat percentages of a grand-
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daughter when her maternal granddam's record is known. The 
equation for the milk yield is: 

Granddaughter's milk yield = 14745 + 0.283 granddam's milk yield (60) 

The equation for the butter-fat percentage is: 

Granddaughter's butter-fat percentage = 2.69 -+- 0.204 granddam's butter 
fat percentage (61) 

The regression lines for the milk yields of granddaughter and 
granddam as derived from table 154 are shown in figure 28. The 
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FIG. 29. THE RELATION OF THE BUTTER-FAT PERCENTAGES OF MATERNAL 

GRANDDAM AND GRA.NDDAUGHTER 

The rough lines are the raw regression linea, the straight lines the lines 
derived from the ordin~ry regression equations. 

regression Jines for the butter-fat percentages, taken from table 155, 
are sbown in fignre 29. 

Table 159 shows the average milk yields of the granddaughters 
for given milk yields of the granddams. The range of milk yield 
necessary to include 50 per cent and 99 per cent of the granddaughters 
is also given. 
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TABLE 159 

Expected milk yield for a granddaughter when the milk yield oj the maternal 
grattddam is known. Range of variation necessary to include 50 and 99 per 
cent of the granddaughters 

UNG!! HEI!I88ARY TO INCLtrDII 
MILK nELD OF I!iXPlilCTIilD M.ILK YIELD 

toU.TIIlRNAL GRANDDA'" OF ORANDI)AUGHTlIlRS 50 per cent of the 99 per cent of the 
granddaughters granddnughtel'll 

10,000 17,570 15,012-20,128 7,784-27,356 
12,000 18,135 15,577-20,693 8,349-27,921 
14,000 18,700 16,142-21,258 8,914-28,486 
16,000 19,265 16,707-21,823 9,479-29,051 
18,000 19,830 17,272-22,383 10,044-29,616 
20,000 20,395 17,837-22,953 10,609-30,181 
22,000 20,960 18,402-23,518 11,174-30,746 
24,000 21,525 18,967-24,083 11,739-31,311 
26,000 22,090 19, 532-24, 648 12,304-31,876 
28,000 22,655 20,097-25,213 12, 869-32, 441 
30,000 23,2""Q 20, 662-25, 778 13, 434-33, 006 

TABLE 160 

Average butter-fat percentages for granddaughters when the butter-fat percentage 
of the maternal granddam 1,'1'1 known. Range oj vaN:ation necessary to include 
60 per cent and 99 per cent of the granddaughters 

AVERAGE BUT1'IlR-FAT 
BANGI! NJWEB8A.BT 'l'O INCl.tTDJl 

GRANDDAUGllTCR8 60 per cent of the 
granddaughters 

99 per cent of the 
granddaughters 

2,6 3,22 3,(}-3,4 2,4-4,0 
2,8 3,26 3,1-3,5 2,5-4,1 
3,0 3.30 3.1-3.5 2.5-4.1 
3.2 3.35 3.1-13,6 2.6-4.1 
3.4 3.39 3.2-13.6 2.6-4.2 
3.6 3.43 3.2-3.6 2.6-4.2 
3.8 3.47 3.3-3.7 2.7-4.3 
4.0 3.51 3.3-3.7 2.7-4.3 
4.2 3.55 3.3-3.8 2.8-4.3 
4.4 3.59 3.4-3.8 2.8-4.4 
4.6 3.63 3.4-3.8 2.8-4.4 

Table 160 shows the same data for the butter-fat percentage. 
The data contained in tables 159 and 160 appear to be 

self-explanatory. 
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SUMMARY 

This chapter treats of the inheritance of milk yield and butter
fat percentage from the maternal granddam to her granddaughters. 
The data presented, include the relation of the milk yields and butter
fat percentages of granddaughters, cousins, and granddams with 
granddaughters. The correlation coefficients for the milk yields 
and butter-fat percentages of granddaughters are 0.344 and 0.258 
respectively. These constants are 0.234 and 0.244 for cousins, 
and 0.307 and 0.192 for granddams and granddaughters. These 
data show that the granddams have a marked though small influence 
on the productivity of the granddaughters. The comparison of 
the correlation coefficients for the daughter's and dam's performance 
and for the granddaughter's and grand dam's production shows 
that the parents are more than twice as effective as the grandparents 
in controlling the milk yield or butter-fat percentages of a cow. 



CHAPTER XXIV 

RESUME OF TIlE PRESENT DATA ON THE INIlERITANCE OF MILK 

YIELD AND BUTTER-FKT PERCE1'<l'TAGE 

In the light of the best available evidence, the chromosomes 
and their behavior during the cell divisions just previous to the 
formation of the sperm or egg furnish the key to the phenomena 
observed in heredity. The chromosomes are consi<jered as the 
bearers of the elements which determine the inheritance. In any 
individual there i. a group of these chromosomes which reacts with 
the rest of the chromosomes to determine sex. These chromosomes 
are called the sex chromosomes. In mammals the sex chromosomes 
are in general one for the male and two for the female. In the 
female all the chromosomes including the sex chromosomes are 
in pairs. In the male all the chromosomes save the sex chromosomes 
are in pairs. The sex chromosome is single in the male for most 
mammals. The chromosomes are then little bundles of entities, 
called factors, each bundle going in pairs and each pair separate from 
the rest. These factors appear to be strung along the chromosomes 
in linear order. While the factors are distinct entities and one 
chromosome pair is distinct from another the reaction of the different 
factors on the developing body is such that a dozen or more factors 
may have an effect on a single minute organ. That is the body, the 
cow as we see it, is built by the combined action of all the factors con
tained in the chromosomes, while at the same time these factors are 
themselves distinct and remain distinct. 

The factors for heredity appear to be arranged in linear order 
along the chromosomes. If we take anyone pair of chromosomes 
they are known to come together in a kind of fusion sometime 
during the last two divisions which form the sperm or egg. It 
is known further that it is quite customary for a group of factors 
in one chromosome to cross over to the other chromosome of the 
pair and vice versa. In other words the factors from one chromosome 
may be interchanged with those of its mate in such a way that 
all possihle recombinations of factors may ensUe. The frequency 
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with which this recombination takes place is different for different 
factors and is believed to be due to the distance which may sepa
rate the factors in the chromosomes. 

The evidence for the inheritance of milk yield and butter-fat 
percentage in common with that for many other economic characters 
indicates that the quantity of milk or the amount of butter-fat per
centage is dependent on a number of such factors jointly. The 
number of chromosomes and their combination and recombination 
is important when viewed in the light of the above general facts of 
heredity. Wodsedalek1 has presented a cytological study of the 

1. 2. 
FIG. 30. FIGURES SHOWING CERTAIN 0' THE CaBOMOBOME GROUPS FOUND 

IN CATTLE 

1. Polar view of the metaphase of division in a spermatogonial cell show
ing thirtY-fiix ordinary chromosomes and the single heart.."ha.ped sex-ebrom
()8ome. 

2. Metaphase 8tages of division of the Oogonia showing the S6%-cBrOmoaome 
at the periphery of the plate. After Wodsedalek. 

ovaries and testes of cattle. According to this work the male has 
37 chromosomes. Of these chromosomes, one is the sex chromosome 
and the other 36, form IS pairs of lIutosomes. The sex chromosome 
is received from the dam in the egg. Of the 36 chromosomes 18 
are received from the sire and the 18 mates to them are received 
from the dam. The dam in consequence of this arrangement furnishes 
19 chromosomes to the male offspring and the sire 18. For II remale 

1 Wodoedalek, J. E. 1920. Studies on the .. lls of cattle with special 
reference to spermatogenesis, oogonia, a.nd sex-d.etermination. BioI. But, 
vol. ll8, pp . .200-317. 
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offspring the Bire contributes one sex chromosome and 18 other 
chromosomes and the dam one sex chromOBOme and 18 mates to the 
sire's 18 other chromosomes. The contribution of Bire'S chromosomes 
is carned by the sperm to the ripe egg. The egg carnes the chromo
some received from the dam. The fusion of the sperm with the egg 
makes the 37 chromosomes of the male and the 38 chromosomes 
of the female. Reproductions of certain of Wodsedalek's drawings 
showing the different chromosome groups are shown in figure 30. 

m cattle the female sex alone gives expression to the milk pro
ducing function. We must depend on this sex to give by their milk 
yield a reasonable expression of their inheritance for milk yield. 
It will be noted from the above discussion that the Bire and dam 
contribute an equal number of chromosomes (19) to their daughters. 
On a multiple factor inheritance for milk yield expectation would 
be an equal inheritance for milk yield and butter-fat percentage 
from the sire and dam. Such an equal inheritance is actually found 
from the records just studied. These conclusions equally apply to 
Masui's chromosome studies. 

A daughter receives 19 chromosomes from her dam. Full sisters 
receive from the sire One sex chromosome and 9 other chromosomes 
(on the average) which are identical, a total of 10 chromosomes 
from the sire. From the dam these full sisters may receive either 
one of her two sex chromosomes or any recombination of t,he two. 
On the factor hasis they would receive one-half the sex chromosome 
in common, and nine of the other chromosomes. Full sisters would 
have 19;6 chromosomes in common, or we would expect them to 
resemble each other in their milk yields or butter-fat percentages 
slightly more than daughters and dams would do in theirs, since 
the daughter and dam have only 19 common chromosomes. Such 
a condition of affairs actually exists in these data. The correlation 
coefficients for the milk yields and butter-fat percentages of full 
sisters are higher than the correlation coefficients of daughter and 
dam. 

Half sisters, with a common sire, would have a common sex 
chromOBOme and on the average 9 common chromosomes from the 
sire or a total of 10 common chromosomes. In view of this fact 
the milk yields and butter-fat percentages of these half sisters 
would he expected to resemble each other oniy about half as much 
as do the milk yields and butter-fat percentages of daughter and 
dam or full sisters. The facts show that in general such Ii conclusion 
is justified by the data. 
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Half sisters, where the dam is commOD, could receive either or 
any portions of their dam's two sex chromosomes, the average being 
half the sex chromosome in common. Of the other 36 possible 
chromosomes which might come from the dam, the half sisters 
would have 9 in common or a total of 9, chromosomes in common. 
The half sisters with a common dam would be expected to resemble 
each other in their milk yields and butter-fat percentages slightly 
less than the half sisters with a common sire. The correlation 
coefficients for milk yield and butter-fat percentage are slightly 
more for milk yield and distinctly less for butter-fat percentage. 
They would further be expected to resemble each other only to 
about half the degree that the full sisters or daughter and dam 
resemble each other. The correlations are less for the half sisters 
but not so much less as might be expected. This is partly due to 
the fact that environment plays a small part in raising the correlations 
for half sisters. 

The paternal grandsire contributes no sex chromosome and 18 
of the other chrolllosomes to his son. Two different sons would 
consequently have 9 chromosomes in common. Each of these 
sons contributes 19 chromosomes to his daughter of which no sex 
chromosome and 9 other chromosomes would come from the paternal 
grandsire. Cousins carrying only 4t common chromosomes each, 
would be expected to resemble each other in their milk yields or 
butter-fat percentages to only a small degree. The correlation 
coefficients show that cousins do resemble each other in their milk 
yield to only a small degree. 

The data on the grandparents is not quite all that it could be 
for inheritance studies because of the fact that the paternal grand
parents are frequently represented by one son and his daughters 
instead of several sons and their daughters. However, barring this 
fact, which perhaps should not be over emphasized, we note that the 
granddaughters with a common paternal grandsire have a correlation 
coefficient of 0.245 for milk yield and 0.339 for butter-fat percentage. 
The correlations for sire and daughter are 0.52 for milk and 0.53 for 
butter-fat percentage. There are 9 chromosomes in common for 
the granddaughter and her paternal grandsire whereas there are 
19 between the sire and daughter. The results confirm the conclusion 
expected from the distribution of the chromosomes that the paternal 
grandsire should resemble his granddaughter only half as much !IS 

the sire should resemble his daughter. 



RESUME OF PRESENT DATA ON INHERITANCE 341 

The paternal granddam contributes the sex chromosome and 18 
other chromosomes to her son. This son in turn contributes his sex 
chromosome and 18 others to his daughter. In other words, cousins 
with a common paternal granddam would have five chromosomes in 
common. They should consequently resemble each other slightly 
more than did the cousins with the common paternal grandsire. 
They do, the correlations being 0.171 and 0.214 for milk yield and 
butter-fat percentage against 0.005 and 0.119 for the same variables 
where the cousins have a common paternal grandsire. 

The direct relation of the milk yields of the paternal granddams 
and granddaughters measured by the correlation coefficient is equal 
to 0.258 for milk yield and 0.091 for butter-fat percentage. The 
interrelation of the milk yields is in line with the expectation based 
on the number of common chromosomes between paternal granddam 
and granddaughter (10). The correlation coefficient for the butter
fat percentage is low when compared with that expected from the 
ehromosome distribution or from the correlation found for the other 
grandparents. 

The maternal grandsires contribute a sex chromosome and 18 
other chromosomes to their daughters. These daughters in turn 
contribute one sex chromosome and 18 autosomes to their daughters. 
Cousins would on the average receive one half of the sex chromosome 
and 4; of the other chromosomes from the maternal grandsire. 
The correlation coefficient for the milk yields and butter-fat percent
ages of these cousins are 0.206 and 0.216 respectively, agreeing 
closely with those for the cousins with common paternal granddam. 
The direct correlations of granddaughter and maternal grandsire 
Are eqUB.l to 0.35 and 0.39 respectively. These correlations are 
larger than would be expected, although it is probable that an 
increased size is to be expected since the grandsires transmit through 
relatively few dams to their daughters. 

The contribution of chromosomes to cousins by the maternal 
granddam is 41 chromosomes. The correlation coefficients for these 
cousins, 0.234 and 0.244, is approximately the same as that for the 
cousins with common maternal grandsires, 0.206 and 0.216. The 
direct relation of maternal granddam and granddaughter is measured 
by correlations of 0.31 and 0.19 for milk yield and butter-fat per
centage. That is, they are about what would be expected in view 
of the chromosome distribution. 
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This hrief review of the mechanism of inheritance and the co
ordinating of it with the results obtained here for the inheritance 
of milk yield and butter-fat percentage shows that in general tbe 
results postulated by this mechanism and those actually obtained are 
in agreement. 

The results may now be reviewed from the standpoint of how 
much of the permanence of milk yield and butter-fat percentage' 
can be accounted for by tbe correlations obtained for the cow and 
her ancestors. The average correlation between the test and retest 
365-day milk yields is 0.667. The average correlation for the test 
and retest 365-day butter-fat percentage is 0.715. These correlations 
measure the degree of permanence of milk yield and butter-fat 
percentage in the cow. They measure the influence of those factors 
in environment which tend to cause permanent differences in the 
quantity and quality of the milk combined with the effect of heredity. 
The correlation for the milk yields of mother and daughter is 0.497. 
The correlation coefficient for the sire and daughters' milk yields 
(by the method of standard deviation of the daughters' milk yields) 
is 0.52. It is not possible to obtain the cross-correlation between sire's 
and dam's performance. The cross-correlation between the milk. 
yield of paternal granddam and the dam is 0.14 and between the two 
granddams is 0.30. In other words, the cross-correlation decreases 
as the performance of the two parents is approached. It is, therefore, 
reasonable to suppose the correlation between sire and dam to be not 
more than 0.14 and probably less than this figure. The partial 
correlations of sire and daughter for a constant milk yield of dam is 
0.50. The total correlation between the two parents and the daugh
ters' performance in milk yield is 0.673. If now we consider the 
grandparents we have the following case. The average correlation 
between parent's and the daughter'S milk yield is 0.51. Theaverage 
correlation between either of the four grandparents' and their 
daughters' milk yields is 0.29. The correlation due to ""sortive 
mating between dam and paternal granddam is 0.14. We may also 
consider the assortive mating between sire and maternal grandsire 
and maternal granddam, between dam and paternal grandsire, 
between paternal grandsire and paternal granddam, and between 
maternaJ grandsire and maternal granddam to be measured by the 
correlation of 0.14 (it is extremely prohable that it is much 1_ 

• See Chapter VI. 
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than this figure). The assortive mating of paternal granddam 
and maternal granddam is measured by a correlation of 0.30. It is 
reasonable to consider the assortive mating of paternal grandsire and 
maternal grandsire equal to the same correlation 0.30, although in 
actual fact it is quite likely to be much less. With this evidence 
in hand we are in a position to obtain the total effect for the combined 
heredity of parents and grandparents on the milk yields of tbe 
daughters. This combined influence is measured by a correlation 
of 0.676. The correlation coefficient between the milk yields of 
one lactation with those of another for the same cow is 0.667. This 
correlation coefficient measures those factors in the cow and her 
surroundings which make for permanence in performance in milk 
yield. These factors are heredity and constant environmental effects. 
The above analysis shows that the correlation for the heredity 
(parents and grandparents) is 0.676, in other words, practically equal 
to the 0.667 01 test and retest records. It is, therefore, justifiable to 
say that the permanence in the performance 01 a cow is due largely 
to heredity.' 

The problem may he viewed from the slightly different angle, 
of the relative influence of heredity and temporary environmental 
conditions. The correlation for test and reteSt records is 0.667. 
On the hasis 01 100 for the variation of milk yield, the variation 
remaining in milk yield alter SUbtracting the permanent variation 
is 100.,J 1 - 0.667' or 100 X 0.7451 or 74.5. In other words approxi
mately 25 per cent of the standard deviation is due to heredity. The 
other residual 75 per cent should not, however, be considered as 
due, entirely, to variable environment. It is due partially to that, 
but besides the changing environment, another large factor in 
making this variation is tbe random sampling of the data. 

The data for the butter-fat percentage may be treated in the 
same way. The average parental correlation for sire or dam is 0.47. 
The average grandparental correlation is 0.25. The correlation for 
paternal granddam and dam is 0.001 and for paternal granddam and 
maternal granddam'is 0.04, or, in other words, it is a justifiable 

aIt should be noted in all cases we are dealing with only 8, part of heredity, 
the part which would be eontrolled by' making the milk yield of one parent, 
etc., consta.nt. As we are undoubtedly dealing with a case of multiple fac
tors it is clear that such a parent may be only partly homoaygoUB, thus mak
ing for only a partial control of heredity_ 
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assumption that there is no assortive mating. With these data the 
correlation of the heredity (parents and grandparents) with the 
butter-fat percentage of the daughters is found to be 0.669. For 
the parents alone the correlation is 0.665 with the butter-fat per
centage of the daughters. The correlation between the butter-fat 
percentage of one lactation with that of another is 0.715. This 
correlation, like that for milk yield, can be interpreted as due to 
constant environmental conditions or to heredity. The correlation 
of 0.669 for heredity shows that practically all of the influence is 
due to heredity. 

The inheritance of milk yield and butter-fat percentage is of 
like strength, the correlations being 0.676 and 0.669 respectively. 
The inheritance appears to be largely independent so far as these 
two variables are concerned in the Holstein-Friesian breed. Further
more the inheritance is of practically the same strength as that 
found for other similar variables in other species. . 

The main facts may be gathered together in the followp,g state
ments: 

1. Milk yield and butter-fat percentage are equally inherited 
in Holstein-Friesian Advanced Registry Clittle. 

2. The total influence of the inheritance derived from the parents 
and grandparents on the milk yield or butter-fat percentage of the 
daughters is measured by a correlation of about 0.70. Inheritance 
consequently plays a very large part in the milk yield or butter
fat percentage of any cow. 

3. Inheritance as contrasted with any knowledge of a cow's 
conformation is a much .better indicator of the cow's milk yield. 
Conformation has no relation to the butter-fat percentage of the 
cow. 

4. These studies indicate that the sire and dam are equally re
sponsible for the milk yield and butter-fat percentage of the daughter. 

5. The parent's relation to the milk yield or butter-fat percentage 
of the daughter is measured by a correlation coefficient of about 
0.5. 

6. Th·e grandparent's relation to the milk yield or butter-fat 
percentage of the daughter is measured by a correlation coefficient 
of about 0.25. 

7. From 5 and 6 we may conclude that a koowledge of the pro
ductivity of a grandparent is not more than one-half as effective in 
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determining the probable milk yield or butter-fat percentage of the 
granddaughter as knowledge of the productivity of a parent. 

8. The milk yields or butter-fat percentages of full sisters are 
closely related to each other, the correlations being respectively 
0.55 and 0.46. 

9. In view of the fact that it is impossible to obtain a milk record 
on the sire these correlations, together with those of the daughter 
and dam offer perhaps, the most effective measures available to 
animal breeding in controlling the productivity of the resulting 
offspring. The combined correlation between the milk yields 
of a dam and a full sister with another full sister is, for milk yield 
0.61, and for butter-fat percentage 0.52. The correlations differ 
slightly due, probably, to lack of numbers. Were an infinite popula
tion available it is quite likely the correlations would be the same and 
about 0.6 in value. From the data at hand the equations to handle 
such a problem may be determined. The correlation coefficients of 
daughter and dam with the performance of the full sister constant, 
are 0.309 for milk yield and 0.274 for butter-fat percentage.' The 
correlation coefficients for daughter and full sister, with dam's per
formance constant, are, 0.399 for milk yield and 0.354 for butter-fat 
percentage. From these data and those for the means and standard 
deviations of milk yields and butter-fat percentages, it is possible 
to make the proper equations to predict a cow's performance from 
the knowledge of her dam's and full sister's performance. The 
equation for the milk yield is: 

Daughter's milk yield = 5827 + 0.400 full sister's milk yield 
+ 0.298 dam's milk yield (62) 

The equation for the butter.fat percentage is: 

Daughter's butter-fat percentage = 1.304 + 0.354 full sister's butter-
fat percentage + 0.266 dam's butter-fat percentage (63) 

Table 161 presents a few of the milk yields of a full sister and her 
dam and the probable resulting milk yields of the daughter. 

Table 162 gives similar data for the probable butter-fat percent
ages of a daughter when the butter-fat percentages of her dam 
and her full sister are known. 

, The me&rul and standard deviations used in calculating these coefficients 
are those of the whole breed, age-corrected. See Chs.pter IV. 
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Some readers will very likely think it a work of supererogation 
to explain the use of these tables. However, on the chance of 
stretching their patience, one example may not be entirely out of 
place. If a cow has a butter-fat percentage of 3.4 and her daughter 
also has her milk test 3.4, the probable butter-fat percentage of the 
cow's daughter, a full sister to the first, is found in the fourth column 

TABLE 161 

Probable milk yields of untested CQWS determined from the milk yields of their 
dams and full sisters 

Ml:LK YI!:LD OF DA.M 

MILK nlllLt> OF 10,000 I 14,000 I 18,000 I 22,000 I 25,000 I 30,000 
FULLSlSTlIR 

PROBABLE &IlLS: TIIlILD OF UNTlIISTED .DAUGHTER 

10,000 12,807 13,999 15,191 16,383 
14,000 H,41l7 15,599 16,791 17,983 19,175 
18,000 16,007 17,199 18,391 19,583 20,775 21,967 
22,000 17,607 18,799 19,991 21,183 22,375 23,567 
26,000 20,399 21,591 22,183 23,975 25,167 
30,000 23,191 24,383 25,575 26,767 

TABLE 16Z 

Probable butter-fat percentages of 'Untested cows determined from the butter~ 

fat percentages of thelr dams and full s£sters 

:BU'M':Il}t-JI'A-'l' 
l'IIlBCENTAQIl 

2.6 
3.0 
3.4 
3.8 
4.2 
4.6 

2.6 

2.92 
3.06 
3.20 
3.34 

3.0 3.' 3.8 '.2 ... 
lllXPltcTllD BurrCR-FAT PJllWJll'ft'A.G£ OJ' DAUGB'Z'IIR 

3.02 3.13 3.24 
3.16 3.27 3.38 3.48 
3.30 3.41 3.52 3.62 3.73 
3.44 3.55 3.66 3.76 3.87 
3.59 3.70 3.81 3.91 4.01 

3.84 3.94 4.05 4.16 

under 3.4 of the dam and fourth row from the bottom beside 3.4 
for the full sister's butter-fat percentage test, or the probable test 
for the untested daughter is 3.41. The values given in tables 161 
and 162 have probable errors. These probable errors are equal to 
2225 for milk yield and O.lSl for butter-fat percentage. 

10. There is another case which is perhaps of as much practieal 
importance as any other. A given dam has a record. It is de-
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sired to purchase a bull. The bull has one recorded daughter. 
What is the probable production of a daughter from the record dam 
and by the bull in question? The second daughter of the bull 
would be a half sister to the sire's first daugbter on the sire's side. 
The production of the dam and the sire's first daughter would be 
correlated only because of assortive mating. What the correla
tion would be is difficult to determine. However, if we judge by 
Some of the other correlations determined for such assortive mating 
in cattle a correlation of 0.1 for either milk yield or butter-fat per
centage seems reasonable. The correlation between half sisters 
in their milk yields and butter-fat percentages is 0.362 and 0.374 
respectively. The correlation between daughter and dam in their 

TABLE 163 

Probable milk yields of untested COW8 determined from the milk yields 0/ their 
dams and half sisters on the sire's side 

lIILK YlKLD OF DAM 
)[ILK TIm-D OF 

10,000 I 14,000 I 18.000 I 22,000 I 26,000 I "'.000 BAoLJ'Sl8TJlB 
(8IBIl'S6IDlIl) 

IlXP&Cl'lIlD aaur YUILl> 01!' DA.UGHTER 

----
10,000 12,044 13,908 15,772 17,636 19,500 21,364 
14,000 13,304 15,168 17,032 18,896 20,760 22,624 
18,000 14,564 16,428 18,292 20,156 22,020 23,884 
22,000 15,824 17,688 19,552 21,416 23,280 25,144 
26,000 17,084 18,948 20,812 22,676 24,540 26,404 
30,000 18,344 20,208 22,072 23,936 25,800 27,664 

milk yields is 0.497 and in their butter-fat percentage is 0.413. 
With these data the equations for the cow's milk yield predicted 
from that of the dam and half sister (common sire) is found to be: 

Da.ughter's milk yield =<: 4234 + 0.315 half sister's milk yield 
+ 0.466 dam'. milk yield (64) 

The equation for the daughter's butter-fat percentage is: 

Daughter's butter~Iat pereentage = 0.075 + 0.836 half sister's butter~ 
fat pereentage + 0.380 d_'. butter-fat pereentage (65) 

Table 163 has been formed from the equation for milk yield to 
show some of the daughter's probable milk yields for the actual 
milk yielda of half sister (common sire) and dam. 
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The uses to which this table may be put are illustrated by the 
following case. A cow has a dam with a milk yield of 16,000 pounds 
of milk and a half sister (on the sire's side) with a milk yield of 
20,000 pounds, what is the probable milk yield of the cow. The 
expected milk yield is estimated as follows. The expected milk 
yields of cows with dam's of 14,000 and 18,000 pounds and for half 
sister's of 18,000 snd 22,000 pounds are shown below. 

HALF 8lSTJDR'S MILl( YIELD 

18,000 
22,000 

Difference ..... , ..... . 

14,000 18.000 

cow'a IIXPEC'l'SD MILK YUIlLD 

16,428 
17,688 

1,260 

18,292 
19,5.52 

1,260 

As the half sister's milk yield was 20,000 pounds we want 

18,000 - 20,000 = 2000 or 0.5 of the difference. That is 1260 X 0.5 
18,000 - 22,000 = 4000 
= 630 pounds of milk is the amount to be added for 2000-pound dif
ference between the 18,OOO-pound half sister and the 2O,OOO-pound 
half sister to obtain the probable milk yield of the cow. Thus, for 
the 18,OOO-pound half sister the cow's probable milk would be 
16,428 + 630 = 17,058 pounds and for the 22,000-pound half 
sister 18,292 + 630 = 18,922 pounds. The milk yield of the cow 
for her 16,OOO-pound dam would then be obtained by repeating the 
same procedure; 17,058 - 18,922 = 1864 X 0.5 = 932 or the 
expected milk yield of a cow with a dam of 16,000 pounds and half 
sister of 20,000 pounds is 17,058 + 932 = 17,990 pounds of milk. 
The probable error for the daughter's expected milk yields of table 
163 is equal to 2264 pounds of milk for each cow. The record of 
the case illustrated is consequently equal to 17 ,990 ± 2264. 

Table 164 presents the similar data for the probable butter-fat 
percentages of the daughters determined from the butter-fat per
centages of their half sisters (sire's sire) snd of their dams. 

The probable butter-fat percentage of a cow with a dam whose 
butter-fat percentage is 3 and a half sister on the sire's side with 
a butter-fat· test of 3.4 will be 3.26. The probable error of this 
expected butter-fat test is 0.18. In other words it is an eVen chance 
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that the cow's actual record will be between 3.26 ± 0.18 (3.08 to 
3.44) or outside this range. 

Practically speaking these two methods appear to offer the greatest 
attainable accuracy for the determination of milk yield or butter
fat percentage when the cow's dam is yet to conceive for the preg
nancy which is to produce the daughter in question. The other 
evidence on the inheritance of milk yield or butter-fat percentage 
may now be reviewed in the light of these results. 

TABLE 164 

Probable butter-fat percentages of untested cow.s determined from the butter-fat 
percentages of their dams and half siaters on the sire's side 

IIU'l'TBft-F'AT BU't'TlIlR--J!'A'l' PItKCIt.NT .... GE OJ!' DAY 

PBlWl:NTAGIl 
2.6 '.0 , .. '.8 .. , 4.6 

SISTERS 
(SIRE'SSIDI:) IlXJ>ZCTI:D BUTTBft-II'AT Pl!lRCIlNTAGIl OJ' THIl UNTJ:STIlD cow 

2.6 2.84 2.99 3.14 3.29 3.44 3.60 
3.0 2.97 3.12 3.27 3.42 3.57 3.73 
3.4 3.11 3.26 3.41 3.56 3.71 3.87 
3.8 3.23 3.39 3.54 3.69 3.84 4.00 
4.2 3.37 3.53 3.68 3.83 3.98 4.14 
4.6 3.51 3.66 3.81 3.96 4.12 4.27 

OTHER DATA ON THE INHERITANCE OF MILK YIELD AND BUTTER-FAT 

PERCENTAGE 

Of those studies which are available that made by Wilson' is one 
of the earliest. This paper is devoted to showing that with such a 
breed as the Red Danish there may be wide difference between the 
milk yield of the daughter and dam-that is tbese differences do 
not always blend gradually, in fact as a rule they progress by wide 
steps. Further an attempt is made to show that the sires in the 
Red Danish breed appear to be differentiated into those whose 
daughters are all low producers; those whose daughters IDay be low 
producers, medium producers, or high producers; and thirdly those 
whose daughters are all high producers. The data to support 
these conclusions are admittedly fragmentary and open to several 
criticisms. It is, however, held to show that milk yield is trail&-

'Wilson, James. 1911. The inheritance of milk yield in cattle. Sci. 
Proo. Roy. Dublin Soc., vol. 13, pp. 89-112. 
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mitred in mendefum fashion with the heterozygote intermediate 
between the pure forms. The manner of grouping the data and its 
correction for age, etc., would seem to more or less force this con
clusion. 

The important re.sults of Rietz on the inheritance of butter-fat 
have heen frequently referred to in the progress of this paper and 
need not be further reviewed. They accord with the view that 
butter-fat is an inherited character. 

Two practical experiments carried on by breeders in England 
are of particular interest. The object of the experiments was to 
cross the Jersey with the Aberdeen-Angus and to fix in the resulting 
offspring the hardiness of the Angus with the milk yield of the 
Jersey. The original crosses were made Aberdeen-Angus bull to 
Jersey cows. Although records were kept, no figures are cited in 
the paper' on this herd. The qualitative statement is made, how
ever, that the F, cows show a high yield of milk, ranking almost 
as high as their Jersey dams. 

In another section of England a similar cross was made by another 
breeder with the same objects in view. This breeder, Mr. Stevens' 
makes a similar statement in regard to the milk yield of the F, cows. 

Kildee and McCandlish,' record a similar experiment which fur
nishes some data on the transmission of milk yield and butter-fat 
percentage. 

They cross scrub cattle, whose milk yield averaged between 
3300 and 3900 pounds, to Holstein-Friesian sires. The resulting 
F 1 offspring averaged 6444 pounds of milk. Crosses to Guernsey 
and to Jersey bulls increased the F, average production over that 
of the serubs, by 700 and BOO pounds. The length of lactation was 
not strictly comparable between animals. Several bulls of each 
breed were used. The results point to a partial dominance for 
high milk yield expressed in the F, offspring of the Holstein-Friesian 

• Parlour, W. 1913. Jersey-Angus cattle. Live Stock Jour. (Londoa), 
vol. 77, no. 2025, p. 85. 

Kuhlman, A. H. 11l15. Jersey-Angus cattle. Jour. Heredity, vol i, 
no. 2, pp. 68-72. 

, Stevens, H. D. E. 1913. Jersey-Angus cattle. Live Stock Jour. (Lon
don), vol. 77, no. 2025, p. 132 . 

• Kildee, fl. fl., and McCandlish, A. C. 1916. Inlluenoe of environment 
and breeding in increasing dairy prodUction. BuI. 166. Iowa Agric. Exper. 
Sta., pp. 383-402. . 
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sires. The data support the contention that high milk yield may be 
transmitted to the female offspring through the buIl. 

The butter-fat percentages of F, offspring are of equal interest. 
The average butter-fat percentage of the Holstein-Friesian cows is 
3.43, that for the scrub dams was 4.95 and that for the F, cows was 
4.13. Here again the sire bas shown pronounced influence on the 
butter-fat percentage. In accordance with the other figures pre
sented, the results show about an equal influence of sire and dam 
on the performance of the offspring. 

The second generation cows from F, dams backcrossed to the 
pure-bred sires of the different breeds further support the view 
that the bull has a pronounced influence on the productivity of the 
offspring. The Holstein-Friesian group is more than 3000 pounds 
of milk in excess of the F, generation cows and more than 6000 
pounds in excess of the original stock. In butter-fat percentage 
this group was further lowered over that of the scrub dams. Both 
parents in each generation have obviously left their mark on the 
offspring. 

The Guernsey F, offspring had a milk yield much larger than the 
F, ; the F

" 
it will be recalled was slightly more than the scrub 

parents in milk yield. The first generation butter-fat percentage 
was also still further improved. The Jersey group maintained the 
F. milk yield in the F. but were slightly lower in butter-fat 
percentage. 

While the experiment was not designed primarily to obtain data 
on the inheritance side of milk yield and butter-fat pereentage, 
the information which may be derived from it supports the con
clUsions derived from the 365-day record. of the Holstein-Friesian 
breed. 

Another experiment of the BB.lIle nature as that reported by 
Kildee and McCandlish from which it is possible to gather some 
further faets on the ,inheritance of milk yield and butter-fat per
centage is that reported by Olsen and Biggar.' This experiment 
consisted in crossing Holstein-Friesian, Jersey, and Guernsey bulls 
on to three grade beef cows, chiefly of Hereford and Shorthorn 
blood. The average production of the three parental cows was 
4006 pounds of milk, testing 4.07 per cent of butter-fat. When 

• 0Iaea, Thom .. M., and Bigga<, George C. 1922. lllllueDoe of pU1'O
bred dairy mes. South Dakota Agric. ~r. Sta., Bul. 198, pp.435-467. 
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bred to purebred Holstein-Friesian sires, these cows produced 
5 F, cows with an average milk yield of 7182 pounds. The average 
butter-fat test of the F, cows was 3.68. These cows bred back 
to purebred Holstein-Friesian bulls had 4 daughters with average 
milk yields of 8315 pounds. The butter-test was 3.65 per cent. 
It is a fair assumption from our general knowledge of the Holstein
Friesian breed that the purebred Holstein-Friesian sires used in 
this experiment transmitted to their offspring an inheritance for 
milk yield far above 4000 pounds. A fair estimate of the butter
fat percentage transmitted is 3.4 per cent. In each generation, 
the milk yields demonstrated the influence of both parents on the 
performance of their daughters. The same was true of the butter
fat percentage. Each generation that the lower testing Holstein
Friesian bull was used, the result was a closer approach to the 
average Holstein-Friesian butter-fat test. 

The resnlts for the Jerseys show on a s!lUI.ller scale (the difference 
between the parental milk yields being less) the same influence of 
both parents on the milk yields of the daughters. The butter-fat 
percentage was increased in each generation, thus bringing out the 
same facts as those shown by the Holstein-Friesian matings, that is, 
the influence of both parents on the butter-fat percentage of their 
offspring, except that the Jerseys were toward the increase of the 
butter-fat percentage in the offspring. 

Tbree other lines of evidence are available on this problem. The 
first two are the by-products of practical breeding having as their 
object the combination in one animal of (1) the high milk yield of 
the Holstein-Friesian with the high butter-fat percentage of the 
Guernsey or (2) the high milk yield of the Red Danish with the 
high butter-fat percentage of the Jersey. The third experiment 
was from the first organized to furnish controlled, critical data on 
the inheritance of milk yield and butter-fat percentage without 
regard to the possible practical utility of any of the resulting animals. 

The data for the first crosses, Holstein-Friesian with Guernsey 
reciprocally mated, as analyzed by Castle" show that the milk 
yield of 31 Fl heifers was intermediate between that of their parents 
but closer to the Holstein-Friesian parent.· The butter-fat percent-

10 Castle, W. E. 1919. Inheritance of quantity and quality of milk pro
duction in dairy cattle. Proc. Nat. Acad. of Sci., vol. 5, pp. 428-434. 
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age of 47 of these F, heifers was shown by Gainesll to be inter
mediate between the two breeds. The butter-fat percentage of 
the straight F, was about that of the F, for 19 animals. 

The second set of results comes from the analysis of the records 
made by the crosses of Red Danish and Jersey cattle. The crosses 
were made by Count F. Ahlefeldt-Laurvig and the results were 
analyzed by Ellinger." In one case the average first 10 weeks 
milk yield of cows twenty-eight to thirty-five months old was 1975 
pounds of milk for the Red Danish, 1568 pounds of milk for the 
Jersey, 1835 pounds of milk for the F, crossbred, 1941 pounds of 
milk for the second generation Red Danish backcrosses, 1635 pounds 
of milk for the second generation Jersey backcrosses, and 1543 
pounds of milk for the t Jerseys. The inheritance is clearly multiple 
factor inheritance. The high milk yield shows either that there is 
a tendency for milk yield to be increased slightly by heterosis or 
that the factors for high milk yield are more nearly dominant than 
are the factors for low milk yield. 

The results for the butter-fat percentages of these cattle are 
as follows: Red Danish 3.56, Jersey 4.94, F, crossbred 4.21, t 
Danish 4.04, t Jersey 4.53, and t Jersey 4.60. Clear evidence 
for inheritance of butter-fat percentage is found for tbese crosses. 
The inheritance is typical of multiple factor inheritance with low 
milk yield showing a tendency to dominance, or heterosis acting 
to lower the butter-fat percentage somewhat. 

The third experiment, commenced by Dr. Pearl and since 1917 
carried on by the writer, consists of controlled matings of three 
major groups of cattle. The first group, the Holstein-Friesian, 
represents high milk yield and low butter-fat percentage; the second 
group, the Jersey and Guernsey, medium milk yield and high butter
fat percentage; the third group, the Aberdeen-Angus, low milk 
yield and a butter-fat percentage nearly as high as that of the Jersey 
group. Besides these, the work has also included the Ayrshire ani
mals with medium milk yields and a butter-fat percentage inter
mediate between the Holstein-Friesian and Aberdeen-Angus. A 

11 Gaines, W. L. 1923. The inheritance of fa.t content of milk in dairy 
ca.ttle. Proceedings Amer. Soc. Anima.l Production, pp. 29-32. 

dEllinger, Tage U. 1923. The variation and inheritance of milk charac· 
ten. Proceedings Nat. Acad. Sci., vol. 9-} DO. 4, pp. 111-116. 
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review of certain of these results has been published, elsewhere." 
These results and those which have been obtained since may be 
summarized as follows. lI'hen the high-milking group is crossed 
to the medium-milking group the milk yields of the resulting cross
breds are intermediate between the two groups, approaching most 
closely those of the high group. When the high-milking group is 
crossed with the low-milking group, the resulting crossbreds have 
milk yields intermediate between the two groups, resembling closely 
that of the medium group. Two noteworthy points are made 
evident by the contrasting of these two groups of matings. The 
results indicate that the inheritance of milk yield is blending (multi
ple factor) inheritance and second that it is possible to make an 
animal, extremely heterozygous for its inheritance of milk yield, 
have a milk yield closely similar to that of a relatively pure strain. 
The exact parallel of these results is continually found in the writer's 
study of registered stock. The third group of mating,-the medium 
producers crossed with the low producers, have offspring with milk 
yields intermediate between the two parental groups. Here a 
carefully controlled experiment is giving a demonstration of the 
influence of both sire and dam on the milk production of the offspring. 

Three groups for the butter-fat percentage are present in the 
experiments. The widest difference exists between the butter-fat 
percentages of tbe Holstein-Friesian and Channel Island breeds. 
Smaller differences are found for the Ayrshire-Jersey crosses. The 
results from these experiments show that the crossbreds from the 
high butter-fat percentage group mated with the low butter-fat 
percentage groups have a butter-fat percentage intermediate be
tween the two groups, but approaching nearer the low butter-fat 
percentage group. The crosses of Ayrshire and Jersey give cattle 
whose butter-fat percentage is also intermediate between the two 
groups. These results point to the conclusion that butter-fat 
percentage is controlled in inheritance by mUltiple factors and that 
the sire and dam each playa major r6le in the butter-fat percentage 
of their of;spring. 

13 Gowen, John W. 1920. Inheritance in crosses of dairy and beef breeds 
of cattle. II. On the traIlSInission of milk yield to the first generation. JO\ll. 
Heredity, vol. xi, no. 7, pp. 300-314. 

Gowen, John W. 1920. Inheritance in crosses of dairy and beef breeds of 
cattle. Ill. Transmission of butter~fat percentage to the first generation. 
Jour. Heredity, vol. xi, no. 8, pp. 305-376. 
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A good many other sources of data could he drawn upon, a hit 
here and a bit there, to further extend the evidence on this problem. 
The data are rather badly scattered, however, and much of it does 
not appear to have critical value. Again the conclusions to be drawn 
from them contain nothing essentially new or different from those 
already available in the data here presented. The exposition of 
this important problem in modern agriculture or for that matter 
in national health, might well rest here. However, there is one 
word of caution which may well he emphasized before leaving this 
data. 

·The data which are analyzed in this book to show the mode of 
inheritance of milk yield and butter-fat percentage are Advanced 
Registry data. The general conclusions derived from them are 
believed to have a scientific breadth sufficient to make them ap
plicable to the breeding of dairy cattle where the aim is the main
tenance or increase or the milk yield or butter-fat percentage. The 
same cannot be said of the equations derived from "the data for the 
prediction of the milk yield of the untested cow." Here the data 
from which the equations are derived playa very vital part. The 
equations are strictly applicable to only those Holstein-Friesian 
cows which are maintained under conditions identical with those 
of the Advanced Registry. They are applicable to the Holstein
Friesian Advanced Registry data themselves. The general conclu
sion that a knowledge of the milk yield of the dam and that of a full 
sister is the best practical indication of the production of an un
known cow is believed to be a fact applicable to all cattle. This 
knowledge is a specific fact in the Holstein-Friesian Advanced 
Registry data enabling us to predict the milk yield of that cow 
from the milk yield of her dam and full sister and to determine the 
limits of milk yield within which the cow's milk will undoubtedly 
he found to lie when tbe actual Advanced Registry test is made. 

The writer has analyzed the milk production and butter-fat 
percentll4!;e of the cows in a number of herds from the standpoint of 
inheritance. This sort of analysis brings up a general inheritance 
fact which should also be taken into consideration. In an individ
ual herd one faces a condition of breeding such that occasionally 
a concentration of factors for a given grade of milk yield has taken 
place in much the same way that such a concentration would take 
place by continued inbreeding. If the system of breeding is con-
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tinued it results in a relatively stabilizeg milk yield in the offspring. 
In other words, were the correlation method applied to such a breed 
it would be found that the correlations for heredity were low while, 
relatively speaking, those for environment would be high. If this 
standardized herd's milk yield is high well and good; let the system 
continue until such time as it seems desirable to try to increase it. 
If on the other hand it is relatively low, the system of breeding has 
concentrated relatively low factors and a change is desirable. This 
change, if the production is low enough, can be made ahnost without 
fear of the results. However, as the herd's level of production 
is increased the difficulties increase not in direct ratio but in the 
writer's judgment by the square and possibly the cube. The data 
presented indicate that the dam's production and the production of 
full or half sisters are the best practical measures of the probable 
production of a cow. Such being the case the average production 
of a bull's daughter is particularly important. Unfortunately, the 
only generally available source of such information is the Advanced 
Registries where the daughters present may be selected individuals. 
It would certainly be better if the productivity of all a bull'. daugh
ters were known. However, until such time as such a condition 
may be brought about the analysis of the Advanced Registry bulls 
furnishes the best available data. This analysis has been presented 
by the writer and his associates in bnlletin form and are available 
elsewhere. 

Practical breeding then, requires a knowledge of the milk yield 
of every cow in the herd and of the average production of the cows 
in it. In the purchase of a bull to head such a herd it is equally 
important that the productivity of his daughters be equal to at 
least the average production of the herd (if the production of all 
the daughters is known) or better yet to be significantly greater 
than the average production of the herd, especially if there is any 
ground for the belief that the bull's daughters may have been 
selected. 
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