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PURPOSE, PLAN, AND PROGRESS OF THE INVESTIGATION 

The original purpose of this investigation in inbreeding grade 
cattle was ;0 determine whether a good dairy herd could be bred up 
from an ordinary one by the use of only one good bull. The plan 
was to mate all the female offspring with their own sire throughout 
his entire useful life_ The investigation was started in 1912 at the 
United States Dairy E:lI..-periment Station at Beltsville, Md. In that 
:rear 16 cows of mi.xed breeding and of only average production 
were purchased for the e:ll..-periment. The appearance of these cows 
indicated the presence of Shorthorn, Angus, Hereford, and Jersey 
breeding. A well-bred Guernsey bull, Imp. Prince Billy of Rich 
Neck 17799, was purchased to mate vv-1.th them. In the next year 
11 grade Jersey cows, which were sOI1lewhat higher producers than 
the cows in the original purchase, were added to the herd; and at 
about the same time a registered Holstein-Friesian bull, Johan 
Woodcrest Lad 11th 103987, was purchased. Inasmuch as the 
resUlts of such a breeding e:ll..-periment would depend largely upon 
the individuf\\lity of the bull used, it was thought best to have two 
bulls of different breeds and to mate some of the cows with one 
bull and some with the other; but in each case to mate the female 
offspring with theiJr own sire for successive generations. 

The investigation proceeded substantially as planned lmtil the 
herd became infected with infectious abortion. This disease appeared 
in 1914, and in 1918 had become so severe that an effort was made 
to check it by dispol;ling of the affected animals, The disease, 

14Q5~O-3?-1 
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coupled with the efforts to (,radicate it, nearly terminated the eJl.-peri­
ment. The females of the Guarnsey group were breeding 'with such 
uncertainty that it was decided to discontinue the work with that 
breed. Enough females of the Holstein group were salvaged to 
warrant continuing the experiment with tIns breed. 

"When the Holstein sire, Johan Woodcrest Lad 11th, became 
impotent, a fair start had already been made in the inbreeding of 
grade Holsteins. As no injurious results from the practice were yet 
app:Lrent, it was decided to continue close inbreeding for the pur­
pose of determining its effects upon the health, size, and production 
of the cattle. The second sire used in th~ Holstein group was an 
87.5 per cent inbred son of the firSG sire, Johan Woodcrest Lad 11th. 
The. third sire was a 75 per cent inbred son of the second sire. The 
fourth sire was the result of mating the tInrd sire back to Ins own 
dam, and he is still in sernce. The plim has been to select for service 
those bulls mos'l; intensely inbred. 

As used in this publicat.ion, the terms "50 per cent daughter of 
a bull," and" 50 per cent son of a bull," mean the offspring obtained 
when the bull is mated with a cow that is either unrelated or only 
distantly related to mm. A 75 per cent daughter or son of a bull 
is the result of mating the bull with one of his 50 per cent daughters, 
and an 87.5 per cent daughter or son of a bull is the result of mating 
him with one of his 75 per cent daughters. 

The offspring of unrelated parents arc referred to as "outbred" 
animals, and the offspring of parents so closely rebted as a sire and 
daughter or brother and sister are referred to as "inbred." 

Most of the cows with which the second Holstein sire was mated 
were 50 per cent outbred daughters and 75 pm cent inbred daughters 
of the first Holstein sire, while the second sire himself was an 87.5 
per cent inbred son of the first sire. For tIns reason the terms 50 
and 75.per cent, as applied to the daughters of the second sire that 
were out of ills half-sisters, fail to e~"press the full extent of the 
inbreeding. 

The results of tills investigation are measured by: (1) Birth 'weight 
and normality of calves; (2) weight at maturity; and (3) production 
of milk and butterfat. For the experiment with Holstein sires 
additional data are presented on the number of services required for 
conception, the growth and vigor of calves, an~ the vigor of cows. 

In order to bring all this information to a comparable basis, it was 
necessary to use certain correction factors: (1) To make the birI;h 
weights of grade Holstein calves from immature dams comparable to 
those of calves from mature dams, 4 pounds was added to the birth 
weight of each of the calves from 2-year-old dtl.ms. (2) To make the 
birth weight.s of the bull calves comparable to those of the heifer 
calves (the number of calves was insufficient to justify tl. study of 
each sex), 7 pounds was deducted from the birth weight 01' each of 
the bull calves. 

These correction factors were determined from data collected in this 
experiment, and were found to be the same as those obtained in the 
study conducted by this bureau at its Huntley, Mont., Experiment 
Station,1 on factors influencing variation in weight of dairy cows and 
calves. 

1 MOSELEY, T. W., STUART, D., and GRAVES, R. R. DAIRY WORK AT THE HUNTLEY FiELD STATION, 
~UNTLEY, !dONT., 1918-192i. U. S. Dept. Agr. Tech. Bu!. 116: 24-29. 1929, 
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Sufficient data from which to prepare similar correction factors 
for the grade Guernseys ';Vere not, obtainable. The correction factors 
for this breed were adapted from those used for the Holsteins by 
assuming figures approximately proportional to the birth weights of 
;;he calves of the two breeds. Three instead of 4 pounds was added 
to the birth weight of calves from 2-year-old dams, and 5 instead of 
7 pounds was deducted from the birth weight of bull calves. 

The average body 'weights of the cows during lactation were deter­
mined by averaging weights taken 3, 4, and 5 months after calving 
if the cow was under official-test conditions, or 6, 7, and 8 months 
after calving if she was in the general herd. These weights were 
intended to represent a period when the cows were in good milking 
cODdition, but before they were heavy with calf. As the cows under 
official-test conditions were fed more liberally than those in the 
general herd, they gained in weight more rapidly after calving, and it 
was necessary to take their weights earlier in the stage of lactation 
than those of the cows kept in the general herd. In figuring the 
weights of young cows to maturity, the follow-ing age-correction factors 
prepared from records obtained in this investigation were used.: 

For cows 2 to 3 years old mUltiply the weight by 1.20 
For cows 3 to 4 years old multiply the weight by 1.11 
For cows 4 to 5 years old multiply the weight by 1.06 
For cows 5 to 6 years old multiply the weight by 1.02 

lvIost of the production records in this investiga,tion were made 
either with inmlature cows or with cows kept under herd conditions 
rather than under official-test conditions. If was necessary, therefore, 
to correct the production records for both of these fn,ctors. All of 
the gmde Guernseys and some of the grade Holsteins, as well as the 
foundation stock from which they sprang, were kept under herd 
conditions. In figuring to maturity the production records of all 
these animals kept under herd conditions the age-correction figures 
of Clark 2 for Holsteins and Guernseys were used. In correcting for 
age, the production records of grade Holsteins kept under test condi­
tions, unpublished figures prepared in the Bureau of Dairy Industry 
were used. The age-correction factors applied for such cows when 
exactly 2, 3,4, 5, and 6 years old at tinle of calving were: 1.40, 1.21, 
1.10, 1.04, and 1.00, respectively, with monthly gradations for inter­
mediate ages. 

In addition to correcting the production records for age, it was also 
necessary, as just stated, to convert those records made under herd 
conditions to an equivalent of those made under official-test conditions. 
In a prev-ious investigation,J it was found that cows kept under the 
official-test conditions used at the Beltsville station, gave 50 per cent 
more milk a.nd butterfat than they did when kept under ordinary 
herd conditions. Therefore, the herd reeords given herein, after 
being corrected for age of cow, were eonverted to the equivalent of 
test records by applying the fdctor 1.50. 

EFFECTS OF INBREEDING GRADE GUERNSEYS 

Th(' Guernsey bull Imp. Prince Bill}T of Rich Neck 17799, used in 
this work, was by Billy's France of the Isle 21183, and out of Froome's 

'('LAIIK, R. S. THE CDIIRELAT/o!'( BETWEEN CHANGES IN AGE AND )lILK PRODt"CTION OF ))AIRY COWS 
UN))ER OTHER THAN OFFICIAL TESTING CONDITIONS. Jour. Dairy Sci. 7:552. 1024. 

J 'YOODWARD, 1'. E. l!'(t'LUENCE OF TWO I'LANES OF FEEDING AND CARE CPON MILK PRODUCTION. Jour. 
Dairy Sci. 10:283-291. 1027. 
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Queen 28706, a cow ""i.th l1Il advanced registry record of 13,902 pounds 
of milk and 716 pounds of butterfat. A photograph of this bull is 
shown in Plate 1 (in pocket) nlong with those of five foundation cows, 
their daughters and granddnughter3. 

BIRTIl WEIGHT OF CALVES 

The average bh·th weight of the 50 per cant daughters of the 
Guernsey bull, and the I1verage bn:th weight of .Iris 'i 5 per cent calves 
from these 50 per cent dl1ughters ru:e presented III Table 1. Also, the 
I1verage birth weight of three of his 75 per cent daughters is compared 
with the a.verage bh·th weight of his 87.5 pel' cent calves out of these 
three daughters. 

'l'AllJ.E l.-Allerage birth weights of 75 a,Tld 87.5 per cent calves 1 compared with the 
average bl:rlh weillht8 of their dams, all by the Guernsey bnll 

, IA vernge j ( llH and 
.Descriptiull of cuI",,,, l('tll\'es IAhg;~1fe Descri;ltion of dnllls ., dum

Dams hl~ ,h . cornp lr­
weighL wOlgh l iSOJJ~ 

r. - ---1·--------- ;YlLl1l­
n U1II 

beT Pou.nds Ilrr I POlL'llds .LVumber
75 per conL ________________..I ~~ (),'j.S 50 per cent, daughters ,_____ J2 un.!J :to! 
87.5 per cellL________________ , a 61. 0 75 vcr cnnt daughters_______ 3 ti3. i a 

1 Corrected for age of dam and,sex of calf. 
, Birth weights of dams of tlleoe daughters unknown. 

Table 1 shows that there was a small but consi!'3tent decline in the 
birth weight of the calves in this group as the inbreeding became more 
intense. Another matter, however, must be considered in inter­
preting these datl1. Of the twelve 50 pel' cent dnughters in tIlls table, 
eight were out of dams of indiscrinrinate breeding. It may be pos­
sible that these eight dams had some "large-breed" ancestr~y und 
carried l1Il inheritance for greater weight at bh·th than that cftrried by 
the Guernsey bull, inwIrich case it would be expected that mating them 
with this bull for successive genern.tions would decrease the average 
birth weight of the calves. On the other hand, the foUl" remitinhlg 50 
per cent daughters ,vere out of grade Jersey cows, which no doubt 
carried an inheritance for smaller calves n.t birth than that carried by 
the Guernsey bull. These foUl" grade Jersey daughters had an average 
birth weight of 70 pounds and gave bh·th to eight 75 per cent calves' 
with an average birth weight of 61.6 pounds. Two of these 75 per 
cent daughters hnd an avern.ge birth weight of 63 pounds, and gave 
birth to two 87.5 per cent calves with an average bh·th weight of 61 
pounds. Therefore, inbreeding decreased the birth weights of the 
offspring from the four grade Jerseys, itlthough the use of the Guernsey 
bull probably would normally tend toward heavier calves. 

NORMAUTY OF CALVES AT BIRTH 

A number of deformed cnlves resulted from mating the Guemsey 
bull to his daugbters. Table 2 shows the total number of calves sh'ed 
by this bull, and the number of normal calves, abortions: deformed and 
dead calves, and normal still-born calves, from the foundation cows 
and from his 50 per cent daughters out of the'se foundatio'l cows. 

http:avern.ge
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TABLE 2.-Reprod1tctirn record of cows mated with the Guernsey bull 

-
OalvesI normalOalvesOows Recorded, Normal Abor- in con· Description of dams deformedmated cal\'ings calves tions forma­and tion butdead dead 

,----------------_.-
Foundation cows __________________________ 57 51 6 0 0
50 per cent daughters of Guernsey bulL ___ 48 22 19 6 1~I 

The large increase in number of abortions by the 50 per cent daugh­
ters as compared with the foundation cows can be attributed partly, 
if not wholly, to the prevalence of infectious abortion in the hern. 

.All the deformed calves either were dead at birth or died within a 
few hours. The anaton-tical abnormalities of a typical deformed calf 
are described by the veterinarian in charge of the herd, as follows: 

This specimen showed a compound curvature of the spine. The bodies of 
dorsal vertebr:.e were compressed laterally, resulting in a lateral curvature. The 
bodies of lumbar vertebrre showed anterior compression, resulting in posterior 
curvature. The lateml processes and spinous processes were modified somewhat 
in conformity to the changed positions which they assumed as a result of the 
modification o~ the body formation. The intravertebral foramina were lessened 
in diameter upon concavity of the curvatures which would have resulted in an 
impingement upon the ;~erves issuing from the spinal cord through them. The 
long bones of both anterior and posterior limbs showed marked curvatures with 
the convexities laterally away from the median line. The humerus and femur of 
each limb were abnormally shortened. The extremitks of these long bones were 
enlarged. The skull showed a general shortening and widening with a permanent 
bulging of the frontal bones. 

This description agrees closely with the appearance of deformed 
calves examined by Wriedt,4 who states that" these calves had greatly 
foreshortened heads and upper jawbone, and stumpy, crooked legs 
which could not support the animal's weight." Wriedt concludes 
that this type of deformity is caused by a double dose of a Mendelian 
recessive factor. 

It is probable that none of the foundation cows in the herd at 
Beltsville carried this recessive factor. In that case, approximately 
one-half of the daughters by Prince Billy of Rich Neck and out of 
the foundation cows would receive this factor from their sire. When 
this bull was bred back to his own daughters, the normal e)"-pectancy 
would be that approximately one-eighth of his inbred calves would 
receive the factor that causes this type of deformity, both from their 
sire and their dams, and would be deformed. Table 2 shows that out 
of 48 inbred calves by Prince Billy of Rich Neck 6 were deformed. 
This is the number that was to be e:x.-pected according to the Mondel­
ian ratio, where this deformity is caused by a double dose of a 
recessive factor, and confirm~ Wriedt's fIndings and observations. 

MATURE WEIGHT OF cows 

, The 12 fOlmdation cows produced 18 daughters for which body 
weights are available. The average weight of the foundation cows 
was 934; pounds, and that of the 18 daughters was 1,077 pounds. 
In order to make a better comparison of the weights of f01mdation 

4 "'RIEDT, C., HEREDITY IN un: "TOCK. p. i2. London. 11130. 
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cows, 50 per cent daughters, and 75 per cent daughters, Table 3 was 
prepared, including only those foundation cows having both daughters 
and granddaughrers. 

TABLE 3.-lVeights of five fouudation cows, and of their daughter.~ and grand­

daughters by the Guemsey bull 


______________________I_te_m________ cowsl~:~~~ 
b~~~g~~~_:~~~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: Numbrl POU;ratGranddaughters ,_ ______________________________________ ____________________ ________ __ 0 ' 956 

lOOper cent daughters of the Guernsey bull. 

275 per cent daughters of the Guernsey bull. 


As the foundation cattle were from an average farm herd, it is not 
unlikely that conditions under which they were raised made them 
smaller than they would have been if raised under more favorable 
conditions of feeding and mana~ement. The average weight of five ~ 
fOlmdation cows of mixed breeding (993 pounds) is a little less than 
the average weight of Guernsey cows. For these reasons the increase 
in weight shown by the 50 per cent daughters of the bull over their 
dams was to be expected. Everyone of the six 75 per cent daugliters 
of the Guernsey bull, however, was smaller than her dam. The aver­
age weight of these six 75 per cent daughters was 175 pounds less 
than the average weight of their dams, which were 50 per cent daugh­
ters of the Guernsey bull. This large decline can not be e:x-plained on 
any grounds other than the effects of inbreeding. 

PRODUCTION OF MILK AND BUTTERFAT 

All production records given in this report were made lmder ordinary 
herd conditions. If a cow had more than one lactation record, the one 
that was highest when figured to maturity was used. The records 
were either for complete lactation periods or for the first 365 days of 
prolonged lactations. The records of 12 foundation cows and of their 
daughters by the Guernsey bull are compared in Table 4, and a 
comparision of the'l'ecords of 5 foundation cows with those of 50 per 
cent daughters and of 75 per cent daughters of this bull is shown in 
Table 5. 
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TABLE 4.-Jl.filk and 	butterfat. records of foundation cows and of the 50 per cent 
daughters of the Guernsey bull 

Increase (+) or decrease 
Foundation cow~ 50 per cent daughters (-) of daughtefs over 

dams 

Cow Predominating 	 CowMilk Butterfat Milk Butterfat Milk ButterfatNo. blood 	 No. 

Pounds Per cent Pounds Pounds Per cent Pounds Pounds Per cent Pounds 
1 Shorthorn _____ 3,770 4.11 1M 33 6.378 4.78 305 +2,608 +0.6; +150 _____do_________1 3,770 4.11 155 41 4,693 5.60 203 +923 +1.49 +108 _____do______ "__1 3,770 4.11 155 56 5,016 4.67 234 +1.246 +.56 +79 
2 Jersey________! 8,184 4.73 387 40 744 4.70 35 -1.440 -.03 -352

Shorthorn _____5 6,004 3.43 206 54 9,929 3.86 083. +3,925 +.43 +177Guernsey______8 6,085 4.22 257 39 5,319 5.32 283 -766 +1.10 +26 _____0.0_________8 6,085 4.22 2.17 66 5,297 5.25 278 -788 +1.03 +21
Shorthorn ____9 5,501 4.11 226 .12 6,120 4. 7~ 291 +619 +.64 +65Jersey_________12 5,749 4.21 242 43 6,021 4.58 276 +272 +.37 +34 _____do ________12 5,749 4.21 242 57 16,650 4.62 307 +901 +.41 +65Shorthorn _____14 6,064 4.90 297 48 7,895 4.41 348 +1.831 -.49 +51 _____du_________

14 6,064 4.90 297 61 6,610 5.17 342 +546 o.{-.27 +45 
17 6,877 5.16 355 44 5,888 4.60 271 -989 -.56 -84Jersey_________ 

_____do_________
17 6,877 5.16 355 60 6,744 5.34 360 -133 +.lS +5 _____0.0_________17 6,Sii 5.16 355 S4 1,740 4.7S 370 +S6.3 -.38 +15 _____0.0_________21 10,431 4.56 476 

~I 
5,S40 4.90 286 -4,591 +.34 -190 _____do_________

21 10,431 4.56 476 7,535 4.38 330 -2,S96 -.IS -146 _____do_________24 8.224 4.17 <l43 47 8,302 4.81 399 +78 +.64 +56 _____do_________24 S,224 4.17 343 81 5,399 4.70 254 -2.S2.1 +.53 -S9 _____do_________
21 6.672 4.09 273 49 8,069 4.56 368 +1,397 +.47 +95Holstein_______32 9,549 4.43 423 53 7,035 4.65 327 -2,514 +.22 -96 
Average___________ 6,712 '4. ·15 299 ------ 6,344 '4.74 390 -------- -------- ~ -------
Difference in aver­ages_____________ --------	 -------- -------- -------- -368--------j--------A vernge, omitting 

No.2 and her
daught9r________ 6,639 6.324 '4. i4 314 


Difference in aver­ages_____________ -15---~~~:L--::-	 -;-;-~---~:
I 

1 Estimated from a fJ-month record. , Percentage based on the averages. 

TABLE 5.-i\-/ilk and butterfat records of flvefoundation cows and of the 50 per cent 
daughters and 75 per cent da'llghters of the Guernsey bull 

Foundation cows 50 per cent daugh~ers 75 per cent daugbters 

Cow 	 CowCowN;). Milk Butterfat Milk Butterfat IMilk Butterfat;-'T '. 	 No. 

Per Per Per 
Pound. cent Pounds Pounds cent Pounds Pound. cent PoundsL __________ 	 33_____ 00_____ 

5___________ 3.770 4.11 155 6,378 4.78 305 5,887 5.61 33054.____ 	 99_____
6.004 3.43 206 9,929 3.86 383 7.364 4.66 34312 __________ 	 57_____ 89_____5,749 4.21 242 6,650 4.62 307 ;,053 5.47 a8621 __________ 	 7L___ 95_____10,431 4.56 476 7,535 4.38 330 5.597 4.56 1.3[124 __________ 	 93 _____8L___ 

- I-- - I ­
8,224 4.17 343 5,399 4.70 254 8,877 4.60 ·H·"i 

Average__ 6,836 '4.16 284 --~----- 7,178 14.40 316 -------- 6,953 14.95 3M 

1 Percentage based on the averages. 

Although 15 of the 21 daughters of the foundation cows produced 
more butterfat than their dams, the average increase was only 1 
pound. One peculiar individual, cow 40 (Table 4) had much to do 
with bringing down the average of the daughters. As this cow was 
apparently in perfect health there appeared to be no justification for 
excluding her record. If the record of this cow and that of her dam 
were omitted, the average production of milk by the daughters would 
be about the same as that by the dams and the increase in butterfat 
would. be 20 pounds. 
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These tables show that the successive matings with the Guernsey 
bull lowered the production of milk and increased the percentage of 
butterfat, resulting in a small increase in total butterfat. Three of 
the .five 75 per cent daughters produced more butterfat than their 
dams i the average increase o\-er their dams was 28 pOlmcls. 

In percentage of butterfat the fiT~ fOlmdution cows ranged from 
3.43 to 4.56 per cent, a. difference of 1.13 per cent. (Table 5.) The 
outbrecl daughters ranged from 3.86 to 4.78 per cent, a difference of 
0.92 per cent. Both the low and the high percentages were increased. 
The inbred daughters ranged in percentage of butterfat fTom 4.56 to 
5.61, a difference of 1.05 per cent. Both the low and ther..J.gh percent­
ages were markedly increased. It appears that this sire was able to 
raise the level of the butterfat test in his outbred daughters and, 
through the concentration of his inheritance, to raise it still further 
in his inbred daughters, although the variability was not greatly 
decrea.ned. The average perrentage of butterfat for the five founda­
tion dams was 4.16, the average for their fiye outbred daughters was 
4.40, and the aTe rage for the fiye inbred daughters was 4.95 per cent. 

COLOR MARh.j:\GS 

The Mendelian behavior of spotting is illustrated in the color pat­
terns of the daughters of this Guernsev sire from cows of broken and 
solid color. CO~\- 1, in Plate 1, was it grade roan Shorthorn. The 
roan color was eliminated in one cross. ,All the foundation cows of 
solid color had offspring of solid color in the first generation and all but 
one of the inbred cows that descended from foundation cows of solid 
color were of solid color. It is known that spotting is recessive to solid 
color. Apparently these foundation cows were pure in their inherit­
ance for the factors determining solid color, and, therefore, could not 
transmit the inheritance for spotting to any of the first-generation 
heifers; and since the inheritance [or solid color is dominant, these first­
generation daughters would be of solid color regardless of whether 
they received an inheritance for spotting frem their sire. On the other 
hand, this sire carried yery little white for a Guernsey. Except for 
some white on the belly and on one leg he was of solid color. Ordi­
narily it would be e:q)ected thatmore of the inbred daughters would be 
spotted but it is entirely pcssible for the spotting to crop out in only 
one of this limited number of inbred daughters, even if the sire is 
transmitting spotting to all his offspring. That he did transmit the 
character for broken color is shown bv the fact that both his outbred 
and inbred daughters from the spottecl foundation cow 23 are broken 
colored. 

EFFECTS OF INBREEDHW GRADE HOLSTEINS 

BREEDING OF BULLS.USED 

The first Holstein bull used in this work, sire I, Johan Woodcrest 
Lad 11th 103987, was by Johan '\Yoodcrest Lad 52145 and out of 
Lillian Walker Nucline 16229, a cow with an advanced-registry 
record of 16,229 pounds of milk ancl518 pOlmcls of butterfat at the age 
of 2 years and 4 months. 

Tl~e second bull used, sire 2, was an 87.5 pel' cent son of sire 1. 
Photographs of sire 1 and sire 2 nppear in the illustrated pedigree of 
sire 2 shown in Plate 2. (In pocket.) 
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The third bull used, sire 3 (pI. 3, in pocket), was a 75 per cent son 
of sire 2. Sire 3 died of bloat at the age of 2 years and 3 months. 

The fourth bull, sire 4, now in service, is the result of mating sire 3 
with his own dam. 

BREEDING OF FOUNDATION COWS 

The immediate ancestry of the flIst eight cows listed below is 
unknown. The opinion on their breeding is based upon their appear­
ance. The next six cows were by sires of known breeding. 
Cow No. Breeding Cow No. 	 Breeding7 ______________ _ 	 29_____________ _

.Jersey-Shorthorn. 	 Grade Holstein.18_____________ _ 	 33_____________ _
Grade Jersey. 	 Grade Guernsey.20_____________ _ 	 34 _____________ _Do. 	 Grade Jersey.21 _____________ _ 	 84_____________ _

Do. 	 Do.23 _____________ _ 	 93 _____________ _
Do. 	 75 per cent inbred25_____________ _ Do. 	 Guernsey.A-6 ____________ _ 	 A-13___________ _Grade Holstein. 	 Grade Holstein.A-7____________ _ Do. 

Photographs of these cows along with those of their offspring by 
sire 1 and sire 2 are shown in Plates 4 and 5. (In pocket.) 

SERVICES REQUffiED FOR CONCEPTION 

Complete service records of the animals in this experiment have 
been kept for a number of ytlars. The average number of services 
per conception for the animals of varying degrees of inbreeding for 
the period from January 1, 1923, to July 1, 1930, is given in Table 6. 

TABLE 6.-Services required for conception by cows with different intensities of 
inbreeding 

.A\'emge
Cows ser\~i{.'esIntensity of inbreeding served 	 per con­

t-eptilln 

-----------~ 

Cows served by sire 2, an 87.5 per eent son of sire 1: 
0 14.4 
5 	 2.0@87.5:~per ennt daugbter ~~~ g:~~~~~~ ~~of sire L __________________________________________________~l~~ i=:-:-==========_===================================:::=_ 1 1.3 

Cows served by sire 2 or sire ~, tbe latte t being a 75 per cent slln of sire 2:Cows unrelated to tbese slres ______________________________________________________ 0 	 2.850 per cent daughters of sire 2 ____________________________________________________ _ 19 2.775 per cent daughters of sire 2 _____________________________________________________ 
9 	 2.4 

I It the record of 1 cow sen'ed 14 times were omitted the average would be 2.4. 

Table 6 shows that the inbreeding of these cows did not adversely 
affect the readiness with which they conceived; in general, the average 
number of services per conception decreased slightly as the intensity 
of inbreeding increased. Compared with the other cows at the 
Beltsville station, the cows in this e)..-periment required fewer services 
per conception. 

GESTATION AND NORMALITY 01' CALVES 

Since January 1, 1926, more complete gestation and calving records 
than formerly have been kept. In tIle period from that date to 
March 14, 1931, 104 calves in this e)..-periment were born. Of these 
89 were inbred and 15 outbred. All the outbred calves were nornlal 
in every way. Of the inbred calves, however, 4 were carried full 
time but were born dead, 1 fetus was mummified, and 3 were abor­

146522°-33--2 
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tions (not infectious). Thus 9 per cent of the gestations in which 
inbreeding was a factor terminated abnormally. 

Comparable £gures for l26 outbred registered Holstein calves in 
the general herd are: 112 normal, 9 carried full gestation period but 
born dead, 2 mummified fetuses, and 3 abortions (not infectious), or 
11 per cent of the gestations terminn,ted abnormally. 

If the results from the grade herd only are considered, inbreeding 
appears detrimentaL On the other hand, if the inbred grades are 
compared with the outbred registered Holsteins, little difference in 
the efficiency of breeding as regards gestation and normalcy of calves 
is found. 

Only one deformed inbred calf has been produced. This was some 
years previous to the period stated above. The calf was the result. 
of mating sire 1 v,ith one of his 50 per cent daughters. The posterior 
part of the spinal column, including the tail, was missing and the 
calf was dead at birth. The deformity was entirely unlike the 
"bulldog" calves described in the discussion of the inbred Guernseys. 
As there was only one deformed calf, and as it was less intensely 
inbred than many of the calves born subsequently, it does not seem 
reasonable to attribute this one case to inbreeding. 

BIRTH WEIGHT OF CALVES 

The intensity of inbreeding and the average birth weights of the 
calves are shown in Table 7. The birth weights of only three of the 
foundation cows are known. 
TABLE 7.-Birth weights of grade Holstein calves, oulbred and of various degrees of 

inbreeding 

' CnJ[ 1 A"erage birth 

I 
\ and ~ weight 

Group Calves Dams dum 1----­
com- I j 

• pari· : Calves! Dams\ Isons : 
----------- ----------!--~--.--I BY- SlIt'E ] t I 

·Nu11lber'Pounds I PO'L1,ds 
A _ ••_•• fiO per cent calves (outbred) ... l Foundation cows •.•• ____.._••.._..._•• ; 4 84 . i1 
B •.••_.· 75 per t'ell! cah'es (inbred) •••• · 60 percellt daughters oEsire 1 (outbred). 21 85 82 
('._._•• : 87.5 per cent calves (inbred)_. i5 per cent daughters of sire 1 (inbred) •.! 3 j 86 68 

I I ! !IIY SIRE 2 I 

D ..••_.l 50 peT cent calves (outbTed)_ .• ('ows unrelated to sire 2••.••..•••..•__ JO i 87 69 
D I •••. · 75 por cent cal\"es (inbred) •..• 50percpntdaughtersofsire2(outhred) i 0 I SO 87 

(soe D'. : 
E ••• _•• • 50 per tcnt cal,-es (in!)rcd) •.•• 50 pert'entdaughtcrs of sire I (otllbreclLl 15 113 S2 
E 1_.•. : 75 per cent calves (inbred) •••_: Dnughters of sire 2 from Outbred 8 86 loa 

; I daughters of sire 1 (see E). 
F ••.•._1 50 rer cent ""I\"os (inbredl •.._ 75 per cent d.aU~ht.e.rs of sire J (inbredl., 12 79 82 
FL••••' 75 pm cent calves {inbred) ••.. ' Daughters or sire 2 from inhred dnugh· S 71 S5 . I J~TS of sire J (seo 1-'). . 
G•..••• 50 per cent calves (mb::ed) ..... , 81.0 l)er cent daugbter of sire 1 (mbred)., 4 75 i 93 

llY SIRE a' I I 
H ••.••• •10 per cent cah'es (lnbreclJ.... 3 daughters of sire 1; 14 daughters of . 17 68 87

I sIre 2. I1 
1 An 87.5 rer cent son of sire 1. , A 75 per e'Cnt son of siro 2. 

Because of the difficulty of showing clearly the breeding of the 
calyCS shown in Table 7, the diagrams in pedigree form have been 
prepared for each group of calves. (See pages 12 to 18.) The group 
designation on the left side of each pedigree corresponds to the 
similar group designation of the calves shown in Table 7. 

http:aU~ht.e.rs
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In interpreting the data, presented in Table 7 the effect of breed 
must be considered. The outbred cD,lves both by sire 1 a,nd sire 2 
of Holstein breeding were much larger at birth than were their d!1ms. 
This was to be expected in view of the fact that Jersey and Guernsey 
blood predominated in the dams. In the calves by sire 1 the birth 
weights show a I)J';)gressive increase with increase in percentage of Hol­
stein breeding from successivematings of sire 1 with his own daughters. 
This is whn,t would ordinarily be expected if the inbreeding had no 
adverse influenee. However, the greatest a,Yemge birth weight of 
any of the three groups of ealves by sire 1 was 86 pounds, which is 
somewha,t less than tbe normal birth weight of registered Holstein 
calves. At the Bureau of Dau'y Industry station at Huntley, Mont., 
79 Holstein calves had an n.vem~e bu·th weight of 92.5 pounds (using 
the same eorrection factors as III this investiga,tion); at the station 
Itt Ardmore, S. Dale, 17 heifers had n.n n.vemge birth weight of 90 
pounds, tbe same as 23 heifers at the University of lvlissomi; and at 
Beltsville, :Md., 27 heifers avemged 97 pounds n,t bu·th. The n.verage 
for the 146 calves is about 93 pounds, which may be considered as 
fau'ly close to the average for the breed. 

The bu·th weights of the cn.lves by sire 1 show the contmsting 
influences of breed, size, a,nd inbreeding. The outbred daughters 
are much smn.lJer than is normal for the Holstein breed because of 
the inf:luence of the inheritance for smaller size possessed by the 
Joundu.tion dams in which Jersey breeding predominated. Of the 
Jour fOllndn,tion cows mated to sU'e 1 ('rable 7), for which an avemge 
birth weight, \:;1' 71 pounds is given, one wns n, grade Holstein, one was 
ll. gmcle Guernsey, and two were gmde Jerseys. Somewhat the same 
proportion of these three breeds is fOllnd in n.U the foundn.tion cows 
or dams of the 50 per cent daughters of sire 1 given in group B. 
As the peree.ntnge of Holst.ein breeding increases the birth weight of 
the cn]ves increases, showing thu.t sIze is controlled by multiple 
factors, but even the cnIYes carrying 87.5 per cent Holstein breeding 
n,re still considernbly smn.ller nt birth thnn is normn.l for the Holstein 
breed. This failure of th('. calves cm.T}ring 87.5 per cent Holstein 
breeding to ren.ch the normn.l size for the breed might be n.scribed 
to three things: (1) Some of the fn.ctors for smILlIeI' size thnt were 
received from the foundntion dams may still be present; (2) the 
inf:luence of inbreeding (these calves are the result of t.hree crosses 
to sire 1); (3) sire 1 mlL}T hn.ve possessed nn inheritance for size at 
birth that was below the a,vemge for the breed. 

The calves by sire 2 (Table 7), both those out of cows nnreln,ted 
to him n,nd those out of 50 per cent daughters of sire 1, were larger 
I1t birth thitn their dllms were n,t birth, but this relationship did not 
hold true ItS the inhreeding becnme more intense. The 10 foundn,tion 
dams of the outbred calves of sU'c 2 comprised 3 grade Holsteins, 3 
gl"llde Guernseys, and 4 gmde Jerseys. ·When the jnbred du.ughters 
of sire 1, designn,ted in Table 7 ns 75 and 87.5 per cent dn.ughters; 
were mated with sire 2, the en]ves bad an a.vorage birth weight lower 
that that of theu' dnms. Three dn.ms produced the eight calves in 
the El group. The dam of four of the calves hnd u bu"th weight of 
] 07 pounds, the drun of tlll'ec of the calves bad n. birth weight of 98 
pounds, nnd the third dum bud a birth weight of 105 pounds. The 
75 per eent culycs by sire 2 and out of diLIns thut were not Telated to 
sire 1 also hnd a lower birth weight than their dams. 
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The calves by sire 2, shown in groups Fl, El, G, F, and E in Table 
7, are the most intensely inbred, the intensity of inbreeding being 
approximately in the order given here. It is impossible to present 
accurately the degree of inbreeding in any group because the grade 
foundation dams may appear in the sire's and dam's ancestry a 
different number of times for different individuals within a group. 
In Table 8, which shows the variation in weight of calves by sire 2, 
according to the intensity of inbreeding, is shown the coefficient of 
inbreeding as calculated by the Wright method based on the appear­
ance of the sires in the pedigree alone; the number of times that 
sire 1 appears in the pedigree (sire 1 being the individual whose 
inheritance is most concentrated), and the percentage of grade breed­
ing remaining on the sire's and dam's side of the average pedigree 
representing these different groups. 

TABLE 8.-Variation in weight of calves by sire f3 according to intensity of 
inbreeding 

Ornde breeding Average 
r • h remaining OD- weight

W rIg t's Times A vernge more (+l
Group e~Tr~:nt sire I 1-----;----1 weight or less 

(-) thanbreeding appears S~:r:;f ~3~~~ of cnlvos that or 
pedigree pedigree <lams 

------------/----1---------------
Per cent N1Lmber Per cent Per cent Pound. Pownd. 

SO. 8 8 12.5 18.75 71 -14 
45.3 7 12. 5 31.25 86 -17 
40.3 6 12.5 12.5 75 -18 
32.8 5 12.5 2lj 79 -3 
21.0 4 12.• 5 50 93 +ll 

Except among the calves in group El, there is a tendency for the 
calves to be smaller at birth as the degree of inbreeding becomes 
more intense. As has been explained the eight calves in El group 
were all out of three dams who were themselves larger at birth than 
the average for the breed. The decline in weight in this group, how­
ever, is second only to that of the calves in group G. The foul' 
calves in group G are all out of the same'dam and her average birth 
weight, 93 pounds, was considerably higher than that of the other 
87.5 per cent daughters of sire 1. 

The decrease in birth weight of the calves by sire 3, shown in Ta.bIe 
7, is marked. Of 17 calves by this sire not one had a birth weight 
greater than that of its dam. Whether a part of this decrease might 
be due to an inherent character of sire 3 to beget, small calves can not 
be determined definitely from the data available. There is evidence, 
however, that he can sire calves of good size; jn the one case in which 
he was mated with an unrelated cow, the calf weighed 98 pounds. The 
same cow when mated with sire 2 had a calf weighing 97 pounds. It 
would appear that the very low average birth weight of his calves 
(68 pounds), as compared to that of their dams (87 pounds) as shown 
in Table 7, must be attributed to inbreeding. 

Additional data on two cows, each mated with a different bull, 
tend to strengthen the conclusion that intense inbreeding may result 
in lower birth weight of calves. Cow A-26, shown in Plate 4, was 
mated with an unrelated registered Holstein bull and ha.d a calf 
weighing 90 pounds; the same cow when Inated with her own sire 



TECHNICAL BULLETIN 339, U. S. DEPT. OF AGRICULTURE20 

(sire 2 of this e}..-periment) had a calf weighing 72 pounds; and when 

she was mated with her son, by the same sire, the resulting calf ,veighed 

63 pounds. Cow 94, shown in Plate 4, a 75 per cent da,ughter of sire 1.. 

was mated twine with sire 1 and produced two calves with an average 

weight of 82 pounds; the same cow when mated with her son by the 

same sire produced three. calves with an average weight of 76 pounds. 

MORTALITY OF CALVES 

Of the 54 normal female calves born in the Holstl~in group of' this 

experiment in the 10 years ended January 1, 1931, 41 were inbred and 

13 outbred. All the outbred calves lived f'or a yeur or more but 5 of 

the inbred calves died. One died of navel iniection, 1 of pneumonia, 

and 3 of pneumonia with complications. Of the 89 outbredregistered 

Holsteins born in the Beltsville eA-perimental herd during the same 

period, only 2 died before reaching the age of 1 year. One died of 

pneumonia, the other of digestive troubles. 
As all the grade calves that died were inbred and as the percentage 

of mortalities was somewhat greater with the inbred grades than with 

the outbred registered Holsteins, the indications are tha.t the inbred 

calves lacked the vitality of the outbred calves. However, some 

consideration should be given to the fact that three of the five deaths 

among the grades occurred during an epidemic of' pneumonia; tha,t 

the number of inbred calves was relatively large at the time; and that 

one death was the result of navel infection. 

RATE OF GROWTH OF CALVES 

Table 9 shows the weights, at various ages, of' daughters of sire 1 

and sire 2, and certain dam-and-daughter comparisons are in,,:;lucled 

for sire 2. This table also gives the weights of registered Holstein 

calves at Beltsville and other stations. 

TABLE 9.-TVcights of olltbred and inbred daughters of sires 1 and 2 and of callies 

from other herds at lIarious ages 1lp to 2 years 

DAUGHTERS OF SIRE I 

A\'ernge weight nt age 01-

Ani­
Group Breeding or herd mais 3 6 12 24

months months months mouths 

---1-----------------1·-- -------­
l\Tnmbcr Pounds Poumrl" Pou.nds PalLllds

4 W9 321 576 921
A______ 50 per cent daughters (outbred}______________________ 938If> 15i 307 541 


C____ •. 87.5 per cent daughter (inhred}..____________________ . I 173 327
B ______ 75 per cent daugbters (inbred} __________________ . __ ••_ 
OW 

DAUGHTERS OF SIRE 2' AND THEIR DA:r.-rS 

D ______ 50 per cent daughters (outbred} _____________________ _ 9 105 355 636 
Dl ____ i5 per cent daughters (inbred} _______________________ _ 3 201 371 625 :l:~t

Dams, Group D cows (outbred} ____________________ _ 3 190 363 628 41,062 
E ____ ._ 50 per cent daughters (inbred} _______________________ _ 4 193 356 610 1,042 

E1 _____ 75 per cent daughters (inbred) ___•___________________ _ 2 189 333 615 993 
________ Darns, Group E cows (inbred} ______________________ _ 2 190 351 580 I,g~~
F _.____ 50 per cent daughters (inbred} ________ ••____ •• ______ .. 5 160 320 565 

Dams, 75 per cent (laughters 01 sire 1 (inbred} __ -_- __ • 4 155 312 562 943

:Fi::::: i5 per cent daughters (inbred}_________________ .. ___ __ 2 lit 313 .5.5 997 

Dams, group F cows (inhred} _____ .• ________________ _ 2 .108 331 556 982 

I 2016 calves were led a milk substitute. , 8 IInimals lor 24 months age. 

, An 87.5 per oont son oC siro 1.. I 2 animais lor 24 months IIge. 
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TABLE 9.-Weights of outbred and inbred daughters of sires 1 and 2 and of calves 
from other herds at various ages up to 2 years-Continued 

REGISTERED OUTBRED HOLSTEIN-FRIESL"-N CALVES FROM OTHER HERDS' 

• Averuge weight at age of­

Ani- 1--.- -Group I Breeding or herd 
mills 3 6 I 12 24 

months months months months 

---1----------------1--1--------

Beltsville, Md________________,. ______________________ NlLm2.bf l' PO~~~8 Po~~g8 P0"t;~~8 POt~~ 
Huntley, MonL____________________. ________________ 1d ZlO 425 i21 1, Oil 
Ardmore, ~. Dak_____________________________________ 1i' 238 400 590 9i3
University of MissourL__________ ...________________ 231 200 3411 5~ :>41 

'From U. S; Dept. Agr. Tech. Bu]. 116. (See footnote 1, p. 2.) 

With the daughters of sire 1 there has been no apparent slackening 
of the rate of growth as a result of inbreeding. This statement also 
applies to the daughters of sire 2, if limited to dam-and-daughter 
comparisons. However, if the nine outbred daughters of sire 2 out of 
dams unrelated to him are taken as the basis of comparison, the more 
closely inbred calves were in general smaller than the outbred calves 
at the different ages given in Table 9. These inbred grade heifers are 
in fact not so much smaller than the registered· heifers at the Beltsville 
station at 2 years of age as they were at birth. The calves in F1 
group were 26.8 per cent smaller at birth, while the two aninlals that 
have reached 2 years of age are only 5.6 per cent smaller at that age 
than the average of the registered heifers_ The calves in the E1 
group were 11.3 per cent smaller at birth and the two aninlals that 
have reached 2 years of age were only 6 per cent smaller than the 
average 2-year-old registered heifer_ The calves in the F group were 
18.6 per cent smaller at birth and only 7.8 per cent smaller at 2 years 
of age. These data may be somewhat misleading because of the 
small number 'Of the grade heifers on which weights at 2 years of age 
are available. The rate of feeding of the registered calves and the 
inbred grade calves at Beltsville was the same. 

Other evidence that inbreeding is affecting the rate of ~rowth is 
shown in Table 10. During a short period during which SIre 2 was 
not in active service some of the inbred cows were mated with unre­
lated, registered. Holstein bulls. Cows A-26 and A-36 gave birth 
to heifer calves A-55 and A-54, respectively. These two outbred 
heifers exceeded their inbred dams in birth weight and rate of ~rowth. 
At 2 years of age they averaged 161 pounds more than their d.ams at 
the same age. All the individual weights of inbred heifers used in 
preparing the average weights in Table 9 were smaller than those of 
these two outbred heifers. 
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TABLE lO.-Weights of outbred heifers and their inbred dams at various ages up to 2 
years 

At 3611224Dreeding and cow No. birth months months months months 

Outbred heifers: P-::und& Pound. Pound. Pound& Pound.A-M.___________________________ ._________________________ 90 228 439 ,50 1.214 
..:\-54...._______••_.•___ •• __•__•___________________--------_ 80 208 387 682 1,114 

Average-------------------------------.-----.-----------1= 85 ==2=18=,==4=1=3,,==72=1=1==1=,=164= 

Inbred dams: 
~\-26____________________________ ••_______________.________ 68 164 343 615 1,052 
A-36__________________________________________ ._.__ • ___ ___1__7_8_1_-183-~--3-22+-608-_I_-9-54 

Average_______•_____. _____ •_._____ .•_____ ••••• ------ .--­ 73 1.73 611 1,CtlJ3 

MATURE WEIGHT OF COWS 

The effect of intensive inbreeding on. the size of the cows at maturity 
is indicated in Table 11, which presents data on the foundation cows 
and pro~eny of the first and second Holstein sires used, arranged as 
dam-and-daughter comparisons. 

TABLE 11.-Effects of intensive inbreeding on. mature weights of cows in the Holstein 
grou.p 

DaUgb-!1 .:\ verage mature 
ter- weight
dam ~._____ 

Group Daughters Dams com- I 
pari- Dnugb-. Dams 
sons ters! 

--I·--------I--------I----j--
Daughters of sire 1: ' Poundol Poundo A______ _ 50 per centdaughters (outbredL, Foundation cows (out bred) _____ 1 11 1,176 r 944D______ • 

C _____ _ ,5 per cent daugbters (inbred)_'i 50 per cent daughters {outbred)_ -1' '. 1,14-4 I 1,163 
87.5 I",r cen.t daugbter (inbred)_.,. 75tr"e!i)~nt daughter of sire 1 (in· I 1,220 i 1,024 

Daughters of sire 2: ' 
D ____•• 5Opercentdaughters(outbred)_ Cows unrelated to sire 2 (out- 39 1,275 1,049 

bred). 1D L_._ 75 per cent daughter (inbred) __ D cow (outbred)________________ 1,226 1,264 
E_____ 50 per cent daughters (inbred) _ 50 per cent daughters of sire 1 1,313 1,203 

(outbred}.
E L____ 75 per cent daugliter (inbrt-d) __ E cow (inbred)_________________ 1 1,321 1,274
F_______ ,I 50 per cent daughters (inbred) __ 75 per cent daughters of sire 1 , 6 1,191 1,163 

(inbred). I I 
F_1_--_--_-_i__,_5_pe_r_ce_n_t daughter (inbred) __! F cow (Inbred) __________________; 1j_1,_13:~. 1,2,8 

1 or these 11 foundation cows, 7 were grade Jerseys, 1 was a grade Holstein, 1 was a grn,ie Guernse~', and 
2 were anImals of mixed breeding • 

• "\n 87.5 per cent son of sire 1. 
I Of these 9 foundation cows, 4 were grade Guernseys, 3 were grade Holsteins, and 2 were grade Jerseys . 

.A large increase in wei~ht resulted from the mating both of sire 1 
and sire 2 with unrelated cows which were naturally much smaller 
than cows of the Holstein breed. It might be expected, also, that 
the next ~eneration of daughters would show a moderate increase in 
size, prOVIded some factor other than breed did not prevent such an 
increase. The fact that the body weights do not consistently show 
a further increase after the first generation indicates that inbreeding 
may have had a tendency to reduce the size. The dam-and-daughter 
comparisons show that many of the daughters were heavier than their 
dams, still, on the whole, there was no material:change in body weights 
after the first generation of mating with unrelated cows. The aver­
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age weight of 44 registered Holsteins raised at the Beltsville station 
was 1,352 pounds. It will be noted that all of the groups in Table 
11 averaged considerably less than 1,352 pounds. 

THE VIGOR OF cows 

With the exception of one or two cows, the inbred cows of the Hol­
stein group have not been lacking in. vigor. Cow A-28 , shown in 
Plate 4, was the product of mating sire 2. back to his dam. She ,nlS 
not only subnormal in size but was also a delicate feeder. Cow 97, 
the 75 per cent daughter of sire 1, shown in Plate 6 (in pocket) was 
somewhll,t undersized and subject to fits. That inbreeding had any­
tIring to do with her condition is questionable. When bred back to her 
own sire she produced a, daughter that attained normal size and was 
otherwise nOInlal. An outbred registered Holstein cow at Beltsville, 
that is unreillted to cow 97, has presented a parallel condition. It is 
possible that Il double dose of a recessive factor mlly have been the 
clluse of this condition in both cow 97 and the unreillted registered 
cow. In that Cllse, 11owever, more of the inbred daughters of sire 2 
should have shown this peculiarity. 

PRODUCTION OF MILK AND BUTTERFAT 

As none of the bulls used in this investigation were proved bulls at 
the time they were put into service, it was not known whether they 
had the ability to transmit high production of milk and butterfat to 
their daughters. A decrease in production of the daughters as com­
paL'ed with their dllIDs, therefore, would not necessarily prove that 
inbreeding was detrinlentlll unless such decrease WIlS the result of 
dinrinished size or vigor. On the other hand, an increase in produc­
tion would show two things: (1) That the bulls transmitted lrigh pro­
duction; and (2) that inbreeding did not result in marked dinrinution 
of vigor, otherwise the increase in production could not have been 
manifested. 

RECORDS OF THE DAUGJlTEUS OF SIRE 1 

The milk and butterfat records of outbred and inbred daughters of 
sire 1 Ilnd of the foundation cows to which he was mated are given in 
Table 12. The table is so arranged that the production records of 
successive generations of females can be followed across the page from 
left to right. For example, cow 20, one of the foundation CO\V'S, is 
the dam of cow G3, an outbred or 50 per cent daughter of sire 1; cow 
63 is the dam of cow 97, an inbred 75 pel' cent daughter of sire 1, and 
she in turn is the dam of the inbred cow A-ll, an 87.5 per cent 
daughter of sire 1. Photographs of these foUl' cows are shown in 
Plate 6. 

The use in this e:.:perinlent of a number of foundation cows in 
which Jersey and Guernsey blood predominllted makes it necessary 
to consider the effect of inherent breed differences IlS well fiS the 
influence of inbreeding on the milk Ilnd butterfllt production of 
successive genel'll.tions. Of the seven '15 per cent inbred daughters 
of sire 1 (Table 12), five had grandda1lls in wlrich Jersey breeding 
predominated and the other two were from a common granddam in 
which Holstein breeding predonrinated. There was an average 
increase in milk yield Ilnd Iln average decrellSe in percentage of but­
terfat for both the outbred and the inbred daughters. Tlris would be 
the result expected from crossing a Holstein sire on grade Jersey cows. 



TABLE 12.-Production record~ 1 of outbred and l:nbred daughters of sire 1 and their dams ~ 
Foundation cows Outhred daughters (50 per cel1t)' Inbred daughters (75 per cent)' IInbred daUghters, (Br.5 per cent)' 

~ 
Breeding I~o~~ I Mllk Butterfat ~: I Milk I Butterfat ~: I Milk I Butterfat I~: 1 Milk 'I Butterfat ~ 

n 
Pound. Per cent Pound. Pound. Per cent Pound. Pound. Per cent Pound. Pormd." Per cent POIwds ~ 

20 6,350 4.23 269 63 11,213 3.24 363 07 17,033 3.09 526 A-11 17,423 3.28 571OradJ:~~:=-~~::::~::::::::==:=:==Do_____________________________ 20 6,350 4.23 269 03 11,213 3.24 303 94 19,030 3.17 632 .. .. -- ... -- -- .. __ .. - ....... ..------ .. -------- b:I 
IS 8, OlD 5.36 478 46 10,100 4.46 455 70 11,601 4.44 430 

~ 

.. - .. -_ ..;!"'Do_______________________..____ .._------ -- ------~ .. ..-------
Do_____________________________ 21 15,&17 4.1i6 714 91 19,926 3.01 779 A-9 15,241 3.52 530 ..---- ... _- ------- .. _- ------- .. -------­

2'& 11,308 4.17 388 82 18,131 3. OS 607 A-2 10,682 3.411 687Orade IIolst.ein ____________________ 2\1 17,416 4. IS 728 51 19, 07~ 3.78 721 A-3 17,100 3. 61 61S ~ 
2\1 17,416 4.18 728 51 10,072 a.78 721 87 17,325 3.60 634 -- ........ - ....--Do_____________________________ 

~ 
ZAvcrnge____________________·-!-·__ ··__Ill, 62\1.41 • 4. 39 1 510.51 ...--__ ./ 15,546.1 / • 3. 7a,L681. 31________ 116, 5n 51 • 3.50 I 580.41--------1 • 17,42.3 1 • 3.281 1571 
0:> 
0:> 

I All records have been calculated to a mature basis. ~~ 
2 All five of the 50 per cent daughters, three of tbe seven 75 per cent daughters, and the oue 87.5 per cent duughter exceeded their dams in mllk production. 'l'broo 50 per cent 

daughters, three 75 per cent daughters, and the one 87.5 per cent daughter exceeded their dnms ill butterfat production. All 50 per cent and 76 per cent daughters were exceeded 
by theIr dams in percentage of butterfat. The 87.5 per cent daughter elceeded her dam in percentage of butterfat. ~ 

" Percentage liased on averages. 
• Average based on the record ot I cow. ~ 

t:;l 
l:':I 

~ 
o 
>:;j 

I 
~ 
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The outbred daughters were still higher in percentage of butterfat 
than was inherent for their sire, as is shovm by the fact that when 
they were mated back to their own £ire their inbred daughters were 
all lower in percentage of butterfat. 1,Vhile there was an average 
increase in milk yield in the three groups, that of the 75 per cent 
daughters was principally due to the Vel}T large increase of the two 
cows, 97 and 94. These were full sisters descended from cow 20, the 
lowest producer in the herd. Of the seven 75 per cent inbred daugh­
ters of sire 1, only three were better than their dams in milk yield 
and in production of butterfat. The one 87.5 per cent inbred daughter 
of sire 1 was better than her dam in. milk yie1d, percentage of butter­
fat, and total production of butterfa.t. The 75 per cent inbred 
daughters, ",ith the exception of cow 79, are quite uniform in milk 
yield. Here, as in the Guernsey inbreeding data, is a clear indication 
that there are a nlh'llber of hereditary factors influencing the total 
yield of Inilk and the percentage of fat. This is sho"\rn by the increase 
in milk yield of the daughters and granddaughters of grade Jersey 
foundation cows with each succeeding generation of Holstein inherit ­
ance and also a corresponding decrease in the percentage of butter­
fat. The highest butterfat test among the foundation cows, that of 
cow 18, was 5.36 per cent. In this case the actual test was evi­
dently an accurate indication of the inheritance for a high percentage 
of butterfat that she transInitted to her daughter, cow 46. Although 
the butterfat test of cow 46 is much lower than that of her dam, be­
cause of the modifying influence of the hereditary factors that she 
receiven. from her Holstein sire, her test is still much higher than that 
of her Holstein half sisters who are out of lower-testing dams. She 
in turn has passed along some of the factors for a high test that she 
received from her dam, cow 18, to her own daughter, cow 79. This 
latter cow, while somewhat lower in test than her dam, is considerably 
higher in percentage of butterfat than her inbred sisters. The 
relatively low Inilk yield of her grade Jersey granddam has also 
persisted through the two crosses of Holstein inheritance. 

The production records of additional outbred daughters of sire 1, 
which do not hfl~ve inbred daughters, are compared with those of their 
dams in Table i3. Their photographs are shown in Plate 5. 

TABLE I3.-Production records of f01lndation cows and of their 50 lJer cent 
daughters J by sire 1 

Foundation cows I00''''' """,",= '00 ...=" 
CowBreeding IVIIlk Butterfat ~': Milk ButterfatNo. 

-----r----·I---~----

Pounds Per centJ Pounds Pounds Per cent POllnd .•Grade Jerse)-_____________________
Do___________________________ i 10,307 4.09 424 50 14,660 3.83 51ll 
Do__________________________ _ i ]0,30i 4.09 424 64 15,313 3.84 588 
Do___________________________ 23 9,308 4.17 383 45 11, 529 4.29 495 

25 9,821 4.40 432 67 1.i,379 3.83 58tlGrade Guernse)' _________________ 33 J:I, 284 4. 70 624 ..1.-14 11, 733 3. 86 45:1
Grade Jersey ..__• _________.•.____ 34 i, 0~6 4.76 335 88 16,728 4.30 iIn 

Ayerage_____________________ .__ .____ 10,001 '.1. 3; 438 ___• __._ 14,224 , 3.99 
Avernge'ofllpairedrecords' __ ._____ 10, ill 4.42 473 ________ 14. 898 3.!JO 56S 

581 

I All records have been calculated to a mature basis. 

I Percentage based on averages. 

, Out of 11 paired records, 10 outbred daughters exceeded their dams in milk production, 8 exceeded iheir 


dams in butierfut prodUction, and 1 exceeded her du Dl in perceniage of butterfat. 
• Includes records of the 5 outbred d81!.gntcrs in 'l'ub1e 12. 
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The coefficients of variability in yield of milk, percentage of but,ter­
fat, and total production of butterfat for the tlrree generations of 
cows ~n Table 12 are shown in Table 14. The relative degree of 
variation both in milk yield and butterfat yield is greatest in the 
foundation cows and least in the inbred daughters. In percentage 
of butterfat, the relative degree of variat.ion is greatest in the inbred 
daughters and only a liUle less in the outbred daughters than in the 
foundation dams. 

TABLE 14.-CoejJicients 	of variability for the average milk and butterfat records 
of daughters of si,'c 1 and their dams 

Coefficient and probable error for-

Group 	 Percentage I Yield o[
Yield o[ milk o[ butterfat. butterfat 

Foundatiou cows__.________________________________________.. _!31J. 40±5. 02 8. 45±J. 21 30. 40±5. 02 
50 per cent outbred daughters of sire L_______________________ 21. 6J±3.11 8. 25±J. 19 21. 5S±3.1O 
75 and Bi.5 per cent inbred daughters of sire L________________ 17. 96±3. 03 1J.13±1.88 13. 09±2. 21 

Sire 1 had five registered daughters ,vith production records made 
in the Beltsville, Md., and Huntley, lv[ont., experiment station herds. 
These records are given in Table 15 for comparison with the records 
of his inbred grade daughters, especially for percentage of butterfat. 

TABLE 15.-Produ.ction records of five registered daughters of sire 1 

Cow No. Age Milk Butterfat 

YT8. Mos. Pounds Per ccr./. Pounds210____________ 4 1 15,946 3.24 518222____________ 4 7 13,317 3.42 456212___________. 4 2 8.855 3.70 1328 
214 ,___________ { 	 2 2 17;843 3.05 546 

5 'i 16,308 3.36 548220 ____________ 2 8 16,593 3. d6 559 

Average_ -------_ ... --- 14,204 3.39 482 

1 Herd test. 

, Only the mature record of eo"- 214 included in tbe average. 


The average of 3.39 per cent of butterfat for these five registered 
daughters of sire 1, as compared to 3.50 per cent for his inbred grade 
daughters, apparently indicates that the latter show some influence 
of their higher-testing granddams. 

From the summarized data on sire 1 and his offspring jt seems that 
this sjre carried no undesirable factors which would cause his daugh.­
tel's, if they had received a double dose of such factors, to be deficient 
in vigor or malformed. It appears, however, that he did possess an 
inheritance for a considera.ble range in mille yield and in percentage 
of butterfat. 

RECORDS OF THE DAUGHTERS OF SIRE 2 

The production records of the daughters of SITe 2 are shown ill 
Table 16. 

http:1J.13�1.88
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TABLE 16.-Production records of inbred and outbred daughters pf sire 2 and of their dams and granddams 
[All records calculated to maturity] 

Foundation cows 50 per cent daughters of 75 per cent daughters of 50 per cent daughters of 75 per cent daughters of
sire 1 sire 1 sire 2 sire 2 	 l:tI 

!:!J 
CowBreeding 
No. Milk Butterfat Cow MlIk Buttmfat Cow MlIk Butterfat Cow Milk Butterfat Cow

No. No. No. 	 No. Milk Butterfat. 
Per Per 	 ~ Per Per 	 PerPound. cent Pound. Pound. cent Pound. Pounds cent Pounds Pound. cent Pound.Group 1: 1 	 Pound. cent Pounds 

Grade Guernsey_____ 84 11,219 4.79 537 	 , .'1.-39 16,818 3.61 607 
~ 

Grade Guernsey
(75% inbred)______ 93 13,086 4.81 658Grade Holstein _____ .'1.-6 14,232 3.96 	 '.'1.-27 18,853 3.99 75~ .'1.-43 20,928 3.58 750 Z

564 	 , A-IS 15,416 tIj3.46 524 A-50 12,881 3.61 400Do______________ A-51 17,378 3.36Do______________ A-i 16,461 4.35 716 	 , A-32 19,229 3.28 631 
585 ~ A-13 16,934 3.93 696Average_______ 	 -------------------- ' A-40 21,245 3.88 824

14,506 4.33 -028 	 ----------- ~ 18,312 3.65 -oos= = = i= 	 .... 
Group 2:' 	 i= = = r=== ZGrade Jersey________

Do______________ 7 10,367 4.09 424 64 15,313 3.84 588 IA-20 	 Q14,551 3.51 511 .'1.-36 20,800 3.50 728Do______________ 7 10,367 4.09 424 64 1.,,313 3.84 588 	 I A-37 19,003 3.58 713
Doc_____________ 7 10,367 4.09 424 64 15,313 3.84 588 	 IA-42 19,466 3.45 67221 15,647 4.56 714 91 19,926 3.91Average_______ 	 ~ IA-19 22,089 3.34 738 .'1.-.13 20,072 3.57------ 11,687 4.2.5 496 ------ 16,466 3.86 636 	 ~ ~ 

-------- 19,000 3.47 658= = 	 --- ..:=i=Group 3:'· 	 ---I = ~ Grade Jersey________
Do______________ 20 6,350 4.23 269 63 11,213 3.24 363 94 19,930 3.17 632 A-28 15,405 3.57 550Do______________ 23 9,308 4.17 338 82 18,131 3.68 667 .'1.-2 19,682 3.49 687 A-21 	 ~ 

17,615 3.18 560 .'1.-45 18,307 2.80 51223 9,308 4.17 388 82 18,131 3.68 667 A-2 19,682 3.49 687 .'1.-30 15,696 3.26 509 	 ~ Grade Holstein_____ 29 17,416 4.18 728 51 19,072 3.78 721 A-3 17,109 3.61 618 A-26 25,434 3.36 855 
Grade Jersey________ 21 15,647 4.56 714 91 19,926 3.91 779 A-9 15,241 3.52 533 .'1.-25 21,394 3.38 723 A-52 16,113 3.52 568 

Do______________ ~ 15, 647 ~ -1!£ ~ 19,926 3. 91 ~ A-9 15,241 3. 52 ~~ 13,006 3. 23 ~I_____________ ~ Average_______ ----__ 12,279 4.34 5.13 4 17,733 3.73 662 4 1~14' 3.46 616 6 18,227 3. a3 608 	 tj 

1 All five of the 50 per cent daughters and two of the three 75 per cent daughters exceeded their darns in milk production. Three of the five 50 per cent daughters and one of the ::II 
three 75 per cent daughters exceeded their dams in butterfat prodnction. All five of the 50 per cent daughters and. two of the three 75 per cent daughters were exceeded by their g 
dan;sJ~f~~fo~~8:ty~~~~~~at. Ul 

, Both of the 50 per cent daughters of sire 1, three of the four 50 per cent daughters of sire 2, Ilnd one of the two 75 per cent daughters of sire 2 exceeded their dams in milk pro- ~ 
duction. Both of the 50 per cent daughters of sire 1, two of the four 50 per cent danghters of sire 2, and one of the two 75 per cent daughters of sire 2 exceeded tbelr darns in butterfat ~ 
production. All of the 50 per cent daughters of sires 1 and 2, and one of the two 75 l1er cent daughters of sire 2 were exceeded by their dams in percentage of hutterfat. :z:

• Out of 50 per cent daughters of sire I. 	 Ul 
• All four of the 50 per cent daughters of sire 1, two of the four 75 per cent daughters of sire 1, ('I'to of the six 50 per cent daughters ofsim 2, and one orthe two 75 per cent daughters

of sire 2 exceeded their dams in milk prodnction. Three of the four 50 per cent daughters of sire 1 and two of the six 50 per cent daughters of sire 2 exceeded their dams in butterfat 
production. Two of tbe four 75 per cent daughters of sire I and both of the 75 per cent daughters of sire 2 were exceeded by their dams in butterfat Ilroduction. All of the four 50 
per cent and all of the four 75 per cent daughters of sire 1 and five of the six 50 per cent and one of the two 75 per cent daughters of sire 2 were exceeded by tbeir dams in percentage I).:)of butterfat. 	 "l 



28 TECHNICAL BULLETIN 339, U. S. DEPT. OF AGRICULTURE 

In Table 16 the cows have been arranged in three groups. Group 
1 shows the daughters by sire 2 out of foundation cows. Group 2 
shows the daughters of sire 2 out of the 50 per cent outbred daughters 
of his own sire, sire 1. Group 3 shows the daughters of sire 2 out of 
Iris own sire's 75 per cent inbred daughters. Of the 5 foundation 
cows in group 1 mated "ith sire 2, 3 were grade Holsteins that prob­
ably carried the inheritance of some higher-testing breed; and the 
other 2 were grade Guernseys. One of these, cow 93, was a 7.5 per cent 
inbred daughter of the Guernsey sire used in the \york on inbreeding 
grade Guernseys. The 4 foundation cows in group 2, granddams of 
the 4 daughters of sire 2 that were out of outbred daughters of sire 1, 
were all grade Jerseys. The 6 daughters of sire 2 that were out of 
inbred daughters of sire 1 were descended from the foundation /20WS in 
group 3, all of Jersey breeding except cow 29, a grad" Holstein. 

The five outbred daughters of sire 2 out of the grade Holstein and 
Guernsey fOlmdation cows (group 1) all exceeded their dams in milk 
yield, although the latter had uniformly high recordsj but, like the 
outbred daughters of sire 1 from grade Jersey foundation cows, all 
were lower than their dams in percentage of butterfat. Three ex­
ceeded their dams in pounds of butterfat. Cow A-43, one of the 
three 75 per cent daughters of sire 2 in this group, has completed her 
record as a 2-year-old, "ith 20,928 pOlmds of milk and 750 pounds of 
butterfat, computed to a mature basis. As compared \\ith her dam, 
she produced considerably more milk, a lower percentage of butteliat, 
and about the same total amount of butterfat. The granddam of 
this inbred heifer ~as a 75 per cent inbred daughter of the Guernsey 
sire discussed in this publication. These three generations of cattle 
show the typical decline in percentage of butterfat and the increase 
in milk-yield which takes place as the percentage of Holstein inherit­
ance increases and the percentage of Guernsey inheritj:l.Uce decreases. 

The two 75 per cent inbred daughters by sire 2 out of cow A-15 
(group 1) which have completed their production records as 2-year­
olds, are t"in sisters. Apparently they are unlike bdns in so far as 
color markings, level of milk yield, and percentage of butterfat are 
concerned. One produced 4,497 pounds more milk and 119 pounds 
more butterfat than the other, although the latter was the higher in 
percentage of butterfat by 0.25 per cent. One produced more milk 
and butterfat than the dam! and the other produced less than the 
dam. Here is another illustration of the fact that inbreeding ,\ill 
not result in a like level of production in the offspring if the sire to 
which they are inbred is himself heterozygous for level of production. 
Two of the three inbred daughters of sire 2 in this group are better 
than their dams in milk yield, two are below their dams in percentage 
of butterfat, and one is better, one poorer, and one approximately 
the same as the dam in yield of butterfat. 

Of the 4 daughters of sire 2 (group 2) that are out of outbred 
daughters of sire 1, 3 arc full sisters, A-20, 1'1..-37, and 1'1..-42. These 
3 cows were all lower than their dam in percentage of butterfat, but 
2 of them exceeded their dam in milk and 2 in butterfat yield. Cow 
A-20, the poorest. producer of the 3, is the dam of cow A-36, a 75 per 
cent inbred daughter of sire 2. The latter showed a marked increase 
over her dam in both milk and butterfat yield. The other 75 per 
cent inbred daughter of sire 2 (A-53) in this group has three genera­
tions of high-producing dams in her immediate ancestry. In each 
of these previous generations the Holstein daughters had shown an 

~ 

, 

I 
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increase in milk yield and a decline in butterfat percentage from their 
Jersey foundation dam and granddllm. In this 75 per cent inbred 
daughter of sire 2, representing the third successive cross of these 
Holstein sires, there is a slight increase in percentage of fat. Both of the 
75 per cent daughters of sire 2 in this group are very high producers. 

Group 3 in Table 16 is the most interesting since it shows the closest 
inbreeding. The six: 50 per cent daughters of sire 2 in this group are 
out of four 75 per cent inbred daughters of sire 1. If average pro­
duction of butterfat alone we~e considered in this group of four direct 
generations of cows, one might conclude that the inbreeding in the 
last two generations was resulting in a gradual decline in production. 
The average yield of butterfat for the foundation cows in this group• 	 was 533 pounds. The highest average, 663 pounds, was from the 
outbred daughters of sire 1, followed by an average of 616 pounds for 
the inbred daughters of sire 1, and 608 pounds for the 50 per cent 
(inbred) daughters of sire 2. These averages, however, include 
duplicate records for 2 foundation cows, 2 outbred daughters, and 2 
inbred daughters of sire 1, because there were 2 pairs of full sisters 
in the fourth generation-the daughters of sire 2. If these duplicate 
records are excluded, the averages for production of milk, percentage 
of butterfat, and pounds of butterfat are: For the foundation cows, 
12,180 pounds of milk, 4.31 per cent butterfat, and 525 pounds of 
butterfat; for the outbred daughters of sire 1, 17,086 pounds of milk, 
3.70 per cent butterfat, and 632 pounds of butterfat, and for the 
inbred daughters of sire 1, 17,989 pounds of milk, 3.43 per cent 
butterfat, and 618 pounds of butterfat. The figures for the 50 per 
cent daughters of sire 2 are as given in the table, 18,227 pounds of 
milk, 3.33 per cent butterfat, and 608 pounds of butterfat. Exclud­
ing these duplicate records does not affect the relative ranh-ing of the 
different generations in butterfat yields, though it does considerably 
reduce the difference between the outbred and the inbred daughters 
of sire 1 in butterfat yield. There is an increase in average yield of 
milk for each of the three generations of Holstein inheritance not­
withstanding the increase in intensity of inbreeding. The decline 
in average butterfat yield is caused by the decline in percentage of 
butterfat. The decline in percentage of butterfat is caused by the 
increasing influence of the low-butterfat-percentage inheritance of 
these two Holstein sires and by the lessening influence of the high­
butterfat-percentage inheritance of the foundation cows. 

The 4 outbred daughters of sire 1 (group 3) were all better than 
their dams in milk yield by a wide margin, and all 4 were lower in 
percentage of butterfat. The milk yield of the 2 daughters of the 2 
lowest-producing fOlmdation cows was almost twice that of their dams. 
In the next generation only 2 of the 4 inbred daughters were better 
in milk yield that their outbred dams; the daughters of the 2 poorer 
cows gave more milk, but the daughters of the 2 bet~r cows gave 
less milk than their dams. On the whole, it appears that the inbred 
daughters of sire 1 in this group did not quite hold their own. Two 
of the 4 were better in mille yield and pounds of butterfat, Rnd all 4 
were poorer in percentage of butterfat. 

Of the 6 daughters by sire 2 which were out of these 4 inbred 
daughters of sire 1 (group 3), only 2 were better than their dams in 
milk and butterfat yield, but these 2 exeeeded their dams by a suffi­
cient margin to raise the average for the 6 daughters over that of 
the dams. There are 2 pairs of full sisters among these 6 daughters. 
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Both of the daughters of cow A-2 were lower than their dam in milk 
yield, percentage of butterfat, and pounds of butterfat. One of the 
2 daughters of cow A-9 was considerably bett.er, and the other con­
siderably poorer, in milk and butterfat yield than her dam. On the 
whole, the TecOl·ds of these 6 daughters of sire 2, \vith milk yields 
ranging from 13,906 pounds to 25,434 pounds, are sufficiently high 
so that it does not seem that the relatively low production of 4 of 
them. should he clttributed to any weakened vigor of constitation re­
sulting from inbreeding. Rather, it would appear that theu' COlll­

paratively low production is due to a heterozygous mak<:::-up for the 
facto!'s determining varying levels of milk: yield possessed by sires 
1 and 2, and also to an inheritance for lower percentages of butterfat. 
Two inbred daughters of sire 2 that have complctecl their test are , 
included in group 3. In some respects they are the most closely in­
bred animals shown in this study. Cow A-45, the inbred daughter 
of cow ~<\'-21, produced 18,307 pOlmds of milk and 512 pounds of 
butterfat. Her milk yield is greater thun that of her dam, but the 
percentage of hutterfat is considerably lower, resulting in a smaller 
amount of butterfat. The milk of this cow is lower in percentage 
of butter'fat thcm that of anv other daug-hter of sire 2. This cow ~ 
(as her pict1l1'e shows in. Plate 4) at the age of 2 years wus somewhat 
smaJler' and more refined in t:ype than the other inbred dnughtel's of 
sire 2, although she has since shown considerable d(nrelopment in 
form. Cow A-52, the other inbred dnu~hter of sire 2 ill this group, 
is considerably below her dam in both milk: an(l butterfat production, 
but higher in percentage of butterfat. 

Of the s{wen 75 per cp,nt inbred daught.ers of sire 2 in these three 
groups, 4 are better than their dams in milk :yield, 3 lire better in 
percentage of butterfat and 2· are better and 1 is practically equal ~ 
to her dum in butterfat yield. The llyel'uge milk yield is a little 
greater than that of the dams, 18,068 pounds as compared to 17,~05 
pounds; but the average percentuge of fat find the average fat peld 
are about the same. 

There is no indiClltion in the records or in the physical appearance 
of any of these inbred daughters of sire 2, except possibly in the cuse 
of cows 1\.-28 and A-45, that producing capacity is being affected by • 
loss of size or constitutional vigor as a result of inbreeding. 

COLOR MARKINGS 

Plate 4 shows that the first-generation cross with solid-color founda­
tion cows did not bring out the chaI:llCteristic Holstein spotting, nor 
did it breed the black off the legs below the knees and hocks. The 
first-generation cross with the broken-colored co,,- 23, however, did JI 
bring out the characteristic Holstein color mur1~ngs, although some • 
black was left below the lawes. In most cases It has taken two or 
more crosses of Holstein breeding to bring out the spotting and to 
take off the bInd;: color from below the knees und hocks. In all cases 
the black of the Holstein has been dominant. over red and all shades 
of fawn. 

SUMMARY 

In this inbreeding experiment grade dairy cows of mixed breeding 4 
and averuge production were mated to a good registered bull and 
the female ofl'spring were mated back to their own sire for succes­
sive generations. The experiment in inbreeding Guernsey cattle WliS 

limited to the foundation Guernsey sire and two generations of 
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daughters. The experiment with Holsteins was carried on through 
several generations of inbred sons and grandsons of the first Holstein 
sire used, as well as daughters of these sires, and is being continued 
with the object of obtaining more definite and pronounced results. 

With grade Guernseys it was found that: The birth weight of 
calves decreased as inbreeding became more intense. A few of the 
inbred calves were deformed at birth, the deformity apparently being 
due to a double dose of a recessive Mendelian factor which causes a 
definite type of defonnity. The mature weight of the cows was 
reduced by inbreeding. 'rhe average milk production of both the 50 
per cent and the 75 per cent daughters of the bull was about the same 
as that of the foundation cows, but on account of a progressive increase 
in the percentage of butterfat the 50 per cent daughters produced 
slightly more butterfat than their dams and the 75 per cent daughters 
produced somewhat more than did the 50 per cent daughters. The 
variations between the individuals in the production of milk and 
pounds of butterfat was less with the 50 per cent daughters than with 
the foundation cows and still less with the 75 per cent daughters. 

With grade Holsteins it was found that: Inbreeding caused no de­
cline in fertility, as iudged by the services required for conception. 
The number of abortlOns and the normality of calves at birth did not 
appear to have been affected by inbreeding. The birth weights of the 
more intensely inbred calves were reduced to a marked extent. The 
mortality of calves after birth was greater with the inbred grades than 
with either the outbred grades or registered Holsteins, indicating a 
probable lack of vigor. Intensive inbreeding appears to depress the 
rate of growth of calves, although da.ughters of sire 1 showed no ad­
verse effects in this respect. The mature inbred cows were consider­
ablyuelow the average mature weight of registered Holsteins raised 
under the same environmental conditions, but not proportionately so 
small as at birth. The production of milk increased and the percent­
age of butterfat decreased with the successive sire-daughter matings. 
The greatest improvement in the production of both milk and butter­
fat was in the first generation of outbred daughters; the increase in 
production of butterfat by succeeding generations of inbred daughters 
failed to equal that of the first generation. A concentration of the 
inheritance of sire 1 in his offspring reduced the coefficient of vari­
ability in yields of both milk and butterfat but not in percentage of 
butterfat. The birth weights of calves and the weights of mature 
cows were not depressed so markedly in the inbred Holsteins as they 
were in the inbred Guernseys. 

In this experiment a bull that proved to possess an inheritance for 
a high level of milk production, mated vvith ordinary grade cows, 
brought about a big increase in production in the first-generation 
daughters. Subsequent impro-vement through inbreeding was slow. 
It is possible to obtain a good. producing herd in one generation by 
the use of a sire that has proved his ability to transmit high produc­
tion. Probably the hereditary make-up of the bull ,,,ill influence pro­
duction more than the system of breeding. Only a few sires have been 
used in this investigation and the number of cows available for com­
parison is small in many cases. While the data presented show some 
very definite trends and contribute information of value in the general 
study of the effects of inbreeding, it is not unlikely that results of close 
inbreeding with other sires would differ somewhat from those recounted 
here, depending upon the hereditary make-up of the sire used. 



ORGANIZATION OF THE UNITED STATES DEPARTMENT OF AGRICULTURE 
WHEN TIDS PUBLICATION WAS LAST PRINTED 

,seeretary of Anricul/.1lTc ___________________ ARTHUR M. HYDE. 


Assistant Secretary_______________________ R. "T. DUNLAP. 


Director of Scientific Work _____ , __________ A. F. WOODS. 


Director of Regulatory Work. ______________ WALTER G. CAMPBELL. 


Director of Extension lVork ____ . ___________ C. W. WARBURTON. 


Director of Personnel and Busi1less Admiu- "\V. "\V. STOCKBERGER. 


istration. 
Director of Information___________________ 
Solicitor ________________________________ 
Bureau of A.gricultural Ecmw'/II.ics __________ 
Bureau. of Agriculturo.l Engineering ________ 
Bureau. of Animallndustr!l_______________ 
Bureau of Biological Survey _______________ 
Burea1t of Chemistry and Soils _____________ 
Office of Cooperative Extension Work __ ..• __ _ _ 
Bureau of Dairy IndustT1I _________________ 
Bureau of Entomology____________________ 
Office oj Experiment Btation.~______________ 
Food and Drug Administration ____ . _ _ _ ___ _ 

ForestService ___________________________ 
Grain Futures Administration _____________ 
Bltreau of Ifome Econoll!1:cs _______ . _ _. _ . _ 
Library __ ____________________ 0" _____o. _ 

Bureau of Plant h~dllstTJI-----------.-- __ 
Bureau of Plant Qua.rantinc _ __ '" .. _______ 
Bllrea.l~ of Public Road~ ________ .. __ . _. ___ 
Weather Burealt _______________ .". ______ 

M. S. EISENHOWEH. 

E. L. MAUSHALI,. 

NILS A. OLSEN, Chief· 
S. H. MCCUOR,', Chief. 
JOHN R. MORLEn, CMeJ. 
PAUL G. REDINGTON, Chief. 
H. G. KNIGHT, Chief, 
C. B. SMlTH, Chief· 
O. E. REED, Chief· 
C. L. MAULATT, Chirf· 

,J.....MES T..JAIWINE, Chief. 

"\YALTEIt' G. CAMPBELL, Director of 


Regulatory Work, in Charge. 
R. Y. STUA!t1', Chief· 

.J. W. T. DUYEL, Chief. 

Lo U1SE STANLEY, Chief. 

CLARIBEL R. BAHNETT. Librarian. 

WILLIAM A.. TAYLOR, Chief. 

IJEE A. ST.HON'G, Chief. 

TIIOMAS H. MACDoNALD, Chief. 

CIUllLES F. MAltVIN, Chief. 


Thh; bulletin is a coutributhJll frolll 

Burea11. of Da.iry lrufll~/1'!I__ - - - - - - -- - - - - - - - O. E. REED, Chicf· 
Division of Dair!l Cattle Breeding, Fllcdinfl, R. R. GltAVr,S, Princi7Ja1 Specialist 

and Managcment. hi Dairy Cattle Brecding, Chief. 

32 

u. s. GOVCfiN'H~T PJUNTfNG OffiCE: 193~ 



Imp. Prince BillY of Rich Neck 17799 Imp. Prince BillY of Ricb Neck 17799 
FOUNDATION COWS . 50 PER CENT DAUGHTERS 75 PER CENT DAUGHTERS 

Mature weight.990 Ibs. Mature welght.1.I371bs.;at blrlh.74Ibs. Mature weight, I,D881bs.,al birlh.74Ibs. 
Milk. 3,370 Ibs.; BuHerfat,4.11%.ISSlbs. Milk,6,378Ibs.; BuHerfat.4.78%.3DSlbS Milk.S,S87 Ibs.;BuHerfat. 5.61%,330 Ibs. 

Mature wel~bt.1.263 Ibs. Mature weight. 1.189Ibs.;at birlh.65Ibs. Marureweignt.8681bs.;at birlh.691bs. 
Milk.6.0041bs..Butterf1lt,3.43%.206Ibs. Milk.9.929 Ibs,BuHerfaf.3.86%.383 Ibs. Mil!{.7.364 !bo.. BuHerrat.4.66%,3431bs. 

No pIcture available 

5T 

. . 
Mature wei~b~. 9051bs. Wet~Jbt at btrlh.681bs. Mature weight. 9071bs.;at birlb,621bs. 

Milk,5.7491bs.;ButlerfatA.2I%.242Ibs. Milk.6,6S0 Ibs.:Butterfat.4.62%.307Ibs. Milk,7.053Ibs.;Bullerfat.5.47%;386Ibs. 

"~ofure ·we·i~ht,IP06'lbs. .", Mafurewei~hf.·!;II416s.;at bTrlli.681bs. Mature wer~bt.878/1)s.;afbirth7/lbs. 
Milk,10.431I bs.;ButterfatA~6%'4761bs Milk,7.5351bs.;Butterfat.4.38%,330Ibs. Milk,5,597Ibs.:BulterfatA.56,%, 25516s. 

.'Mature wei~ht, 8141bs. Mature Wt:1Q!OI,I,l'JU In"~''''' .1IrTn Ibs. Mature weifjht;955Ibs.;ef birlh,561bs. 
Milk,8,2Z4Ibs.; Butterfat, 4.17%, 3431bs. MUk,5,399 4.70%,254lbs. Milk,8,8771bs.;ButterfatA.60%,408 Jbs. 

THE GUERNSEY GROUP 

imp. Prince Dilly of Rich Neck 1771l9. with fiY6 foundation cows ond two. generations of his daughters. 

http:Milk,8,8771bs.;ButterfatA.60
http:Milk,5,597Ibs.:BulterfatA.56


Tedt. Bul. 339. U. S. Dept. of Agriculture 
PLATE 2 

Sire 1. Registered Holstein 
Joban Woodcrest Lad IIlb 103987 

Sire 2 
87.5 perceot son of Sire 1 

Sire I Registe;ed Holstein 
JobanWoodcrest Lad 1I1h 103987 

Mature weIght. 1.186 Ibs.: a} hirtb.691hs. 
Milk.19.930Ibs.:Butlerfat.3.17%.6321bs. 

Sire I Reglsterecl Holstein 
Jobal?Woodcrest Lad IIIb 103987 

Malure weight. 1.038 Ibs.:at birlh,70 Ibs. 
Milk.11.213Ibs.: Butlerfat. 3.24%.363Ibs. 

Mature weight.821Ibs. 
Milk. 6.350 Ibs.. BulterfatA.23%.2691bs. 

ILLUSTRATED PEDIGREE OF SIRE 2 OF THE HOLSTEIN GROUP 
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Sire 2. 
87.5 per cent son of Sire l. 

Sire 3. Sire 2. 
75 percent son of Sire 2. 87.5 per cent son of Sire I. 

Mature weight. 1.203 Ibs.: af hirfh. 68 100. Sire I. Registered Holstein 
Milk.Z5.434lbs.:Butferfaf.3.36%.8SSIOO. Johan Woodc'rest ~d 11th 103987 

Mature weight.1.I04Ibs.: atbirfh. 67 Ibs. Sire \. Registered Holstein 
Milk.l7.I06Ibs.: BuHufat. 3.61'1'0.618Ibs. Johan WoodcrestLad 11th 103987 

Mature weight.USO 100.: at birth941bs. 
Milk.19.072lbs.: BuHerfat.3.78%.72Ilbs. 

Mature weigbt.l.288lbs.: at birth.73 lh>. 
Milk.17.416lbs.: BuHerfat.4.l8%.728~, 

ILLUSTRATED PEDIGREE OF SIRE 3 OF THE HOLSTEIN GROUP 
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FoU\.lt> AT e~"O 
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Joban Woodcrest Lad II tb 103987 
FOUNDATION COWS 50 PER CENT DAUGHTERS 

Matureweight.984lbs. 

Milk.lO.367 Ibs.• BuHerfat.4.09%. 424 Ibs. 


Mature weight.7831bs. 

Milk.9.308Ihs., Butterfat. 4.17%.3881bs. 


Malun! weIght. 790 Ib5. 

Milk. 9.8211bs •BuHerfat.4.40%. 4321bs. 


Marun! weight.l.1371bs.,at binh.74Ibs. 

Milk.l3.284 100.: Bulferfal-,4,70%.624 Jbs. 


MaWn! weight.1.I691bs.• at birth.9S1bs 

Milk. 14.660Ib5.; BuHerfat.3.83%.561Ibs. 


Mature weight.1.1471bs.: at bu-th,BSlk 

Milk.Il.5291b5.; Butterfat.4.29%,495IhL
, 

Mature weight 1.084Ibs. ,a+ bu"tb. 561bs. 

MHk.l5.3791bs.: Butterfat.3.83%.589115. 


Mature weight.1.249100.; at hirth.981bs. 

Milk. 11.733 100.: Butterfat.3.86%,453Jbs. 


Mature. wagbt. 9071bs.. at birth 69 . MstUre weight.1.l5Blbs.:Mbirth.6Blbs. 

Milk.7.036lbs.• Buttafat.4:76%;33Slha. Milk.l6.728lba.. ButmfBtA.30%.7191bs. 


ADDITIONAL OUTBRED DAUGHTERS OF SIRE " AND THEIR DAMS 

'J,'hese dnughters have no remale progeny in the experiment. 

http:BuHerfat.4.40
http:BuHerfat.4.09


Tech. ,BuI. U. S. Dept. of Agriculture PLATE 6 

YOUNDR:TION COW SOPER CENT DAUGHTER 

Mature weigH 8211b5. Mature wei!'ibt.1.038]bs.: athirf~701b5. 
Milk.6.35,0 Ib5.:Butterfat.4.23%. 2691bs. Milk.11.2131bs.:Butterfat. 3.24%.3631b5. 

75 PER CENT DAUGHTER 87.5 PER CENT DAUGHTER 

Mature weigbt.1.0241bs.: at birth651bs. .Mature weigbt.1.ZZ0 Ibs.,at hirth.93llis. 

Milk.17.033lbs.;Butterfa1. 3,09 %.5Z61bs. Milk.I7.4Z31bs.::Butterfat.3.Z8%.5711bs. 

RESULTS OF MATING SIRE 1 WITH HIS DAUGHTERS FORTwoGENERATIONS 

http:Milk.I7.4Z31bs.::Butterfat.3.Z8
http:Ib5.:Butterfat.4.23


Tech. Bul. 339. U. S. Dept. of Agriculture 

{ 

" 

FOUNDATION COWS 

Mature weighf-.942Ibs. 

Milk.l1.219Ibs.:BuHerfa t,4.79%.537Ibs. 


Malure welghI.955Ib5.:al birlh. 561b5. 

Milk.13.686 Ibs.:BuHerfat.4.81%'. 658 l·b5. 


-"-', 

No picture available 

.·6 
Gr Hoi 

Malure. weighl.1.06Zlbs. 
Milk.l4.232Ibs.:Bullerfat.3.96%.564Ibs. 

Malure weignl.1.I37Ibs. 

Milk.16.461Ibs.:Bulierfal.4.35%.7161 bs. 


Si~e 1. Registered Holstein Sire I. Re9ls/ered Holslem 

Johan Weederesl Lad 11th 103987 Johao Wooden,,1 Lad IIlh 103987 

50 PER CENT DAUGHTER.S 75 PER. CENT DAUGHTERS 


------------------------------------.-----------------~ 

----------------------------------------------------~:-

Sire 2. An 87.5 F 
of Sire 

50 PER CENT D 

Malure welohU.236 
Milk.16.81E> rbs.: Bulle 

Malure wel901.1.2641. 
Milk.18.853Ibs.:Bdlr 

Malure weig hi .1.325 :b· 
Mdk.lS.416lbs .Bul/rrf 

f ~ ~'I .,. • 'WI> : 

u • .-.-.:. .. .. ~. 

Malure wdgbU/J2711 
r'1"k.l9.229Ib~. Bl'!!.­

." _'I'. . 
.-: .... ( r=o...._J>. ~ 

Malure weighl.I.225Ibs.:al birlh.87Ibs. 
Milk.l6.934Ibs.:ButlerfaI.3.93%.666Ibs. 

http:Ibs.:BuHerfat.4.81


PLAT£. <\ 

Sire I. RegIstered Holslem Sire 2. An 87.5 percenl 501) Sire 2 An 87.5 per cenl son 
Johan Wooderesl Lad 1I1h 10398'7 of Sire 1. of S,re J. 

7S PER.. CENT DAUGHTERS 50 PER CENT DAUGHTERS 75 PER.. CENT DAUGHTERS 

Malure welghl.1.236Ibs.;al blrlh7Blbs. 

Milk.16.81E> Ibs.; Bulterfat.3.61 %.607Ibs. 


Malure welghl. 1.264Ibs.; ar blrlh.82Ibs. Malure welghl.I.235Ibs ;al btrtb. 77lbs. 
Milk.1 B.B53Ibs.; Bdlerfct. 3.99%.152Ibs. Mil k.20.928Ibs.:Bullerfat.3.58%.750Ib~. 

.. "'so 
r~,;'.' "·$1 

;''i'~.''''''''GI. 
.\. ", ~, . ' ................... ~!:!..- ...~• 


A ~ ~,. - ­.... ,~, .' . . , .~ . . 
~", . .- . 

~1alure weighI.1.3Z51bs.,al birlh.911 bs ~1:llul·c \"JriQhI.1.I35Ibs. al blrlh.66Ibs. 
Mllk.15.416Ibs.:Buflerfal.3.40%.524Ibs MIIk.Z5131bs .Bul!erral.358%269Ibs_1I95d~sl 

.. - -- - ­~-=---
~ - ", ...; 'rf$... ' .. ~ . ~ . ~ .. 

Malure wc,ghl.I,427Ibs;al blrlh961bs :·'blw>! I'JI,,]hI.1.230 Ib~;aI brlh70 Ibs 
M"k.l9.229Ib~ Bul/. •fal.3.2B;t631Ibs. Il'jlk.IO.992!bs.BuJJ;-.rraI.3.28;:.360Ib<;(/89rt!y~;; 

4 • -.-. ~~'t;.}/:""''' • .,. .... .. ~" - ~ ~ ..... .... ' .,(, 

Malure wClghl.l.316Ib;.• al birlh.89lbs 
Mdk.2I.Zl)5lbs .BlllI'lfaI.388%824Ib" 

http:Bulterfat.3.61


..;--:. " ..... ­ rE· till 
Malure wei9bl.1.I37lbs. . Mafure weighU.427Ibs.:al

Milk.16.461Ibs.:BuHerfal.4.35%.716Ibs. Milk.l9.229Ibs.:Butterfat.~ 

Mature weigbf.I.2Z5Ibs.:at birfb.87Ibs. 

MilkI6.934Ibs.:BI,lHerfat.3.93%.666Ibs 


, . 

----------------------~.-

Malure weighf. 9841bs. Mafure weighf.l.173Ibs.:af birlh.8Slbs. Mafure weighf.l.274Ibs.:a
Milk.1 O.367Ibs~BuHerfaf.4.09%.424Ibs. Milk.lS.3131bs.;BuHerfaf.3.84%.588Ibs. Milk.l4.551Ib5.. Buflerfal 

------------------------~..-

Malure weigh!. 9841b5. Mature wei 011.1.173Ibs.:al birfh85lbs. Mature weight 1.3141bs~c 
Milk.l0.367 Ibs.:BuHerfat.4.D9%.424Ibs. Mil k.IS.313Ibs:Bullerfat.3.847..588I bs. Milk.19.903Ibs.:Buflerfal 

:.. 

Mature weigbl.984Ibs. Mature weignl.l.l73Ibs.:at birlh.85lbs 
Milk.IO.3671bs.:ButlerfaI.4.09%.424Ibs. Milk.lS.313Ibs.:Bulferfaf.3.84%.588Ibs. 

Mature weighl,l.006lbs. Mature weight.l295Ibs.:al birlh76lbs. Mature weighl.1.338Ibs.:all
Milk.lS.647Ibs.:BuHerfat.4.56%.714Ibs. Milk.19.926Ibs.:BuHerfaI.3.91%.779Ibs. Milk.22.082Ibs.:Bullerfaf.3.: 

f{M~"···",~(: :~;' 
Mature weigbt,821Ib.s. Malure weighl,I.038Ibs.;atbirfI),70Ibs. Malure weighl.l.186I bs.:al birlh69lbs. Malure wcignl.I.039Ibs.;aT f

Mil ­
I 



Malure weigbl.l.427Ibs.:at birlb.96Ibs. Malure weighl.l.230 Ib5.:al birlh.70 Ibs. 

Mil k.l9.229I bs.: Butterfaf.3.28%.63J Ib5. Milk.IO.9921 b5:Bu fferfaf.3.28%.360 Ibs.1I89daysl 


----------------------~:-

----------------------~:-

----------------------~:~ 

J>. 

Mature weighf.I.316Ibs.:af birlh,89Ibs. 

Mtlk.21.245Ib5.:Bu/lp.rfal.3.88%824Ibs. 


Mature weighf.l.274Ibs.;af birfh.I07lbs 

Milk.l4.551Ibs.;Buflerfal.3.517..511lbs. 


Mature weigbH314lbs~at birfhl05lbs. 

Milk.l9.903Ibs.:Bullerfat.3.587..713Ibs. 


Mature welghI.l.3Z8Ibs.:al birlh.97lb5 

Milk.l9.466 Ib5.: Bullerfat.3.45%.6721 bs. 


Mature weighl.1.338Ibs.;albirlh,98Ibs. 

Milk.22.082Ibs.:Bullerfa n.347..738Ibs. 


Mature weigbl.l.321Ibs.:al blrlh,82Ibs. 

Milk.20.800 Ibs.;Bullerfat.3.50%.728Ib5 


Mafureweighf.I.l95Ibs.;al birth.90Ibs. 

Milk,lZ,OZ31 bs.;BullerfaL3.lJ77..4171 bs.c195dtly·;j 


http:bs.;BullerfaL3.lJ
http:Bullerfat.3.45
http:birlh.70


BJ."teiii ~ 

Mature weight.821 Ibs. Malure wt.ignl.l.03B Ibs.;a! birH).70 Ibs. Malure weigbU.l86Ibs.:al birfh69lbs. Mafure weigbl.I.039Ibs.;c 

Milk.6.3S0 Ibs.;Bul/erfal.423%.2691bs. Milk.11.213Ibs~Butterrat.3.24%.3631 bs. Milk.l9.930 Ibs.: BuHerfal.3.17%.6321 bs. Milk.15.40Slbs.:Bullural 

,'. 

Mature weight.783Ibs. 
Milk.9,30B Ibs.;Bu lierfal,4.17%,388I bs. 

Malure weight. 7831bs. 
Milk.9.308 Ibs.:Bulferfa!.4.17%.388 Ibs. 

29 
Gr.ffot~ 

JyrJ.9rnoS 

'l~~ 
Malure ....eigh!.1.288Ibs.:a! blrlh.73Ibs. 
Milk,I7.416Ibs.;Butlerfai.4.18%.728I bs. 

fvlafure weighU.0061 bs 
t~ilk.l5.6471 bs.. Bulferfaf.4.56%.7141 bs 

Mafun:wcight.1.I58Ibs.:arbirlh80Ibs. 

Milk,18.t?'llbs.: Bu Ilerfal.3.68,/o.667Ibs. 


Malure NeighI.I.IS8Ibs.:al birlh.80Ibs. 

t1ilk.lB.1311 bs;Bulle r[31,3.68%.667Ibs. 


Malure ,·.qH.I.ISO Ibs.;a! bll·ih.94Ibs 

t1dk.l9.072 Ibs.;BullerfaI.3.78%.72llbs. 


Hature welght.:.295Ibs.. af birth.761 bs 

Hilk.l9.926Ibs..Buf!erfaI.3.91%.779Ibs 


Malure weighl.l.l53Ibs.:al birlh98lbs. 

Milk.l9.68Zlbs.:BuHerfa!.3.49%.6fl7Ibs. 


Malure weigb!,I,IS3Ibs.:al birlh.98Ibs. 

MIlk.19.68Zlbs.;Bufferfat,3.49%.687Ibs 


:'.: : ~ r .r~' .. -;:-= 
.~.~!,~. ~-~~. ;,.t,i. 

Malure weighl.1.I04Ibs.;af bidh,67lbs 

Milk.17.! 06Ibs.:Bulierfal.3.61%.6181 bs. 


Malure weighl.1.I90 Ibs.:at birlh.93Ibs. 

Milk.IS,Z411 bs.:Bullerfal,3.5Z%,536Ibs 


Mature welghI.I.Z78Ibs.: 

MJlk.l7.615Ibs.;Bu! !Pl"faI.: 


Malure weigbU.252 :bs.; 

Milk.lS.6061 bs:Bul h~rfc 


' .. 

Mature w(',yhl.1.l94hs 
~1 ilk.ZI,39tt Ib~ .Bulfcrfa 

Malure welght.l.006lbs. Mature welghl.1.295I bs.a! blrlh.761 bs Malureweigbl L190Ibs.;al blrlh.93Ib~ Hal,m: wt'iljhl.l.21B C 
Milk.l5.647Ibs;Butlerral,4.56%.714! IS Mdk.19.926I bs.. Butlerfal.3.91 %.779Ibs Milk.l5.241Ibs;ButlerfaI.3.5ZZ.5361b:. ~1dk.l3.906Ib'..Bu!f. 'f 

rJ!'":--t ('O)Ulnu Il'£t 1111 iL"1t1 '. t!r rdl' rfllllld.llirlt! j"il\\' -p'-tlli I ('I,j,.:! It. ·,0 {'I" 11'1.1 d iIII.'LII'I~ of ·in' nllt of jilt' fOIlIl.! fifO!! {11',\ f!IH'! nt!"t!1I11. :-. ;,1" i j' I ·t " 1 'I d! ,I "'.' ,,' 

(lllIud,iI jill! {I;\\ ... ,lIjit {Ilf Ilf :,0 ,nd ~:, I,to •• I!'! d 11ll.'lil'! q'. It'· L L:!h ('IJ}t .WH. j:. iwr l't'hl d :'1i.:h!. I': o~ --;'1' :.! Hill 0

1 !1 !, ~ 'I" II . 1 .: 'Id ji~' 
t 

.\.:(". I.·.
J 

http:Butlerfal.3.91
http:r[31,3.68
http:Milk.11.213Ibs~Butterrat.3.24
http:birH).70


~snwtY:IlijU 't'~ 
Malure weighl.l.l86 Ibs.:a I birlh.69Ibs. 


Milk.l9.930 Ibs.:Bulterfaf.3.17%.632Ibs. 


Mature weighl.l.l53 Ibs.:atbirlh98 Ibs. 

Mjlk.l9.682Ibs~BuHerfal.3.49%.6871bs. 


Malure weighl.1.I53Ibs.:al birlh.98Ibs. 

M" k.l9.6821 bs.;Bu tlerfat.3.49%.687Ibs 


Malure weighl.I.104Ibs.:al birlh.67Ibs. 

Mllk.17,I06Ibs.; BullerfaI.3.61%,6181 bs. 


Malure weighl.l,190 Ibs.:al birfh.93Ibs. 

Mdk.lS.2411 bs.:Bul ferfaf.3.52%.S36Ibs 


bs..a Iblrih.761 bs Mafure weighl.I,190 Ib5:af blrlh.93lbs 
rfal.3.91%.779Ib!:> Mdk.lS.241 Ibs,Bullerfal,3.527..536 Ibs 

Malure weighl,I,039Ibs.;al birfb.70Ibs. 

MilkIS.405Ibs.:BullufaI.3.57%,S50Ibs. 


Malure weight.l.2781bs.:al birlh.95lbs. 
Milk,I7,6151 bs.:Bul/erfat.3.18%,560 Ibs. 

Mature weighI.l.252ibs.:afbirfh90Ib!:> 

Milk.lS.6061 bs.:Bullf!rra 1.3.26%.509Ibs 


Malure l'Ieighl.l.203 l;JS,al birlh681bs 

Milk,Z5,434Ibs ,Bui', ,faU 367.e551bs 


Malure welgH.1.I941:1" .al birlh.89lbs 

Milk.21.3941 b5.Bull~,r,)1.3.381.7231b~ 


.~_·:·jf 
"-oi~....~ ! ~ ~ A~!;~::{ 

Smo~ 

Mabe wcighLI.275 b·. ell bl' IhS21h 
Milk.13,906Ibs .Bul I. ,r,1!,3.23?4'l9Ib·, 

Malure weighI.U58Ibs.:al birlh.78Ibs. 
Hdk.l6.583Ibs.,Bullerfat.2.74%A55IbsJ3Z5daysj 

~~....- .. ., . . .-......... -.-' 

• !"'.....,...,. --- ~""'--'-... 

. ';, :'. ~.;..' .vr' ~ • .: '" ' ........... 


tvjdlur~ w"ighI.1.285Ib, .albir fh,75Ib" 
i'idk.!0.365Ibs ;Bullerfa t.3.41%.353Ib' rZ!5dd/,' 

Dlru:c' Gl.NUlATIONS OF Cows OF THE I lOLS TIr·, GrlOlJl' 

('1'111 ,I Hld;fi', oJ ill "If tI, nUl {ullllo! ,lluli I'fl\~". Ihlld (·o!:JJlifi. -;:1 Jll'r ('j'll eI ;,i ...·lj~I., fir ·1"1' 1 II:.! o! j ~ .' ,t·:', • I ~ ;.' I , .'I,t'l .. I, •• , 

111/: lit ·d '< j: JI!tL loll Itltif 7" lll'r C'I'Ht d.HIi-'lIln... (If ~II'I' '2. IIItI o( hi ;,0 llpr {"!d d .'jdil('~. ~I'! I HWl,Il'tt ! i' • , I I • . ( ,." ,-, I ! ip jl . 




