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INTRODUCTION 

('W') 


~ This bulletin is the second publicfLtion of a series based on the 
-o;tudies made of the advanced-regist1:y and register-oi-merit records 
I of the various breeds of dairy cattle, the fU'st 1 being published in 1926. 

l..t? The factors that determine the quantity of milk production are 
>4nherited independently of those that determine the pereentage of 
<xbutterfat in the mille It seemed logical, therefore, to study the milk 
~roduction and the butterfat percentage in these records separately, 

rather than to study their combined results as represented by the 
butterfat-pr:oduction recorcis. 

The anirrmls in this study have proved to be so heterozygous in 
genetic make-up that the stfLtistical analysis of their records hus 
been very difficult from the 8tand})oint of the study of heredity. 
Environment enters largely into the making of these official records/ 
and this alsv detru.cts from their usefulness in inheritance studies. 
Because records mfLy be diseontillued. at any time, cows adversely 

I GRAVES, R. R. TRANSlIITTr!<G ABll.ITY OF TWI;NT'--Tllltllil IIOI.STEIN-FRmSIAN slims. U. S. Dept. 
Agr. Dul. 1372, 32 p., illus. 1~26. 

2 FOH.ItMAN, :L\L H. (;FFICIAI, ItI~COllDS AS lrA'tmUAL l'Oll STUDYING INIIElliTANCE 0.' lilLIe AND RUTTlm
FAT PRODUCTION. Jour. Dairy Sci. 9;28G-292. 1920. 

155872°-33-1 
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affected by environment are usually withdrawn from test, which 
further distorts the effect of environment. 

At the time these records were made, the rules for entry into the 
advanced registry required a miuinuun production of 6,000 pounds of 
milk: and 214 pounds of butterfat for cows calving at or before 2 years 
of age, and 8,500 pounds of milk and 322 pounds of butterfat for those 
calving at 5 yeaTs of age or older, with graded requirements for 
intermediate ages.3 This rule automatically excluded the cows that 
failed to reach the required production and introduces another dis
turbing factor. Gowen,4 by a devious method, estimates that not 
more than 28.3 per cent of the cows are excluded from the aG.7ftnced 
registry by the requirements for milk yield, but this figure seems 
rather high. 

llithough the records analyzed in this study were all completed 
yell,rs ago, they show the results of dairy-cattle breeding pmctices of 
that period, and any information which t.hey yield can be incorpo
rated in our present meager fund of knowledge regarding practical 
dairy-cattle breeding. This study of the practices followed by leading 
breeders of Ayrshire cattle during the period reviewed strengthens 
the theory tluLt substantial .L.'11prOvement in dairy-cattle breeding can 
be made only by a better basis of selecting herd sires. 

SOURCE OF DATA AND MATERIAL USED 

This bulletin gives an analysis of the records of 611 advanced
registry daughters of 51 Ayrshire bulls, and the records of the dams of 
these daughters. The material was taken from the Ayrshire Record 
Advanced Registry 5 and includes only the tested daughters of bulls 
having at least six record daughters from dams with records. This 
was also the basis of sire selection used in the study reported in the 
:first publication of this series; but since the work was begun, David
son 6 has demonstrated that for the Jersey breed, on the average, 6 
is the smalleflt number of first-tested daughters whose average pro
duction closely appro::dmates the average production of the first 15 
daughters of a sire, and that the average production and variability 
among ~he productions of the first 15 tested daughters are representa
tive of the average production and variability among the productions 
of any larger munber of the sire's daughters. While the method of 
selection used in this study did not always include the :first six tested 
daughters, it is believed that each group of daughters used is fairly 
representative of the get of the siTe. 

ANALYSIS OF RECORDS OF MILK PRODUCTION 

COMPAUATIVE STATISTICS ON DAMS AND DAUGHTEUS 

These 611 daughters are the offspring of 452 dams, but for com
parative study of dams and daughters the records of the dams are 
repeated as often as the dams are rrpresentcd by daughters. The 
milk records have all been corrected to a uniform age basis by the 

3 AYRSUmE BREEnEItS' ASSOCIATIO~. TilE AYRSlllllE ItECOIW AIlV.\NCEIl REGISTItY. V. 1, p. 9. Bra
don, Vt. 1917• 

• GOWEN, J. W. MILK SECRETIO~; TilE STuny OF TUE PHYSIOLOGY AND INIIEItITANCE OF MILK YIELD 
AND DUTTEIIFAT PERCENTAGE l!i DAmY CATTLE. p. 137. Daltlmore. 1024. 

'AYUSUIlIE BIIEEDEIIS' ASSOCIATIO!i. op. cit., nLso voLs. 2-3 . 
• DAVIDSON, b'. A. MEASURING TilE UREEDING YALUE OF DAIlIY smES DY TUE RECORDS m' THEIR FlUS,\, 

fEW ADVANCED REGIS'fIt¥ DAUGHT!>RS. 111. Agr. Expt. Stu. llul. 2;0, pp, 545-5(>6, illus. 1025, 
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use of factors developed from all initicl records included ill the 
Ayrshire Record Advanced Registry.7 

Figure 1 shows the distribution of the dams (the actual number 
an- ~ w'ilighted mImber), and their 611 daughters, according to milk , production. 

Table 1 lists the statistical constants for the generations studied. 
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and their 011 daughters, uccording to milk productionl , T ABL}} l.-Slalisl'ical constants of milk prodllcl'ion oj the da1lyhters and their dams 
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452 dnms , _____________________________•_______ , 611 dllms , _____________________________________ 
611 daughters_________________________________ 

! , Actual nWllber. 
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deviationduetton average average bility 

Poltnd" Nltmber Nltmber Poltl1d" Pcr cent 
1I,52'!±79 179 2i3 2,187±56 21. 58±O.4!J 
11, f.J8±70 240 365 2,504±49 22.16± .43 
l1,732±O9 26;) 348 2,510±48 21.39± .41 

, Weighted number. 

,t ability ad'Jeved in one generation of breeding. 

7AYRSnmE BREEDERS' AodOCIATION. Op. cit., v. 1-3.~",
J, 
~ 

This increase amounts 

:,i The 611 daughters have an average age-corrected record of 11,732 
pounds of milk, whereas their dams average 11,568 pounds. Thej 

:l difference of 164 pounds of milk represents the increase in producing 
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to 1.42 per cent, a rather slight rate of advance:, and it is possible that 
at least part of this increase may be attributed. to the ever-growing 
lmowledge of methods of feeding and handling cows on test. 

Table 2 shows the relationship of the milk-production records :of 
dams and daughters. The c0rrelaticn between the records of all dams 
and daughters is +0.262 ± 0.015. 

'rAllJ.r,: 2.-Corrclalion .mrfacefor yearly milk-JlTodllction )'econls of the 611 da1lghlm'8 
and their dams 

Number of daughters in milk-production cLss of

,.
Yearly milk records '" '" '0'" '" '" '0'" '" '" '" '0 '" '" ~ '0 '" c '0 '0'"'""" "" ""'3 

'0 
§ § § "" "" "" § ""§ § ::; ::;01 dams (pounds) '" :J '" :J '" :J '" "'I'" [5'" '" :J " :J "" S

0 0 0 5 0 0 o 0 0 0 0 0 0 0 
;:::. ;:::. ;:::. ;:::. ";:::. ;:::. ;:::. ;:::. Co '" ;:::. ;:::. ;:::. ;:::. 0 8. 5Co Co ;:::. " '" 
0 0 0 0 0 0 
0 0 § 8 § 8 0 0 8 8 8 8 0 8 8 8 

0 

0'" :s 
00_ 0 0 0 0_ 0 0 0 0 

0 06' ~i ~- d" ocr 1.- ;!;., ::- ;:- S'!
~;;; '" <'I '" <'I '" ~ .... ~ ~ ;.; ~- c;- oc: ,,- r;.. 

In order to illustrate further the influence of the milk-proclucing 
capacity of the dams on the offspring when the sires are selected at 
random, the dams in this study have been divided into two groups 
on the basis of their yearly milk-production reeords. The 246 dams· 
whose milk-production records are higher than the average for all the 
dams, 11,568 pOlUlds, make up one group and will be referred to here
after fiS the grade .A dams. The 365 dams whose records are below 
the average make up the othOl' group and will be refened to as the 
grade B dams. Sinlilarly, the 611 daughters have been divided into 
two groups ,yith the 1l,732-1)OlUlcl average for nJl daughters as the 
dividing line. The 263 daughters whose records are above the aver
age will be coIled grade A daughters, and the 348 daughters whose 
records are below the average will be called grade B da1Ighters. 

The grade A dams constitute only 40 per cent, of nIl the dams, but 
they produced 51 per cent, or 134, of the 263 grade .A daughters. 
Although these dams averaged 13,892 pOlmds of milk, their 246 
daughters avemged only 12,361 pOlmds, and although the average 
for the grade .A dams is 2,324 pounds above the average for aU the 
dams, the average of the]r daughters is only 629 pounds above the 
average for all the daughters. Only 73 of t,he daughters of the grade 
A dams, or about 30 per cent, exceeded their dams in mijk produc
tion, while 173 failed to do so. 
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The distribution of the grade A dams and their daughters in rela
tion to their milk production is ::;hown in Figure 2. 

The grade B dams, which eomprise 60 per cent of all the dams in 
the study, produced 129 of the 263 grade A daughters, or 49 pel' cent, 
and236 gradeB daugh
ters. .Although 253 of 
the daughters of grade 
B dams exceeded their 
dams in milk produc
tion,onlYI29,or35 per 
cent, were above the 
average of the 611 
daughters. The aver
age milk production of 
the grade B dams was 
10,002 pounds, which 
is 1,566 pounds below 
tIle avel'abO'e of ail tIle FIGURE 2.-Distribution of 2·16 grade A dams and their daughters 

according to milk production 
dams; whereas the av
erage of their 365 daughters was 11,309 pounds, which is only 423 
pounds below the average for all daughters. 

The distribution of the grade B dams and their daughters, in rela
tion to their milk production, is shown in Figure 3. 

To summarize briefly, when the sires are selected at random, and 
the dams are arbitrarily divided at the line of average production, tbe 

/2t?r-----------------------. 

~/~t?~~~~----------------I 
~ 
~ 8tl~~~~--------------__1 
~ 
~ 6't?~-.J~~.------------__1 

~ -I't?f---.J~IIi.------------__1 

~ 2tlf---.JIIi~.------------__1 

'jl( . 

~ 8tll ~II~ 6't? 
~ ~tl 
~ I I I 
i 2:.1••_
~ 7 8 :1 Itl II 12 P N IS 16' /7 18 1.:1 

/'IILA' .PRtlt?t'C77tl#(Th'tlV'SA'#t? 1l?V'#.t!V 

FIGURE 3.-Uistrihution of 365 grndo B darns and 
their daughters according to milk production 

records of the daugl:tters in each 
group tend strongly to approach 
the average production of all the 
daughters. 

This tendency is shown by the 
distributions in Table 2, and is 
emphasized strongly in the ex
tremely high and low-producing 
groups. There are 54 dams with 
recOTds above 15,000 pounds of 
milk, and only 5 have daughters 

with l'ecords above their o,,,n.
Si.x:ty-five dams produced less than 
9,000 pounds of milk, and only 5 
of their daughters failed to exceed 

thi:tl~~S ;1~~cb{51~~~~: grouI), 58 have 
records above 15,000 pounds of 
lllilk, and only (3 of these produced 
less than their dams; 60 of the 
daughters have records below 

9,000 pounds of milk, and only 3 of them made more than their 
dams. These facts would have some bearing on the selection of fe
males for breeding pmposes. 

The figures in Table 3 indicl1te u closer correlation between high-pro
ducing dams and their daughters thl1n between low-producing dams 
and their daughters. The same is true of high-producing daughters 
and their dams as compared to low-producing daughters and their 
dams. 
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TABLE 3.-CoTrelation between high-producing dams and theiT daughters, low
producing dams and their daughters, high-prod-ucing daughters and their dams, 
and 10fli-pToducing daughteTs and their dams 

Dnugh- Production of dams 
ter-dnmGroup pnirs Average milk Standard Coefficient of 

production deviation variability 

Nnmber Pou1Ids POIt1Ica'
Dams over 15,000 pounds milk_____________________ 54 17,708±236 2,57fl±170 14. 55±0. 00
Dnms under 9,000 pounds milk_____________________ 65 8, 647±17 213± 12 2. 46±0.15
Dnughters over 15,000 pounds milk_________________ 58 12,893±2<J0 3,273±205 25.39±1.•'9
Daughters under 9,000 pouuds milk __________ ._____ 60 lO,970±157 l,8oo±120 16.40±1.01 

Production of daughters 
CorrelationGroup Average milk Standarci Coefficient of coefficient 

production deviation variability 

Pon1lds P01L1Ids
Dams over 15,000 pounds milk_______________ 13,459±309 3,3G3±222 24. 99±1.65 +0. 223±0. 055
Dams under <J,OOO pounds milk_______________ II,123±190 2,267±1:l4 20. 38±1. 21 :j:.161::I: .059
Daughters over 15,000 pounds milk___________ 17,254±181 I 2,045±128 11. 85±O. 74 .322± .041 
Daughters under 9,000 pounds milk__________ , 8,513± 29 333± 21 3. 91±0.24 -.140± .064. 

Selection from the female side alone holds small promise for perma
nent improvement in milk production. Even if drastic selection is 
practiced, the results are certnin to be disappointing, as the high 
level established by the original culling can only be maintained by 
continued close culling, which would result in tremendous sacrifice of 
females. On the other hand, with no further selection of sires than 
was practiced in choosing the sires of the 611 daughters in this study, 
the daughters of the lower-producing dams tend almost uniformly 
to exceed thiir' dams in production; but this method of selecting sires 
fails to greatly raise the average of the whole group because of the 
fact that the sires used were not sufficiently good to raise or even 
maintain the production of the higher-producing dams. 

The avemge production of the various groups of dams, together 
with the averages of their respective daughters, is shown in Table 4. 
TATILE 4.-Average milk production of the dams and thei-r daughters in the various 

prod11,ction gr01~ps, number of daughters above and below their dams in each group, 
and number of daughters above and below the average of all daughters in the study 

Avcrage milk In Dnughters with records~production of~ ('rense 
Dough <+) or 1-----.----.----;-

decrense Above Below 
Milk production group tcr

dnrn ~~~i,~ Above their Bel(!w ~;ee~f :;oe~fpulrs ters dams theIr uli ail 
oyer dums duugh- dnugh
dums ters ters

-----------1---~-------I---;--~'--~---
]\tu,ln- 1..rlL11l- Per N1L71l- N1L1Il- Num-

Iwr POlt1ltl. 1'01/.11<1. P01t1l<lS bcr ce1lt IJCr I,er ber 
23,000 pounds____________________ .[ 2:1,821 13,li:il -10, IUO 0 0 4 4 0 

~i:ggg g~~~~~========:=::==:=:=:: ------ii- '2i;42S- -i.i;i!ii'- -:':7;2ii- -----0- -----6- -----6-----ii- ------ij 
20,000 pounds_________ •. _._._.... ] 20,174 24,285 +1, III I 100 0 1 0 
10,000 pounds_____________ .,.__ 1 10,387 IIl,8()!) +42'2 I 100 0 I Il 
18,000 pounds____.... _____ . ____ . 7 IS, 33·1 13,311 -5,023 Il 0 7 5 2 
17,000 pounds..______________ •... 7 17,349 la,353 -3, DIm 1 14 Il -I :\ 
16,000_ pounds______ • __ . _______ .__ 10 10,471 13,703 -2.768 1. 10 9 8 2 
15,ooa Jlounds ________ •__ . ___ •• ___ 18 15,4(13 12,175 -3,288 I 6 17 II U 
14,000 pounds__ ._. __ . ____ • __ •• _.. 2U 14,425 13,560 -865 12 41 17 22 7 
13,000 pounds______ •_____ ._______ 45 13,43Z 11,0\15 -1,737 !1 20 36 IS 'Ii 
J2,ooO pounds________.___________ (}S 12,405 11,832 -flO:! 23 31 45 :12 36 
11,000 pounds_________ • ____..._._ 121 Il,477 11,530 +5:J 53 48 03 49 72 
10,ooJ pounds__ •________ .. _____ .. 114 1O,4Ot II, alH +813 06 [18 48 38 76 
n,ooo Jlounds________________ .____ 115 0,50a 11, :lJ5 +1,812 93 81 22 45 70 
8,000 pounds_____________________ 64 8,058 11,093 +2,435 59 \12 5 20 44 
7,ooopounds________________________1 7,074 ~~ +5,030 __1 ~__O~ __~l __._0 

Total or averuge_____________ Oil II, SUS 11,732 +164 326 5:! 285 263 348 

http:16.40�1.01
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Heterosis, or hybrid vigor, may aecount for some of the higher
producing dams. It is probable, judging from these data, that most 
of the SITes have a heterozygous genetic make-up, and the matings of 
these a.nimals of mixed inheritance would result in offsprin~ which 
tend to revert to the average of the parent stoc~: in productIOn. If 
it is assumed that the low-producing dams still carry some of the 
factors for high production, then from matings with the same hetero
zygous SirE,s there should be some increase in the producing ability of 
the offspring, which is what occurred. Four of the dams whose pro
duction was above 15,000 pounds of mille dropped daughters which 
were considerably better producers, and in these instances there is 
evidence of an inheritance of the factors for high production from 
both of the heterozygous parents. Twenty of the dams with milk 
records below 9,000 pounds have daughters which failed to exceed 
their dams by 1,000 pounds of mill,;: or more. Those producing much 
less than their dams would have been excluded from the advanced 
registry by the breed requirements and are not available for this study. 
The 121 daughters of the clams with a milk production of 11,000 
pounds form un in.teresting group. Twenty-two are in the sume class 
as their dams, 46 ft.re in a higher cluss, and 53 in a lower cluss. 

GROUPS OF SIRES 'HTH DAUGHTERS HAVING mGREST AVERAG.E PUODUCTION 
AND HIGHEST AVERAGE INCUEASE OVER DAMS 

Because of the linuted number of offspring or the inclivicLtal sires 
it was deemed best to study them first ill groups. 

One group of 10 sires, having a total of 96 daughters, was selcuted 
on the basis of the high average production of the daughters of each 
sire. Taking the daughters of each sire as a unit, the average mill,;: 
production ranged from 14,994 to 12,996 pounds. Mathematical 
constants for tlus group are listed in line 1, Table 5. 

TABLE 5.-Statistical data on the dau.ghters of t100 groups of sires, one gr01lp selected 
on the basis of the high average production of their daughters, the other on the basis 
of the greatest average increase in production by the daughters over their darns 

-
I Production or dnms 

Group Daughtcr
d.lm pnirs Average milk Standard Coefficient 

production deviHtion or variability 

Pounds Pound,~ Per centNumber I10 sires with highest, "vcrage 'Illught.ers _____ •__ "_ •• no 12,2"U:l:172 2,505:1:122 20.50:1:1.00 
10 sires with grentest avernge increllse by daughters over dnms ____ •___ •___________ ._. _______________ . 8·1 10,831:1:16:1 2,217±1l5 20.47:1:1.07 

.Production or dnughters 

Group 
Average milk Standard Coefficient Coetlicient 
production deviation or vllrinhllity or correilltion 

Pounds PO!Lnd" Pcr cent 
10 sires with highest average dnllghters ____ ._" •• 13,447:1:187 2,724:1:133 20.20:1:0.99 +0.383:1:0,026 
10 sires with grentest average incrense by dnughters ovor dams___________ •______••___________ 12,110:1:171\ 2, 382:1:124 19.00:1:1.02 + .440:1: .023 

http:19.00:1:1.02
http:20.20:1:0.99
http:20.47:1:1.07
http:20.50:1:1.00
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The interesting fact about the first 10 sires is that although the 96 
dams to which they were mated avera~ed 653 pounds more milk than 
the average production of all dams ill this study, their daughters 
exceeded the average of all the daughters by 1,715 pounds. The 
average increase by the daughters of these sires over their dams 
was 1,226 pounds, and 62 daughters were better producers than their 
dams. 

The other group of 10 sires was selected on the basis of I1verage in
crease in milk production which the daughters of each sire had shown 
over the records of their dams. The sires selected were those whose 
daughters showed the greatest average increase. The 84 daughters 
of these sires averaged an increase of 1,285 pOlmds over the avera~e 
of the dams. :Mathematical constants for this group are listed ill 
line 2, Table 5 . 

.A. comparison of the results obtained with both groups of good sires 
and with the entire class of 51 sires is sho'wu in Table 6. 

TABLE 6.-Resu.lts of mating the li1 sires with the grade .Ii and B dams, com.pared 
with the rew.Its of mating two seleete(l groups of sires with grade .11 and B dams 

A verage milk I)ro<luc- Incrense 
tiou of,- (+) orde-

Number of sires and numher nnd I!1'nde of dams with whirh crense (-) 
ench group of ~ires'wlls maled by dnugh

ters over Dnms Daughters dams 

51 sires: P01L7ul.~ Pownd.j Pounds611 grade A and n dnms________________________________ •______ _ ll, .';68 11, ;23 +10<1 
13,892 12, aOl -1,531

~rig :g~a~ ~ a~~~=====================:::=:=:::=:=====::======== 10,002 11,309 +1,307 
10 best sires, selected on tlm basis of high nverage production of their 

daughters:96 grade A and n dams________________________________________ _ 12,221 13,417 +1,22648 grade A dnms _________________ •________________ •_____________ H,18'1 14,130 -5448 grnde n dnms.______________________________________________ _ IU,257 12,76,1 +2,507 
10 best sires selected on the bnsis of grcatest !1-verngc incrcnse in pro

duction by dnughters over dallls: 84 grade A nnd n dnms..____________ •• _______________________ __ JO,831 12,116 +1,285 
13,841 13, i36 -105 

~~ :g~~l~ t ~l~~~==:=::==::~==:::::·::::::::::::::::=:::=::~::::: U,890 11,609 +I,7J9 
I 

"iVhen the 51 sires werp mated to grade .A. dams, 30 per cent of the 
daughters were better than the dams, and when mated to grade B 
dams, 70 per cent of the daughters were better than the dams. 

When the 10 best sil'es by the first method of selection (high-average 
daughters) were mated to grade A dams, 50 per cent of the daughters 
were better producers th!tn the dams, and when mated to grade B 
dams 80 per cent of the daughters were better than the dnms. 

The other 10 best sil'es, be0allse of the basis of selection (high 
lLverage increases), were able to get higher percentages of daughters 
better than the dams, but it is also true that both the grade .A. find 
grade B dams in these rnatings averaged below those mated 'with the 
preceding 10 sires. 

INDIVIDUAL SIRES IN REI,ATION TO MILK f!ECOHDS OF THlmt DAUGH'rERS 

With reference to the individual sires, tlwre is a paucity of convinc
ing data, partly because of the limited number of daughters sil'ed by 
each of the bulls, and 01so because of the additional evidence. of the 
heterozygous genetic make-up of the l1llimals in the study. It is 
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difficult to prove the existence of {\, pronounced upward trend in mille 
production in the get of any single sire or that a'ny sire was homozyg
ous for high milk production. Considering the sires individually, the 
the most striking tendency noted is the ability of the bulls to sire 
daughters irrferior to the high-producing dams and superior to the low
producing dams to which they are mated. Thi, emphasizes the 
heterozygous genetic make-up of both males and females. 

For comparative purposes the sires were ranked according to the 
method used in the study of Holstein-Friesian sires.8 This method 
was based on conRideration of the average yields of mille and butterfat 
of the daughters, the average increase or decrease in mille and butter
fat production of the daughters compared to their dams, and the 
proportion of daughters which exceeded their dams in milk and butter
fat yield. The Ayrshire sires were first rn,nked according to each of 
these considerations, and the sum of the individual rankings deter
mined the final rank of "uch sire. This method of mnking sires was 
used because no better system has yet been offered, and furthermore, 
the mnking of sires is merely incidental to this study and not its 
fundamental object. 

Table 7 shows the Tanking of the 51 sires ILlld the distribution of 
their daughters according to the level of milk production. The table 
also shows the avemge production of the daughters, tbe avemge pro
duction of their dams, the difference in avemge production, and the 
rank of euch group of dams rmd daughters. 

I OHAVES, k R. Op. cit. 



,. 

......TABLE 7.-N11mber of daughters by individun! sires in each milk-prod11ction class, and average milk production and rank of daughters and darn o 
b b 6 b -b 6 cb.g, ~ al Dau ht rs 

Number of daughters in milk'production class of- .§ ~ ~ lS, .§ :S.§ 'C" '" i!J wirh": ~ e.s 5.!.t! E ~ g e t:;,g CI) Ii> 8 c 
~ ~~:;:: A;: p. ~8 ~ gen til ttl en til en [en :n til U) tfJ til til ..... ~:::I r:.o~ ~"O ~.!.d _.0 d t:.I:I'O '"C ,...,CI)

'C'" ~ 
::! ~ ::I ;:::I = ::! ::! ::I :3 ::l =' ::; ::! ::I S 0 § ::I S..... "0 CDC! So "08 ...... al '0 tn~ Ul::; C

Rank of sire I 
§ 
C 'g 'g 'g "2 'g -g "g -g 'g 'g '8 'g '8 'g ~ ~ ~ -to =.g 2.8 =..... a= ±I~ ~ s 0 § ~ § ...... 

8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. 8. Q 6 ~ ~o '0.5:3 ~§ '0,9 ~~5 o~ ~g ~g0. 0 ~ 
8-1 8- 8. ~ ~ ~ 8_ ~ ~ ~ ~ ~ ~ 8. ~ § § § ~ u n~ r~ 19~ ~!~ § ~ ~~ ~8 b:1c::; ~ SI c::i ~ ~ ~ !:: ~ ~ ;:: ~ ~ ;::; S 0) 00 r.: ~ ~ ~ -< ~ ~ p:;'- H - A;:l. 
1--_______ --------------------------------___ ------

Nllm- Num- Nltm
bcr Pounds Pounds Pounds ber ber ___ IIL ______________________________ I____ ----,--. ---i-I--- -I' ---1:--- 1 1 ____ ____ I 2 _ ---- 6 13,482 4 11,977 19 +1,505 6 5 1

2 ___________________________________ ---- ... _ . __ • " .... - ____ 3 .. --- --- .. 2 q 12 13,268 5 11,40·\ 27 +1,864 2 8 411 --~- :::: 1 17 13,240 7 11,464 25 +1,776 3 12 5---- .-- .. -Th: I
____ 1~==:=::::::::::::::::::::::::::: :::: --j- ::.: :::- :::: --j-' --~- --~- --~- ~ ~ 13 12,952 11 11,793 23 +1,159 11 9 <1 CIo:>____ 3 1 ____1 1 --.- ---- 6 13,108 9 11,180 33 +1,928 1 5 1 II':::: --2- 2 5 1 2 _... ~ 2 14 12,216 17 10,960 38 +1,256 9 12 2 co--i- --2- I ____

1 2 
~w~~ 

7 12,996 10 11,958 21 +1,038 16 5 2--j--2- :::: 2 ___ . 1 3 1 1 •___ 13 13,495 3 12,082 15 +1,413 8 8 .53 ____I 2 7 11,472 27 9,705 49 +1,767 4 5 2 ~ ~--~ -_.. ~ --j- :::: -_.- .-~ ~ ~.- . 7 14,994 1 13,518 4 +1,476 7 5 2
3 ____Il:l~~~~~~~~~~l~~~~~l~ [~~~:~~~ ~ ~;,: lJ::J:::;: i~'~ I 2 2 5 -"8" 8 7 5 7 48 12,251 16 I1,192 32 +1,059 15 33 15 Ul 

1 1 2 4 3 5 7 6 . 5 3S 12,404 14 I1,32O 30 +1,075 14 26 122 . ___
13 ________ • ______________ . _____ • 1 __ ._ 1 ____ I ____

1 2 2 1 1 1 11 13,685 2 12,851 6 +834 17 6 514________________ . _____ • __ .. ___ --.- I ____ t::I 
__ ~ 2 __ "'_- - ---- --~ .. .- .... I 3 7 il,096 30 9,004 48 +1,132 13 5 215 ________ • ______________ •• _. __ . .. -- ---- w t:.l ... ~ - --_ . .--- .. I 3 3 2 1 10 1l,489 26 10,664 42 +825 18 6 416______________________ •• ___ •• _ --~ ---- 2 ____ "'d 

-- . ... "-_. 1 I 5 10 11,774 2·) 10,2.16 45 +1,518 5 8 2 t-317 _____ .. ______________ • _____ .. ---- ---
. - ... ---- .. I 4 2 I 9 10,621 41 9,439 51 +1,182 10 7 2~ ~18__________ • _________________ •. ---- ---. --ii- 5 ____-",. ~ I 

~--

3 1 14 1~ 516 13 12,303 14 +213 24 9 519______________ • _____ •_________ ____ I I o _.. ~ 
-'-

... . . " - .. ~ -... . _.... 1 6 2 ---- 11 13,23S S ]3,5[>0 :l -312 3,1 6 5~.20 ___ •________________________ •• "':1I .... 2 I 1 1 1 1 10 1I,981 21 11,392 28 +589 19 5 52L ________________ • __________ .. 
~ 

::::j~:: 
~ 

I ____ .2 4 2 11 10,902 36 10,367 44 +535 20 8 322 _________________________ •• __ • I ____ 3 ___ • 2 ___ . 4 •___ 16 12 > 
~ -~ ._. -.. -~ 

2 2 12,100 18 11,040 35 +1,150 9 7
~ ~ ~-23 ______________________________ --- ---..... .. -- ... 1 4 6 4 20 12,177 19 12,352 13 -175 32 11 9,:~.--24. _____________________________ ~ --~ . '" .~ ~ 1 ____ 


25 ______________________________ -... ~ -- -~ .... .. ~ -.. - ~-- .. .~ .. I i 
~ 

I ____ 6 11,989 20 11,970 20 +19 27 3 3 ~ 
~ ~ .. >0- ~ 

.-~ 

~ ~ 

. I 1 3 a 2 2 13 II; 258 28 11,382 29 -12-1 31 7 6 C~ - - ~ ¥ ~. ~26 ______________________ • _______ .1 ___ J ____ I __ ._ 2 ____ .. -,,-. .. _.. -- . -_.' ._ .... 1 6 13,2.17 6 12, 780 8 +477 21 2 -1~ ~ ~ 27 ______________________________ ---- ---

~" -- . .. ~ - _.. ...... 1 .1 I 2 2 4 4 12 3 1 31 10,76i 39 ll,011 37 -244 33 17 I428 ______ .-._____________________ 

~ 

--". 1 ____
1 _.. I I 2 1 3 2 1 13 12, 382 15 12,400 11 -24 29 5 8 ~ 29 ____________ ._ ___ ..___________ -- .. -- .. -

~ 

.. -... .... - -.. ~ .. ..-- .. .. -_ .. 
1 2 1 6 10,933 34 10, fJl6 39 +17 28 3 3 

31 ______________________________ ---- .. -_ .. ... --- ---- 2 ____ 
30______________________________ 

~ 
~-

1 ____-.. .. -_ .. .. "' ... 1 . --"- ..... - 1 I 1 6 12,849 12 12,814 7 +35 26 2 4 
4 9 9,946 46 10,049 47 -103 30 6 332 ______________________________ ~ 

33______________________________ 3 4 1 11 9,688 49 9,643 50 +45 25 4 7--~lr 
1 3 4 2 4 14 11,205 29 12,366 12 -1,161 43 7 734. _____________________________ 1 ____I 2 1 2 2 n 11,028 32 10,696 41 +332 23 5 4 



":A.~~~.'·';':;~.-;:--,;",,:::.,.,.~:;~· i.!~'.~"'<\'i'"'~ 

35 ________________ • __________ ._. __ • ____ ••____ •• _ ____ ____ ____ 1 ______ • ___ • __.__ 3 I 1 7 15 11,089 31 11,768 22 -679 36 8 736. _____________________________ •___ • _______ • ___ • ___ •• _. 1 __ ._ 1 ____ 3 2 :J 10 3 0\ 2:l 12,62'2 -S16 12-"3"1:::: 30 Ll,806 9 38 18 
37__ ._. _______ ••._._._ •••___ ••• _ ......... _._ •.__ ._•••_•..._. 1 ...• _...._.____ . ____ 2 2 4 
 o 10,916 35 11,273 31 -357 35 2 7 
39 _________________________________________ • ____ ____ ____ ____ ____ ____ ____ ____ ____ ____ 2 4 1 
38__________________________________ .• __ ._ •••______________. ____ ____ ____ ____ ____ ____ 3 ____ :J 

6 10,504 43 10,103 46 +401 22 3 3 
40____ . ________________________________ . ____________ •___ .___ ____ ____ ____ ____ 1 ____ 1 3 4 o 10, 176 44 11,012 36 -836 39 4 5 
4L _____________________________________ .___ ____ ____ ____ ____ ____ ____ ____ ____ ____ 1 2 3 2 11 0,965 45 11,058 34 -1,093 42 4 7i1 I-'i. __ _ 9 10,507 42 11,418 26 -911 40 3 642______________________________________________ ._. __ ••_ •• _••___ .___ ____ 1 1 3 2 1 2 

10 11,868 22 13,047 5 -1,170 44 3 7
43 ___________ •• _. ___ •___ •__ ••••.... __ • __ "._ .... __ ._ ._._ ._._ ._.____ • ____ 1 1 1 1 1 I 1 ,___ _ 7 11,530 25 15,279 1 -3,749 51 "7~-----44. _______________ •__ •• _......._ •___ . _______ "' ___ ... ___ . _____ •_______.. 1 _.__ 1 1 1 3 
 7 10,933 33 Vi,lIS 2 -3,185 50 7 

~-----45 ________________ ••. _____ • _____ ._. _____ . ________ • __ . __ . __ ••• , .. __ • ___ ._ •• __ .___ 3 1 3 7 10,721 40 12,06-1 16 -1,343 46 2 5 ~ 1 7 10,851 37 12,010 17 -1,108 4" 3 4!~==::::::=:::::=::::::::::::::: :::: :::: ::::1:::: =::: :::: :::: :::: :::: :::: :::: i __ =___ =_ --2- 1 1 12 9,612 50 10,408 43 -796 37 2 1\l 
10 10,786 38 12,442 10 -1,656 47 3 7 ~ 8 9,736 48 1O,73L 40 -905 41 2 6 

Q! 9,748 47 11,OS{ 18 -2,236 49 6~=====:==:===::=:::::::::=::::: ::::1:::: :::t:: :::: :::: :::: :::: :::: ::~: :::: :::: ..!- i .-~- -TI T ~----- t;l51.. _______ •• ___ • ______ ••.•• __ .... -- ---. __ -1-'_-1 __ 1__ -1_1_ '1--1--- .. -.. ---.- 1 I 1 2 3 0,53L 51 11,6.3.; 24 -2,11)4 48 I 6 
t:I 

1 ThiS rank is arTh'cd at by combining the relntivo stundings of these sires on milk production, butterfat production, increase in milk and butterfat production by dllUghters
o\'er dams, and proportion oC daughters better than dams in milk and butterfut production, ~ 
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TABLE S.-Rank of sire and of sire's sire, milk production of sire's dam, and statistical constants on milk production of the daughters of the I-' 
individ'ual sires and of the dams of the daughters tv 

Daughters Dams o 
~ 

Rank of sire I Daugh- I~~~WO~~f IR~~sOf I I ICoefficient of 
ters siro's dam sire 1 ":\yeragcmilk Standard CoeUicient of Avcrngemilk Standard Coellicicnt of correlation §

pro(lnction deviation variability production dc,'iation variability o 
~ 

Number Pounds Pouruls Pounds Pounds Pounds 
2__________________________________________ ._ 6 Ii,793 36 13,482± 760 2,758±537 20. 46±3. 98 11,977± 568 2,062±401 17. 22±3. 35 +0. no±o. 120 b:I 

12 12,969 13, 268:± 556 2,855±a93 21. 52±2. 96 n, 404:± 357 1,833±252 10.07±2.21 +.023± .194 

1 ____________________________________________ 

3______________________________________ •_•. __ 
17 383 2,SH±271 17. 70±2. 05 1l,404± 300 2,202±255 19. 21±2. 22 -. O'IO± . 163 
13 18, un 12,952± 736 3,9a9±521 30. 41±4. 02 11,793± 610 3,262±431 27. 66±3. 66 +.443± .150

4________ •_________________ . _________________ ------._--.- ---------- 13,240± 
5______________________________ •_______ •_____ 

9,569 4 13,108± 416 1,5Ll±294 II. 53±2. 25 11,180± 164 596±116 5. 33±1.04 +.301± .256 ~ 
14 12,216± 402 2,228:±284 18. 2-1:±2. 33 1O,960± 560 3,105±396 28. 33±3. 61 +.2.35± .170 

6__________________________________________ ._ 0 
7______________________________ . _______ •_____ -----------7 ____________ 
8____________________________________________ .-----.--- 12,996± 446 1,749±315 13. 46:±2. 43 11,958:± 355 1; 394±251 II. 66±2.1O +.213± .243 
9____________________________________________ 13 ------------ ---------- la, 495± 785 4,198±555 3J.1I±4.12 12,OS2± 511 2,733±361 22.02±2.99 +.690± .098 ~ 

7 12,570 11,472± 749 2,936±529 25. 59±4.61 9,705± 240 940±240 9. 69±1. 75 +.432± .20710_________________________ . __ •______________ O:J
7 21,331 20 14,994± 582 2,283±411 15. 23±2. 75 13,518± 871 3,417±6LG 25. 28±4. 56 +.729± .11911.________________ •_____ . _. ___ . ___________ ._ l!>

12__________ • ____ . _________ ._ . ___ •___________ 48 11,781 12,251± 224 2,296±158 IS. 74±J.29 11,192± 225 2,:U2±159 20. 66±I.42 +.430± .078 e 
38 12,404± 29·\ 2,691±2OS 2I.69±J.68 ll,329± 268 2,45-1±190 21. 66±1.67 +.311± .09813_______________ •_____________ . _______ • ____ -----------

14___________________________________________ 11 12,349 ---------- 13,6S5± 545 2,6S0±385 19. 58±2.S2 12,851± 670 3,295±47-1 25. 64±3. e9 +- 429± .165 q
15___________________________________________ 7 8,853 ~9 n,096± 309 1,211±2IS JO.91±1. 97 9,964± 266 1,043±188 10. 47±1. S9 -.575± .170 
16_______________________ •___________________ 10 21,324 11 1l,4S9± 254 1,189±179 10. 35±I. 56 1O,664± 328 1,539±232 H43±2.18 +.498± .160 

10 ------------ -------- .. - 1I,774± 489 2. 29,1±'189 19. 4S±2. 9-1 1O,256± 237 1,112±168 10. 84±1. 63 -.OSO± .211 Ul17___________ •__________________ • _.__________ 9 ________ •___ 
18_____ •___ • _____ •___ •________ • ____ •_________ ------ .. --- 1O,(l21± 311 1,382±220 13.01±2.07 9,·!39± 212 942±222 9. 98±1. 59 -.303± .204 

1<1 14,412 4 12,516± 48-1 2,674±341 21. 36±2. 72 12,303± 701 3,888±490 31. 60±4. 03 -.073± .179 o19___________ •____ • __________ •_______________ 11 21,733 2 13,238± 224 1,O99±158 8.30±I.19 13,5!iO± 777 3,820±M9 2S.10±4.05 +.370± .17520______________."_______________ • ___________ l?'.l 
21. ____________________ • _____________________ 10 21,023 --------8- l1,OSI± 610 2,858±431 23. 85±3. 60 11,392± 775 3,633±548 31. 89±4. 81 +.419± .176 ~ 
22_____________________ • _____________________ 11 11,212 1O,902± 246 1,211±174 11. l1±I.GO 1O,367± 281 1,382±199 13. 33±I. 92 -.4OS± .100 ;-3
23___________________________________________ 16 --------_.-. 12,196± 483 2,803±341 2:J. 47±2.S0 11,040± 386 2,2..qs±273 20. 72±2. 47 -.192± .162 
24 ___________________________________________ 20 14,227 11 12,177± 391 2,591±276 21. 28±2. 27 12,352± 377 2,·19S±360 20. 22±2.16 +. '176± . lI6 o6 12,571 4 11,989± 417 l,516±295 12.M±2.46 II,070± 602 2,512±4S0 20. 90±·i. 09 +.257± .25725 ___________ •_______ •___ •___ •_______________ I:;j
26___________________________________________ 13 21,7:J3 ---------- 11,25S± 301 1,612±213 14. 32±I. 89 11,382± 271 1,451±192 12. 7.5±1. 69 -.230+ .177 
27___________________________________________ 6 15,382 12 13,257± 830 3,086±601 23. 2S±4. 53 12,780± 767 2,788±5<!3 21. 82±4. 25 +- 572± .IS5 p,.
28 ___________________________________________ 31 ------------ -----.---- 1O,767± 240 2,057±176 ]9. 1O±1. 61 lI,OIl± 203 1,674±H3 15. 20±1. 30 +.159± . liS Q
29___________________________________________ 13 -----------. ---------- 12, 382± 550 2,0,10±389 23. 74±:l.H 12,406± 387 2,066±273 16.57±2.19 +.264± .174 

I 
~ 30___________________________________________ 6 11,505 4 iO,9:13± 257 93:J±182 8. 53±1. 66 1O,916± 230 836±163 7. 66±1.40 -.727± .129 ..... 

31 ___________________________________________ 6 13,750 4 12,8.J9±I,OS3 3,9:l6±766 30. 63±5. 96 12,llH± 752 2,731±532 21. 31±4.15 -.011± .275 o 
32___________________________________________ 9 9,710 ------.--- 9,946± 264 1,173±186 11. i9±1. 87 1O,049± 216 059±152 9. 5<!±1. 52 +.581± .148 
33_________________•_________________________ 11 -----13;500- 9,688± 311 1,528±220 I,S. 77±2. 27 9,643± 143 i05±101 7. 31±1.05 +.480± .1~6 

14 Jl 1I,205± 205 1,134±214 10. 12±1. 29 12,366± 750 2, S05±358 22.6S±2.89 -.611+ .11234_____ . _____________________________________ 9 ____________ 
35___________________________________________ ---------- 1l,028± 395 1,756±270 15. 92±2. 53 1O,696± 323 1,437±228 13. 43±2. J.I +.207± .215 
36___________________________________________ 15 --- --------- ---------- 1l,OS9± 36·1 2,092±258 18. 87±2. 32 l1,76S± 709 4,063±500 34. 53±4. 26 +.321± .OSO 
37___________________________________________ 30 ------------ --.------- Il,S06± 12,622± 342 2,774±242 21. 98±1. 91 +.455± .097273 2,219±193 lS. 80±1. 61 

9 O,8H 40 1O,916± 5S2 2,5S9±412 23. i2±3. 77 1l,273± 366 1,630±259 14. 46±2. 30 -.400± .188 

~ 

http:22.6S�2.89
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38 _________________________________ "_________ 6 ____________ 22 1O,505± 27S I,Otl±197 9. 62±1. 87 10, 103± 39539___________________________________________ \) ______________________ 10, 176± 192 852±135 8. 3i±l. 33 I1,012± 331 
40___________________________________________ 11 ______________________ 9, n05± 274 1,345±193 13. 51J±1. 9'1 lI, 058± 34841.__________________________________________ 9 10,681 11 1O,507± 282 1,2.1a±I9!J 11. 93±1. 90 i I, '118± 103 
42__________________________________________ 10 15,626 ________ Il,S68± 3:~9 1,5SS±240 13. 3S±2. 02 13,047± 235 
43___________________________________________ 7 12,583 3 ll,530± 468 1,835±331 15. 92±2. 87 15, 2i9± 853 
44___________________________________________ 7 13,896 35 IO,933± 487 1,912±345 17. 49±3. 15 14,118±I,113
45___________________________________________ 7 ______________________ 1O,721± 309 1,212±218 11. 30±2. 04 12,OM± 590 
46___________________________________________ 7 8,805 16 10, S51± 513 2,0l2±363 18. 54±3. 34 12, 01O± 44347.______ :___________________________________ 12 ______________________ O,612± 277 1,42.'j±WO 14. 83±2. 0,1 1O,408± 231 
48___________________________________________ 10 ______________________ ;0, 78fl± 362 2,015±31H 18. 68±2. 82 12, M2± 441
49 _________________________________________ ._ 8 11,920 7 !l,736± 307 1,287±217 13. 22±2. 23 1O,731± 295 

9. 4Z±1. 83 11, 984± 552 
11. 98±2. 16 Ll, 635± 534~==:=====::====:=:::::::::::::=:::::::::::::I ~ -----=~~~~i=~=~=:: 8: ~~~_~~ 1, ~~~~~6g 

! The indiYidual sires nre referred to by tile same number as the number of their mnk given ill 'fable 7. 

1,436±280 
1,474±234 
1,71O±2,j6

,j56± 72 
l,l0'2±166 
3,347±603 
4,304±787 
2,313±4.l7 
1,737±313 
l,I54±163 
2,069±312 
l,235±208 
2,OO6±391 
2,095±378 

14. 21±2.77 
13. 39±2.13 
15. 46±2. 22 
3. 9!J±O. 63 
8. 45±1. Z7 

21. 28±3. 84 
30. 9l±5. 57 
19. 17±3. 46 
14. 42±2. 60 
11. 38±1. 57 
16. 63±2. 51 
11. 51±1. 94 
16. 74±3. 26 
18. 01±3. 25 

-.715±. 224 
-.346±. 197 
-.537± .144 
-. 322± . 201 
-.135±, 2U9 
+.831±. 078 
+.937+.031 
+_199±, 244. 
-.356±. 22'2 
+.206± .186 
+. 103± ,190 
-.232±. 225 
+. 373± ,236 
+.214±. 2-13 

E; 
<j 

~ o 
t;j 
t:: 

~ 
Q ..... 
Ul 
>;i 
!;l
...; 

o 
";j 

:>...; 
t:::l 
Ulp; 
..... 
p;j 
t;j 

f; 
..." 

~ 
t:J 

f-' 
~ 

http:2,313�4.l7


14 TECHNICAL BU'iJLETIN 349, U. S. DEPT. OF AGRICULTURE 

Comparative studies of the various sires are rendered less valuable 
because of the differences in the munber of daughters representing 
each sire and also because of the variation in the quality of the dams 
to which they were mated. Sire 11 9 has 48 daughters, or eight times 
the minimum num.ber which admitted 8 other bulls to the study. 
Sire 43 was mated with dams that averaged 15,279 pounds of milk, 
while sire 17 was mated to dams that averaged 9,439 pounds of milk. 
Any results of comparison of these sires would of necessity have to be 
modified by consideration of the transmitting tendencies of various 
grades of dams already discussed. 

Table 8 shows the average milk production of the daughters of 
each sire and of the dams of the daughters, the standard deviation 
and coefficient of variability of each group, and the coefficient of 
correlation of the daughters of each siry with their dams. The table 
also shows the milk production of the sire's dam n,nd the rank of his 
sire. . 

, The individual sires nrc relerre(\,to by the same number as the number of their rank given in Table 7. 
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Figures 4 and 5 show the milk-production records of the daughters 
of several sires and of their dams. 

Sire 12 is fairly representative of the better bulls in this study, and 
he clearly shows the tendency, mentioned on page 5, to sire dauGhters 
inferior to the high-producing dams, and superior to the low-producing 
dams with which he was mated. 

Sire 23 is of interest because of the variability in milk production 
shown by his 9 daughters from dams in the 11,000-pound class; and 
conversely, sire 36 ig of interest because he produced 10 daughters 
with an aver-age milk production of 11,000 pounds from dams with a 
wide range of production. In the case of sire 37, one of his lowest
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FIGURE ,I.-Trend of milk production by daughters of three sires, as shown by the 

Dumber ~f daughters, from dums in various milk-production classes 


producing du,ughters is out of the highest-record dam to which he was 

1 
! 

mated, and his best daughter is out of one of the poorest dams, Sire 
41 got daughters with a ,vide range of production from 8 dams in the 
11,OOO-pound class. Sires 43 and 44 consistently lowered the milk 
production of the offspring of good dams, and the influence of these 
good dams is reflected in the high correlation between the daughters 
and the dams. (Table 8.) These two sires were without doubt de
cidedly lacking in ability to transmit the factors for high milk produc
tion to their daughters. The group of dams to which these sires were 
mated ranked first and second in average milk production (Table 7), 
and their offspring show thu greatest average decrease. Even though 
the.<;;e high-producing dams may be heterozygous, as has been sug
gested before, that fact alone is not enough to account for the uniform 
and'large decline in producing ability shown by their offspring, and i' 
must be conceded that these two sires are also nt fault. 

,Il 
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SfRES WITH OHEATES'l' PIlOl'OltTION OF DAUGHTEIlS JIETTEn THAN 'l'HEIn DAMS 

Individually these 51 sires showed ability to transmit a wide varia
tion iu producing capacity, but none was able to get daughters all of 
which exceeded their dams in milk production. The best showing in 
this particular was made by sire 6, 12 of his 14 daughters being better 
producers than their dams. This sir.) was mated to a mb;:ed class of 
dams, oue dam produced more than 21,000 pounds of milk, another 
more than 13,000 pounds, while the other 12 averaged 9,890 pounds, 
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.F1Gl'n~: 5.-Trend of milk production hy dvu~htcrs of four sires, us shown hy lhenumber of 
daughters, from dJIIJls in \ "lous milk-Jlroduction classes 

which would mnl<: thcm low as a group. The offspring of sire 6 from 
the two high-producing dams were above the average in milk produc
tion, but their true value is best understood by comparing them with 
the get of other sires from these same dams. Each of this sire's 
daughters is the lowest producer of three maternal half sisters from 
these da.ms. His showing on the otheT 12 dams wus yery O'ood and he 
evidenced ability to get better daughters from dams producing 9,000 
pounds of milk, but in this class the normal expectation for improve
ment is high. 

The showing of sire 6 when mated to cows having tested daughters 
sired by other bulls is interesting, and the results appear in Table 9. 
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TABLE 9.-Comparison of the daughters of sire 6 with daughters of other sires 

from the same dams 

Milk production Milk 'production :Milk production 
of- 0[- ot-ISLcNo. Sire No. Sire No. \ I 

Dam Daughters Dnm Daughters Dam IDnugl!·ters 

Pau,nlis Pounds Pounds Pounds PalLnd. Pound.6___________ } 6___________ } 6.. _________ }

{ 12, 183 11,334 8,003 { 10,44320__________ 16,618 12~ _________ 10, i~4 ,{ <1. __________ 11,96l21,331 13,3·j64 ___________ 6. __________ }13,1}19 12,797 8,5..'186 } 10, .1281{ 12, ___ .. _____la, 199 8,420 1O,6i84 ___________ { 16,701 ~==========: } 4 {13,437 19,38i 13,033 10,351
12__________ 9,50of19, J08 10,0416.. } ___________ 

12__________ lO, i9i { 12__________ U,225 1 

It

_________ 6~2========== }}13,230 12,537 

11,OH 11,691 

On the basis of his showing when in direct compari!3on with other 
sires, it would appeal' that sire 6 was rated too high by this system of 
.:.anking. 

Two other sires had 5 of their 6 daughters better than the dams, 
but the small number of pairs in each case offers inadequate material 
for study. Sire 5 is one of these, and his 6 daughters show the greatest 
average increase over their dams. Among his daughters are 2 sets 
of full sisters--one of 3 and the other of 2, The variability even in 
these full-sister groups is great enough to make the high rank of this 
bull questionable. Sire 1 is the other bull with 5 of his 6 daughters 
better than their dams. He was mated to better average dams than 
sire 5, and his ,'l.bility to improve production failed in only one in
stance, but that was when he was mated to a dam in the 10,000
pound cla3s (wh('re the whole population of sires raised 58 per cent 
of their daughtem above their dams), and in this case the daughter 
produced 163 pounds less than her dam. 

Eight of ten (hughters by sire 16 exceeded their dams in milk 
production. H(' vms mated to nine dams that were below the average 
in milk production, and his daughter fron1 the best dam was inferior 
to her dam and was the poorest of her three maternal half sisters. 
This bull's progeny performed in close approximation to the average 
for the population, and his apparent ability to sire daughters better 
than their dams muy be uccountecl for by the fact that he wus bred 
to the class of dams. that on the average produce a high percentage 
of daughters with ability exceeding their own. 

It would appear from these cases that while the ability of a sire, 
when used in herds representative of this population, to get a high 
percentage of du,ughters which exceed their dams in mill\: production, 
is worthy of notice, it is not a definite assurance that this sire is much 
ubove the average in his trn.nsmittin~ ability for milk production.

If a sire were mated only with 10W-I)roducing dams, where the 
normal expectation is for a high percentage of daughters better than 
their dams, he would have to show ttn increase in this percentage in 
ordeI' to show better than average ability. It would be easier to 
judge of the reln.tiye ability of sires that were mated to dams of 
different levels of product.ion. 

155872°-33-2 



18 TECHNICAL BULLETIN 349, U. S. DEPT. OF AGRICULTURE 

SIRES WITH GREATEST PROPORTION OF DAUGHTERS POORER THAN THEIR DAMS 

Three of the fifty-one sires had daughters all of which were below 
the dams in milk production. The daughters of sire 43 show the 
greatest average decline of the 51 groups. The number of 
daughters is only seven, but the results are so uniform as to warrant 
discussing them. The dams of these daughters constitute the hi~h
est-producing group of dams in this study. The general expectatIOn 
is for daughters of high-produ.cing dams to fall below their dams in 
production, but apparently this sire was an exceedingly poor trans
mitter of production or he would have maintained a higher level of 
milk yield in daughters from this grade of dams than he did. There 
is also a correlation between the records of these dams and their 
daughters of +0.831 ± 0.079. 

Sire 44 affords a similar example, as the group of dams with which 
he was mated ranked second in average milk production. His 
daughters were all inferior to their dams, and the correlation between 
dams and daughters is +0.937 ± 0.031. This sire even failed to get 
improved daughters from two dams in the 10,000-pound class, a class 
in which the normal expectation for an increase is better than even. 

The third bull whose daughters all produced less milk than their 
dams was sire 50. The average production of the dams to which he 
was mated was lower than that of the dams to which either sire.43 
or 44 was mated. 

Judging l>~' the performance of the offspring of these three sires, it 
is evident that when It bull consistently sires daughters that are 
poorer producers than their dams, he carries few if any of the factors 
for high milk production, and that the producing ability of the 
offspring of such a sire will depend largely on what they inherit 
from the dams. This study also showed that sires 43, 44, and 50 
sired daughters with the greatest decrease in milk production. 

SIRES WITH DAUGHTEHS SHOWING THE GHEATEST AVERAGE INCREASE OVER 
'I'HEIR DAMS 

The three sires whose daughters show the highest average increase 
in milk yield over their dams, are Nos. 5, 2, and 3. Sire 5 has already 
been discussed. Sire 2 has 12 daughters that averaged 1,864 pounds 
of milk more than their dams, but this includes 1 that produced 
8,952 pounds more than her dam. With this one exception sire 2 
failed to accomplish much when mated to dams above the 12,000
pound class but showed unusual ability to increase the production 
from dams below that class. Considering only his 7 daughters from 
these lower-producing dams, the average increase in production by 
daughters over dams is more than 3,000 pounds, which is well above 
the general average increase from dams of this quality. 

Sire 3 evidenced the same weakness as sire 2 on high-producing 
dams and the average increase in production by his daughters over 
their dams is due to the performance of his daughters from the lower
grade dams. Two sets of three fun sisters contribute a large part 
toward establishing this high average increase. 

The evidence offered by these three groups of daughters indicates 
that high increases in production by daughters over dams occur 
mostly where the dams l'I1Ilk i'n the lower levels of production. Bulls 

, 

, 
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selected on this basis alone would be those that have been mated 
with lower-producing cows. 

The opposite is clearly indicated in the case of sires 43 and 44. 
Bulls that fail to sire improved daughters from low-record dams may 
safely be classed as the poorest sires for transmitting milk production. 

A further illustration of this apparent effect of the average produc
tion of the dams on that of the daughters is shown by Table 10, 
which lists the 6 sires whose daughters showed the greatest average 
increase in production over that of their dfuns, and the 6 sires whose 
daughters showed the greatest average decrease in production. The 
6 high-ranking sires were mated to groups of dams with an average 
rank of 33, and 39 of them were grade B dams and 19 grade A dams. 
The 6 low-ranking sires were bred to groups of dams whose average 
rank was 12, and 14 of them were grade B dams and 30 were grade 
Adams. 

TABLE lO.-The six best nnrl six 1)()OreS£ sires, ranked according to £118 ~\rl)lltes£ 
averag/) increase nnd decrease, rCS1)l)ct'ively, in production oj their daught.ers ouer 
the dams oj the daughtcr.~ 

,Avernge Numher or dnms 
inrrel.~e (+) in-

Rank or
Or decrense dnms, all 1-----;---(-) (pounds)Oronp and sire No. lllL,is orilllllilk milk pro·production dUl)tion GTlltlc A Uratic IIhy dnughters
over dams 

Six best: 5__ ._ ...________________ ....____________________________ .. ~ 

2.................................................... . 
3......................_...... _.._.................. . 

+1,928 
+1,8&1 
+1,776 

3.1 
'27 
25 

3 
Ii 
.'> 

3 
6 

12 
9.....__ ........................................... '. 
lB...................... _........ -,,, ............... . 
I ................................................" .. . 

Six pooro.t; 
43.... __ ...... __ ......... __ ....................... _ 
~, -..... ~ .. " ..-.- ..-~ .. ~---~ .. ---"' .. -~ ... -- ...... ---~~- -- .. - .nOM ___ * ____________ "_~.~_~ ___ h. ____ ~ _~ ____ " _____ ~ __ 

.ll ____ .. _"" ... __ ~"'_ .. ,, _____ -' __ ~ __ .'''_''~~ __ ..... ~~_~_. 
48•••• _. ____ ............._, ... ___ ........... .. 
4!i __ ..... ___ ~"'.~ W_"""' _~ ... ___ "~~~ _ ..... _~. __ ~ 

+1,767 
+1,.018 
+1,50:; 

-:~, 749 
-:~, 185 
-2,2:lIi 
-2,lIH 
-l f 05{j 
-1,34:1 

4\\ 
45 
HI 

1 
'2 

18 
2·1 
10 
III 

(I 

J 
4 

7 
Ii 

r. 
r. 

7 
0 
2 

0 
'.! 
2 
3 

Slims wrrH DAUGHTERS HAVING 'rilE HLGIlEST AVEHAGE MILK PltODUCTION 

The five sires (Nos. 10, 13, 8, 1, and 2), whose daughters IHe highest 
in average milk production include only one sire that was considered 
under the discussion of sires having daughters with a high average 
increase over dams. As already stated, only 5 of the 54 dams that 
produced over 15,000 pounds of mille dropped daughters that excelled 
them as producers, and 3 of these 5 daughters were by sires 1, 8, 
and 10. 

Sire 10 has the distinction of siring the most tmiformly good daugh
ters, so far as milk production is concerned, of any of the 51 sires. 
The coefficient of variability for his 7 daughters is 15.23 ± 2.75. They 
averaged 14,994 pounds of milk; and each one produced more than 
12,000 potmds, which is well above the average of all daughters. 
Five of the dams were also in the class above 12,000 pounds, and the 
other two were in the 9,000-pound class. His daughters from the 
last two were far ahead of their dams in milk production. 

Sire 13 has 11 daughters that averaged 13,685 pounds of milk from 
dams that averaged 12,851 pounds, Only 6 exceeded their dams in 
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milk production, and there wus wide varitttion in their records. His 
daughters from gmde A dams nrc better thnn the average, but his 
best showing is in the daughters he sired from the lower-record dmns. 
His record on this small group o.f daughters is not consistent. 

Sire 8 has 13 daughters. They rank third in avemge milk. produc
tion, but they show the greatest variability of any group of daughters. 
The dams also vary widely in theie producing abijit}T, but there is a 
correlation of - 0.690 ± 0.098 between daughters and clams. The 
transmittiug ability of this sire as shown by the performance of his 
daughters is ruther unusual. The 4 best dams to which he was mated 
all had reconls above 12,000 pounds of miJk, il.lld the dllughter of 
each of these cows was better than her' dum. In the whole POPllllltion I 
only 1 daughter in 4 exceeded her dam when the dams produced 
12,000 pounds or more of milk. The next 4 clams to which \,ire 8 
was mfLted were fLil in the 11.,OOO-pound class where the chances were 
even that a daughter would be It bC'tter or poorer producer tlum her 
dam, but all of the dn:ughters fell below their dams and 3 of them by 
more than 1,000 pounds of milk. ,Yhile such inconsistent perform
ance is confusing, it is one of the things to be expeeted in anaJyzing 
material ,vhich is as heterozygous as this appears to be. 

Sire 1 has 6 dn:ughiers with an !1Ycmge milk production of 13,482 
pounds despite one with it production of only 8,G52 pounds. Omitting 
this one, his showing is unusually good, both with respect to the high 
average increase in production by his daughters over their dn,ms [tIlt! 

the uniformity of the increase. 
The daughters o[ sire 2 follow dosely the general population. 

Till'ee clams in the class aboyc 13,000 pounds hitcl du,ughters poorer 
than themselves. One clam ill the. 12,00'0-pound class dropped his r 

highest-record daughter as well as one daughter in the 12,000-pound 
class. :Mated to dams in the class below 12,000 J)ollnds he got 7 
daughters that were all deeicleclly Deliter proclueers than their clams, but 
his breeding performnnce approaches the !1Yemge in spite of the high 
production of his daughters and their high llyemge increase oyer 
their dams. 

SIIlES WITH DAUGIl'l'EHS UAYING THE LOWI,ST AygUAGg lIHLK PRODUCTION 

Daughters of sires 51, 47, and 32 have the lowest avernge milk pro
duction of all the daughter groups. Of seven daughters by sire 51 
only one was aboye the average in pl'ocluetioIl, and she came from a 
dam with a record of 14,657 pounds of milk. Only one daughter 
exceeded her dam, and she WitS from the poorest of the dams. 

Sire 47 has only 1 daughter above the average in nulk production 
and only 1 other that exceeds her dam. or 12 daughters only 3' have 
records above 10,000 pounds of mill\.. Eight of the daughters were 
from dams in the 9,000 or 10,000 pound class, where. the chances fLrc 
7 in 10 thn,t the daughter will excel the dam, but only 2 out of these 
8 daughters were better than their dams. 

Sire 32 has 2 daughters with records above 12,000 pounds of milk, 
but the other 9 daughters were pOOl' enollgh to pull the average of his 
daughters down to 9,688 pounds. The dfLIl1S were aU below avel'fLge; 
and in the whole populatiOn the chfLllces would be about 8 in 10 that 
daughters would excell these c\n:ms, but only 4 01' his 11. daughters 
were better than their dams. 
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SIRES WITH I,,\UGE GROUPS OF DAUGHTERS 

Sires with larg<-' numbers of daughters usually afford more conclu
sive data for studies of this kind than sires with only a small number 
01 daughters. Sire 11, with 48 daughters, has a larger number than 
finyother. Table 11 slw',7s the relative ability of the dams tv which 
sire 11 was mated and G~ his daughters from those· dams. 

TABLE 11.-Col'reZai.ir!1! 81(,rface of milk pro.ductio.n o.f the },8 dallghter.~ o.f sire 11 
antltheir da'/lls: also. average pro.ductivn vf varivlls groups of dams and daughters 

I
i'ulilher of dnughters in milk'production A'lernge milk 

elm;, , of- prortu{!tion of

---------I--~- -.-.-.- - - - -- ----------
. I Kum·j ba POll1lds POll1lds Pounds 

21.000 pounds.............. . .. .. 1 ,. __ ....... _... I 21.324 12.55-1 -8,770 

14,000 poumls. ............. 1 I 1 1 I "" • _ • '1 .. .i H,2'28 15.681 +1.453 

13.000 ponnds............ _I' , .-. 1 . """ 1 13.507 12.004 -I, ['():l

12,000 IlOunds ......._..... . _ I I 2 I 2 ....... 8 12,7iS 12.876 +98 

lJ.OOOJlOllnds.............. \ I I 1 I I __ 1'_. 0 11.601 13,0'27 +1.306 

10.000I)Ounds.. ~~ .... ~ __ .* ~ ~ J 1 ] _.~w. 3 1 7 ]0,346 ]0,080 +643 
9.000pOullds........ _.. --... )"1 I 3 2 4 1 I ~ I 1·\ fl,t)60 11.575 +1.015
8,000 nounds .. __ ~ _______ , _ ._ 1 __ 1 2 2 ti 8,5fi5 10.821 +2,210<

'rotnL .......... ".I·lt!;' :;' --;- -'8 8'7'5' 7'fJ-! 48 11.192 12,251 +1.05fl 


1 None of tbe dnms. except the one in the 21.000-pollnd clnss. exceeded 1·\.000 pounds. 
2 None of tho daughters Wn~ in n elnss ahoye 17.000 pounds. ' 

The daughters of sire 11 include a group of five full sisters from a 
cow with a 14,22S-pound milk record. The unusually strong sho'wing 
of this full-sistoI' group plays a prominent part in bringing his rating 
as high as it is, and it may safely be said that their inheritance for 
milk pl'Oduction from the dam 'was better than from their sire. If 
these full sisters were omitted, it would reduce the ayemge milk pro
duction of this sire's daughters by 400 pounds. 'When sire· 11 was 
mated to other gmdes of dams the results were generllily better than 
average, but not markedly so, particularly in the case of the dams in 
the 8,000 and 9,000 pound classes. 

Sire 12 had the next large"t ll11111ber of daughters, a total of 38. 
His offspring frotn fom dams wit.h milk records oyer 15,000 pounds 
were all disappointing, but five or eight daughters were better than 
their dams that had records of 12,000 to 15,000 pounds, which is above 
the normal expectation. Twenty-two of the dams to which he was 
mated were in the class below 11,000 pounds, and his daughters from 
these dams averaged higher in product.ion than the daughtel's of all 
the bulls, but there is nothing of distinguishing importance in his 
breeding record as a whole. 

Two other sires, 27 and 36, had 30 or more daughters from tested 
dams. Sire 27 was mated to a group of dams that averaged about 
11,000 pounds of milk, although more than half of them had records 
above that figure. His get from the better dams was disappointing i 
and while 12 of his 15 daughters from the poorer dams were better 
.than their dams, t.he increase in production was below the normal 
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expectation. The dams of the daughters of sire 36 averaged 12,622 
pounds of milk and varied widely in their individual production. 
Only 12 of the 30 daughters exceeded their dams in milk production, 
and 8 nf these were from dams with records below 11,000 pOlmds. 
If sires 27 and 36 had been mated only with dams in the 8,000, 9,000, 
and 10,000 pound classes, each would have ranked high on a basis of 
p'crcentage of daughters better than. dams, and yet on mi....ed groups 
of dams they failed to maintain the average production. 

These four sires follow more or less the trends of the whole sire 
population, which is to be eA-pected, since their daughters constitute 
almost one-fourth of the total number of daughters. They offer some 
interesting contrasts, however, in average production of their daugh
ters and in the percentage of superior daughters. The daughters of 
sire 36 averaged over 1,000 pounds of milk more than those of sire 27; 
yet the daugbters of sire 36 averaged 816 pounds less than their dams. 

Interpretation of these, results requires some knowledge of what 
relationship P.A-iStS between the producing ability and the trans
mitting ability of high-record and low-record cows. 

Sire 40 affords another good example of a sire that showed ability 
tD get better-producing daughters hom low-record cows, but from 
dams in the class above 11,000 pounds the daughters were all inferior. 

The analysis of the individual breeding records of the remaining 
bulls did not bring out any information of yuIue from the standpoint 
of heredity except to emphasiz~ that the bulls are mediocre in their 
ability to sire daughters ,,-ith any degree of uniformity in their milk 
production. 

FULL-SISTER GROUPS OF DAUGHTERS 

Interesting groups of animals in studies of this kind are the full 
sisters. Because of the additional relationship on the maternal side, 
this group has a higher coefficient of correlation between dams and 
daughters than is true 01' the population as IL whole. The actual 
fi~lre is +0.314±0.024 as compared to +0.262±0.015 for the 611 
pl1lrs. 

The data include 1 set of 5, 2 sets of 4, 17 sets of 3, and 58 pairs of 
full sisters, making a total of 180 daughters. '1'he 78 dams involved 
have a weighted a yerage of 11,392 potmds of milk, or 176 pounds below 
the average of all dams; and the 180 daughters averaged 11,757 pounds 
which is 25 pounds more than the average of all daughters. The 58 
dams of pairs of sisters averaged 11,405 pounds or milk, and the 116 
daughters averagecill,719 pounds. The average difrerence between 
members of the pairs is 2,328 pOlmds of mille 

Of the 58 pairs of full sisters there are 22 in which both daughters 
exceeded the dam in lnilk production, 19 in which both produced less 
than the dam, and 17 in which one daughter produced more and one 
less than the dam. As would be expeeted, 16 of the 22 dams with 
both daughters better are grade B dams, and 13 of the 19 dams with 
both daughters inferior are grade A dams. 

vVhile the preceding analysis mn.y indicate that full sisters tend to 
show a similar trend in their milk production, a closer analysis of the 
figures reveals wide discrepancies in the producing ability of sisters. 
Of the 22 pairs of sisters in which both are better tluUl the dnm, 11 
show 11 difference of more than 1,000 pounds of milk between members 
of the pail'. These differences range from 1,067 to 6,872 pounds. In 
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only 4 of the other 11 pairs are the members less than 500 pounds 
apart. The members of 14 of the 19 pairs in which both are poorer 
than the dam differ by more than 1,000 pounds, and the differences 
are as high as 4,360 pOlmds. Four of the remaining pairs differ by 
less than 500 pounds. The 17 pairs of sisters in which one is better 
and one poorer than the dam show even lp.ss similarity in production. 
None of them differ by less than 500 pounds, 15 differ by more than 
1,000 pounds, ('Lnd 5 by more than 6,000 pounds of milk. 

To summarize briefly, in only 8 of the 58 pairs of full sisters aTe the 
members sufficiently alike to have milk-production records differing 
by less than 500 pounds; 10 differ by 500 to 1,000 pounds; 16 differ 
by 1,000 to 2,000 pounds; 8 by 2,00C to 3,000 pounds; 7 by 3,000 to 
4,000 pounds; 3 by 4,000 to 5,000 pounds; and 6 by more than 6,000 
pOlmds of mille It would appeal', therefore, that for animals of this 
relationship there is but 1 chance in 7 that sisters will differ from each 
other by less than 500 pounds of milk, and 1 cllance in 10 that they 
will differ by more than 6,000 pounds in the year's production. The 

j chances are somewha,t better than eyen that the difference between 
1, sisters will be less than 2,000 pounds on the average. 

The preceding statements are general, but specific instances of lu.rge 
and small differences between full sisters are given in Table 12. 

TABl.E 12.-Extremcs of likenes.~ a:lUl 	('miation in l1rilk 7Jrodllction of pairs of full 
sisters 

"[ilk: production 	 Milk production Differ·DilTer·
oC- ence 0[- ence 

between beLweenSireNa. 	 II Sire No. dough· 	 daugh.
Dllugh. ters' 	 Daugh· ters'Dom 	 DomLers record~ 	 ters records 

---' 	 ------IPound. POU1/(U! POllnd. 	 PoulIds POUlIIJ. PO/Wd3 

{ 18,18833.................. .18,188 { 10,340 } 	 38.1 D................... 10,859 9,892 } B.2110
9, D5i 

{ 14, al-l 35ww _______________ . { 9,20-136.................. l-l,456 4,300 	 10,135 1-10
D,91;'1 } n,ool } 
12.........__ ....... 1-1,412 19,418 } 0,004 ____ ___ 10,100 { 10,382 } ~'603D ......... • • 


13,444 10,lI6 
2..._..__• ______..._ 12,3401 21,2HO } 11,100 16__ .......__.....__ 9,348 18,233 } 6,87212,18i 11,361 

16,115 9••___..____• _____.. 9,75512.....__._......... II,OSI } 6,8~5 	 8,938 } 252
9,2iO 9,503 
36____.......______. I 1,100 { 0,002 } ·1 

! 	 t 
1l,658 

These few cases fail to exhaust the possibilities for anulysis and 
study of this group of full sisters, as they afford many contrasts and 
contmdictions. Here again is found evidence of heterozygosis or 
mixed inheritr,nce in the animals studied. This appears to be applica
ble to both male and female. Sires 9 and 12 manifest this quality, 
and notable inconsistency is evident in the progeny of other sires 
studied, 

In Table 13 some interesting combilltttious of sisters by the various 
sires are shown. 
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TABLE 13.-ltfilk-1Jroriuction records of lJair.~ of full sisler.~ by variolls sires, and 
lhe records of the dams 

Milk productioll ].I ilk productioll fncreasu Incrf3mm
0(- 0((+) or (+) or 

decrease decreaso 
Siro No. (-) by Sire No. (-) by

daugh. daugh·Dnugh. Daugh·Dam ters over Dum ters over ters tel'sdum dUlll 

Pounds Pountl.~ POll.1ld.i Pounds Pound., Pounds 
+4,762 { 12,658 +2,0:,30,72.5 

••••••!H.~ 116,435 
+1,638 S,02H -700 

11,581 I 13,311 
-80 

12,310 +735 7, i45 -c,505 
0,612 -67ii 0,200 +452 

11.-__•••••••_ 14,021 +3,:1-10 I3L••___•••.•••.__ • { 9,2[>0 0, 1i0 

10,287 l 8,8:188,541 -1,746 8,753 -85 

t 18,265 -486 14,314 -14218,7.51 14,'15615,414 -3,337 9,054 -4,502 
J.I,127 +867 12,115 -tj7513,260 I~, 60013,338 +78 11,605 -1,085 
12,644 -414 0,662 -1,40513,0.18 36._•••••_•••__••_•. 11,160 {10,807 -2,101 0,658 -1.502 
16,645 +178,,·················l ! +7,088 { 10,5020,557 10,0&114,277 +1,720 8, f>11 -1,44:1 
11,501 +6:10 0,16-1 { 12,072 +2,00810,862

lL.._.._._~_..___ . { 8,840 -2,022 9,502 +338 
.10,823 11,014 +1,001 11,850 { 11, ZI5 -61l 

10,365 -458 8,073 -3,775t 41 ••••••••••_••••..• {
10,002 { 11,ISI1 +1,187 ]1,30a { 12,:164 +017 

21._•••__••_._._••_. { 10, all +300 JI, i24 +33l 

n,707 i 12,1"-5 +2,388 { 12,8:1a +30212,5318,210 -1,587 46••••_••••____._._. { ]2,044 -487 
II, ()2S -100 11,885 { 13,333 +1,4·18!n,215 0,00.1 -1,312 8,385 ,S\ 500 

27..____ •___•_______ i 13,.538 +1,502 
0,030 11,537 +501 

U,[~I +6048,057 . 0,188 +231I 

COMPARISON OF pm,I, SISTERS WITH TllJian DAMS 

In 14 of the 58 full-sistel' pnirs, one daughter's milk record is 
within less than 50 pounds of the dam's while thn.t of the other 
daugh tel' differs from that of the dn.m by more than 1,000 pounds. 

The data shO\\' thnt the production of both members of 21 pfiil's of 
sisters differed from the d!L1l1s by more than 1,000 pounds. In 9 of 
these 21 pairs both daughters were bettor than the clam, in 7 pairs 
both were inferior, and in the remnining 5 pnil's, the record of 1 
daughter WfiS above, nnd thnt of Lhe other wn.s below her dnm's 
record by more thnn 1,000 pounds. 

There are 10 pnirs of sisters of which both dnughtel's hnve records 
that differ from the dnm by less than 1,000 pounds. In 7 of tbe 
pairs, both daughters exceed the diLm ill production, iLnd in 3 pairs 
1 daughter is better, nnd the other poorer than the dum. 

Seventeen dams gave birth to sets of th1'ee sisters. Table 14, 
showing the extremes of likeness n,nd vnriability in milk produetion 
of these 17 sets, includes the set in which the dau~htel's are the 
most n.like in milk production find n1so the set in wlndl they differ 
the most. 
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TABLE 14.-Two .~ets of three full sisters, showing the extremes of likeness and 
difference in milk production of the 17 sets 

, 
Increase

l\UJk production 0[ (+) or de· 
crease (-)Sire No. by 
daughtersDam Danghters over dam 

PDlLnds P01Lllds P01LllM 
15,919 +4,4673_________._._______._~-- 11,452 10,559 -8(13 
7,858 -3,594 

33 ____. __________________ 11,999 +910 
11,080 11,690 +001 

11,279 +1001 
The extreme difierences in these sets of three full sisters range from 

720 to 8,061 pounds of mille, with an average difference of 3,156 
pounds, which is about 27 pel' cent of the 1l,570-pound average milk 
production of the 51 daughters in the 17 sets. 

In 5 of the sets all 3 daughters exceeded the dams, and in 2 sets 
all 3 were poorer producers than the dams. In each of 4 sets, 2 
daughters were better than the o!1m, and 1 was poorer; while in each of 
the other 6 sets 1 daughter was better than the dam and 2 were poorer. 

There are five sets in which one daughter differs from the dam by 
less than 500 pounds iill mille production, while the record of her 
sisters both differ by more than 1,000 pounds from the dam's record. 

The breeding inconsistency of some of the bulls is further empha
sized by the results of these multiple matbgs. 

The sets of 4 sisters are only 2 in munber, and afford meager data 
for study. Both dams are in the 12,000-pound class, and in each 
set of daughters only 1 produced more than the dam while 3 pro
duced less. This is 1 in 4 as compared with the ratio of 1 in 3 for 
all dams in the 12,000 pOlmd-class. 

One set of five sisters is interesting because of the uniform dis
tribution of the daughters. Records of tIns group are shown in 
Titble 15. 

TADLE I5.-Mille-production records of five full'. sisters by sire 11 

:'.IiIk production 0[- Increase (+) Difference 
or decrease in rnilkpro·

(-) by duction be· 
dau"ghters tween ncar· Dam Dnughters over daIn csldaughlers 

POlt7ll1.~ POIll/tiS POll.llIls j:Jou1Uls 
17,793 +3,565 

} 1,131
10,662 +2,,134 

} fl75 
14,228 .1f11 6Si +1,459 

} 1,025
J.l,662 +134 

} 1,053
( 

13,000 -619 

MAT~JRNAL llALF SISTERS 

The groups of matel'lln.l half sisters form a class most frequently 
found among the higher-record dams. There is evidence here of the 
pUl'pose of the breeders to mate the outstanding cows to different 
bulls, and also of their wish to test the daughters of great cows. 
Table 16 gives the l"esults of mating three cows, having milk records 
above 20,000 pounds, to eight different bulls. 
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TABLE 16.-Resnlts of mating three cows in the 20,OOO-lJOnnd milk-production 
class to eight dijJerent b1t~ls 

Milkproduc· IncreaS6 l\Iilk produc- Increase Milk 11roduc- Increase 
tion of- (+) or Lion o£- (+) or tion of- (+) or 

decrease decrease decreaseSire Sire Sire(-)by (-) by (-) byNo. No. No.daugh- daugh- ,laugh
tersover tersover tets oyer 

:lams dams dams 
Daugh- Daugh- Daugh-Dam Dam Damters ters ters 

PouniU Pounds Pounds Pcrunds Pounds Pound.~ Pounds Pounds Founds 
-8,962 44 -4,713 20 -4,069 36f4,949 r 21,324 eO, 655

12,980 -10,931 19 21t~1 
O,6lS -S,28!l1 4 12,554 -8,770 1123, 9n 13,049 


1 12,502 -11,349 35 12,183 -9,148 6 


On an average these eight daughters produced 8,353 pounds less 
milk than their dams, and it would seem that the breeders' quest for 
a nick failed utterly in these instances. Judged by the ranking of 
these eight sires, five were only of average ability and could hardly 
be classed as suitable mates for these good cows. 

Table 17 shows two maternnl half-sister combinations that are 
unusual. . 

TABLE 17.-Unus1tal milk-producing ability in two sets of maternal half sisters 

Milk production of- Increase (+) 
or decrease 

(-) by Sire No. 
dllughtersDam Dllugbters over dams 

Pounl/S Pounds Ponnds 
21.928 +4,018 2317,010 { 12.014 -4,996 3 

{' 19,387 +5,950 4 
13.4:17 19, lOS 12=1=5,671

16,701 3,264 6 

In the first case, a dam with a record of 17,010 pounds of milk had 
daughters by sires 3 and 23. The production records of these daugh
ters are contrary to what would be expected, as sire 3 has 17 daughters 
that averaged 13,240 pounds of milk, with 12 better than their dams, 

. and sire 23 has 20 daughters that averaged 12)177 pounds, with 11 
better than their dams. 

In the second case, the ability of the dam to transmit production 
to all her daughters is shown by three half sisters sired by different 
bulls. This is a very unusunl case, as it is rare indeed in this study 
that dams with records above the average have offspring that are 
uniformly better than themselves. This would appear to be a case 
of the female approaching homozygosity for a high level of milk 
production, for, while the sires of these daughters would be classed 
as good bulis, none of them showed the ability to get daughters which 
were uniformly better than their dams, and only 9 of 45 daughters 
from dams in the 13,000-pound class were better than their dams. 

There are 34 pairs of maternal half sisters, and in 17 pairs both 
daughters were better "than the dam, in 8 pairs both daughters pro



----------------------

ADVANCED REGISTRY OF AYRSHIRE CATTLE 27 

duced less than the dam, and in 9 pairs one daughter was better and 
the other poorer than the dam. In a general way this would seem to 
indicate that the sires of these daughters were genetically superior 
to the dams, so far as milk production is concerned. 

Five dams each produced a pair of sisters and a third daughter by 
a different bull. Their records are shown in Table 18. 

TABLE IS.-Comparison of two full sisters with a maternal half sister 

Milk production :Milk production Increase 	 Increase
01-	 01(+) or (+) or 

dccrease decreasoSiro 	 Sire(-) by 	 (-) byNo. 	 No.Dangh- daugh- Deugh- daugh-Dam 	 Damters ters oyer ters ters oyer 
dams dams 

Pounds 	 Pounds Poumds Po!wds Pounds Pounds 
r 16,426 -192 26 +1,154 2S 

16,618 -],S:16 26 10,135 -U:l1 35{ 14,782 	 ~20414,011 -2,607 12 ',064 -1,071 35!"~12,115 -575 :16 <4,597 1 
12,600 11,605 -1,085 36 10,084 10,562 + 8 :16 

11,347 -1,343 15 8,641 -1.443 36 
{ 13,567 +009 23 

+4.~3 

12, 658 	 13, ;l02 +644 2:1 

11,483 -1, li5 16 


In each of the fust three cases the full sisters were sired by a bull of 
lower rank than the other, but the half sister proved to be a poorer 
producer than either of the full sisters. In the other two cases there 
is a marked difference between the pairs of full sisters and the other 
daughter of each dam, but there is evidence of the influence of the 
sires, and the 1'esults aTe more according to expectations. 

The data include six pairs of maternal half sisters in which the 
daughter of the higher-mnking sire IS t1 markedly poorer producer 
than the other half sister. 

Such evidence throws no light on the method of transmission of 
milk production other than to indicate the extremely heterozygous 
make-up for the hereditary factors determining level of production in 
the animals. 

The cow's record is ::1 fair -measure of her own producing ability, 
but there is still much uncertainty as to what value this m::1y have as 
an index of her transmitting abilIty. In general, there is a relation
ship between the record of the dam and the ability of the daughter, 
as it has already been demonstrated that a positive correlation exists 
between records of dams and daughters. However, individual ex
ceptions are all too numerous, and in some cases this evidence is 
strengthened by results shown by the matings of different cows with 
the same bulls. The two dams listed in Table 19 have records which 
are approximately equal. 

TABLE 19.-Relation of dam's milk record to her transmitting ability 

Milk production- Increase (+) 
or decrease 

(-) by Sire No. 
Dam Daughters daughters

over dam 
~ 

Pounds Pouwis POlLnds 
8,591 -230 12

8,830 8,287 -543 20 
17,685 t8,989 12

8,606 14,900 6,204 20i 
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Both dams have daughters by the same two bulls of quite different 
rank, and the pairs of half sisters are strikingly different in their pro
ducing ability. Although in the entu·e population of daughters the 
chances were only 5 in 64 that the daughter of a cow in the 8,000
pound class would fall below her dam, yet here two daughters of an 
8,000-pound dam, sired by different bulls, both failed to equal the 
dam's record. The same two bulls sired daughters from another 
cow in this class both of which far exceeded their dam in production 
of mille While these two cows showed equal ability to produce milk, 
there is incontrovertible evidence that they varied greatly in trans
mitting production to theu· daughters. 

SIGNIFICANCE OF CORRELATION COEFFICIENTS OF MILK PRODlJCTION OF DAMS 
AND DAUGHTERS 

Statistical constants for groups of daughters of different su·es arc 
shown in Table 8. Because of the smnil numbers involved, the ma.
jority of the correlation coefficients are not significnnt, but even where 
the correlations are high and the errors smail there is no evidence that 
the correlation coefficient throws any light on the relative value of 
the various bulls. This may be due to the fact that it is derived from 
production records which mayor may not be an indication of trans
mitting ability. Positive correbtions are more numerous than are 
negative correlations, but this is to be e}..,})ected where the entire popu
lation of dams and daughters are positively correlated. The correla
tions range from +0.937 ± 0.031 for daughters of sire 44, to - 0.727 
± 0.129 for daughters of sire 29, showing almost the limits of spread. 
There is no evidence tL~t this constant has an=-, bearing on the ranl, 
of the bull fi,S herein determined. This is indicated in Table 20, for 
the 11 su·es with the largest coefficients of correlation. This table also 
shows the relationship to the average production oJ the dllms. There 
is better correlation between the dams of high-average production 
and their daughters than between dams of low-average production 
and theu· daughters. 

TABLE 	20.-Relation of correlation coe.fjicients of milk 1Jrod'Uction of dams and 
daughters to rank of sire and to ranle of darns in avemge prod1tction 

Rank of 
sire 

Correlation co
Daughter- efficients of milk 
dam pairs production of 

dams and 
daughters 

Averngo
milk pro
duction of 
darns per 

year 

Rank of 
dams 

Number Ponnels 
44 
13 

1 
10 
8 

:ll 
26 
20 
aq 
;J:J 
14 

7 
7 
6 
7 

13 
9 
G 
6 
() 

14 
7 

+0. 937±0. 031 
+ .831± .078+ .750± .120+ .729± .119 
j- .690± .098+ ..,81± .148+ .572± .185 

- . 727± .120 
- .715± .224 
- .Oll± .112 
- . 575± .170 

14,118
]5,279 
11,977 
13,518 
12,082 
10,019 
12,780 
10,916 
10, ioa 
12,306 
9,90·1 

2 
1 

19 
4 

15 
47 
S 

39 
46 
J2 
4S I 

Variability has no significancc in these slllalJ groups of dams 1md 
daughters. In 29 of 51 cases the daughtcrs had a higher coeflicient 
of variability than their dams. Since average milk production by 
daughters is one basis on which the bulls were ranked, it is natm-a.l 
that the daughters of the higher-mnking bulls with their greater 
average production should show more variability. 
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INFLUENCE o~' MILK RECORD OF SIRE'S DAM 

It has long been a practice of breeders in selecting herd sires to 
emphasize the milk and butterfat records of the dam, and many of 
the bulls used in the better herds are the sons of high-record cows. 

The official milk records of the dams of 30 of the bulls in this analysis 
are shown in Table 8. The importance which is attached to the dam's 
record is showr. by the fact that 5 of the 30 bulls had dams with milk 
records above 20,000 pounds. 

The 30 tested dams ranged from 21,733 to 8,853 pounds in milk 
production and averaged 14,042 pounds, 19 of them producing lLore 
than 12,000 pounds. There is such a wide difference between the 
better and poorer dams thu.t an analysis of the 30 sires as a class 
would be of doubtful significance. These sires, mated to cows that 
averaged 11,797 pounds of milk, sired 316 daughters that averaged 
11,948 pounds; while the 21 bulls from untested dams, mated to cows 
that averaged 11,324 pounds, got 295 daughters that averaged 11,500 
pounds of milk (incren,ses of 151 and 176 pounds, respectively). 
Although these sons of tested dams were mated with better cows 
they failed to get as large an average incrense in production as did 
the other 21 bulls. In each group 53 per cent of the daughters excelled 
their dams. There is not SL eh a close parallel in the case of daughters 
that averaged over 12,000 pounds of milk, fiS the 30 sires (sons of record 
dams) sired 141, or 58.5 per cent, of the 241 daughters with a mill~ pro
duction above that figure. Table 21 shows the number of daughters 
of each milk-production class sired by the two groups of bulls. 

TABLE 21.-Nnmbcl" 0/ daughters in various m-ilk-prodllclion cla.~ses sired by two 
groups 0/ bulls 

IDau~h- Dnugh- ))al1l'h- ])au~h- I Dau~h- Dnu~h-
lers Sired ters sirecl lers Sired [('Irs SlTCd ! ters Sired ters sIred 

l\'filk- hy30 by 21 Milk- by:1O by21 lIlilk- by 30 by 21 
prorlUCt.iOD SODS or sons or production sons or SODS of production sons or sons of 

class testcd untested class tested untesletl class tested untested 
dams dams dams dams dams d!lms 

POllnds IVitmber Nu,miJer Pounds NlL1,ibcr l\TlL111bcr Pounds .J.\'umber lV-umber 
24,000 1 17,000 ·1 .) 10,000 41 41 
23,000 1 ~-------- .. 10,000 7 5 0,000 57 .ii 
22,000 ----- ... _- .... 15,000 i 14 8,000 10 34 
21,000 2 ---------- J4,000 27 15 7,000 2 5 
20,000 ---------- I 13,000 af! 10 
10,000 4 2 12,000 :;1 35 'fataL 316 295 
18,000 2 a 11,000 r,o 55 I 

For a further study of the sons of tested cows the 30 bulls were 
divided into two lots, 19 from dams with records above 12,000 pounds 
of milk being in one lot, and 11 from dams with records below that 
figure in the other lot. If the record of the dam of the sire is signifi
cant, it might be of interest to know how many daughters of these 
sires equaled or excelled the mill;;: record of their paternal granddams. 
The first five sires from dams with records over 20,000 pounds of mill, 
fn.iled to get a single daughter whose record was eq nal to that of her 
pn.ternal granddam. Considering the sires in the first lot, it is found 
that only 32 of their 190 daughters produced more tl1ll.n the paterm).l 
granddam. If all 30 sires are considered, then 90 of the 316 dn,ughters 
excelled the dams of their sires, but a number of these dams were 
only fail' producers. ' 
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Perhaps a more severe test for the sire would be the performance 

record of his daughters that are from dams equal to, or better than
his own dam. The 19 sires from the higher-record dams were mated to 
36 (lows that were as good or better producers than the dams of these 
sin J, and only 3 of the 36 daughters are better producers th9.n their 
dams and paternal granddams. By including the sons of the lower
record cows there are 27 of 74 daughters ahead of both dam and 
sire's dam. Two-thirds of the daughters of these sires, from dams 
with records below the sires' dams, are better producers than their 
dams. It would seem that a bull's reputation as a sire able to increase 
production could best be enhanced by mating him to cows inferior to 
his own dam as producers. Of course, this is more or less indicated 
in the material previousiy studied. 

The sires whose dams had records of over 12,000 pounds of milk 
sired 190 daughters that averaged 12,374 pounds of milk from dams 
that averaged 12,303 pounds, and only 99 exceeded their dams. This 
increase of 71 pounds in milk is 201 pounds less than the increase 
shown by the 126 daughters of the other sires from tested dams. The 
126 daughters averaged 11,306 pounds of milk and their dams 11,034 
pounds. The sons of the higher-record cows were mated to dams that 
were fru: better than the dams to which the sons of lower-record cows 
were mated, and the 9.verage increase of the daughters of the latter 
bulls was greater than the normal e~:pectation from dams of this class. 
Had the dams to which both lots of bulls were mated been of equal 
producing ability, no doubt the 19 sires would have shown the greater 
increases. 

A fair way to make an estimate of the significance of the record of 
the sire's dam would be to determine what each group of sires accom
plished when mated with dams of various levels of production. In 
Table 22 are shown the results of mating three groups of sires to 
dams with milk records of 9,000, 10,000, 11,000 and 12,000 pounds 
respectively. 

TAIlLE 22.--ComlJUrutillc Tc.mlls oj 1I/.aling .siTes in three d(ffercllt groups with 
cows ·in Jour milk-production classes 

cows IN U,()()()'l'O(TNJ) ,,"[ILK·PRODUCTION CLASS 

1\Iilk production Increase Daughters with 
of- (+) or de· records -

Daulth· crease (-)
Sire group ter-dnm in milk 

pairs yield byDaugh· Aho\'e RelowDams daughtersters dams damsover dams 

,/'trum" .J.VUnl- NlLm· 
IICr PQILnd., Pounds Polt"d~ ber ber 

1!l sires from dams above 12,000 pounds........ 23 11,44; 12,653 +3,206 21 2 

11 sires from dams below 12,000 pounds........ 23 9,620 11,514 +1,89·1 25 4 

21 sires from untested dams ....." ............ 63 9,4;0 10.884 +1.414 46 17 


All sires ................................. 115 9,503 11,315 +1,812 92 Zl 


COWS 11'\ 1O,()()(),POUND MILK·PRODUCTION CLASS 

19 sires from dams above 12,000 pounds........ 3.1 10,536 11,823 -:-1,287 

II sires from dams below 12,000 pounds........ 27 10.485 10,605 +120 13 14 

21 sires from untested dams ................... 54 10,466 lI,336 +870 33 21 


Ail sires ................................. 114 10,491 1J,304 +813 66 48
l~ 
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TABLE 22.-Comparative 1'esults of mating sires in three different groups with 
cows in four milk-production classes-Continued 

COWs IN U,IlO().POUND nfILK·PRODCCTlON CLASS 

::'fiIk production fnrrense Daughters with 
0(- reeords<+} or de· 

Dough· crense (-) 
Sire group ter·dam in milk ~ 

pairs yield hyDaugh· Ah!>v\, RelowDams daughters:ers dams damsO\'er dams 

.l\TU1Il- Nu,w- .~.ru.rn· 
lirr Pou.nd. POllntl., Pound., ba /Jr.r 

III sires from dams ahove 12,000 pounds••••.••• 38 11,·\2-\ 11,830 +100 24 H 
11 sires from dams below 12,000 pounds._•••••• 27 11, .595 1I,52·! -71 1:1 J.\
21 sires from unrosled dams ••________•_______ • 56 11,45.; 11,328 -127 22 34 

AIIsires______________________.._•••••___ -
121 11,477 11,5.10 +53 <\5 02 

COWS 1N 13,OOO-P01JND ?ULK·PRODl:CTION CLASS 

,,_<rom """....., " .. '""'"._____ •~ 12,.521 12,8S3 10 
11 sires from dams below 12,000 pounds.......- 18 ]2,526 11,:,,19 -9Si 4 14 
21 sires from untested dams••_________._._.... :lQ 12,·156 11,308 -1,148 9 21 

..1.11 sires.________.._______.._._........ « IlS 
+~~ 

12,1115 II, S:l2 -663 23 45 

ALL COWS 

m sires from dams ahove 12.000 pounds........ IO() 12, :103 11, iOi nt 
Il sires from dams below 12,000 pounds....._.. 126 11,034 1I,306 +272 70 51!21 sires (rom untested dams..____________.._.. -~~ 2U5 ll,324. 11,500 +276 157 L'18 

AU sires._..._____ ..._••_._____._._._.••• fill 11, fo6!t 11.732 +164 326 ---;,s5 

The sires from dams with milk records over 12,000 pounds have 
daughters in every class that are of higher avernge production than 
their dams. The increase was invariably ltu'ger than that shown by 
the other two groups of sires. Without exception they ulso had a 
larger percentage of daughters that exceeded their dams. 

While the untested dnms of the 21 sires in the group lmder dis
cussion may only have lacked the opportunity to make an official 
record, it is conceivable that these sires might have entered either of 
the other classes if their dams had been tested. And yet the results 
as shown in Table 22. lead t.o the conclusion that the milk record of the 
dam. of a sire affords some indication of his transmitting ability. 
This is best borne out where the record of the dam is above 12,000 
pounds, and the cows to which the bull is mated are neither extremely 
low nor high producers. 

HALF SISTERS OF TilE SUIES 

Twenty-one of the bulls in tillS analysis are sons of other sires in 
tillS study. A comparison of the daughters of Ii bull with his own 
paternal half-sisters is given in Table 23 for these sires. 
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TABLE 23.-Avcragc yearly milk 1)ruduclion oj t.he daughters and half sisters 01.21 
sires 

A\'~rngo milk production or-I' A"rrngc milk production or-

BankoC 
sires's 

sire 
Rank 
oC siro Sire's 

daugh·
tcrs 

Sirc:s 
hllif 

sist~rs 

Danls of 
siro's hill[ I 

sisters 

RankoC 
sire's 
sire 

Hank 1---,----,---
of sire Sire's 

duugh· 
ters 

Sire's 
half 

sisters 

Damso! 
sire'shlllC 

sisters 
I 

III 
4:1 
5 

10 
2·1 
29 
ao 
-lU 
21 
15 
23 
3:1 
·11 

Patl7"/"
la, ~aS 
11, 5~O 

13, lOS I12, 51(;
11, (lS9 
10,9:J:J 
12,840 
9, no 

10,!l02 
11,489 }
12, 177 
]1,205 
10,507 

POllmbr 
l:i,268 
1:J,240 

12, 952 

12, U!lu 
13,4U5 

12, 251 

POU7ltis 
ll,4fH 
1l,·IM 

11,703 

11,1158 
12, 082 

11,192 

1 
_- POIl7lli•• 

12 _____ ... _ 26 13,257 
](1. .. ___ ._ ·16 10,85l 
~>() ____ .___ 10 ].1,119·1 
2'2__ as 10,505 
35 • _ _ _ _ _ 4-1 1O,1I3:l
ao. __ _____ _ 1 13,·182 
31L ___ ___ __ ].I 1l,096 
40M __ ~"_"_ a7 lO,UW 

~ 
12,40'1 
ll,i74 
1I,9S1 
12,1011 
11,080
11,800 
10,176 
Ot~05 

Pou7lds 
ll,32!J 
10,256 
1l,302 
11,040 
11, i08 
12,62'2 
ll,012 
1],058 

On the bllsis used for ranking sires there are bnly 4 in 21 cases where 
the son ranks hlgher thnn Ius sire. Seventeen of the bulls nre sons of 
sires that rank in the upper half, which indicates some nppreciation 
of the worth of the sires in the choice of their sons for herd bulls. 
Sire 4 had five sons anci sire 11 hfld four sons, but nil fell below their 
sires' mIlk. Here is further evidence of the heterozygous genetic 
mnke-up of these animals as shown by n tendency to revert to the 
breed fl.verage as has already been found true on the female side. 

The best-bred sire ul1doubt('dly is sire 19. He is by sire 2, whose 
12 daughters nv('rnged 13,268 pounds of milk, or 1,864 pounds more 
than their dams, and 8 of the 12 exceeded their dnms in milk produc
tion. The dam of sire 19 has a record of 21,733 pounds of mill;; for 
a :rear. His own 11 dnughters n.vernged 13,238 pounds, with a range 
only from 10,485 to 15,317 pounds, but their dams averaged 13,550 
pounds and only 6 of the 11 daughters exceeded their dams. The 
int.eresting point in this bull's recol'd is that his daughters from dams 
with records below 13,000 pounds were flU better than the dums, 
while Ius dllughters from dams v"ith records above 13,000 pounds 
were inferior. From the five high-record dnms thnt averaged 18,503 
pounds he got dl1ughters that n.veraged 13,288 pOlmds, and from the 
6 other dnms that averaged 11,089 pounds, he got daughters that 
averaged 18,197 pounds. Had he been used only on dams of the 
latter class, he would have reftChed a high mnk as a sire of daughters 
of high nUll, production. 

Another sire with indicntions of good breeding was No. "13, n. son of 
sire 8, from a dam with tL record of 12,58B pounds. His sire hnd 17 
daughters that avernged 13,240 pounds of milkjor 1,776 pounds mOre 
than their dams, 12 being better, Sire 43 has already been discussed, 
as he was mated to 7 dams Lhat averaged 15,279 pounds, and all of 
his daughters fell below their dams in milk productiol1, the average 
decrease being 3,749 pounds. This pcrforml1l1C'e record of his daugh
tersindicates that he did not inl\('rjt the factors for the high level of 
milk production possessed by his sire aud his dfun. 

Sire 5 WftS the highest mnking son or sire 4, but hjs dam produced 
only 9,569 pounds of milk, which WIlS the lowest record of finy of the 
dams of the sons of sire 4. The 18 daughters of sire 4 averaged 12,952 
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pounds of milk or 1,159 pounds more than their dams, while the 6 
daughters of sire 5 averaged 13,108 pounds and exceeded their dams 
by 1,928 pounds. The dam of sire 5 evidently transmitted better 
producing ability than her own as indicated by her 9,569-pound 
record, which is what may be expected in a heterozygous population. 

Sire 18, another son of sire 4, was from a dam that produced 14,412 
pounds of mille His 14 daughters averaged 12,516 pounds of milk. 
or 213 pounds more than their dams, and 9 were better than their 
dams. The two best dams to which sire 18 WfiS mated produced over 
23,000 and 16,000 pounds of milk, respectively, and their daughters 
made records 9,000 and 6,000 pounds lower. ·Wben these two dam
and-daughter pairs are dropped from consideration, the remaining 
dams average 1l,051 I)onnds of milk, and their daughters 12,665 
pounds. This is an increase of 1,614 pounds by the daughters over 
their dams, which would have raised his mnking materially. 

Sire 24, the next ranking son of sire 4, was from a dam that produced 
12,571 pounds of mille His tested daughters number only st.", and in 
this small group he shows nbility to transmit only a fair level of 
production,· just about maintaining the dams' average of 1l,970 
pounds. 

Sire 29, also a son of sire 4, was from a cow with a record of 11,505 
pounds of milk. The six dams to which he was mated averaged 
10,916 pounds of milk, and he raised this average through bis daugh
ters by only 17 pounds. The breeding record of this sire is far below 
that of his own sire, fiS his pn.ternfil half sisters average more than 
2,000 pounds of milk more than his dn,ughters. 

Sire 30 is the lowest mnking son of sire 4, nlthough his dam pro
duced 13,750 pounds of mille He WfiS n bull with a very good pedi
gree, and when mated to six cows that averaged 12,814 pounds of 
mille, he produced onl}T two daughters that excelled their dams. His 
dam was a daughter of sire 22, and while her own record is 13,750 
pounds, her dam produced 18,110 pounds, or 4,3()0 pounds more. 

N one of these nve sons of sire 4 mnked fiS high fiS he, and the only 
one whose (l'~ughters averaged higher than his half sisters was from 
the poorest ,jam of the lot. 

Sire 49, one of the poorest in this study, is a son of sire 7. His 
dam produced 11,920 pounds of milk, but when he was mated to 
eight cows that avernged 10,731 pounds, he got eight daughters that 
averaged 9,736 potmds of mille His seven half sisters averfiged close 
to 13,000 pounds. 

Sire 21 WIlS a son of sire 8, whose 13 daughters averaged 13,495 
pounds of mille. His dam had a yearly record of 1l/:H2 pounds, but 
his 11 daughters IHrcrnged only 10,fl02 pounds, or less blum his own 
dam and Ilis half sisters. 

Sire 11 had four sons, all of which rnnked lower than their sire. 
The highest of the four was sire 15, whose dam hn.d n. year1}T record of 
12,324 pounds. Since he was the son of fl, bull whose 48 daughters 
averaged 12,251 pounds of milk, and from a dam with more thfin 
21,000 pounds, Ius breeding would indica.te that he had possibilities 
to sire increased production, yet his 10 daughters averaged only 
only 1l,4.80pollncls of milk from dUllls that averngecl 10,664 pounds. 

1558i2°-33-3 
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They averaged about 10,000 pounds less in milk production than their 
paternal granddam, and midway between their own dams and the ~ 
half sisters of their sire. 

The next ranking son of sire 11 was sire 23, whose dam produced 
14,227 pounds of milk. This bull was mated to 20 cows that averaged 
12,352 pounds of milk, or considerably more than those bred to sire 15. 
His 20 daughters averaged slightly less than their dams in milk produc
tion, but 11 of the 20 excelled their dams. Although only one of his 
daughters was better than his dam in milk production, Iris 20 daughters 
averaged close to his 48 half sisters. 

The third ranking son of sire 11 was sire 33, whose dam yielded 
13,506 pounds of mille He was mated to 14 cows that averaged 
12,366 pounds of milk and got 14 daughters that averaged only 
11,205 pounds; none of the daughters equaled the record of his dam. 

The fourth ranking son of sire 11 ranked forty-first in this study. 
His dam produced 10,681 pounds of milk in a year, and his nine 
daughters averaged 10,507 pounds from dams that averaged 11,418 
pounds. 

A point of interest about these four sons of sire 11 is that they rank 
in the same order as the milk records of their dams. 

Sire 10 offers the best illustration oK improved transmitting ahility. 
His sire was No. 20, whose dam had a yearly record of 21,023 pOlmds. 
The daughters of sire 20 averaged 11,981 pounds of milk and were 
from dams that avemged 11,392 pounds. Sire 10 was from a dam with 
a production of 21,331 pounds, and Jlis seven daughters averaged 
14,994 pounds from dams that averaged 13,518 pounds. These 
daughters have the highest twernge milk production of all the 51 
daughter groups in this stud:r, and tbe bull shows exceptional ability 
in raising the production of daughters from dams of this grade. ~ 
There mn,y be evidence here tbat he inherited and transmitted the 
producing ability of his own dam and the dam of his sire. Although 
neither bull sir~d du,ugilters !~s good as his own dum the level of pro
duction was raIsed by both SITOS. 

Sire 44 was tbe son of n, poor sire, [Llld of a dam that produced 
13,896 pounds of milk in fL yeur. His sire, No. 35, hnd 15 daughters 
that averageclll,OS9 pOlLnds ofmilk from dams that averaged 11,763 
pounds. Even "ith this good dam sire 44 mated to cows that aver
aged 14,118 pounds of milk hod seven daughters thn,t averaged 10 933 
pounds, a decrease of 3,185 pounds of mille 

By way of contrast, sire 1 was a son of sire 36 nnd out of a dam ,vith 
It record of 17,793 pounds. The 30 daughters of sire 36 averaged 
1l,806 pounds of milk from dams with an average production of 12,622 
pounds. Although sire 1 had a low-mnking sh'e, his dam was a good 
dnughter of sire II and exceeded her dam in milk production by 
by 3,565 pounds. The six daughters of sire 1 averaged 13,482 pounds 
of milk, and it would lI,ppear that his ability to sire daughters that 
were better producers than their dams was the result of a combinil.
tion of good factors inherited from his low-ranking sire and from his 
better-bred dam. 

Sire 14 was n son of sire 39 and out of a dam with a mill\: record of 
8,853 pounds. AIth<;lUgh poorly bred he sired daughters that averaged 
11,096 pounds of milk when lllnted to seven daIlls that averaged less 
than 10,000 pounds. 
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From the evidence offered by these cases it would appear that a 
sire's transmitting ability may be inherited from either or both his 
sire and his dam, but that the inheritance for milk production, so 
far as the observations on this population indicate, is still so mixed 
that results are uncertain even where cttreful selection based on per
formance of the parents is practiced. 

The daughters of only 6 of the 21 bulls exceeded their sire's half 
sisters in average milk production, 3 others were close, but 12 groups 
of daughters were decidedly below their sires' half sisters. 

METHODS OF MATING 

Only 3 of the 51 hulls in this analysis show more than remote 
common ancestry, and .there is not sufficient materittl to make com
parisons on a basis of inbreeding, linebreeding, or outbreeding. 
This may be due to lack of populm-ity of systems of close mating or 
the p'ractice of using imported bulls on home-bred cows. 

FIfteen sires with a total of 306 daughters have only 6 linebred and 
3 inbred daughters. 

COMBINATIONS OF SIRES IN RELATION TO THEIR INFLUENCE ON MILK PRODUCTION 

There ftre some interesting combinations in the get of several sires 
which are presented for whatever they may be worth. 

Sire 23 had a total of 20 daugh ters, 11 of which excelled their dams 
in milk pr0Juction. The daughters averaged 12,177 pounds of milk 
yearly, and their dams 12,352 pounds. Four of these dams were by 
sire 8, and nine were by sire 16. The dams by sire 8 averaged 14,285 
pounds of milk, and their daughters by sire 23 averaged 14,825 
pounds. The dams by sire 16 averaged 11,819 pounds of milk, and 
their daughters by sire 23 a,vernged 11,424 ] )Unds. The daughters 
from the better grandsire ~asily excelled those descended from the 
lower-ranking grandsire. 

Another sinUlar example showing the influence of a good bull 
carrying through to the second generation is found in the record of 
sire 36. He hn,d 30 daughters, and the dams of half of them were by 
sire 11, t,he dams of the other hnlf being by various bulls. The dams 
by sire 11 u,veraged 12,479 ponnds of milk and their 15 daughters by 
sire 36 averaged 12,493 pounds, an increase of 14 pounds, with 8 
daughters exceeding their dams in production. The other dams, by 
various sires, averaged 12,766 pounds of milk, and their 15 daughters 
by sire 36 averaged 11,120 pounds, a decrease of 1,646 pounds, 
with 11 daughters producing less than their damR. Although sire 36 
ranked low as a sire of dtLUghters of higher milk production, only 12 
of his dau~hters being better than their dams, 8 of these were from 
dams by SIre 11, which is a good indication that they carried more 
Ja.-::tors for high production than did the other dams with which sire 
36 wus mated. 

Sire 27 holds a medium rank, and three of his :five highest ranking 
daughters and his poorest clnughter are from dams which are half 
sisters. Five of these half-sister dams avel'llged 9,913 pounds of 
milk, and their daughters by sire 27 averaged 12,269 pounds. On 
the other hand, three daughters of sire 50 that averaged 10,768 
pounds of milk had daughters by sire 27 that averaged only 9,994 
pounds of mille 
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The record of sire 12 is good on all groups of dllms find mav be 
summarized as follows: ~ 

Four dams by sire ,1 averaged 10,677 pounds of milk and their daughters 
lweraged 11,014 poullds. 

Six dams by sire 6 averaged 10,996 pounds of milk: and their daughters aver
aged 12,01l pounds. 

:Eight dams by sire 22 averaged 12,404 pounds of milk and their daughters 
averaged 11,538 pounds. 

Three dams by sire 40 averaged 9,810 pounds of milk: and their daughters 
averaged 11,819 pounds. 

Four dams by one bull averaged 1l,OG5 pounds of milk: and their daughters 
averaged 13,888 pounds. 

Thirteen dams by various bulls averaged 1l,445 pounds of milk and their 
daughters averaged 13,223 pounds. 

This bull failed to maintain production when mated to the better 
daughters of sire 22, but his get from the poorer daughters of sires 

/1717 
~ I ~ 017 
~ I 

! ~ 6'17 "
i~ "tt7 
;~ II I ~ 217 I 

17 

I 

.-L~"'.II I il. 

I-------__---.~ 

Jo'lGlJltE a.-Distribution of dams and daughters, according to their butterfnt tcst 

4,,6, 22, and 40, in most cases, excelled their dams in milk production. 
Five daughtel'S of one sire not listed in this study were the dams of 18 

daughters by sire 11. The weighted fiverage of the dams was 12,453 
pounds of milk, and the daughters averaged 13,810 pounds, 13 exceed

. ing their dams. Sire 47 was a half brothel' to these dams find 6 of his 
daughters when bred to sire 11 Illtd daughtCl'S that averaged 10,636 
pounds of milk, or 306 pounds more than their dams. Aside from the 
5 daughters of one cow, this sire also showed unusual ability to increase 
production from the lower-record daughters of other sires. 

In studying this 2-generation relationship the point previously 
brought out is again emphasized, that bulls in this study make their 
best showing as sires of daughters of increased production when 
mate.i to the lower-record daughters of other good sires and usually 
their poorest showing when bred to the higher-record daughtel'S. 

ANALYSIS OF RECORDS OF BUTTERFAT TEST 

Because percentage of butterfat is inherited independently, this 
characteristic will be discussed without consideration of the quantity 
of milk produced. Although there is a slight decline in the average 
percentage of butterfat with advancing age, the change is not sufli

(. 
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ciently great to warrant the use of correction factors, and the actual• figures are used without regard to the age at which the cow was tested. 
The dams average 3.97 per cent butterfat in their mille while their 

611 daughters average 4.07 per cent, an increase by the daughters 
of 0.10 per cent; 372, or 60.9 per cent, of the daughters had a higher 
average butterfat test than their dams. The coefficient of correla
tion was fflund to be +0.257 ± 0.026, indicating a positive relation
ship betw~';n daughters and dams about the same as for milk yield. 

The distribution of these daughters and dams, according to their 
butterfat test, is given in Table 24 and illustrated by Figure 6. 

TABLE 24.-Correlation surface of 611 Ayrshire dallghters and dams, according to 
their bullerfat lest 

1 None C'J the dnms except the one ,Mth n bulterfnt test of 5.6 per cent exrccded. ~.8 pcr cent. 

, None of the dnughters except the one with n buuerfat tCSt of 5.6 per cent exceeded 5.2 per cent. 


The difference between dams and daughters, when measured in 
percentage of the dams' average, is greater in the average butterfat 
test than in milk yield, but a point of greater significance is that more 
than 60 per cent of the daughters had a higher test than their dams, 
thus showing a decided trend toward a better average test. 'With 
a significant majority of the daughters better than their dams in 
butterfat test there would seem to be evidence that the sires were 
exerting a favorable influence on this characteristic. This is further 
indicated by the fact that the average butterfat test of the daughters 
of 37 of the 51 sires is better than that of their dams. 

A study of Table 25 reveals that the group of dams ,,,ith a butterfat 
test of 4.14 per cent is the highest-testing group haying a majority of 
daughters "ith a higher test than their own. Of 70 daughters in this 
group, 37 excelled their dams. In all lower-testing groups of dams a 
decided majority of the da11ghters are better than the dams, and in 
the largest single class (those testing 3.90 to 3.99) two-thirds of the 
daughters have a higher test than their dams. The table as a whole 
shows the tendency of daugh tel'S of extremely high and low testing 
dams to drift toward the breed aYl'rage, somewhat the same as in the 
case of milk production, but in butterfat test the average in the 
second generation is appreciably higher than in the first generation. 
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TABLE 25.-Average butterfat test of the 611 dams and daughters in the various grades 

Average hut.terfat Increase Daughters whose butterfat 
test of- (+) or test is

-----,--_ decrease 1_____---.,.____ 
Daughter-<iam pairs (-) in 

(number) test by
Daugh· daugh· DeJowDams Above dams ters ters over dams 

dams 

------------1------------...,-----1--- .. 
Per cent Per cent Per cellt Z..ru71lbcr Per cent NILn/herL _____________________________________.._ 5.66 

4.77 o 
4._ .. _____________________________________ 4.74 
2. _______________________________________ • 4.81 -0.80 o 1 

5.0-1 +.23 I 50 1 
4.53 -.21 1 25 ;l4____________ ________________ _____________ 4.65 

15____________________...______________ ___ 4.54 4.56 -.09 I 25 3 
25 ________________ .._____ • _____ • ___ . __ ____ 4.43 4.12 -.42 1 7 14 
40__________________ •________________ ... __ 4.34 4. h) -.33 5 20 20 

4.20 -.JoI 13 33 2762__________ ._._._..___ ._. ___..__________ 4.2·j 4.07 -.17 17 27 45 
57 _______________ • _. __________ .___________ 4.04 
70___________ •_____ • ____ __ __________ _____ _ 4. 14 

4.14 o 37 53 33 
4.07 +.03 :12 56 2501.._________ •_________ • __•____________.._ 3.95 

62________________________ . _______ ._______ 3.84 4.10 +.15 61 fii 30 
03___________________ , __• _____ ______ ____ __ 3. 75 4.01 +.17 43 69 19 
40_.._. ___________ •_________ ._________ ___ _ 3.63 3.99 +.24 54 86 IJ 
41____ •______________ .._____ • __ • ____.. ___ _ 3.55 4.03 +.40 ali 88 5 

3.96 +.41 ;18 1J3 321.. __ ..______________.. _...__ . ___ •• __ .___ :l.44 
12__________ • _________________ .. _• ___ • __ __ :1.35 a.!17 +.53 20 95 1 

3. SO +.54 12 100 oL _____ •___ • ___ • _. __ •• _____ •___ • ____ • _._.. :l.00 3.52 +.52 I 100 o 
'l'ol..J or 1I,·crogo.________ •••__ .•• __ • :l.97oJ 4.000 +.10 372 III 239 

For convenience in dis0ussion, the dams whose butterfat test is 
higher than t.he 3.974 per cent average will hereafter be referred to 
as t.he grade A dams, and t.hose below t.he average will be called 
grade B dams. Similarly the daughters whose butterfat test is higher 
than the 4.069 per cent average will be referred to as the grade .A 
daughters, and those below the average will be called the grade B 
daughters. 

Accordingly, there are 318 gru.de A dams and 293 grade B dams, a 
more even division than in the case of milk production (p. 4.) 
The grade A d~ms dropped 168 of the 2~7 grade A daughters. In 
other words, while the grade A dams constltute only 52 per cent of the 
total nmnber of dams, they bore 56 per cent of the grade A daughters. 
The grade A dams had an average butterfat test of 4.21 per cent, and 
their daughters averaged 4.13 per cent. The decrease of 0.08 per cent 
is slight, and 41.5 per cent of the:;:e daughters had a higher test than 
their dams. 

The gpade B dams had an avemge butterfat test of 3.72 per cent, 
while their daughters average 4.01 per cent, and 82 per cent of the 
daughters had a higher test than their dams. This difference of 
0.29 per cent is about three times as great as the difference between 
the entire group of dams and daughters and shows the trend toward 
higher average tests. .~ 

In this random breeding, 6 of 10 daughters exceeded their dams in 
butterfat test, and if the dam tested above the average there were 
about 4 chances in 10 that her daughter would test higher; but if 
the dam tested below average, then more than 8 in 10 daughters were 
better. 

It is apparent that breeding the higher-testing cows results in a 
somewhat higher average test in the daughters than does breeding the 
lower-testing dams, yet the difference between the two groups of 
daughters is 0.12 per cent while the dallls differed by 0.49 per cent 
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on the average. This is very similar to the results shown in the case 
of milk production and emphasizes the need for greater care in the 
selection of sires. While there is noticeable average improvement 
and a majority of the daughters are better, the possibilities for surer 
and more pronounced increases in the percentage of butterfat through 
the selection of sires of better transmitting ability offer an interesting 
field for study. 

GnOUPS OF SIRES WITH DAUGHTEIlS HAVING HIGHEST AVEIlAGE BUTTERFAT TEST 
AND HIGHEST AVEIlAGt: INCIlEASE IN TEST OVEn DAMS 

TEN SIRES WITH DAUGHTERS HAVING HIGHEST AVJo}I~AGE BUTTERFAT TEST 

By selecting the 10 sires whose daughters have the highest average 
butterfat test, it is found that these sires were mated with cows whose 
average butterfat test was 3.99 per cent. These cows produced 120 
daughters ,,,ith an average test of 4.28 per cent, an increase of 0.29 
per cent. While the butterfat test of these dams was about the same 
as that of the whole group of dams the increase shown by their 
daughters was nearly three times as large as the increase by the entire 
611 daughters. Ninety-eight of the 120 daughters had a higher 
test than their dams. 

The average results of the matings of these 10 bulls with dams of 
various classes are showl~ in Table 26. 

TABLE 26.-Auerage bUlimfat lesl of lhe daughler.~ of 10 .~ire.~ maled 10 da7ll.~ of 
L'arious grades 

Increase 
test of- test 15

"\"emge hullerfn! Daughiers whose butterfat 
(+) or 

decrease 
Doughter·dam pairs (number) (-) ill 

test by
Dough· dnughters BelowDams Above doms ters ovcrdall1s doms 

Per relit Per cent Per ce1lt lV1I1Ilber Per cent JYumber1._______. __ •___ ._._•••••_., ..... __________ 5. G6 4.77 -0.89 0 0 1 
5.(H +.2:1 1 50 1~::::::::::::::::::::::::::::::::::::::::::! ~: ~ 4.39 -.3·1 0 0 2 

1•.•• __ ................... _.. _....._•.• ' ·1.01 0.17 +.56 I 100 0 

I.................... .•...... ...........! .1. 51 4.74 +.28 1 100 0 


4.49 t· 05 I 50 1~:::::::::::::::::::::::::::::_.: ::::::::::1 ~: ~~ .10 504.42 4 4 
4.3·1 +.10 7 &I 4 
4.35 +.21 12 80 2tt::~:::::::::::::::::::::::·· :::::::::::1 t!i 4.17' +.13 9 75 a 

16.. _.......................... _........... 3.U5 .1. 2'.! +.27 15 94 1
15__ ... ~_ ....... __ .. _.. __ .. _,o_ .. ~_ .. _~_ ~,, __ ~ ___ .. _~___ .: 3.85 
 4.13 +.28 1:1 87 2 
13... ...... ............. . ..... .......... 3. 75 4.15 +.·10 12 92 I
12.. _...... _,._ ... "' .. _.. _~_ ... "'~ _~ ........ _~,,~ ~____......___ ; 3.62 
 4.31 +.09 12 100 0 

'I. 19 +.03 8 100 0 
4.1!1 +.73 1 100 0t::::::::::::::::::::::::::::: ::::::::::=1 i: ~1 4.01 +,U4 1 100 0 

Totul or 0 vcrnge ....... ___...........1 3. \l!J ·J.28 +.2<J U8 82 22 


In this herd of 120 dams there n.re 57 grade A und 63 grade B dams. 
The grade A dams have an average test of 4.25 per cenb, and their 
daughters by the 10 selected sires have an averuge test of 4.38 per 
cent, an increase of 0.13 per cent; whereas the 51 sires mated to 318 
grade A dams hud daughters thut tested' 4.13 per cent. Of these 57 
daughters, 39 had a higher test than their dams. This is 68.4 per 
cent as against 41.5 pel' cent for the entire above-average group. 
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These same 10 sires, nutted to 6:3 grade B dams with an avel'llge test io 
of 3.75 per cent, produced daughters with 8Jl average test of 4.18 per 
cent, an increase of 0.43 per cent, or a 0.14 per cent greater increase 
than thaI; shown by the 293 daughters of all the sires. Fifty-nine of 
the 63 had a higher test than their dams. 

The comparative influence of the two groups of sires on the butter
fat test of their daughters from two classes of dams is shown in 
Table 27. 

TABLE 27.-Comparative results showing the influence of two groups of sires on the 
butterfat test of theil' daughters from two classes of dams 

.A venlgc butterfat test Increase
of (+) or 

decreaseNumber und grade of dams with which each group or sires was mated 1----.---1 (-) by
daughtersDams Daughters over dams 

5t sires: Per ce71t Per crnt Per ce71ton grade A and B do.ms_______________________________________ _ 

318 gmde A dams____•. ________________________________________. 
 3.97 4.07 +0.10 

293 grade B dams ______________________________________________ _ 
 4.21 4.1H -.OS 

3.72 4.01 +.29 
10 best sires, selected on the basis or the highest a vcrage butterfut 

test or their daughters: 120 gnlde A nnd n dams. ______________________________________ _ 3.99 4.2S +.2957 grade A dums _____ •______________________..________•• ______ _ 4.25 4.38 +.13 'C63 grade n dams______________________________________________ _ 3.75 4.18 +.43 

The point of interest in these data is the strong indication of what 
could be accomplished toward improvement of the butterfat per
centage by the use of sires such as those in this group of 10. When 
mated to the group of 120 representative dams, they sired daughters 
which exceeded their dams by about three times the average increase, 
and when the dams are divided into classes above and below average, 
the daughters of each class are decidedly better than the general run ~ 
of daughters from these two grades of dams. 

TEN SIRES WITII DAUGHTERS HAVING HIGHEST AVERAGE INCREASE IN BUTTERFAT 
TEST 

Ten sires whose daughters showed the highest average increase in 
butterfat percentage were studied as a group. While the 130 daugh
ters of these sires averaged 0.37 per cent higher in butterfat percent
age than did their dams, and 115 of them were better than their dams, 
the dams avel'llged only 3.82 per cent in butterfat percentage and are 
not so representative of the whole herd of dams as those mated to the 
10 sires previously discussed. Only 33 dams had a test above the 
general average of 3.974 per cent, and their average test was 4.26 per 
cent as complll'ed to an average of 4.41 per cent for their daughters. 
The other 97 dams, with an average test of 3.68 per cent, had daughters 
·with an average test of 4.11 per cent. 

Those sires whose daughters show the greatest average increases in 
butterfat percentage over dams are usually found to have been mated 
largely with cows testing below the average, and the data as a whole 
indicate that increases from lower-testing dams are more frequent 
than decreases even when no sire selection is made. 
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INDIVIDUAL SIRES IN REJ,ATION TO nUTTEUFAT TEST OF THEIU DAUGHTERS 

Table 28 shows the distribution of the duughters of the individual 
sires according to their percenLuge of butterfat. It also gives the 
average of the daughter group of each sire, the group averages of the 
dams, uveruge dif]'el'ences, nmk of each group, and number of daugh
ters better than their dnms. 

Table 29 shows the means, the standard deviations, the coefficients 
of variability, and the coefficients of cOl'relation for (be average per
centage of butterfat :for the daughters of each sire and their dams. 
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TABLE 28.-Distribution and rank of the daughters of each sire, according 10 their butterfat test, and number of daughters that teste(l better than ~ 
their dams 

~ 
Rank of Increase Rank of Daughters aNumber of daughters whose butterfat test is- 1 Rank ofA\-erage daugh Aver- (+) or daugh- makingdams ac'1'otnl butterfnt ters nc age decrease ters ac- ~ Rank of cording 

I I I I 
daugh- tcst of cording butter (-) by cording to I .....

sire' to butters daugh to but fat test daugh- increaseterfat t~rs over or de- In- De5.615.215.115.oH.914.814. 714.61·1.514.414.314.214.114 .013. 913.813.713.613.513.4~.3 3.2 3.13.0 ters terfnt of dams 
test test dams crease crease crease ~ 

1 1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1-1·-1-1-1-1-1-1-1--1--1--\--1--1--1--1-1- ~ 
Nlt'rn- Num

NIH/lher Per ce11t Per cent Per cent ber ber
L ________ 1 ___2 2 6 4.14 J6)1 '1.09 13 +0.05 30)1 4 2 

1 2 1 1 I 3 I 12 4.16 13 4.08 16 +.08 24)1 0 0 
~-- ----.1--- --- --- --- --- ___ IJ --2 _________ ___ 1 .J. ___ --- --- --- ~ 

3 _________ 1 ___ 1 1 I ,1 2 4 1 2 Ii 4.00 35 3.80 46 +.20 13 11 04 _________ ___ 1 2 ___ -2 2 3 1 1 1 13 4.30 3 3.74 47 +.02 1 12 1 ~ 5_________ 3 ___ --.. -- .. 2 1 0 3.75 49 3.91 36 -.10 45 2 4--- ------ --. --- "'-- --- --- --- --- --- --- --- --- --- --- --- --6 _________ 3 ___ 
-- --. --- .. -- . . -. --- --- --- --- 2 1 2 4 1 1 .-- --- --..- .. --- --- J.l 4.01 31 3.83 41 +.21 12 10 4

~-~

7 _________ 1 ___ 1 1 ___ 1 ___ >I'3 --- --- .-.. -- 7 3.93 41 3.82 43 +.11 20)1 5 2--- --- --- --- --- --- --- --- --- --- --- ---
~ 

8 _________ ___ 1 2 ___ ~::J1 1 1 2 2 1 2 13 3.88 42 3.85 39)1 +.03 33)1 7 0
0_________ --- --- --- --- --- --- --- --- --- ___ 4 1 ___ 2 ___ --- --- --- ----- --- .----- --- 7 4.04 31 3.90 32 +.08 24)1 6 1--- --- --- '-- --- --- --- --- --- --- --- --- --10_________ 1 ___ 1 ___2 1 1 1 --- .. _- --. 7 3.74 50 4.19 5 -.45 50 0 7

lL ________ 1 ___ 3 ___ ___ 2 ~ --. I 2 3 -1 4 13 2 4 5 4 --- --- --. --- 48 4.18 11)1 3.99 28)1 +.10 14 37 11--- --- --- 2 ___ 1 ___12 _________ I ___ 1 1 2 2 1 5 3 6 ·1 2 4 2 1 3S 4.05 m~ 3.98 30)1 +.07 27 19 19 Ul13______ , __ 1 1 2 2 1 3 1 11 3.87 43 3.81 45 +.00 29 0 5--- .-- --- --- --- --- --- --- --- --- --- --- --- --- --14 _________ 1 3.89 37 +.1Ii IS 5 21 2 7 4.01 3115 _________ 1 -2- i 1_=_ 1 2 1 2 10 4. JU 9)1 4.02 25 +.17 10)1 7 3 t:1 
10_________ ___ 1 l?;I2 1 3 1 1 1 10 3.73 51 4.02 25 -.29 48 2 8
17_________ ___ 2 2 ___ 1 2 ___ --- .-. --- --- --- --- --. --- --. -2- 2 -.. --- --- --- --- --- 0 4.02 3,[ ·1.08 16 -.00 40 5 4
18_________ ___ 1 1 ___ 2 ..--- ... ... ... --- --- 1 ___ 1 2 2 2 .., 14 '1. 00 25 4.05 21 +.01 35)1 7 ~ 19_________ I ___ _.. 1 2 •__ 3 ___ I ___ --- _ --- -.. ... --- .-- ..- ..- 1 1 1 11 ·1. IS 11Y. 4.09 13 +.09 2:l 41 ___20_ ..___ ... ... ..- --- --- "- --. --- ..- I 3 1 ___ 1 1 --- --- 1 1 ___ --- --- --- 10 4.15 14)1 4.12 9 +.03 33)1 7 3 o
21. ______ .. _ 1 ___ 1 3 ___ 1 ___ 

_ ~ ___ -.. ... c .. --- --- --- -.. --- 4 1 11 3. no 30)1 3.82 43 +.17 16)1 9 2 "':!22 _________ 1 ___ --- --- ..--.. --... . _- 2 1 _.. 1 3 1 2 2 2 1 .. _ ... --- 10 3.81 46 3. n3 35 -.12 43 5 11 
~--23 _________ ___ 1 --- --- .. ---- ... --- .. -. --- 1 1 2 1 4 3 4 2 _._ 1 ___ --- --- --- _ . ..- 20 4.21 8 3.95 33)1 +.26 10 19 1 >

24 _____ • __ . ___ 1 ___ 
25 _________ --- ..- 1 ._- ._- --- --- --- r 3 1 ___ r. 4.37 2 4.26 3 +.11 20)1 4 2--- --- --- --- ..- --- --- --- ._- --- --1 ___- .._ ... 1 1 4 1 1 1 2 13 4.27 5 4.05 21 +.22 II 10 3--- --- --. -- . .. --- --- --. --- --- --26 _________ ._- --- ..- --- -.. ,--- .-- ... --- --- ..- I 2 1 1 1 _.. --- _.. --- --- ._- .. - ... 6 4.06 25 4.38 1 -.32 49 0 6 ~ 
27. ________ 1 ___ __. 1 3 ___ 1 ___ a

2 1 5 3 i 5 2 --- --. --- 31 4.30 4 3.95 33)1 +.35 5 20 528 _________ --- --- -.. 3 ___ --- --- --___ 1 ___._- _.. - I ___ 1 4 2 _.. -.. ..-... --- --- 13 4.12 19 4.08 16 +.04 32 7 6
29_ ..______ .. --- --- ..- I 

_.. 1 ___ 1 2 ___1 4.11 20)1 4.04 23 +.07 27 3 3--- -.. --- ... --- --- --- --- 1 --- -.. --- --- --- --- --- --- 6 ~SO _________ ___ 1 1 ___ _ 1 1 2 6 4.05 27Y. 4.10 (1)1 -.11 42 0 0.. --- ._- --. -.. --- --- --- --- --- 1 --- --- --- --- --- --- --31. ________ .. ___ 2 _ 1 ___--- --- --- ._. --- --- --- --- _ 1 2 2 .. --- --- --- --- --- 9 4.04 31 3.tH 50 +.43 2 8 1
32 _________ ___ 1 1 ___ 1 1 ___ --- ~ I ~ 11 4.10 22 3.08 48 +.42 3 11 033 _________ --- --- --- --- --- --- ._-

___ 1 2 ___ -ii- --- --- --- --- -_. --. l?;I 
--- ... --. ._. --- --- --- --- -.. 3 2 4 H 3.99 367\! 3.05 49 +.34 6 13 1

34 _______ .. 3 ___ I ..---- ._- --- --- --- --- ... --- __ .1 1 2 1 .._ --- ... ... --. 9 3.86 44 4.11 10)1 -.25 47 1 8
35 _________ __ 1 1 2 3 2 2 4 .. _ --- ... --- --- ... --. 15 4.07 23 4.06 11) +.01 35)1 9 6--. --- '" --- --. ... • 
36_______.. --- 1 ___ ___ 2 2 ___ _.. . -. -.. 2 3 6 7 1 1 4 1 .. ' ... ..- 3D 3.96 39 4. II 10)1 -.15 44 10 20._. --- '-- --

-,,- -, r ~ ',..,...-", ,. --,oJ' " 



;'~#  ,,::::.r::::',·~-. ,~,,' .. "~;~- ~).~:;:..:v~~-~:;....~';..-:;:;;;-'i4. ..... d • 
37 ______________________________ 1 1 1 ___ 1 ___ 2 1 ___ 1 1 _________________ _ 
38____________ •_______________________ 1 _________ 1 2 1 ______ 1 ______________ _ 9 4_15 i4~ 3.85 3n~ +.30 7~ 7 2 
39 ______________________________ .- __________ 1 1 _________ 1 J 1 ___ 1 _____ _ 6 3.05 40 3.98 30~ -.03 37~ 3 3 
40_________________________________ 1 ___ 2 1 2 2 2 ___ 1 ____________________ _ 9 3.84 45 3.57 51 +.27 0 7 2 
4L ________________________________ 2 ___ 2 1 1 ______ 1 ___ 1 1 __________.. __ _ 11 4.13 18 4.01 27 +.12 19 7 4 
42________________________________________________ 2 1 2 2 1 ___ 1 1 ________ _ 0 4.14 10~ 4.09 13 +.05 30~ ti 3 
43_______________ 1 _________ 2 ____________ !l 1 ___ 1 ___________________________ 10 a.77 48 4.23 4 -.46 51 0 10 
44___________________________ 2 _________ 1 ___ 1 1 ___ 1 1 ____________________ _ 7 4.45 1 4.15 8 +.30 i~ 5 2 
45____________________________________ 1 3 1 1 I _______________________ _ i ·J.23 6Y. 3.87 38 +.36 4 7 0 
46_____________________________________________ 2 1 ___ 1 _________________ _ i 4.23 6~ 4.05 21 +.18 15 5 2 
47_________ ________________________ I 1 1 1 1 3 2 2 _______________________ _ 7 3.97 38 4.16 6Y. -.19 46 2 5 
48 _____________________ . ____________________ 1 ___ I 1 1 1 3 2 ______________ _ 12 4.11 2OY. 4.02 25 +.09 22 7 5 ~ 

~---49____ _________________________________ 2 3 1 1 1 ____________________ _ 10 3.78 47 3.82 43 -.04 au 6 4 <l
liO ___________________________ 1 ____________ 1 2 1 _______________________ _ 8 4.06 25 3.99 28~ +.07 27 5 3 
51._______________________________________ I 1 1 1 1 ____________________ _ 6 4.19 9Y. 4.20 2 -.10 41 3 3 ~ 7 4.04 31 4.07 18 -.03 3iY. 2 5 C".l 

t-:J 
1 Except the "1 daughter whose blltterfat test WIl5 5.6 per cent,none exceeded 5.2 per cent. t::J 
, This rank is arrived at by combining the relative standin\ls of these sires on milk production, butterfat production, increase in milk and butterfat production by daugh'.ers

over dams, and proportion of d!;ughters better than dams in milk and butterfat productiou. ~ 
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TABLE 29.-Rank of sire and of sire's sire, /Jullerfat tcst of sire's dam, and ,~tatistical constants on the butterfat test of the daughters of the :tindividual sires alld oj lhe da'/l/s of lhe da'u.yhters 

~ BUllerfn!. (ost of doughtCl's Butterfat les!. of dnms n 
Butterfnt IRank of IDOUgh.' ('orreillt.iou

Rank of sire I I test of .,' I (. cocfIlclcnt ~ sire's dllm sire s sire ers Slandllr<l Stundard ...I('oemrien t of 1Coefficient of.Moan Menn(iovitttioll variahility dovlnt.ion vllriablllty n 
>
t' 

Pcr CC'Ilt A'1I7111)cr Per cent Per rcnt Per cent Per cent Per ce'lt Per cent 
:1.79 36 0 4,101:1:0,07 0.24:1:0,0.1 5, 1ll:l:1.]5 4. Oll:l:O, 05 0, li:l:O, O~ 4,05::1:0,70 +0, 005:1:0, 273k::::::: ::::::.:::::::::::'::::: '::::~:~:::I 3.70 12 4.10:1: .on .:12:1: .04 7,72:1:1.00 4,08;;1: . OS .30:1: .05 9,05:1:1.33 +.fJ04:1: .124 

OJ 

______ .... M ~3...... _. ' •..• __ •• , __ ., .. " ..... - 17 4.00:1: .04 .27±..O.1 0.81:1:.79 3, SO:l: ,05 .28:1: .03 7,J3±. .86 +. lO'l±. ' 157~ ....... - -... ..,-------~-
4 ...... 4.53 13 4.30:1: .07 ,aO:l: ,05 S. 86:1:1. 17 3,74±. .06 ,30:1: .04 8,11:1:1.07 +.114±. .185 ~ 
Ii..... _......... a.fir. 4 (l 3.7;;::1: ,02 ,07±. .01 1.0.]:1: .38 a,OI±. .00 .22:1: .M 5.06:1:1.10 -,013:1: . 271j 
 1-3
0...... '" - .......... -- ... - • + - ~ - 1-1 .].(H±..()'1 .20:1:. oa 5.02::1: .64 :l. S3±. .03 .10:1: .02 4.87:1: .62 -.243:1: .120 
- • ~ - ~ 

7 3.9:1:1= .00 .22:1= .()'I 5.M:l:I.00 3.82:1: .07 .27:1: .05 7.02:1=1. 27 +.130:1: .251 Z 
8 ......... - - - ~ ... .. a.ss±. .05 .2,1:1: .O:! 0.30::1: .83 3.85:1: .0.1 .2.'i±' .03 6.43:1: .85 t.103:1: .18.1 
,~--~-"'~ .... ~ "'~.~.~-- .. ~~ "~ 

~ 

0... . --"--ii:7i" )317 ·1.0·1::1: .07 .26±' .05 (J. 45:1:1. 10 3.90:1: .05 .22:1: .04 5.43:1= .!l8 ,:H3:1: .225 
10.... :::: oj. 23 20 7 3.74:1: . on .24:1: .0·1 U. 32:1:1. 14 4.10::1: . OS .SI±. .06 7.38:1:1. 33 +.14t1±. .250 >l>

11......... 4.15 .. - .. - ......... 48 , 4. IS±. .03 .32:1: .02 7. (JS::I: .53 S.OO:l: .03 .23:1: .02 5.73:1: .30 +. 231:1: .002 :> 
]2...... 4.05:1: .()'I . aS:I: .03 9.34:1: .72 3.US:I: .()'I .35:1: .03 8.70:1: . (JS +.241:1:.IO:! 
13•• . ---··--i3:iii- ::::::::-:t 11 3.S7::1: .00 .28:1: .()'I 7.34:1:1. Oli :l.81:1: .00 .31::1: . OJ 8'.10:1:1.10 +. 240:1: .11)2 

'" 

'00 • asl ~ 
14..... "." 4.39 a9 7 .1.().1±. .09 .3,1:1: .011 S.:!:J:l:1.5O 3. S9:1: . OS • a3:1: .00 8.35:1:1.51 +.413:1: .2\1 
15............... 10 4.10:1: .00 .30:1: .()'I 1.().1:1:J. on .1. 02:1: .().1 .18:1: .03 4.30:1: .06 +.401:1: .162 Ul
3.01 11 I16.__ ................ 10 3.73:1= • os .:~":I: .00 10.40:1:1. 57 4. 02:1: .00 .26:1: .04 0.47:1: .08 +.514:1= .150 
li... ____ ..,_ ..... .::::::::::: :::::::~~ ~, 9 ·1.02:1: .01 .19:1: .03 4.73:1: .75 4. OS:l: .04 .18::1: .03 4.3:J±. .09 +. 648:1: .130 t:;
IS.............. 3. 03 ·1 i 14 4. Oll:l: .06 .a3±. .().I 8. 00:1:1. 0:1 '4.05±..04 .2.1:1: .0-1 5.74::1:. n -.525:1= .131 t".119.............. 3.09 2 I 11 ,1.18:1= .OS .37:1: .05 8. !I:!:l:l. 28 ,1,00:1: .07 .37:1: .05 0.00:1:1. 20 +.421:1: .]07 
 "d20............. , 3. Sa ........ ·1 10 4.15:1: .08 .:l7:1= .06 8. S:l:l:l. 33 ·1.12:1= ,04 .17:1: .03 .1. 21:1: .6:1 +.251:1: .200 
 ;321-.......... .i 4. ()'I ~ I 11 3.1l9±. .04 . IS±. .03 4. 4,1:1: . Oll4 3.82:1: .01 .20:1: .05 ~.?4± . U8 +.1:31:1: .260 

?) .35:1: .0-1 9.13:1:1.O'J a.oa±. .0-1 .22±. .03 5. fi7:1: . os +.47:l::l: .139zC:.:::::: ., ,J, 26 11 I 20 4.21±' .()'I .24:1: .03 5.75:1: • iii 3.05:1= .03 .20:1: .02 5.0S:I= .5-1 +.,IIO±. .120

I ,,· .. ,··1· ..··..·1 16 3.81:1: .00 
0 
>:j2·1............. ......1 3.45 4 0, oJ. a7:1= .07 .a7±' .07 g, 45±.1. 65 4.2H±' .00 .3(i:l: .10 1 8.:;O:l:I.(~1 +.021:1: .109 


25................... .. .... \ 3.09 13 ,1.27:1: .05 .26:1=.0:1 6.02:1: .SO 4.05:1: .04 . JO±. .0:1 oJ.74±. .03 +'2911::1:.170
--..• .. 12' 0 4.0G± .04 .14:1= .03 3.47:1= . r,~ 4.3S±. .00 .23±. .05 5. 30:1:1. oa +. 955:1: . 02·1 al
> 

31 4.30::1: .01 .35:1: .03 8.19:1: .70 3.95::1: .04 .34:1: .03 8.55:1= .73 +.472:1: .094~=:::::::::: ::::':::.::::.:::: ':::.: ::::::: :::::::~:~: ~13 '1.12:1: .05 .25:1:: .03 H.OU±. .81 4. OS±. .05 .28:1: .()'I 0.96:1: .02 +. 3S.1:1: . 150 
29................................... 3.51 ,I 6 ·1.11:1: .05 .li::l:.n:l .1. 2:1:1: .82 4.().1:1: .08 .28:1: .00 7.01:1:1.36 +.374:1: .237 n 
:lO....... " ............. _. 4.20 ·1 (] ·1.05±. .04 .11;:1= .0:1 a. i7± .7;l 4.16±. .0.1 .13:1: .02 3.00::1: .58 +.708:1: .137 q 
31........................ 4.30 ---.- .. ~ ..... 0 '1.0J:I= .06 .25::1:. OJ 0.28:1:1.00 3.61:1: .03 .14:1: .02 3.01:1: .02 +.104:1: .2lfi t"' 

32...................... ::::.::'::::.: ~.-- 11 4.10:1: .05 .24:1: .03 5,70:1= .8:; 3.68:1: .04 .10:1: .0.1 5.0,1:1: .72 +.457::1: .161 1-3
..------- ...--- .... ~ 
33......... ......... ...... ............... .. 4.50 

~ ~ 

1·J 3.01l:l: .04 .21:1: .03 5.28:1: .67 3.05:1: .05 .20:I:.().1 7. \)2:1:1.01 t.479::1: .1311 q 

34......................... _...........................__ 0 3.80::1: .05 .23:1=.().1 5.00:1: .04 4.11:1: .07 .30±. .05 7.37:1:1.17 .5s.1±. .148
.......::.j 
 ~ 
35...................................................... - .. - .. - ... 15 4.07::1: . 05 .20:1: .03 O.W:I: .SO 1.0ti:l: .05 .27::1: . 03 6. 54±. .81 +.458:1: . las t".1
~ ~ . 

30 3,O(l:!:: .03 .28:1: .02 7.05:1: .61 .1. 11::1: .04 .30:1: .03 7.22:1: .03 +.104:1: .122 
!l 4.15:1: . 07 .32:1: . Of> 7.08:1=1. 22 3.85:1= ,07 .3a:l= .0.1 8.45:1:1. 34 -.340±' .10S 

22 6, 3. U5:1: .07 .2H±. .05 0.07:1:1. 30 3. US±. .10 .;36:1: . 07 0.00:1:1. 7U +.201:1: .2(lo1~=:=::::::::::::::::::::::: :::::::::::::::: :i:::::::~~~:: ..·--··.io·j 
I 
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a9••••••__.........................................." ••• '" ••••••• I) 3. SH= .08 .36:1: .06 O. 3r.:l:1.·19 
40................................................................. II 4.13:1: .04 .2'2:1: .03 
41........................................... 3,711 11 II 4.14:1: .08 .3,';:1: .05 
42............... .................. .... .. ..• ;1. ,13 •••••••••• 10 a. i7:1: •0., .2:3:1:.03 
43..................................... <0 .... 4.31 3 7 4.41i:l: .10 • '11:1: .07
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7 ,1.23:1: .00 .37:1: .07 
7 4.23:1: .05 • HI:I: .03 
7 3.97:1: .04 .15:1: .03 

12 4.11:1: .(H .23:1: .03 
10 3.78:1: .05 .21:1: .03 
S 4.00:1: .(H .Hl:l: .03 
0 4.10:1: .08 .30:1: .00 
7 '1.04:1: .05 .10:1: .03 

1The intlivitluul sires nre rcferretl Lo by Lhe same number U$ the number of their rank us givcn ill Table 7. 

5.32:1: .7i 
S. ali:l:!. 3:3 
0.08:1: .02 
11.15:1:1. 65 
8.0.,:1:1.50 
4.47:1: .81 
3.80:1: ;0 
".45::L . 75 
5.0":1: .S5 
3.08:1: .67 
7.00:1:1. as 
'J.58:1: .83 

3.57:1: .0·1 
4.01:1: .03 
4.00:1: .05 
4.23:1: .03 
4.15:1: .00 
3.87:1: .08 
4.05:1: .03 
4. Hl:l: .05 
4.02:1: .07 
3.82:1: .00 
a.lIO:I: .04 
4.2!1:I: .18 
4.07:1: .00 

• 10:1: .02 
.13:1: .02 
.21:1: .Oli 
.12:1: .oa 
.25:1:.04 
.32:1: .00 
.13:1:,02 
.18:1: .03 
.34:1: .05 
.27:1: .04 
.16:1: .03 
.06:1: .13 
.2'2:1: .04 

4.37:1:.70 
3.14:1: . ·15 
Ii. 07:1: .81 
2. 94:1: .44 
5.110:1:1.08 
8. 21:1:!. 48 
;1.I!l:l: .58 
4.42:1: .80 
S. 52:1:1. 17 
7.08:1:1.07 
4.02:1: .08 

15. 36:1:2. 9U 
5.35:1: .90 

+.2iO:l: .208 
+.403:1: .170 
+.700:1: .ll2 
-.48i:l: .103 
+.asO:l: .217 
+.747:1: .na 
-.(Hi:l: .254 
-.613:1: .1,';9+- 315:1: .175 
+.340:1: .187 
+.5O'J:I: .177 
+.806:1: .0501 
+. 453:1: . ~'O3 
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The discussion of the individual sires is limited to those which 
appear to be of unusual or of special interest. 

SIRES WITH DAUGHTERS HAVING HIGHEST AVERAGE BUTTERFAT TEST 

The seven daughters of sire 43 have the highest average butterfat 
test (4.45) of the 51 groups but are quite variable and range from 5.15 
to 3.93 per cent. Six are above the grand average, and five are better 
than their dams. While this bull sired daughters of high average 
butterfat test, the dams from which they came had an average test 
of 4.15 per cent and were well above the general average. 

Sire 24 has SLX daughters that averaged '4.37 per cent, all of which 
are above the grand average, although two failed to test as high as 
their dams. This group of dams had an average test of 4.26 per cent, 
and ranked third in the 51 groups of dams. 

Thirteen daughters of sire 4 have an average test of 4.36 per cent 
and vary from 5.22 to 3.77 per cent. Most of these are from low
testing dams, and all but one have a higher test than their dams. 
These daughters made the highest average increase in butterfat test 
over their dams, and only three of the dams are above the grand aver
age. This sire shows marked ability to increase the average test, 
but whether or not he would do so well on higher-testing dams is 
open to question. 

Sire 27 ranks well both in the high average test of his 31 daughters 
and in the increase in test by the daughters over their dams. The 31 
dams are quite variable in butterfat test, ranging from 4.81 to 3.56 
per cent, the average being 3.95 per cent, but 26 of the daughters 
have a higher test than their dams and the average is 0.35 per cent 
better than that of the dams. Four of the five daughters that had 
lower test than their dams were from dams with a test above 4.20 
pel' cent, and without question the ability of this bull to increase the 
percentage of butterfat when mated to dams below tIllS figure is 
remarkably uniform. 

The daughters of sire 25 rank fifth among the daughter groups in 
average percentage of butterfat. Theil' average test was 4.27 per 
cent while that of their dams was 4.05 per cent. This was an unusu
ally good group of dams as 11 of the 13 were better than the average 
and while this sire's daughters did not make so high an increase over 
their dams as did those in several other groups, a comparison of this 
bull's get with all the daughters from similar dams shows that he got 
higher increases in percentage of butterfat and improved a larger 
proportion of his daughters. 

SIRES WITH DAUGHTERS HAVING GHEATEST AVEUAGE INCHEASE IN BUTTERFAT TEST 

Sires 4, 31, 32, 44, a.nd 27 are the five ranl;;:ing bulls on a basis of 
average increase in percentage of butterfat by daughters over dams. 
Sire 4 has already been discussed, and attention is called to the low
average test of 3.74 per cent for the dums to which he wus mated. 
Even on these low-testing mates his performance was above the aver
age for similar groups. 

The outstanding features of the data on these five bulls are the 
low-average test of their mates and the high proportion of their 
daughters that excelled their dams. The data are given in Table 30. 

'!' 

" 

.( 
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TABLE aO.-Analysis of the data of five sires whose daughters have greatest average 
,fj increase in butterfat test over their dams 

Average butterfat Daughters mnk
Dnllgh- test of- ~~~~ ing-

Sire No. ter-dam I----:----Ibydnllgh-I----.,--

pairs Dnrns Daugh- te~~~er Increase Decrease 
ters 

------------1------------------
NU1IlfJCT Per cent Per cent Per cent NII.mbcr NlLmber4__________________________________________ 

13 3.74 4.36 0.62 12 1 
32_____________________________•___________ 
31 ___________________•_____________________ 

9 3.61 4.W .,13 8 1 
11 3.68 4.10 .'12 11 0 

27____•• ___ ._..__• _________________________ 
44 _____________________ •___________________ 

7 3. 87 4.23 .36 7 0 
31 3. 95 4.:lO .35 26 .i 

Total or n'-cragc ___• ______________ •. 71 3.82 4.24 .42 64 

It would be unfair to compare the records of sires 31 and 32 with 
other bulls, because all the dams to which they were bred tested well 
below the average, and the increases sho'wn by their daughters are 
about the same as those made by all daughters from similar dams. 
Itwould appear that the showing made by these bulls can be accounted 
for to a consid!O'.I'able extent by the grade of dams ,vith which they 
were mated. 

Sire 44 has only a small number of daughters, but the dams from 
which they come vary ,videly in butterfat test and the correlation 
between dams and daughters is +0.747 ± 0.113, all the daughters 
having a higher test than do their dams. He shows by this small 
group of daughters that he transmits the ability to increase butterfat 
percentage when mated to dams of various grades. 

SIRES WITH LARGEST PROPORTION OF DAUGHTERS HAVING A HIGH~}R BUTTERFAT 
TEST THAN THEIR DAMS 

-On a basis of the l:u-gest proportion of daughters having a. higher 
butterfat test than their dams, the leading bulls are sires 32, 44, 23, 
33,4,31, and 9. The first two bulls increased the butterfat test of fiJI 
daughters, and the other five bulls increased the test of all but one. 
In every case the average test of the dams to which the bull was mated .- was below the ~rand average, and in most instances it would seem 
that the sire's hIgh rank in this regard is the result of hit'. being mated 
to low-testing cows, rather than to the presence of an unusual combi
nation of factors that enable a sire to transmit to all daughters the 
ability to produce butterfat of higher test, irrespective of the test of 
their dams. 

Su'es 32 and 44 have already been discussed, aDd the record of sire 23 
is worthy of comment. His mates had an average butterfat test of 
3,95 per cent, ranging from 4.35 to 3.58. The butterfat test of the 
daughters variecl from 4.71 to 3.78 per cent, the average being 4.21 
per cent, and 19 of the 20 had a higher test than theu' dams. His 
daughters from all grades of dams equaled or excelled the general 
I1verage of all daughters both in actual increase in the percentage of 
butterfat and in the proportion of daughters better than their dams. 

A surer interpretation may be mnde of the inheritaDce of the 
butterfat test than of the inheritl1IlCe of milk production because 
environment interferes less with the expression of the inherited butter
fat test, 



48 TECHNICAL BULLETIN 349, U. S. DEPT. OF AGRICULTURE 

Sire 33, 'with 13 of his 14 dl1ughters better than their dnms, affords 
I1nother eXl1mple of 11 sire mated to low-testing cows. The dams 
u:v.emged 3.65 per cent in butterfl1t ,dth only two over 4 per cent, I1nd 
the dl1ughters I1veraged only 3.99 per cent us compu.red ,dth the I1ver
age of 4.07 per cent lor the dl1ughters of I1ll sires. This sire's record, 
even on low-testing dams, only approxima,ted the I1veruge record of 
sires studied. 

SIRES MA'rED TO LOW-TESTING DAMS ,
In the group of sires whose dl1ughters show the greatest I1veruge 

increase in butteril1t test over that of their dams, and niso in the 
group with the largest proportion of daughters better tban dams, it 
has been shown that tbe mntes of these bulls were I1mong the lowest
testing group of dalls. Of the five sires (Nos. 39,31, 33, 32, and 4) 
thl1t were bred to the lowest-testing dams, the performance of all but 
sire 39 bas ruready been discussed. Sire 39, ml1ted to the lowest
testing group of femnles, has seven daughters that I1re better and two 
thl1t I1re poorer tban theu' dams in butterfat percentage. These 
dnms range from 3.85 to 3.38 per cent in buttertat test, and the dl1ta 
show that on a comp::u:a.tive basis the best showing made by this sire 
was thl"Ough his da.ughte'/"s from tbe better dams. Seven of the dams 
had 11 butterfat test below 3.6 per cent, and in these ml1tings he did 
not get us good results as did the 51 bulls as 11 whole. The da.ughters 
of sire 39 me e:-.-tremely variable in butterfl1t test, mnging from 4.21 
to 3.24 per cent, l1ad the correlation between dams and daughters is 
not significant hecl1use of the hi~h probable error. Theoretically, 
this sire, if he had transmitting nhlity eq nal to the I1verage ability of 
the 51 sires, would hn,Ye shown lnrge increases in the test in hie; 
daughtels; but although seyen of the dnughters exceeded their dams, ..
it appe::u's that he didllot transmit 11 high enough I1verage test to raise 
the test of his daughters as much as is e~q)ected from this grade of 
dams. 

:Most of the fOl'egoing discussion hns been of sU'es mn.ted to dams of 
low-average production becl1use the sU'es selected probably I1ttained 
their distinction by virtue of the fuct thl1t they were ml1ted to low
testing dmns. Since this appears to be the case, it might he well to 
study some of the sn'es bred to high-average dams. 

SlRES MATED TO llIGI£-'rESTING DAMS 

Sires 26, 50, 24,42, and 10 were bred to the five groups of dams thl1t <

rn.nked highestin butterfn.t test. These bulls sn'ed 35 dl1ughters, I1nd 
only 7 had 11 higher test tbn.n their dams. The dams had an I1verage 
test of 4.26 per cent, or 0.29 per cent more thn.n the I1verage of the" 
611 dams in the study; whereas the 35 dl111ghters had an I1veruge test
of 3.99 per cent, or 0.08 per cent less than the average of the daughters 
of the 51 sires. If these high-testing dnms were transmitting the 
factors for 11 high percentage of butterfn,t, the expeetation would be .. 
'thn.t their daughters by five different; sU'cs would average better than 
the whole daughter popullltion, yet only 14 daughters tested higher 
than 4.07 per cent, the n:VCl"uge of the 611 cln.nghters. On analyzing 
the records of these sires, it is found that they sn'ed In.rger proportion" 
of inferi.or dau(!hters than did the avernge sU·e. ~ 

The five hn11s whose daughters show the grel1test I1verage decrense 
in butterfl1t test below that or theu' dams are sires 42, 10, 26, 16, and 

http:inferi.or
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34. The first thre,~ are in the group of sires mated to high-testing 
dams. 

Four of these sires (42, 10, 26, and 34) together with sh'e 30 
make up the group of five having the highest proportion of daughters 
testing lower than their dams. All were mated 'with groups of high
testing dams, and the first four sired daughters that were all lower in 
butterfat test than the dams, while sire 34 had one daughter that 
tested 0.01 per cent higher than her dam and eight that tested lower 
than their dams. 

This set of sires includes 3 that were among the 5 mated to the 5 
highest testing groups of dams, but their daughters from dn,ms of all 
grades did not equal the daughters of the 51 bulls in average test. 
From 38 dams ,,,."ith an average test of 4.21 per cent these sires hftd 
daughters with an avemge test of 3.87 per cent, a decrense of 0.34 per 
cent, and 37 daughters hftd a lower test thn,n the dams. 

SLUES WITH DAUGIITEHS HAVING LOWEST AVEHAGE BUTTERFAT TEST 

It is interesting to know which bulls are responsible for the 10we1"
testing daughters, and in Table 31 are listed the five sir'e'S whose 
daughters have the lowest n;:erage butterfftt test. 

TAnT.E 31.-Analysis of dala of five sires whose daughters have lowesl average blillcr
.. fat lest of all cio,lIghter groups 

Avcrage buttcrfnt A,"crngo DnughtcrsDlnking-
Dnugh- tcst of- r\ecrense 

SireNa. tcr-c1um I---.---Ihydnllgh-I----;--
pairs Darns D\I~~~h- tCd;~~cr Incrl'llse Decrease 

-------------1-----------------
SU7IIber Per cent Per celli, IPer cent Nnmbcr N!L7IIber16_________________________________________ . lQ I 4.02 3.!::l -0. 2~ g s 

ti~~~~~~~~~~~~~:~:~~~~~~~~~~~~~~~~~~~~~~:~:f l~ i i~~ 1 ~~ ~~ I ~J~ ~ I 1~ 
"'11ile these sires are alike in thn!; they ha:\,(' dnughters with n 

low a,v-erage butterfnt test, Lhey differ markedly in transmitLirlg 
ability. Geuernlly speaking, 2 were mnted to dums with a high 
average test, 1 to dams \\"ith an intermediate test, and the other 2 to 
dams with a low average test. All the daughter groups averaged 
lower than the dams in butterfat test, but tlus (lifI'erence diminished 
as the average of the dams declined. Only 10 of the 43 daughters 
had a higher test than their dams, and these were all by sires mnted 
to the dams of lower average test. For purposes of interpretation, 
it would be desir'able thnt ther~ be some consistency in the breeding 
results, but nPPl1rently such IS not the case, as the low-avemge 
daughters do not nIl come from either high or low average dams, Ilud 
the results shown ill Table 33 seem to indicllte that both the sires 
and the dl1l11s are COlI tributing to the hereclitllry make-up of the 
daughters for bu tterfnt test. 

BEST SInES ON BASIS OF FIGUnBS ltI~LATING TO PERCBNTAGB OF nOTTERFAT ONLY 

The method used for ranking sires considers milk and bu tterfat 
production, which places double' cmphllsis 011 milk production_ For 
this reason, two groups of sir'es Ilre discussed that are ranked by using 
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only the figures for percentage of butterfat as a basis for the three 
considerations, that is, average test of daughters, increase of daughters 
over dams, and proportion of daughters better than their dams. The 
five high-ranking bulls on this basis are sires 4:, 44, 27, 23, and 4:3, 
and the five low-ranking bulls on the same basis are sires 10, 42, 16, 
34:, and 5. Both groups are shO\vn in Table 32. 

TABLE 32.-Analysis of data of ji,ue high-ranking a,ncl five low-ranking sires on basis 
of jig/lre.~ relating to lJercenlage of butterfat only 

A verage butterfat Increase Dnughters makingtest of (+) or 
1---.-----1 decreasc �------

Rank and Siro No. Duug/!- h~;t?c:f:lt 
ters test of 

Dums Duugh- dnughters Increase Decrease 
ters over 

dams 

------------·1-----------------
Fi\'c high-ranking sires: lVu.mbcr Pcr CCTlt Per ce7lt NIl,mber iVlLmper4_ ... ______ ._.•____ .___________________ 13 3. i4 4.36 +0.62 12 1 

44 ____ ....__ • __ •________ ..__ .._________ i 3.87 4.23 +.36 7 0 
27.______.. _____________... ____________ :11 3.95 4.30 +. 35 26 5 
23_..•_.....____..____________________ . 20 3.95 4.21 +.26 10 1 
43.... _... __ ...._________________.._____ 7 4.15 4.45 +.30 5 2 

---I·---~---I----~-----~----
'1'otal or a"cragc. ____________ •__.___ 78 :==3=.=93=1==4=.3=0=1==+=·3=71===69=1====9 

Fivc low·ranking sires: ..5. ______. ____ . _••• ___ . ________________ _ 
G 3.91 3. i.1 -.16 2 4 
9 ·1.11 3.S6 -.25 I 8

34. _____.. ___ . __ ...________________.. __ 
16•. _____ . ___ • ___ .•_• __ ••• "" ••____... 10 ·\.02 3.73 -.29 2 S42.. __•. _____ .. _...... _. _______ • ____... 10 4.23 3.7i -.46 ° 1010._.._._._ •• __ . _.•• ______ • __________ .. i 4.19 3. i4 -.45 ° 7

-----1---->----
Total or nverage __ --..--------------I-----:i2 -:i:77 5~ -.33 37 

The mates of the fiYe hjgh-ranking sires had an average butterfat 
test of 3.93 Pel' cent n8 comparcd with 4.10 pel' cent for thc, mates of 
the low-ranking bulls, but the increascs and decreases are greater than 
the average from these classes of dn111s. 

Sire 11 has 48 daughters that averaged 4.18 P('l' cent in butterfat 
test 1'1'om dams that avcraged 3.99 per cent, and 37 tested higher 
than the dams. 'rhis i!3 a record above the avemge in aU respects. 

SIGNIFJ()ANCE OF COHHELATiON COEFFICIENTS AND COEFnCIENTS OF VARIABILITY 
Ot' nU'l'TI~IU'AT TEST O~' DAMS AND DAUGHTEnS 

Correlation coemcients have been en1culated Jor the daughter 
group of each sire and the dams oJ the daughters, but on account of 
the small. numbers in many of the groups these figures are not signif
icant. In the cases of those bulls with 20 or more daughters the 
coefficients of correlation do not vary grea,tly from that of the whole 
population. It may be a coincidence but it so happens that the 
highest coefficient of correlation (+ 0.955 ± 0.024) is between the 
daughters of sire 26 Ilnd their dams, wmch have the highest average 
test for all groups of dams mated to anyone sire. The second ranking 
correlation coemcien t (+ 0.896 ± 0.054) is between the daughters of 
sire 50 and their dams, which rllnk second in high average percent
age of butterfat. A somewhat similar result was found in regard to 
positive correlations on average milk w'oduction. The 10 sires whose 
daughters have the highest coefficients oJ correlation with their dams 
in percentage of butterfat are listed in Table 33. 
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TABLE 33.-The 10 sires whose daughters have highest cor-.fficients of correlation 
with theil' dams on basis of butlerfat te.~t 

A"erage A vcragc 
CoctTicicnt of hutterfat Rank of butterfat Hank ofSire No. correlation 	 test of dallls test of daugh tcrs 

dams dllughters 

/-------1-----1------------
Per cent Per cent 26_____________________ +0. 955±0. 024 4.38 4.0(1 255<L ____________________ _ +.89fi± .054 4.29 -1.19 97\!44_____________________ _ +.747± .lla 3.87 4.2:1 G7\!41 ________________ ..___ _ +.700± .112 '1.0U 4.14 I07\! 

46 ______________________ 
30_____________________ _ 

+.708± .137 ,1.16 4.05 27)4 
18_________•___________ _ -.OI4± .11i9 4.16 :l. 97 3S 
42____________________ __ -.525= .lal 4.05 4.06 25 
37 ____________________ __ -.487± .163 4. Z! 3.77 4S 
6______________________ • -.349± .1~8 3.8., 4.15 J.I)4 

-.2'13± .120 :1.83 4.0·\ 31 

The daughters of sire 18 from h.is higher-testing mntes dropped 
below those from his lower-testing mntes, with the result that the 
averages for both the dams and the daughters arc about the same. 

The a.bility of a. sire to transmit the factors for a. definite percentage 
of butterfa.t to his da.ughters might possibly result in a decrease in the 
variability of those daughters. This would be true as homozygosity 
for a. definite percentage of butterfat is a,pproached and as the off
spring become purer for this characteristic. Twenty-six of the sires 
have groups of dl1Ughters less variable than their dams. There is no 
significant difference in the vaJ'iability of high or low testing groups 
of daughters and dams. 

The five bulls whose dlUlghtel's are lenst variable are sires 5, 26, 30, 
46, and 49, and those whose daughters show the greatest variation are 
sires 12, 16, 22, 39, and 43. Dn.tn. on both groups nre presented in 
Table 34. 

TABLE 34.-Anulysis of data of sires Whosilli£vugittcrs shOll' tite lrust aluZ the greatest 
vlll'iabUUy 'in imllerfllt te.sf 

A \'CI'U~C huttel'fllt Duughtcrs 
test of- mnking-

Sire No. Daug lIers mriubilitr 1___,..-___1___....,...___1'I ('oetTicicnt of 

Dams Dnughters Increase DCCI'MSC 

1-----------1---1-----1------------ 
lVttmbcr Per Ctllt Per cent Number rlumber6 _____________ •___________________._ (I 1. 1l4±0. 38 3. !lL a. in 2 4 

30______________________________. ___ 
26 _________________________________ _ 

6 :I.47± .68 4.38 4.00 o 6 
46_________________________________ _ (I 3. ii± . i3 4.16 4.05 o Ii 
40_________________________________ _ 7 3.86± .70 4.16 3.97 2 5 

8 3 US± .67 3.90 4.00 5 316... ___ •_________________________ __ 

3U__ • ___ •______• ________• __________ _ 
 10 1O..t0±1.57 ·1.02 3.73 2 8 

9 D. 35±I. 41l 3.57 3.84 7 212____ •• ____ •_________________ • __ ••• 38 U.34± .72 3.U8 4.05 19 1943________•____________________". _.• 7 U.15±1.65 4.15 4. 45 5 2 
16 O.13±1.0'J 3.93 3.8J 5 11

22____________..._________________ ._ 

According to the infoJ'mu,tion shown in Table 34, the five sires with 
the most variable daughters are better as a class than the five with 
the least variable daughters, but this is not a safe gellernJization as 
the make-up of each set is quite heterogeneous. Apparently, the 
coefficient of variability of the daughters' percentage of butterfat is 
of no significance in determining the breeding value of a bull except 

,.~. 	 to indicate those sires that may transmit. the i'ndors for the wider 
range of butterfat percentage. 

http:U.15�1.65
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FULIpSISTEU GUOUPS OF DAUGHTEUS 

The dams of 58 pairs of full sisters had an avcrage butterfa.t test of 
3.93 per cent and tbe 116 sisters an average of 4.04 per cent, an increase 
of 0.11 per cent. There were 29 pairs in wbich both daughters tested 
higher. than the daIll, 15 pairs in which both tested lower, and 14 
pairs in which one daughter tested higher and the other lower than the 
dam. This proportion of daughters better than dams is approxi
mately the same us for the whole daIll and daughter population. 

As to similarity of these full sisters it is found that four pairs vl1lied 
by as little as 0.01 per cent in their butterfat test. The ma)..-:imum 
variation was 1.11 per cent, the averuge variation was 0.33 per cent, 
and 33 pairs vl1liedless than the average. 

Seventeen sets of three full sisters are from dams with an average 
butterfat test of 3.81 per cent and the daughters averaged 4.10 per 
cent. The most uniform set were by sire 11, and they tested 4.21, 
4.21 and 4.17 per cent respectively. Theil' dam's test was 3.97 per 
cent. The widest variation is found in the sisters by sire 4 from a 
dam testing 4.60 per cent. The daughters tested 5.22, 4.70, and 4.18 
per cent I·espectively. 

Table 35 gives the percentltge of butterfat of two groups of four and 
one of five full sisters. 

TABLE 35.-Percenlage 0/ buller/at o/three grOlt]JS o//ull ,~islers 

nutterfllt test of·- I nuttcrfllt test of- Butterfllt test af-

SireNa, Sire No. Rire No. 
D.lugh· DaugiI· Daugh·Dum Dam DllmLers Lers (ers 

Per cent PaCEnt Ptr crnt Per cent Per cent jJt'T cent 
4.3S 

{ 
4.41 4.40 

4.24 4.2tl 27__________ .1. 2:1lL.......__ .
11..____...__ 3.8!l 3. iO.J.20 4.00 3.1l·' 
~ 

4.19 
3.81 3. i(i 4.16( { 
a. ill 

The coefficient of correllltion between the percentage of butterfat of 
full sisters was fOlmd to be +0.584 ± 0.010, with slightly less vtlri
ability among the lower-testing sisters. 

A noteworthy record of performance in siring full sisters that are 
better than their dams in buttcrfat test is that of sire 27 ns shown in 
Table 36. 

TABLE 36.-Buller/attest 0/ grou1Js o//ull sisters by sire '27 

Butterfal tcst of- ButterfllllesL ofA\'erngo Averog-c
butterfat butterfat 

tcsl of Lcst of 
Dllm Dnughlers daughters Dum Daughters daughters 

Per cent Per cent Per crnt Per cwt Pcr cent Per cellt 
4.46 4.60

{ 4.23 :1.bO 4.23 ·1.263. i6 '1.204.10 a.9-1 
4.16 .1. 75J I 3.0·' 4.444.52 4.12 

a.us { -I.·1Il } ·l..t2 3.9·, 
!

·1.29 
! 

4.154.29 { 4. OJ }
.1. an 

a.02 4. Ti ·1.2S{ 4.18 } 
,",",I-c__ ...~ 
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.All 17 daughters of this sire have a higher test than their dams, 
and the avemge increase in test is greater than that shown by the 
whole daughter population. 

INFLUENCE OF BUTTEHFAT TEST OF smE'S DAM 

The butterfat record of the dam has long been used as a basis for 
selecting a herd sire, aud it is interesting to determine if there is any 
noticeable difference to be found in the offspring of sires whose dams 
have different percentages of butterfat in their mille 

The dams of 30 sires had official records, and the butterfat test of 
these dams ranged from 4.64 to 3.43 per cent, averaging just 4 per 
cent. These sires were mated to 316 cows that averaged 3.99 per 
cent butterfat, and their daughters averaged 4.11 per cent. 

The other 21 sires from lmtested dams were bred to 295 cows that 
averaged 3.96 per cent butterfat, and their daughters a:veraged 4.02 
per cent. The amount of increase is 0.06 per cent in favor of the sires 
from tested dams. It is possible, of course, that the .untested dams 
o~ the 21 sires may be as good as, or better than, those of the other 
SITes. 

For fmther stud:r, the sires from tested dams UTe divided uccording 
to the butterfat tests of their dmns. Thirteen of these dams had a 
butterfat test above 4 per cent, aud17 below. 

The major points of interest in studying the trausmitting 11bility of 
these various classes of sires are the average hutterfiLt test of their 
mates, the average test of their offspring, the increase or decrease in 
test by daughters over da:ms, and the percentage of daughters that 
test higher than their clams. These data are given in T!tble 37. 

TAnLl~ 37.-At-cr(L!le blillerjCl/ lesl oj dal/(/hters oj rlifferenl cl(lS8eS oj sires and their 
dams 

,\ ,·crago butterfat 
test 0(-

Sires that-
Dnugh· in butler· Dllugh·

Number nnd clnss of sires ter-dnm fat lest by ters bettcr 

Incrensc 

]lairs dnugh· than damDnugh· Rniscd I.owcrcdDams tersters nvenlgc uycragc 

Sll/ll~lr Pcr celli Per cent Pcr cellt Per cent nTu,mbcr Number 
21 sires from untested doms ..••• 205 3. Uo .1. 0'2 0.00 50 13 8 
]3sircs from clams testiog I1boV6 

4 per ccnt ••••.•••.••.•••••••• 101 3. 9·1 ·1.14 .20 73 9 .\ 
17 sires from darns testing bclow 

4 pcr ccoL •••••_.___ •••_•••••_ 155 4.0-1 4. OS .04 05 14 3 

,!'otlll or "'·cragc •.•••••••. Oil 3.0i 4.0i .10 I 01 30 1.1 

Table 37 shows tllfl,t the sons of the higher-testing dams got the 
greatest increase in the butterfat test of the daughters and also had 
the largest percentage of better daughters. TIns average increase is 
double that sho,vn by the daughters of all sires and more than thme 
times as great us that shown by the daughters of sires from untested 
dams. 

A 2-generatiol1 study of inheritance of percentage of butterfat is 
possible in several cases, and the best of these is the group of sons of 
sire 4. This sire, whose dum had a butterfat test of 4.53 per cent, 
got 13 daughters with an average test of 4.36 per cent from dams that 

"'I tested 3.74 per cent, and the increase of 0.62 per cent was the largest 
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average increase in butterfat test shown by any sire's daughters. 
Apparently this son of a high-testing dam trn.nsmitted that charac
teristic to his female progeny. He had five sons from tested dams, 
and Table 38 gives the data on these sons. 

TABLE 38.-Comparative resu.lls on sire 4- and his five sons, relative to their trans
mitting ability for percentage of butterfat 

Average butterfat test oi Increase Number of daugh
sire's- C+) or ters making

1-----,----,----1 decrease 1-----,-__
(-) in 

butterfatSire No. test ot 
Daugh daughDam Mates Increase Decreaseters ters over 

I j~: 
------------1------------------

Pcr cent Per cent Per cent Per cent Number Number 
4__________________________________________ 4.53 0.74 4.36 +0.62 12 1. 
30_______________ .. ____________ •__________ ._ 

4.20 4.16 4.0.1 -.11 0 618______• ____•• _____•__________•__._.__ "_.... a.o:l 4.0.1 +.01 7 75___________• _._.__ • __ , __________ ••• ___ • __ " 1· 2<l3.65 3.91 ..l. Iv -.16 2 4 
24___ •_______________ •______ .. _____________ _ a.54 4.04 4.11 +.07 3 3
29 ____________________________ • ___• _____._. 

3.45 4.26 4.37 +.11 4 2 

Total or averngo ________•_________________.•__ _ ·1.08 4.06 -.02 16 22 

The sons of SITe 4 do not approach their sire in ability to increase 
the butterfat test, for their 38 daughters average less than the dams 
and 22 have a lower test than their dams. The mates of these sons 
had a considerably higher average test than the mates of sire 4, but 
the fact remains that their daughters which did show increases were 
almost r.ll from dams testing below 4.2 per cent. 

This group of five sires affords an example of how pedigree selection 
of herd sires sometimes fails in its purpose. Assuming that a breeder 
is looking for a. yOUll& sire that 'willmise the average butterfat test in 
his herd, by sound planning he would want a son of sire 4, since this 
SITe has shown that he tmnsmits an increased butterfat test to his 
daughters, and besides, his own dam had a butterfat test of 4.53 per 
cent. Having decided on the sire of his herd bull, the breeder finds 
there are five young sons available, sires 5, 18, 24, 29, and 30, as listed 
here. By the logic of pedigree selection, the breeder would choose 
sire 30 because he has the highest-testing dam of any of the available 
bulls. The dam of sire 30 tested 4.20 per cent, the half sisters aver
aged 4.36 per cent, [md the paternal granddam 4.53 per cent, and yet 
when this bull was mated to cows whose average test was 4.16 per 
cent, he sired daughters that averaged 4.05 per cent, or 0.11 per cent 
less than their dams, and every daughter fell below her dam. On the 
other hand, sire 24 from the lowest-testing dam of any of the five sons, 
was mated to dams whose average test was 4.26 per cent and had six 
daughters which ave.raged 4.37 per cent, or 0.11 per cent higher than 
their dams, and four were better than their dams. The daughters of 
sire 18 just about equaled their dams in butterfat test; those of sire 
5 fell below their dams; and although the daughters of sire 29 averaged 
0.07 per cent higher than their dams, half of them tested lower. These 
results again point to the heterozygous condition of the animals in this 
study for percentage of butterfat as weUll,s milk production. 

(. 

., ,. 
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Sire 11 had four sons from tested dams. The dam of sire 11 tested 
4.15 per cent, and his 48 daughters from dams that tested 3.99 per 
cent averaged 4.18 per cent, 37 of the daughters exceeding their dams. 
The data on the four sons are presented in Table 39. 

TABLE 39.-Comparative res1llts on sire 11 and Ms four sons, relative to their trans
mitting ability f01" percentage of butteljat 

Average butterfat test of Increase Numher of duugh
siro's- in butter- ters lIIaking

1__---;__-,___1 fat test 
Sire No. 	 of daugh-'-----,-- 

ters over DaughDam Mates their Increaso Decreaseters dams 
------1------------------

Per cent Per cent Per cent Per cent Nn11lber Number 
1L________________________________________ 4.15 3.09 4. 18 0.19 37 II 

33_________________________________________ 
23_________________________________________ 1.50 3.65 3.99 .34 13 1 
40________________________________________ _ 4.26 3.95 4.21 .26 19 1 

3.79 4.09 4.14 .05 7 415_____________.. ________________ . __________ 3.61 4.02 4.19 .17 7 3 
Total or average ______________________________ _ 3.90 4.13 .23 46 9 

Two of the sons of sire 11 (Nos. 33 and 23) had 34 daughters, 32 of 
which tested higher than their dams, but neither group of daughters 
averaged so high as the dam of their sire. The other two sons were 
out of lower-testing dams, and 14 of their 21 daughters tested higher 
than their dams and both daughter groups averaged higher than the 
dams of their sires. These sons collectively make an unusual showing 
in their ability to increase the average percentage of buttedat, and 
their daughters from all grades of dams are almost lmiformly better 
than the avemge. 

SIRES THAT INCREASED BOTH QUANTITY OF MILK AND PERCENTAGE 
OF BUTTERFAT 

As the data on the 51 sires from the standpoint of their ability to 
transmit the factors for milk production and percentage of butterfat 
ha,ve already been discussed separately, there remains for consider
ation those sires that have the ability to increase both these charac
teristics in their offspring. Although many breeders may not feel 
deeply concerned about improving the percentage of butterfat and 
would rather concentrate their efforts toward raising the quantity of 
milk per cow, there is reason to believe that sires can be found which 
have the factors for increasing both the quantity of mille and the 
percentage of butterfat. 

On a basis of averages, 19 sires raised both the quantity of milk 
and the percentage of butterfat, 9 raised the quantity of milk and 
lowered the percentage of butterfat, 17 decreased the quantity of 
mille and increased the percentage of butterfat, and the other 6 lowered 
both. 

The sires that increased both the average mille production and the 
percentage of butterfat sired 261, or 42.7 per cent, of all the daughters 
III this study, but they had 117, or 61 per cent of the 192 daughters 
which exceeded their dams both in quantity of production and per
centages of butterfat, and only 29, or 28 per cent, of the 104 daughters 
that were lower than their dams in both quantity and percentage. 
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The sires that lowered both the milk production and the pcr
centage of butterfat had only 11 pel' cent of the total numbcr of 
daughters and only 5, or less than 2 per cent, of the group that 
increased both milk production and butterfr. t peL'Centage, and 30, or 
29 pec cent, of the 104 which dropped below dams in both milk pro
duction and butterfat percentage. 

The averages of dams to whIch these four different classes of bulls 
were mated and the avert"Lges of their daughters are presented in 
Table 40. 

TABl~E 40.-Average increase or decl'ease in milk and butter/at prod'uct-ion, and in 
butte/jat test by daughters 0/ different groups of s'ires oUeI·the dmns of the daughters 

'Milk produc- Increase BuLterfat pto-Irncrease Butterfat I 
fncrense 
(+) or 

tion of- (+) or duction of- . (+) or test of
decrense decrease dccrcnsoSire group (-) in (-) ill (-) illmilk Daugh- butterDaugh- Duugh- butter-Dams pro- Dams f"tpro- Damsters tors ters fat test duetion [Iuetion 

19 sires, increased both milk 
yield and butterfat per- POIl.7JriS Pownds Pou7Ids POU7Iri" Pou7Ids POlL7Ids Per cent Per cent Per centcell tage ____________________ 11,29{l 12,310 +1,014 448 502 +54 3.94 4,09 +0,15 

9 sires, increased milk yield
and decreased butterfat
percentng<L________________ 11,151 12,417 +1,266 454 469 +15 4.06 3.87 -.19 

17 sires, decrensed milk yield 
and increased butterfatI)Crccntage______ -__________ 11,769 10,9n3 -776 464 400 -4 3.95 4.16 +.21 

6 sires, decreased both milk 
yichl and butterfnt pcr • 

ccntngc_ ... ______________ .. __ ... 12,446 11,167 -1,279 436 -74 4.10 3.94 -.16510 I 
I Ayerage of the buttcrfnL tcsts of aJl cows ill ench group. 

'When measured in terms of total butterfat yield, the difference 
between the end groups is strIking, ns nn increase of 54 pounds WitS 

made by daughters of the 19 bulls as against n decrease of 74 pounds 
for the get of the 6, but there Is only n clifYerence of 66 pounds between 
the avcl'uges of the two groups of daughters I and u disparity almost 
equally as great between the Itverages of the dams to which these 
bulls were mated. 

Analyses of individual bulls on a basis of the records jll incre'asing 
or decreasing both the quant.ity of milk and the pe1'centn~e of butterfat 
would result in much repetitIon of what had already been w-ritten, 
but one of the outstunding sires in thIs respect is sire 4. Mated to 13 
clams thnt nvernged 11,793 pounds of milk testing 3.74 per cent 
butteri'nt, he increased milk production by 1,159 pounds und the 
butterfat test by 0.62 per cent in his daughters. Eight were bettel' 
in bo(;h milk yield and blltterfat test, find all but one tested higher 
than their dams. This unusual showing stamps this bull as prepotent 
1'01' both increased milk yield Imd butterfat Pbrcentage find gives him 
first rank on l1,vernge incren,se ill quuntity of buttcrfttt. 

Another good bull on thIs combined basis is sire 6 with 10 of his 14 
daughters higher in both milk yield and percentage of butterfat. 
One of his failures is the dltugh tel' of n cow with a yeady :record of 
more than 21,000 pou,nds of milk 

A very good showing was made by sire 11, 27 of his 48 daughters 
being better in both respects than their (hUllS. ,... 
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Of the six poor bulls) sire 51 decreased the milk yield of 6 of his 7 
daughters and lowered the average 2,104 pOl/uds, amI 5 of his daugh
ters tested lower thau their dams for an twerage decrease in butteIfat 
of 86 pounds. 

Most of the other individual sires show the contradictory up and 
down results which are characteristic of the heterozygous material in 
this study. 

INDEPENDENT INHERITANCE OF QUANTITY OJ!' MILK AND 
PERCENTAGE OF BUTTERFAT 

Further evidence of the independent inheritance of the factors for 
milk production and those for percentage of butterfat in the milk is 
afforded by this sj;uuy. In 25 of the 51 dam-and-daughter groups 
the quantity of milk and. percentage of butterfat went together, 
either up or down, while in the remaining 26 groups the quantity of 
milk was increased and the percentage of butterfat lo"wered, or vice 
versa. 

A study of the production records of the 611 pltirs of dams and 
daughters gives a similar result as 192 daughters were better than their 
dams in both quantity of milk and percentn,ge of butterfat, and 104 
were poorer in both, making a total of 296 cases where quantity of 
milk: and percentage of butterfat moved together. In 315 cases one 
factor was miseel and the other lowered, 134 daughters exceeded their 
dams in milk production but fell below in percentage of butterfat, 
while the other 181 daughters produced less milk but raised the aver
age butterfat percentage. 

SUMMARY AND CONCLUSIONS 

The 611 daughters produced 164 pounds more milk and had a 0.10 
per cent higher butterf!tt test than theu· dams. This is a measure of 
the rate of progress made in a generation, through accepted breeding 
practices. " 

Permanent breeel improvement in milk production can not be 
accomplished through female selection except by continued extensive 
culling which is costly and wasteful. 

One of the most strildng conclusions presented by this study is the 
extremely heterozygous genetic make-up of these animals in so far as 

:;- the factors for milk production are concerned. Evidence of this condi
tion crops up continuously as the data arc revie"wed. 

Sires whose dams have milk records of more than 12,000 pounds 
appear to be better sims of milk production than are the sires from 
untested dams or frolll dams with records of less than 12,000 pounds, 
whenlllatecl to cows with records of 9,000 to 13,000 pounds of mille 

Sons of cows having a butterfat test of more than 4 per cent sired 
daughters testing somewhat higher than did the daughters by sons of 
untested dams or the sons of diuns testing below 4 per cent. 

With small munbers of pairs of dams anel daughters us here studied 
there is no indication that coefficients of correlation or variability have 
any significance in determining tbe breeding vulue of males or 
females. 

It is doubtful if very many sires will ever b!1Ve a sufficient nlUnber 
of daughters to offer suitable statistical material. 
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The cow's record indicates her milk-producing ability but is not an 
infallible guide as to her transmitting ability. 

It appears that very little information regllrding the inheritance of 
milk and butterfat production in dairy cattle will be evolved from 
studies of advanced-registry records: (1) Because of tIle heterozygous 
condition of the aninlals dealt with, (2) because they come from It very 
small and unfairly selected portion of the total dairy-cattle popula
tion, and (3) because of the lack of control of environmental condi
tions which so strongly inHuence milk and. butterfat production of 
dairy cows. 

The 1vfendelian laws of inheritance are adequate to e:A-plain all 
breeding results surveyed here when due allowance is made for the 
effects of a fluctuating environment. There is no 'evidence in these 
data for the assumption of sex linkage in the inheritance of milk 
production. . 

The influence of good sires is best illustrated by the average increase 
in milk production made by the daughters of It selected group of 10 
sires. TIllS increase was more than eight times as much as for the 
entire group of sires. 

Tills study of the results which have come from the practices 
followed by the leading breeders of Ayrshire cattle during the period 
reviewed strengthens the theory thllt substantial improvement in 
dairy-cattle bree(ling can be made only by f\. better choice of herd sires . .. 
In all cases where gr'OUps of bulls were selected on a bllsis of their 
performance the results show the soundness of the use of proved sires 
for herd imprO\Ternent. 

Evaluating the transmitting ability of a proved sire requires a 
complete analysis of the performn,nce of flll his daughters, due con
sideration being given to the environmental iniiuences. This 
necessitates a study of the herd in which the sire was proved. Cor
rection factors designed to equalize these environmental influences are 
of questionable value, as therc are no descriptive terms that will 
adequately define the variable conditions under which cows are tested. 
The certainty of success in breeding for uniformly high prod uction is 
a sufIicient incentive to cause the foresighted breeder to train himself 
to study and anfLlyze performfLnce records in order properly to select 
a proved sire. A generation ago much effort WfLS applied to pedigree 
analysis, and the same amount of effort devoted to mastering the 
intricacies of record fLnalysis and proper interpretation will equip a 
breeder properly to select sires for his herd. 

The authors are of the opiuion thltt no so-called bull index in 
existence to-day is so formulated as to afl'oru a guide to constructive 
breeding procedure. At best, the bull index gives only a relative assay 
of the value of an animal ItS a sire. In a group of poor sires the one 
with the best index would still JILilas Il, sire of daughters of illgh-milk 
production. 
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