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PURPOSE, PLAN, AND PROGRESS OF THE INVESTIGATION

The original purpose of this investigation in inbreeding grade
cattle was .o determine whether & good dsury 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 Experiment Station at Beltsville, Md. In that
year 16 cows of mixed breeding and of only average production
were purchased for the experiment. The appearance of these cows
indicated the presence of Shorthorn, Angus, Herelord, and Jersey
breeding. A well-bred Guernsey bull, Imp. Prince Billy of Rich
Neck 17799, was purchased to mate with them. TIn the next year
11 grade Jersey cows, which were somnewhat higher producers than
the cows in the original purchase, were added to the herd; and at
about the same time & registered Holstein-Friesian buﬂ Johan
Woodcrest Lad 11lth 103987 was purchased. Inssmuch as the
results of such a breeding e\'penment would depend largely upon
the individuslity of the bull used, it was thought best to Thave 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 their own sire for successive gensrations.

The imvestigation proceeded substantially as planned until the
herd became infected with infectious sbortion. This disease appeared
in 1914, and in 1918 had become so severs thab an effort was made
to check it by disposing of the affected animals, The disease,

140522°—3—} 1




2 TECHNICAL BULLETIN 33%, U. 5. DEPT. OF AGRICUUTURE

coupled with the efforts to cradicate it, nearly terminated the experi-
ment. The females of the Guernsey group were breeding with such
uncertainty that it was decided to discontinue the work with that
breed. Erough females of the Holstein group were salvaged to
warrant continuing the experiment with this breed.

When the Holstein sire, Johan Woodecrest 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
apparent, it was decided fo 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 the Holstein group was an
87.5 per cent inbred son of the first sire, Johan Wooderest 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 third sire back to his own
dam, and he is still in service. 'The plan has been to select for service
those bulls most intensely inbred.

As used in this publication, the terms ‘50 per cent daughter of
a bull,” and ‘50 per cent sor of & bull,” mean the offspring obtained
when the bull is mated with a cow that is either unrelated or only
distantly related to him. 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
Lim with one of his 75 per cent danghters.

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

Most of the cows with which the second Holstein sire was mated
were 50 per cent outbred daughters and 75 per 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 this reason the terms 50
and 75.per cent, as applied to the daughters of the second sire that
were oub of his half-sisters, fail to express the full extent of the
inbreeding.

The results of this investigation are measured by: (1) Birth weight
and normality of calves; (2) weight at maturity; and (3) production
of milk and butterfat. ¥or the experiment with Holstein sires
additionn] data are presented on the number of services required for
conception, the growth and vigor of calves, anu the vigor of cows.

In order to bring all this information to & comparable basis, it was
necessary to use certain correction factors: (1) To malke the birth
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 dams. (2) To make the
birth weights of the bull calves comparable to those of the heifer
calves (the number of calves was insufficient to justify a study of
each sex), 7 pounds was deducted from the birth weight of 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
Stiltion,‘ on factors influencing variation in weight of dairy cows and
calves.

| MoseLEY, T. W., STUsn?, D., and ORravEs, R. R. DAIRY WORK AT THE HUNTLEY FIELD STATION,
HYNTLEY, MONT., 1018-1027, V. 5. Dept. Agr, Tech, Bul. 116: 24-3¢, 192,
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Sufficient date from which to prepare similur correction factors
for the grade Guernseys were not obtainable. The correction factors
for this breed were adapted from those used for the Holsteins by
assuming figures approximately proportionsl to the birth welghts of
the calves of the two breeds. Thrse 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
copdition, but hefore they were heavy with calf. As the cows under
officlal-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 following age-correction factors
prepared from records obtained 1n this investigation were used:

For cows 2 to 3 years old multiply the weight by 1.20
For cows 3 tu 4 years old multiply the weight by 1.11
Iror cows 4 to 5 years old muitiply the weight by 1.06
For cows 5 to 6 vears old multiply the weight by 1.02

Most of the production records in this investigation were made
either with immature cows or with cows kept under herd conditions
rather than under official-tes$ conditions. 1T was necessary, therefore,
to correct the production records for both of these factors. All of
the grade 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 sge-correction figures
of Clark * 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 time 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 previous investigation,® it was found that cows kept under the
official-test conditions used at the Beltsville station, gave 50 per cent
more milk and butterfat than they did when kept under ordinary
herd conditions. Therefore, the herd records given herein, after
being corrected for age of cow, were converted to the equivalent of
test records by applying the factor 1.50.

EFFECTS OF INBREEDING GRADE GUERNSEYS

The Guernséy bull Imp. Prince Billy of Rich Neck 17799, used in
this work, was by Billy’s France of the Isle 21183, and out of Froome’s

CLARE, R. 8, TBE CORRELATION BETWEEN COANGES 18 AGE AND MILK FRODECTION OF DAIRY COWS
UNBEH OTHER THAN OFFICIAL TEYTING CONDITIONS. Jour. Dairy Sci. 7:352. 1624,

P Woonwann, T, E. INFLUENCE OF TWO PLANES OF FEEDING AND CARE UFON MILE FROLUCTION. Jonrr.
Duiry Sci. 10:285-291, 1047,
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Queen 28706, & cow with an 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) along with those of five foundation cows,
their daughters and granddaughters.

BIRTH WEIGHT OF CALVES

The average birth weight of the 50 per cent daughters of the
Guernsey bull, and the average birth weight of his %5 per cent calves
from these 50 per cent daughters arve presented in Table 1. Also, the
average birth weight of three of his 75 per cent daughters is compared
with the average birth weight of his 87.5 per cent calves out of these
three daughters.

YanLE 1.—Awerage hirth weighis of 75 and 87.5 per cent calves | comparad with the
acerage birth weights of their dams, oll by the Guernsey bull

Avernge Average | ’:]“; ::]ml

Drescriplion of colves Culves [ birth Desiritipn of dains Dans | birih ie-
wiighl wojght | “ I3t
isons

- KNuwm-
ber Founils her Pawnds | Numiher
TH e eent ol @ Ga. 8 | H0 per cend danehiers T ”n £, 9 pe}
B7.5 M8l el e o . 3 6.0 | 75 per cont davghiers. ... 3 HE 7 4

1 Corrected for ape of dam and sex of ealll
2 Birth weights of dums of thece datghters unknown.

Table 1 shows that there was a smail but eonsistent decline in the
birth weight of the calves in this group as the inbreeding became more
intense. Anocther matter, however, must be considered in Inter-
preting these data. Of the twelve 50 per cent daughters in this table,
eight were out of dams of indiscriminate breeding. It may be pos-
sible that these eight dams had some “large-breed” ancestry and
carried an inheritance for greater weight at birth than thac carried by
the Guernsey bull, in which case it would be expected that mating them
with this bull for successive generations would decrease the average
birth weight of the calves. On the other hand, the fowr remaining 50
per cens daughters were oub of grade Jersey cows, which no doubt
carried an inheritance for smaller calves at birth than that carried by
the Guernsey bull. These four grade Jersey daughters had an avernge
birth weight of 70 pounds and gave birth to eight 75 per cent calves
with an average birth weight of 61,6 pounds. Two of these 75 per
cent daughters had an average birth weight of 63 pounds, and gave
birth to two 87.5 per cent calves with an average birth weight of 61
pounds. Therefore, inbreeding decreased the birth weights of the
offspring from the four grade Jerseys, although the use of the Guernsey
bull probably would normally tend toward heavier calves.

NORMALITY OF CALVES AT BIRTH

A number of deformed calves resulted from mating the Guernsey
bull to his daughters. Table 2 shows the total number of calves sired
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 thése foundation cows.
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Tasre 2.—Reproduciion record of cows mated with the Guernsey bull

Calves
normal

Recornded Calves | 1 con-

calvings deformed

Description of dpms
gad

forma-

tion but
dead dead

Foundation cows 5 §
£0 per cent daghters of Quernsey bull. .. 48 %

The large increase in number of shortions 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 herd.

All the deformed calves either were dead at birth or died within o
few hours. The anatomical abnormalities of & fiypical 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 vertebrio were compressed Interally, resulting in a lateral curvature. The
hodies of lumbar vertebre showed anterior compression, resulting in posterior
curvature. The lateral processes and spinous processes were modified somewhat
in gonformity to the chianged posjtions which they assumed as a result of the
modification of the body formation. The intravertebral foramina were lessened
in diameter upon concavity of the curvabures which would have resulied in an
impingement upon the nerves issuing from the spinal cord through them. The
long bones of both anterior and posterier Hmbs showed marked curvatures with
the convexities laterally away from the median line. The hwmerus and femur of
each limb were abnormally shortened. The extremitivs of these long bones were
enlarged. The skull showed a general shortening and widening with 2 permanent
bulging of the frontal bones.

This description agrees closely with the appesrance of deformed
calves examined by Wriedt,* who states that *“these calves had greatly
foreshortened heads and upper jawbone, and stumpy, crooked legs
which could no{ 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 Prinee 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 expectancy
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 mnbred calves by Prince Billy of Rich Neck 6 were deformed.
This 1s the number that was to be expected according to the Mendel-
ian ratio, where this deformity is caused by a double dose of a
recessive factor, and confirms Wriedt’s findings and observations.

MATURE WEIGHT OF COWS

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

§WrisnT, O, BEREDIY 18 LIVE SToCK. p.72. London. 1430,
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cows, 50 per cent dau Ijrhi;erss and 75 per cent daughters, Table 3 was
prepared, including only those foundation cows having both daughters
and granddsughters.

Tasre 3.—Weighls of five foundation cows, end of lheir daughlers and grand-
daughters by the Guernsey dull

A veryge
weight

Pounds
oo3

Foundation cows .
Daughters 1 f 1, 13L
Granddsughters . ___. - 56

~54] per cent, daughters of the Guernsey bull.

2 75 per cent danghtors of the Guernsey bl

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 management. The average weight of five
foundation 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
dems was to be expected. Every one 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 aversge weight of their dams, whieh were 50 per cent daugh-
ters of the Guernsey bull. Thislarge declinc ean not be explained on
any grounds other than the effects of inbreeding.

PRODUCTION OF MILK AND BUTTERFAT

All production records given in this report were made under ordinary
herd conditions. Jf 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 foundsation cows and of their
daughters by the Guernsey bull are compared in Table 4, and a
comparision of the records of 5 foundation cows with those of 50 per
’ri?nlfl daughters and of 75 per cent daughters of this bull is shown in

able &,




RESULTS OF INBREEDING GUERNBEYS AND HOLSTEINS 7

TaBLE 4.—Milk and butierfat records of foundalion cows and of the 50 per cent
daughlers of the Guernsey bull

Ingrease () or decrease
Fenndatlon cows ) per cent danghters ((J-) of datghters over
ams

Predomisating | npk [ Buttert | GOF Butferlat | Milk | Buiterfat

Pounds | Per cent) Pounds Per cend; Poundy | Powsidy | Per cend)
3,77 4. i’ 5 4.78 42,608 | 0. 67
023
+1, 246 |
=7, 440
- [4+3, 925

b
BLERnIRERAAS

&0
o

aduEEy

PR Er R R o R
iE2

o
€a

o | S s et T e g B 0 i

E
Avernge, omitting
No. 2 and her
doughtar.___.___
Difference inaver-
ages

1 Estimnted irom a f-month record. * I'ercentaga bosed on the averages.

TABLE 5.—Milk and butterfal records of Jive foundation cows and of the 50 per cent
davughiers and 75 per cenl daughlers of the Guernsey bull

Foundstion cows 50 per cont daughiers 75 per cent daughters

Milk Buttorfat =, [ MUk Butterfat . M Butterfat

Poundsl
3,770 .
8, 04 . 206
5 D . 242

- 10,481 . 478

4

]

Averoge__| 6,835 . 254

1 Percentage based oo 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 millkk by the daughters would
be about the same as that by the dams and the incresse in butterfot

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
buttertat, resulting in & small increase ip total butterfat. Three of
the five 75 per cent daughters produced more butterfat than their
dams; the average increase over their dams was 28 pounds.

In percentage of butterfat the five foundation cows ranged from
3.43 to 4.56 per cent, a difference of 1.13 per cent. (Table 5.} The
outbred daughters ranged from 3.86 to 4.78 per cent, & difference of
0.92 per cent, Both the low and the high percentages were increased.
The inbred daughters ranged in percentage of hutterfat from 4.56 to
5.61, a difference of 1.05 per cent. Both the low and the high 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
decreased. The average percentage of butterfat for the five founda-
tion dams was 4.16, the average for their five outbred daughters was
4.40, and the average for the five inbred daughters was 4.95 per cent.

COLOR MARKINGS

The Mendelian behavior of spotting is illustrated in the color pat-
terns of the daughters of this Guernsey sire from cows of broken gnd
solid color. Cow 1, in Plate 1, was a 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 {rom foundatisn cows of solid
color were of solid color. Jtis known that spotting is recessive to solid
color. Apparently these {oundation 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 sinee the inheritance for solid ¢olor is dominant, these first-
generation daughters would be of solid colov regardless of whether
they received an inheritance for spotting frem their sire.  On the other
hand, this sive carried very little white for a Guernzeyv. Except for
some white on the belly and on one leg he was of solid color. Ordi-
narily it would be expected that more of theinbred daughters would be
spotted but it is entirely pessible 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 ius offspring, That he did transmit the
character for broken color is shown by the fact that both his outbred
anld hﬂ}red daughters from the spotted foundation cow 23 are broken
colored.

EFFECTS OF INBREEDING GRADE HOLSTEINS

BREEDING OF BULLS_USED

The first Holstein bull used in this work, sire 1, Johan Woodcrest
Lad 1ith 103987, was by Johan Woodcerest Lad 52145 and out of
Litlian Walker Nudine 16229, a cow with an advanced-registry
record of 16,229 pounds of milk and 518 pounds of butterfat at the age
of 2 vears and 4 months.

The second bull used, sire 2, was an 87.58 per cent son of sire 1.
Photograpis of sire 1 and sire 2 appear in the illustrated pedigree of
sire 2 shown in Plate 2. (In pocket.)
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The third bull used, sire 3 {pl. 3, in prmket), was & 7§ 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 first 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.

Gow No. Breeding ¢ No. Breeding
Jersey-Shorthorn. Grade Holstein.
Grade Jersey. Grade Guernsey.
Grade Jorsey.

Dao.
75 per cent inbred

Do, Guernsey.
Grade Holztein. Grade Holstein,
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.)

SERYICES REQUIRED FOR CONCEPTION

Complete service records of the animals in this experiment have
been kept for a number of years. 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 G.

TaARLE O.—Servicey required for conception by cows with different inlensilies of
rrbreeding

Averspe
Intensity of inbreeding h ;g:‘:;:h
eeplion

Cows sarved by sire 2, an B7.5 ner cent son of sire 1t
50 per cent duughters of sica 1
75 per cent detighters of sire 1
&7.5 por pent daughter of sira 1
Cows served by site 2 or sive 3, the lattiy lmmg n 75 per cent son of sire 2
Cows nnrolated fo theso sires
50 per cont danghters of sire 2_ o
75 per cent dotighters of Sire 2 . .

1If the record of 1 cow served 14 times were amitted the nverage would ba 2.4,

Table 6 shows that the inbreeding of these cows did net 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 experiment required fewer services
per conception.

GESTATION AND NORMALITY OF CALVES

Since January }, 1926, more complete gestation and calving records
than formerly have been kept. In the period from that date to
March 14, 1931, 104 calves in this experiment were born. Of these
89 were inbred snd 15 outbred. All the cutbred esalves were normal
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




10 TECHNICAL BULLETIN 339, U. & DEPT. OF AGRICULTURE

tions (not infectious). Thus 9 per cent of the gestations in which
inbreeding was @ factor terminated abnormally.

Comparsble fizures for 126 outbred registered Holstein calves in
the general herd are; 112 normal, 9 carried full gestation period but
born dead, 2 mummified fetuses, and 3 sbortions {nof infectious), or
11 per cent of the gestations fermingted sbnormaily.

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 difierence in
j;hffa eiﬁgiency of breeding as regards gestation and normaley of calves
is found.

Only one deformed inbred calf has been produced, This was some
vears previous to the period stated above. The calf was the result
of mating sire 1 with one of his 50 per ceni 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 horn subsequently, it does not seem
reasonable to attribute this one case to inbreeding.

BIRTH WEIGHT OF CALYES

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 gyrade Holstein calves, outbred and of various degrees of
inbregding

ooalr 1: Avorape hirth
! ound weight
dnm |
toul- i
i .: 23;'5 :Calves Dams
| ' i '
. !

Group -

L i :

! Number Pounds ' Pownds

A_aoaa. H0per cent calves {pulbred).__" Foundation cows : 4. a4 7l

n 75 per vent calves {inbred)_ .. & per cent duughters of sirn 1 {outhrod). &5 - &2
. 87.5 per cony calves {inbred)_. 73 percent danghters of sire T (inbred)__; 4. 8O 68

EY SIRE 1

BY SIRE 2|

P

' 50 per gent calves (outbred) ' i iosr [

© 75 per eent calves Gobred) ..o

30 yer vent calves (inbred)....
. 74 per ceot ealves {inbred). . ..°

50 per cent ealves f!nbrctl'.l..--'
{75 peL cent eatves {inbred) .-

50 per cent ealves (inb;ed).. .,!
HY BIEE 3!

M..._..! 50 per cent cplves (nbred)_ .

30 per cent dutghters of sire 2 {ouLbred) j BO it

(see D, ;
Mner cent dgaughiers afsire I {mr bredi.
Daughters of sire 2 from potbred

daughters of sire 1 {soe R,

75 ner et dpughlers ol sive 1 {inbrad)_;
Daughters of sire 2 {rom inbred daugh- §

ters of sive i (roe Y i i

87.5 prer senl datghter of sire 1 {inbred).;

3 dauphters of sire 1; 14 daughters of { 17
sire 2. i

i

52
103

§2
85

03

87

.
:

I A 87.5 por gent seo of sire L. A 75 per vent son of sive 2.

Because of the difficulty of showing clearly the breeding of the
calves shown in Table 7, the diagrams in pedigree forimm 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
simj%ar group designation of the calves shown in Table 7.
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In interpreting the data presented in Table 7 the effect of breed
must be considered. The outbred ealves both by sire 1 and sire 2
of Holstein breeding were much larger at birth than were their dams.
This was to be expected in view of the fact thet Jersey and Guernsey
blood predominated in the dams. TIn the calves by sire I the birth
weights show a progressive increase with increase in percentage of Hol-
stein breeding from successive matings of sire 1 with his own daughters.
This is what would ordinarily be expected if the inbreeding had no
adverse influence. Iowever, the greatest average birth weight of
any of the three groups of calves by sire 1 was 86 pounds, which is
somewhat less than the normal birth weight of registered Holstein
calyes, At the Bureau of Dairy Industry station at Huntley, Mont.,
79 Holstein ealves had an average birth weight of 92.5 pounds {using
the same correction factors as in this investigation); at the station
8t Ardmore, 8. Dak., 17 heifers had an average birth weight of 90
pounds, the same as 23 heifers at the University of Missourl; and at
Beltsville, Md., 27 heifers avernged 97 pounds at birth. The average
for the 146 calves is about 93 pounds, which may be considered as
fairly close to the average for the breed.

The birth weights of the calves by sire 1 show the contrasting
influences of breed, size, and inbrecding, The outbred daughters
are much smaller than is normal for the Holsteln breed because of
the influence ol the inheritance for smaller size possessed by the
foundation dams in which Jersey breeding predominated. Of the
four foundation cows mated to sive 1 (Table 7), for which an average
barth weight of 71 pounds is given, one was a grade Holstein, one was
a grade Guernsey, and two were grade Jerseys. Somewhat the same
proportion of these three breeds 1s found in all the foundation cows
or dams of the 50 per cent daughters of sire 1 given in group B.
As the percentage of Holstein breeding increases the birth weight of
the calves increases, showing that size is controlled by multiple
factors, but even the calves carrying 87.5 per cent Holstein breeding
are still considerably smaller at birth than is normal for the Holstein
breed. This failure of the calves carrying 87.5 per cent Holstein
breeding: to reach the normal size for the breed might be aseribed
to three things: (1) Some of the factors for smaller size thatwerce
received from the Joundation dams may still be present; (2) the
influence of inbrecding (these calves are the result of throe crosses
to sire 1); (3) sire I may have possessed an inheritunce for sizo it
birth that was below the average for the breed.

The ealves by sire 2 (Table 7), both those out of cows unrelated
to him and those out of 50 per cent daughters of sire 1, were larger
at birth than their dems were at birth, but this relationship did not
hold true as the inbrecding became more intense.  The 10 foundation
dams of the outbred calves of sire 2 comprised 3 grande Holsteins, 3
grade Guernseys, and 4 grade Jerseys. When the inbred daughters
of sire 1, designated in Table 7 as 75 and 87.5 per cent daughters,
were mated with sire 2, the calves had an nverage birth weight lower
that that of their dams. Three dams produced the eight calves in
the BT group.  The dam of four of the calves had a birth weight of
107 pounds, the dam of three of the calves bad a birth weight of 98
pounds, and the third dam had a birth weight of 105 pounds., The
75 per cent ealves by sire 2 and out of dams that were not related to
sire 1 also had o lower birth weight than their dams.
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75 per cent daughter of sire 1 {

Grade Jersey cow.
Group D ealves

Grade cows unrelated to sire 2.

Sire 1._...

75 per cent daughter of sire 1 Sire 1,

50 per cent daughter of sire 1
0 per cen ghter o Grade Jersey cow.

Group E calves

50 per cént daughters of sire 1
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Grade foundation cows.




Group D1 calves..

50-per.cent daughters of sire 2...

75 per cent daughter of sire 1....

\Grade cows unrelated to sire 2.

50 per cent daughter of sire L....

75 per cent daughter of sire 1....

Sire 1

Qrade Jersey cow.

Sire 1.
Grade: Jersey cow.




Group E 1 calves.

50 per cent daughters of sire 2...

75 per cent daughter of sire ...

‘\50 per cent daughters of sire 1...

50 per cent daughter of sire 1.-.{

QGrade Jersey cow

50 per cent daughter of sire 1..-{

Sire 1.
Grade Jersay cow,

Grade foundation cows,




Qroup G culves,

Group F calves

87.5 per cent daughter of sire 1

76 per cent daughters of sire 1. __.._ e

l75 per cent daughter of $ire 1. .--c.-- {

75 per cent daughter of stre 1

50 per cent daughters of sire 1

Sire 1.

50 per cent duughter of sire.)

{

Grade foundation cow.
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Group F 1 calves.

50 per cent daughters of sire 2.

75 per cent daughter of sive 1...

75 per cent daughters of sire 1...

50 per cent daughter of sire 1._ .4

75 per cent daughter of sire ]-.-{

Sire 1

50 per cent daughter of sire 'l.-_{

Qrade Jersey cow.
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Group H calves.-..

50-and 75 per cent daughters of
sire 2.

50 per cent daughter of sire 2....

75 per cent daughter of sire 1...

75 per cent daughter of sire 1...

Sivre 1-.ucemaaan demmimemmntmn—a {

50. per cent daughter of sire 1._.-{

75 per cent daughter of sire l...-{

50 per cent daughter of sire 1._-{

50 per cent daughter of sire 1. _{

Sire 1.
Giade Jersey cow.

Sire 1,

50 per cent daughter of sire 1,

Sire 1.
Grade Holstein cow.

Sire 1,
Qrade Jersey cow.

HEALTIADIADY J0 'ILdHEd “S8 A ‘688 NILFETIOHE TVOINHOML QT




RESULTS OF INBREEDING GUERNSEYS AND HOLSTEINS 19

The calves by sire 2, shown in groups F1, El, G, ¥, 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 ir 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 2 group.
In Table 8, which shows the variation in weight ol calves hy sire 2,
according to the intensity of imbreeding, is shown the coefficient of
inbreeding as caleulated by the Wright method hased on the appear-
ance of the sires in the pedigree alone; the number of times thag
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 dem'’s side of the average pedigree
representing these different groups.

TasLE B.—Varialion in weigh! of calves by sire 2 eccording to inlensily af
inbreeding

CGrade breeding Ave_r:}:lge
Weight's ) remaining oo~ weight
Tines Avernge | rmore (1)
m%i;iic;e_nt sire | S > }\‘ci ht (or) :ehss
H BPPRRLS ire's Dnm's | of ealves ({—) then
breeding | "PPONS [ 28 | side of that of
peidigree | pedigrec dnins

Per cent | Number | Per cerd | Per cent Fownnds
.8 12.8 18.75 Tl —id
%5 3125 B —17
12.5 12,5 —i8
12.5 25 7 -3
125 50 +11

Except among the calves in group El, there is s tendency for the
calves to be smaller at birth as the degree of inbrecding becomes
more intense. As has been explained the eight calves in EI 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, 15 second only to that of the calves in group G. The four
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 cslves by sire 3, shown in Table
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 tc beget small calves can nof
be determined definitely from the data gvailable. There 1s evidence,
however, that he can sire calves of good size; in the one case in which
he was mated with an wnrelated cow, the calf weighed 98 pounds. The
same cow when mated with sire 2 had g 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 & different bull,
tend to strengt,hen 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 had a calf
weighing 90 pounds; the same cow when mated with her own sire
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(sire 2 of this experiment) had a calf weighing 72 pounds; and when
che was mated with her son, by the same sire, the resulting calf weighed
63 pounds, Cow 94, shown in Plate 4, a 75 per cent daughter of sire 1,
was mated twice 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 Holstein group of this
experiment in the 10 years ended January 3, 1931, 41 were inbred and
13 outbred. All the outbred calves lived for & year or more but 5 of
the inbred calves died. One died of navel infection, 1 of pnewmonis,
and 3 of pneurnonin with complications. Of the 89 outbred registered
Folsteins born in the Beltsville experimental herd during the same
period, only 2 died before reaching the age of 1 year. One died of
pneumonisa, 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 indieations are that the inbred
calves lacked the vitality of the outbred calves. Mowever, some
consideration should be given to the fact that three of the five dea ths
among the grades oceurred during an epidemic of pneumonia; that
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 weichts, at various sges, of daughters of sire 1
and sire 2, and certain dam-and-daughter comparisons are included
for sire 2. 'This table also gives the weights of registered Holstein
calves at Beltsville and other stations.

TARLE 9.—Weights of outbred and inbred dowghlers of sirés 1 and 2 and of calvey
from other herds al various ages up to 2 years

DAUGHTERS OF SIRE 1

4
Averape weighl at age o/—

Gronp Precding or herd
3 [ 12 H
monlhs months) monchs) monlhs

Wumber| Pounds | Poirads | Popendst Powsdy
A2l 7 1

50 per cent daughters (outhbred) 4 169 570
"| 75 per cent daughters (inbred)____ . ki 157 207 1
#7.5 per cent daughter Anbred) oo e oomiaamaa 1 173 337

DAUGHTERS OF SIRE 27 AND THEIR DAMS

50 per cent dnughters {puthred}
75 per cent drughters (inbred)
Trams, Group D cows (outhred)
50 per cent daughters (inbred) ...
%5 per cont daughters (inbred) ..
Dams, Greup E cows (Inbred}__
50 per cent doughters {inbred)...
Diams, 75 per cent danghiers of &
75 per cent danghters (Inhred)
Dams, group F eows (inhred

12 B O bS RD e LA S5

556

19 of ¢ calves were fed a milk substitute. ) 1§ unfmals far 24 maonths age.
t An £7.5 per cent son of sire 1. + 2 anlinals {or 2¢ months uge,
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TasLe 9—Weights of outbred and inbred daughters of sires I and 2 and of calyes
from other herds at various ages up lo 2 years— Continned

REQISTERED OUTBRED HOLSTEIN-FRIESIAM CALVES FROM OTHER HERDS §

Avernge welght at age of—

Breediog or herd
3 G 12 24
roanihs| months] months) months

Number| Pounds| Pounds| Ponnds] Pounda
7 107 360 627 1, 056

Reltsville, Md ,
Huntley, Mont ae ) 20 12l L7l
Ardmore, . Dak i¥ 29 590 973
VUniversity of Missouri 3 D00 i 941

¢ From 1, & Dept. Agr. Tech, Bul, 116,  (See footnote I, 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 deughters of sire 2, if limited to dam-and-daughter
comparisens. 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 . These inbred grade heifers are
in fact not so much smeller than the registered heifers at the Belisville
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 animals 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 El
group were 11.3 per cent smaller at birth and the two animals 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 nge. These data may be somewhat misleading because of the
small number bf the gmd{, heifers on which weights at 2 years of age
are available. The rate of feeding of the regisfered calves and t.l%e
inbred grade calves at Beltsville was the same,

Other evidence that inbreeding is affecting the rate of growth is
shown in Table 1¢. 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, respectivelv. These two outbred
heifers exceeded their inbred dams in birth weight and rate of growth.
At 2 yvears of age they averaged 161 pounds more than their dams at
the same age. All the individual weights of inbred heifers used in
preparing the average weaights in Table 9 were smaller than those of
these two outbred heifers.
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TanLE 10— Weighis of outbred heifers and their inbred dams at various ages up to 2
years

. . 3 6 12
Breeding and cow No, meonths | months|months

Outbred heifers; Pounds | Pounds| Pounds
A-55 90 8 439 i
A5 . 208 387 692

Average 218 413 721

Iolred dams:

A-26, - 164 343
436, 152 3z 505

Average 173 332 611

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 progeny of the first and second Holstein sires used, arranged as
dam-and-daughter comparisons.

TaBLE 11.~—Effecis of inlensive inbreeding on malure weighls of cows tn the Holstein
. group

Dau gh-l Average mature
ter- weight
dam {—.. . .
com- i
pari- | Daugh-’
sgns ters |

Group Daunghters
Dams

{
L}
Drughlers of sira 1; Pounda; Pounds
&0 per cent dsughters {outbred}.. Foundation cows (onthred)_ . .. 1,176 44
73 per cent danghters (inbred) _.: 50 per cent daughters jouthred) 1,14 1,163
§¢.5 1~ cent daughier {inhred} ., :’5bpee|[-i i:eut. daughter of sire 1 (jp- DL, 20 1,024
red).

Dinughters of sira 2: 1
50 per cant dattghters (outbred).] Cows unrelated to sirg 2 (put- 1,275 1,040

bred).
75 per cent daughter {inbred)_. .| 1 cow (outhred) 1,224 1, 264
50 per cent daughters (izbrad) - 50(per cen&. danghiers of sire 1 1,313 1,203
outbred).
75 por cent dnugliter (inhred) . _ 1,321 I %74
50 per cent daughters {inbred) __ '.’5(;)2;[33?1: daughters of sire 1 - 1,181 1,163
in , ]
75 per cent. daughter {inbred)..| F cow (inbred) : 1! 11850 1,2

1 Qf these 11 foundation cows, 7 were grade Jerseys, 1 was a grade Holstein, I was s grate Guernsey, and
2 were pnirmals of mixed breeding.

1 An B7.5 per cent son of sire 1.

3 Of these U foundation cows, 4 were grade (uernseys, 3 were grade Holsteins, and 2 were grade Jerseys,

A large increase in weight 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 generation of daughters would show a moderate increase in
size, provided some factor other than breed did not prevent such an
inerease. 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 weighi of 44 registered Holsteins raised at the Beltsville station
was 1,352 pounds. 1t will be noted that all of the groups in Table
11 averaged considerably less than 1,352 pounds.

THE VHGQR 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 A28, shown in
Plate 4, was the produect of mating sire 2 back to his dam. She was
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
somewhat undersized and subject to fits. That inbreeding had any-
thing to do with her condition is questionable. YWhen bred back to her
own sire she produced a daughter that attained normal size and was
otherwise novmal. An outbred registered Holstein cow at Beltsville,
that is unrelated to cow 97, has presented a parallel condition. It is
possible that a double dose of & recessive factor may have been the
cause of this condition in both cow 7 and the unrelated registered
cow. In that case, however, more of the inbred daughters of sire 2
should have shown this peculiarity.

PRODUCTION OF MILE 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
bad the ability to transmit high production of milk and butterfat to
their doughters. A decrease in production of the daughters as com-
paced with their dams, therefore, would not necessarily prove that
mbreeding was detrimental unless such decrease was the result of
diminished size or viger. On the other hand, an increase in produc-
tion would show two things: (1) That the bulls transmitted high pro-
duction; and {2) that inbreeding did not result in marked dimiution
of vigor, otherwise the increase in production could not have been
manifested.

RECOQRDS OF THE DAUGHTERS OF SIRE 1

The rilk and butterfa$ records of outbred and inbred daughters of
sire 1 and 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 gencrations of feinales can be followed across the page from
left to right. For example, cow 20, one of the foundation cows, is
the dam of cow 63, an outbred or 50 per cent daughter of sire 1; cow
63 is the dam of cow 97, an inbred 75 per cent daughter of sire 1, and
she in turn is the dam of the inbred cow A~11, an 87.5 per cent
daughter of sire 1. Photographs of these four cows are shown in
Plate 6.

The use in this experiment of a number of foundation cows in
which Jersey and Guernsey blood predominated malkes it necessary
to consider the effect of inherent breed differences as well as the
influence of inbreeding on the milk and butterfat production of
successive generations, Of the seven 75 per cent inbred deughters
of sire 1 (Table 12), five had granddems in which Jersey breeding
predominated and the other two were from a common granddam in
which Holstein breeding predominated. There was an average
increase in milk yield and an average decrease in percentage of but-
terfat for both the outbred and the inbred deughters. This would be
the result expected from crossing a Holstein sire on grade dersey cows.




TABLE 12-—Production records ! of outbred and inbred daughters of sire 1 and their dams

Foundation cows ) Outbred (_luughters'(so per.cent)? .| Inbred daughters (76 per cent)? | Inbred daughters (87.5 per ceiit)?

Cow | nrjk Butterlat | GOV | Milk Butterint - | 0¥ | Mk Buttertar | SO¥ | Milk | Butterfat

Poiunds- | Per cent| Pounds| Pounds | Per cent) Pounds Pounds | Per cent| Pounds Powunds | Per cent} Poinds
6, 350 :%33 260 3.24 | 363 3.09 | 628 3.28 a7l

5.36 | 478
4.56( 714 3 .

Do 4.17 | 388 . e e [P
Grade Holstein_.c_.covoniresloes 418] 728 \ P E
. Do 20 4. 18 728 3 . 66 PR,

Average... 11,620.4 { 34,39 | 510.5 15, 546. 1 .74 | 881, 18,5672.5 3 417,48 1571
o i

1 Al records have been calculated to a mature basis.

2 A1l five of the 50 per cent daughters, three of the seven 75 per cent dnughters, and the one 87,5 per cent daughter exceeded their dams in milk production. - ‘Three 50 per cent:
deuﬁlmers, three-75 per cent daughters, and the one 87.5 per cent daughter exceeded their dams in butterfat production. All 50 per cent and 75 per cent daughters were exceeded
by their dams in percentage of butterfat.. The 87.5 per cent daughter exceeded her dam in percentage of butterfat. i

3 Percentage based on averages.

¢ Average based on the record of 1.cow.,

FENXTADIYOV J0 “IdAd S ‘A ‘688 NILATING TVOINHOHLL ¥s
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The outbred daughters were still higher in percentage of butterfat
than wes inherent for their sire, as 1s shown by the fact that when
they were mated back to their own sire their inbred daughters were
all lower in percentege of butterfat. While there was an average
increase in milk yield in the three groups, that of the 75 per cent
daughters was principally due to the very large increase of the two
cows, 97 and 94. Thesec 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 ip. milk yield, percentage of butter-
fat, and total production of butterfat. The 75 per cent inbred
daughters, with the exception of cow 79, ere quite uniform in milk
yield. Here, as in the Guernsey inbreeding data, is a clear indication
that there are a number of hereditary factors influencing the total
yield of milk and the percentage of fat. Thisis shown 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 o 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-
denily an accurate indication of the inheritance for a high percentage
of butterfat that she transmitted 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
recetved from her Holstein sire, her test is still much higher then that
of her Holstein half sisters who are out of lower-testing dams. She
in turn has passed slong 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 milk yield of her grade Jersey granddam has also
persiste(f through the two crosses of Holstein inheritance. .

The production records of additional outbred daughters of sire 1,
which do not have inbred daughters, are compared with those of their
dams in Table 13. Their photographs are shown in Plate 5.

Tasre 13.—Production records of foundation cows and of their 50 per cemt
dawghiers 1 by sire 1

Foundation cows Quibred daughters (50 per cent)

Breeding WF L Mk | Butterfat | S Mik | Butterfat

i
Per centh Po:.‘réds Founds [Per cent] Ponnds
4. 3 ]

4 14, 660
frcs 15313
388
a . 432
Qrade Guernsay 341 4 . 924
Grade Jersey s . 335

541

en

6o | moosam
yEes

zE

ATerage . ), 1. 438
Aversge Yol M pajred rovords )._ . X . 473

t Al records have been celeuinted to s mature basis,

t Percentogs based on pverages,

? (e of 11 pajred records, 10 outhred daughters exeended tioir dams In milk production, § exceeded theip
dems fn butterfut production, and 1 exeeededt ler dum in percentnge of hutturfal.

1 Inciydes records of the 5 outbrid dunghtens io Pubbe 12,
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The coeflicients of variability in yield of milk, percentage of butter-
fat, snd total production of butterfat for the three generations of
cows in Table 12 are shown in Table 14. The relative degree of
variation both in milk yield and butterfat yield is greatest i the
foundation cows and least in the inbred daughters. “Tn percentage
of butterfat, the relative degree of variation i1s greatest in the inbred
daughters and only a little Tess in the outbred daughters than in the
foundation dams.

TABLE 14—Cocﬁimmis af varinbilily for the average milk end bulterfat records
of daughiers of sivre I and their dams

Coellicicnt and probabie error for—

1
. - Porcentage | Yield of
Yield of milK| orpttorat | bntrerfat

Foundation cows.._ oo Bl 40502 8. b1, 21 30.40£5.02
50 per cent qutbred daughters of sire 1 21,8148, 11 B 251,10 21, 5843, 10
75 andd 87.5 per cent inbred daughters of sire 1 17.062=3. 03 | 11.13==1.88 13. Qu=£2, 21

Sire 1 had five registered dsughters with production records made
in the Beltsville, 1\I(_T and Huntley, Mont., experiment station herds.
These records are glven in Table 15 for comparlson with the records
of his inbred grade daughters, especially for percentage of butterfat.

TaBLE 15.—Produciton records of five regisicred daughfe}'s of sire 1

Cow No. Milk ‘Butierlat

Per cend | Pounds
3.M 518

Average.

t Hord test. i i
? Only the mature reeord of cow 214 included in the avernge.

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

From the summarized dats on sire 1 and his offspring it seems that
this sire carried no undesirable factors which would cause his daugh-
ters, if they had received a double dose of such factors, te be deficient
in vigor or malformed. It appears, however, that he did possess an
inheritance for a considerable range in nilk yield and in percentage
of butterfat.

RECORDS OF THE DATUGHTERS OF SIRE 2

The }ﬁroduet,ion records of the daughters of sire 2 are shown in
Table 16,



http:1J.13�1.88

TABLE 16.—Production records of inbred and outbred daughters of sire 2 and of their dams and granddams
[All-records calculated to-maturity]

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

Foundation cows

Breeding Cow| Milk | Butterfat Qow| Milk | Butterfat Qow | Milkc | Butterfat | SO¥ | Milk | Butterfat Sow Milk | Butterfat

Per Per Per Per Per

a ) Pounds Pounds cent | Pounds cent. {Pounds Pounds | cent |Pounds Pounds | cent

roup 1:t

. Grade Guernsey. 11,219 | 4. 37 : 16, 818.] 3.61 607
Grade Guernsey ) )

(75%.inbred) 13,086 4. \ ) p. 18,853 5% 20, 928

Grade Holstein_..__| : 14,2321 3. ) 15, 416 524 A 32,881

. a1 17,378

16,461-| 4. E, 19, 229
16,934 | 3. 666 : 21, 245

14,506 | 4. 18,312

8o
8

88 35

10, 367
10, 367
10, 367
15,647 | 4.
Average 3 16, 466

A-36 | 20,800

A-53 | 20,072

| 0o v e
RRESE

Group 3: 5

Grade Jersey........ ., 11,213 } 3. 94

Do... L 18,131 | 3, A-2

5 18,131 | 3. A-2

728 19,072 | 3. A-3 3
S 714 19,926 | 3. A-D 3 A

15,647 | 4. 714 19,926 | 3. A-9 3 ' A-38

12,279 | 4, 533 17,738 | 3. 662 q 13 6|18, 237

A5 18,307 | 2, 512

A-52 | 16,113 | 3.52 568

220903000050
BEEBEG

@
&

! All five of the 50 per cent daughters and two of the three 75 per-cent daughters exceeded their dams in milk production.  Three of the five 50 per cent daughters and one of the
three 75 per cent daughters exceeded their dams in butterfat production.  All five-of the 50 per cent daughters and. two of the three 756 per cent daughters were exceeded by their
dams in percentage of butterfat.

2 Qut of foundation cows.

? Both of the 50 per cent daughters of sire 1, three of the four 50 per cent daughters of sire 2, and 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 cont daughters of sire 2, and one of the two 75 per cent daughters of sire 2 exceeded their dams in butterfat
production. All of the 50 per cent daughters of sires'1 and 2, and one of the two 75 per cent daughters of sire 2 were oxceeded by their dams in percentage of butterfat.

4.0ut of 50.per cent daughters of sire 1.

5 All four of the 80 per-cent daughters of sire 1, two of the four 75 per cent daughters of sire 1, two of the six 50 per cent daughters of siro 2, and one of the two 75 per cent daughters
of sire 2 exceeded their dams in milk production, Three of the four 50 per cent daughters of sire 1 and two of the six 50 per cent daughters of sife 2 exceeded their dams in butterfat
production. Two of the four 75 per cent daughters of sire 1 and both of the 75 per cent daughters of sire 2 were exceeded by their dams in butterfat production.  All of the four 50
prexl') o%?:r?ntd 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 their dams in percentage
of bu at,

SNIHLSIOH ANV SAESNIHAD HNICITIENL 0 SITASTT ’
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In Teble 16 the cows have been arranged in three groups. Group
i 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 dauo‘hter:-.-
of his own 51re, sire 1. Group 3 shows the daughters of sire 2 dut of
his own sire’s 75 per cent inbred daughters. “Of the 5 foundation
cows in group 1 mated with sire 2, 3 were grade Holsteins that prob-
ably carried the inberitance of some higher-testing breed; snd the
other 2 were grade Guernseys. One of the»e cow 93, was a 75 per ceng
inbred dauohter of the Guernsey sire used in the w ork on inbreeding
grade Guemse}s The 4 foundation cows in group 2, granddams of
the 4 daughters of sire 2 that were out of outbred dal.lob ters of sire 1,
were all crrade Jerseys. The 6 daughters of sire 2 that were out of
inbred dau ghters of sire 1 were descended from the foundation sows in
group 3, all of Jersey breeding except cow 29, a grade Holstein.

The five outbred daughters of sire 2 out of the D'rade Bolstein and
Guernsey foundation cows (group 1) all exceeded their dams in milk
yield, although the latter had uniformly high records; but, like the
outbred dauahtem of sire 1 from grade Jersey foundation cows, ail
were lower than their dams in percentage of butterfat. Three ex-
ceeded their dams in pounds of butterfat. Cow A—43, one ol the
three 75 per cent daughters of sire 2 in this group, has completed her
record as & 2-year-old, with 20,928 pounds of milk and 750 pounds of
butterfat, computed to & mature basis. As compared with her dam,
she produced considerably more milk, s lower percentage of butterfat,
and about the same total emount of butterfat. The granddam of
this inbred heifer ®as & 75 per cent inbred daughter of the Cuernsey
sire discussed in this publication. These three generations of cattle
show the typical deeline in pereentage of butterfat and the increase
in milk-yield which takes place as the percentage of Holstein inherit-
ance increases and the percentage of Guernsey Inheritance decresses.

The two 75 per cent inbred daughters by sire 2 out of cow A~15
{group 1} which have completed their procfuctmn records as 2-year-
olds, are twin sisters. Apparently they are unlike twins in so far as
color markings, level of milk yield, and percentage of butterfat are
concerned. One produced 4,407 pounds more milk and 119 pounds
more hutterfat 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 will
not result in & 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 mitk vield two are below their dams in percentage
of butterfat, and one is better, one poorer, and one approximately
the same as the dam i yield of butterfat.

Of the 4 daughters of sire 2 (group 2) that are out of outhred
daughters of sire 1, 3 are full sisters, A-20, A-37, and A—42. These
3 cows were all lower than their dam in perceniage 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, 2 75 per
cent inbred daughter of sire 2. The latter showed a marked increase
over her dam in both milk and butterfat vield. The other 75 per
cent, inbred daughter of sire 2 {A-53) in tlis group has three genera-
tions of high-producing dams in her imruediate ancestry. In each
of these previous generations the Holstein daughters had shown an
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increase in milk yield and a decline in butter{as percen tage from their
Jersey foundation dam and granddam. 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 sre very high producers.
roup 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 weve considered in this group of four direct
generations of cows, one might conclude that the inbreeding in the
last two genersations was resulting in a gradual decline in preduction,
The average yield of butterfat for the gnmda.tion cows in this group
was 533 pounds. The highest average, 663 pounds, was from the
outbred daughters of sive 1, followed by an average of 616 pounds for
the mbred 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 bubterfat 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 mill,
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 ﬁ%ures for the 50 per
cent daughters of sire 2 are as given in the tab e, 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 ranking of the
different generations in butterfat yields, though 1t 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 decling
In average butterfat yield is caused by the decline in percentage of
butteriat. The decline in percentage of butterfat is caused by the
incressing influence of the low-butterfat-percentage inheritance of
these two Holstein sires and by the lessering 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 foundation cows was almost twice that of their dams,
In the next gencration only 2 of the 4 inbred daughters were better
m milk yield that their outbred dams; the daughters of the 2 poorer
cows gave more milk, but the daughters of the 2 bester 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 milk yield and pourds of butterfat, snd 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), cnly 2 were better than their dams in
milk and butterfat yield, but these 2 exceeded their dams by a suffi-
cient margin fo raise the average for the 6 daughters over that of
the dems.  There are 2 pairs of Tull sisters among these ¢ daughters,
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Both of the daughters of cow A-2 were lower than their dam in milk
vield, percentege of butterfat, and pounds of butterfat, One of the
2 daughters of cow A—9 was considerably better, and the other con-
siderably poorer, in milk and butterfat yield than her dam. QOn the
whole, the records of these 6 daughters of sire 2, with milk ‘fields
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 be atitibuted to any weakened vigor of constitution re-
sulting from inbreeding. Rather, it would appear that thewr com-
paratively low production is due to & heterozygous make-up for the
factors 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 completed their test are
included. in group 3. In some respects they are the most closely in-
bred animals shown in this study. Cow A—43, the inbred daughter
of cow A-21, produced 18,307 pounds of milk and 512 pounds of
butterfat. Her milk yield is greater than that of her dam, but the
percentage of busterfat is considerably lower, resulting in a smaller
amount of butterfat. The milk of this cow is lower in percentage
of butterfui than that of any other daughter of sire 2. This cow
(a5 her picture shows in Plate 4) at the age of 2 years was somewhat
smaller nnd more refined in type then the other inbred daughters of
sire 2, nlthough she has since shown considersble development in
form. Cow A-52, the other inbred daughter of sire 2 in this group,
is considerably below her dam in both mitk and butterfat production,
but higher in percentage of butterfat.

Of the seven 75 per cent inbred daughters of sire 2 in these three
groups, 4 are better than their dems n milk yield, 8 are betier in
percentage of butterfat and 2 are better and 1 is practically equal
to her dam i butterfat vield. The average milk yield is a little
greater than that of the dams, 18,068 pounds as compared fo 17,905
pounds; but the average percentage of {at and the average fat yield
are about the same.

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

COLOR MARKINGS

Plate 4 shows that the first-weneration cross with solid-color founda-
tion cows did not bring out the charactesistic Holstein spotting, nor
did it breed the black off the legs below the knees and hocks. The
first-generation cross with the broken-colored cow 23, however, did
bring out the characteristic Holstein eolor markings, aithough some
hlack was left below the knees. In most cases it has taken two or
more crosses of Holstein breeding to bring out the spotting and to
take off the black color from below the knees und hocks. In all cases
the black of the Holstein has been dominant over red and all shades
of fawm.

SUMMARY

In this inbreeding experiment grade dairy cows of inixed breeding
and average production were mated to & good registered bull and
the female offspring were mated back to their own sire for succes-
sive generations. The experiment in inbreeding Guernsey cattle was
limited to the foundation Guemrnsey sire end 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 Holsten
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
mbred calves were deformed at birth, the deformity apparently heing
due to a double dose of a recessive Mendelian factor which causes a
definite type of deformity. The mature weight of the cows was
reduced by inbreeding. The 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 & rogressive 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 davghters 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 judged by the services required for conception.
The number of aburtions 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 & marked extent, The
mortalify 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 ealves, although daughters of sire 1 showed no ad-
verse effects in this respect. The mature inbred cows were consider-
ably below the average mature weight of registered Holsteins raised
under the same environmental conditions, but not proporticnately so
small as at birth. The production of milk increased and the Dercent-
age of butterfat decreased with the successive sire-daughter matings.
The greatest improvement in the production of botk milk snd 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
g high level of milk production, mated with ordinary grade cows,
brought about a big increase in production in the first-generation
daughters. Subsequent improvement through inbreeding was slow.
It is possible to obtain 2 good producing herd in one generation by
the use of & sire that has proved his ability to transmit high produc-
fion. Probably the hereditary make-up of the bull will infuence 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 ciose
inbreeding with other sires would differ somewhat from those recounted
here, depending upon the hereditary make-up of the sire used.
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Im. Prince Bi]]y tsf Eich Neck 17739 Imp Pr] nce B1lb.' of' Rich Neck 17799
FOUNDATION COWS |, 50 PER CENT DAUGHTER’_S 7 5 pEE CENT DHUGHTERS

Mature welbi 990 {bs, Maiure weight, 1137 Ibs.al birth, 74 ibs Maiure we1ghf 1088Ib5 at birth, 74 Ihs
Milk, 3,370 |bs.. Buterfat 4117135 1bs Mllkﬁ,?}?& lbss Buﬁerfafé?B%,SOSIbs Milk,5.887 tbs; BuHerrai 561%3301bs

Mafure weihht, 1263 ths. Mature we:QH 1189 Ibs at btr}h 65 lbs.  Mature weight, 868 Ibs;at birth69 Ibs.
Milk 6,004 1bs Buterfat, 3437, 2061bs, Milk, 9929 ibs, Bulterfat, 3862, 383 bs. Millc.7364 Ibs. Butterfat, 465,343 lbs.

No picture available

Metore weight. 905 Ibs. Weigh! ot birth, 681bs. Matore weight, 907 tbsat birfh,621bs.
Mill 5,740 Lbe.Botter ot & 217,262 Tbs. Milk 6650 IhedBollerfat62% 307 1bs, Milk 7055 los.Balier ol 547% 386 bs

" Mature weight 1006 Tbs. " Mafureweibht 1114 1bs:at birth681hs, ~ Matire weight, 878 15s.af birth 71 1bs.
Mitk 10.431 i bs.Butierfat, 4.56%,475}]39 Milk,75351bs;Butterfat, 4.387%, 330]})5 Milk, 5,597 ibs.:Butlerfat, 456 7, 255 bs.

 Mature weibht, 814 {bs. Mature weightil 168 ibs;at birth701bs.  Mature weight, 955 bs;at birth, 56 bs.
Mull:.8224lhs, Butterfat, 4175, 343 1bs. Milk,5,393 tbs;Buatlerfat, 470%,2541bs. Milk,8,877 lbs Butterfat, 4602 4081bs
THE GUERNSEY GRQUP
Tmp, Princo Billy of Rich Neek 17799, with fiva foundation cows and twn generations of his daughtars.



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

Tech, Bul. 339, L. 5. Dept. of Agriculture

- S:ral ngas’rered Holsiem
Johan Wooderest Lad 111 103987

Sire2 N G — ' - Slrel Rzgss+ered Holsiem
875 per cent son of Sire | ; - Joban Woodcrest Lad i1t 103987

ium wei‘n% l.iGl.;ai birth691bs. )\ U Szre] Regls{erecl Holstem
Milk.19330 1 bs.-Butlerfat 317 %.632 1bs. ;e Johan Waoderest Lad [t 102987

Maf’ure weng‘l' L 0-58 lks..ad bn‘i‘h 70 tbe,
Mitk JL203 Ibs.: BuHerfat 3.24%.3631bs

Malure weigh*.Zi Ibs.
Milk.6.356 1bs.. Bulterfat,423%.2691bs

ILLUSTRATED PEDIGREE OF SIRE 2 OF THE HOLSTEIN GROUP




PLATE 3

Sire 2.
875 per cent son of Sire L.

Sire 3.
75 per cent son of Sire 2.

Mature weight. .203 [bs.. at birth.681bs,
Witk 25434 Ibs.. Bullerfal, 3.36%.855 hs

A

Mature weight. 1104 Ibs.. at birth, 67 bs. . _ : Si;; |. Registered Holstemn
Mitk 171061bs . Butterfat, 561%.618 ths . = Johan Wooderest Lad [l 102987

'_‘E'_,___ i, e S
Ibs..at birth.941
Milk.18.072 1bs.: Buterfat. 378%.721 bs

3

Mahsrewright 1.2881bs:af birth. 73 bs,
Milk 17416 Ihs. Botterfot 418% 7281,

[LLUSTRATED PEDIGREE OF SIRE 3 OF THE HOLSTEIN GROUP
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FOUNDATION COWS

Matoreweight, 9841bs.
Milk 10367 tbs..Botterft 409%, 424 1bs.

Malure weight, 783 1bs.
Mith 8308 bs,; Buterfat. 4.17%.3881bs.

Mature werght, 790 !bs.
Milk.9.821 tbs . Butterfat.440%.432 1bs,

Moture weight. 1137 lbs..b birth. 74 Ibs,
Milk. 15,284 Ibe,, Botterfat, 470% 624 Ibs,

Jchan Woodcresf Lad ik 103987
50 PER CENT DADGHTERS

Mafure wei H L 1691bs at birth 95 ibs
Milk. 14 5501bs Butierfat, 3.83%56! bs.

Mature weight 1147 lhs. of birth851bs,
Milk. 11529 bs. Botlerfot. 4 29%495 .

Matore weight 1084 Ibs.at brr#b, 56 s
Milk 15.379Ths . Butterfat, 383% 589 Tbs.

Mature weight.|.249 ths.; at birth.98 1bs.
Milk. (1733 Tbs.: Bufterfat. 386%.453 lbs.

Mature weight: 907 Ibs., of birth 68 bs
Milk 7036 bs.. Buterfat,476%.335 b,

ot SRS A T
Matore weight.1 158 1bs..at birth. 53]h3.
Milk.16.7281bs., Butterfat, 450%.713 1bs.

ADDITIONAL OUTPRED DAUGHTERS OF SIRE 1, AND THEIR DamMms
These daughters have no fernsle progeny in the experimant,
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PLATE €

50 PER CENT DAUGHTER

TFOUNDATION COw
= T L I

Mature weight, 821 1bs.

Milk, 5,358 bs:BuHerfat.423%.265 1bs.

75 PER CENT DAUGHTER

st e 1

R
s

Mature weight. 1024 1bs.: ot birth, 65 Ibs.

Mature weight. 1038 bbs. al brth701bs.
Mill 11213 1bs Bollerfal, 3.24%, 3651 bs.

87.5 PER CENT DAUGHTER

|

Matore weight. 1,220 Ths.at birth, 93 s

Mitk, 17033 b Botterfat. 309 4.6261bs.  Milk, (7423 bs. Butterfat, 3.28%.571 1bs

RESULTS OF MATING SIRE 1 witH His DAUGHTERS FOR TWO GENERATIONS
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FOUNDATION COWS
a-vm-tm Rt n-wg-c....ﬂ?ﬁ%

Mature weight, 342 Ibs.
Mill 11219 bs, Bufferfaf 4797557 |bs.

At
k-

Mafure weig H 955 Ibs.s af birth, 56 1bs.
Milk 13686 |bs-BuHerFa1t-’l 817 6581bs

No piclure available

Malure weighll.0G2 L bs.
M!]k 4, 232 {bs:Butterfat,3.967%, 564|bs

Malure Wet. h.1137 Ibs
Milkk, I646!|bs BuHerFai 4357, ?I61bs.

Mature weighl, 1225”93 at birth.B7 [bs,

Milk.16. 954 Ibs.:Butterfat. 3337.666bs.

Sire L Reglshred Halsf'em
Johan Wooderest Lad llIth 103987
50 PER CENT DAUGHTERS

Sire 1. Regislered Halslem Slre 2. An B7.5¢
Johan Woodcrest Lad Hth 103387 of Sire
75 PER CENT DAUGHTERS 50 pER CENT D

Maiun: werghi [.236
Milk 16818 ks Bule

Melure weight. 12641,
Milk, 18853 bs.:Buit

.2,
s

Mature weigh{ 1325k
Mk, 15416 1bs Butlerf

t

B |

Mature u-.leigl)f..’.&??il
Milk.19.22916.. Bolly

N4/
T,

Malure weighl,| 316k
Milk 21, Zﬂ5|bs Bt
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FPLATE 4

o 1t

ered Holsiein Sire | Registered Holsten
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Maluee weight,|.2361bs:al birlh781bs.
Milk.16.818 ibs.; Bulterfal.361%.607bs.

¥ |

el N e

Mature waight.|,235 Ibs ; of birth, 77 Ibs.
Milk,20.928 [bs..Bulterf2t.3.58%.750(bs,

Malure weight, 1264 [bs.: at burth, 82 1bs.
Milk.18.853 1bs:Buterfat, 3997.7521bs.

¢ vieighl 135 Ibs. o} birth 66 bs.
bk 1513 Ibs Bulterlal. 3587.2691bs 195 daye

Maiure weight, 1325 ths.at birlh 9tbs Maty
MikI5416 Ths:Bubter fat, 340%, 524 bs

yrd & smax

Ma{re \.-.rmghi.l.5127“15..af lurth861bs
Milk.19.2291bx - Bull. - [t 5287 631 1bs.

. -'1!:11 ¥ wr-'gH,i.ESO ”J‘: .af Ewlh70 [1:5
Mk 10992'%s Bolierfal 3287 3601b= 189411,

Malure welghi.I.BJGF?J',..;I birlhB?tls
Milk 21,245 Ibs Bull 1 [al 3882824 b
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Malure weig bf.|137ibs B
Milk 16461 Ibs. Bulierfai 435%.7161bs.

MJure wei H 1 225“::5 atbirth.87 bs.
Milk.i6. 934”)5 Butterfat, 393%6661bs.

Malure weight, 984 by,
Milk 10,367 Ibs.Bot forfal 4 092424 b

Mature weight, 984 Ibs.
Milk J0.367 |bs.Butterfal 409%.4241bs.

Mature weight. 984“35
Milk 10367 fbs.Butterfal 409%424 tbs.

i
Tr.ter.
d Mature age
P e

afu weighLI.OOGIIbS.
Milk 15,647 bs. Buler fat 4.567. 714 bs,

Mature weight, 821 lbs.
0 lbs. Buliarfat 422

Mature weight, 173 |bs..a! birlh 85 [bs.
Milk15.313 tbs..Buterfat. 384 %588 (bs.

Mature weighhl173 ibs.;at birth85ibs,
Milk.15.3131hs;: Bulter (61,384 7.588 1bs.

Mature weight. 173 tbs-af birth85 bs.
Milk /5,313 1bsBuflerfat. 3,847,588 Ibs.

Maiure wmghf |295|bs.ai blrih?ﬁ Ibs
Milk.18,926 |bs.:BuHerfat, 3917779 bs.

Maiure weigh .|.O38Ibs aibir‘lh?D!bs
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Mafure welghi | 186”35 at blrihsglbs.

Mill 193303 [he . Ry fe A1 »
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Malure weighl.i427 |bs.al
Milk 18.2291bs. Bulfer!'ai z

Malure weighlL316lbs:atb
Milk 21,245 lbs Botterlal.3,

Mah.lre we:ghl iZ?:; [bs a
Milk.}4.55! Ibs. Butterfat

Mature weight 1,314 Ibs.:
Milk.19803Ibs.Butterfat

7 gi: I .
Mature weight. 1328 [bs.:.
Milk.[9466 1bs.Bullerfa,

Mabure weighh1.338 lbs.all
Milk.220821bs.Bulterfat3.

Mature weighl 1039 bssa i |

ulll () he B
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Ibs. .ot birlh.85 (bs
rfat 3847588 ths.

Ibs..albirth851hs.
rfal 3847 588 ibs.

ths:albirlh85|bs.
r{at.3.847.588bs

[bsa}b:rih?SIbs
brfal. 3.917. 779 bs.
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{bs.;af birth701bs.

Malure weight. 186 Ibs.al birth69lbs.

Ma|ure weight.|427 |bs.at birlh961bs.
Milk.13.229 |bs.; BUHWfﬁI‘fJZSZG?;”b&

Malure weight.|3161bs:at birth831bs,
Milk 21,245 lbs.Butterat 3887%824 Ihs

R 2}

Mature weight.l.274 [bs.at birth107 |bs.

Milk. |4 55| ibs.: Builerfaf35|751|]bq
3

Maifure weight.1.314 Ibs:at birlhiG5bs.

Mitk.19903 lbsButter(zt 3.58% 73 1bs.

Mature weight.| 328 |bs.:at birth37 |bs

Milk.19.466 |bs;Bollerfat,3.457.6/2tbs.

Mature weight,|, 358 bs.at birth 38| bs.
Milk 220821bs.Buterfal 3.347.7381bs,

Mafue eighi.|,39 I_b.;al birf.?Olbs.

Malure weighl.l23C!bs.:al birth 7Qlhs,
Miik.|0.992Ibs.;Bufierfaf.3.282350|b5.ﬂ89dqy5]

Mature weightl 321 {bs:al birthB2 1bs.
Mitk 20.800 |bs..Botterfat3507%7281bs

Matureweight. 195 Ibs:at birth 90 bs.
Milk.[2023bs Bullerfal 3477417 Iha {30 day
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Mature weight, 821 1bs.
Mille, 6,350 |bs;Butterfat4.252.2691bs,

Mature weight 783 Ibs.
Milk 9308 Ibs.Bufferfat 417%.388 b,

Mature weigh+.783]bs_
Mitk 8.308 lbs:Bolerlat 4174.388 1bs,

Mature 'e-'é'JgH.L288 HJS.: at blr}h-fa ”35
Milk. 17.4161bs..Butlerf=i 418%. 728 1bs.

L. der
Mafure Of

Ma}ure weig hHOOGlbs
Milk 15647 ths., Bu!ferfai 456774 1bs

Mature weighl 1006 1bs.
Milk I5.647 1bs;Bullerfal 4567714 x5

Famst volaineg el oo v ede fnzolatee, s
Tonanselatanety d s = sdis? 4o

Maiure wugh” OBBIbs a{ birfh?OIbs,
Mille,I1 213lbs Butlerfat.2.24%.363 | bs,

s Al
Malure weight ] 58 1bs.at birth 80! bs.
Milk, 18,131 Ibs.Bulterfai 3687667 bs.

Malure ~eighl1158|bs.at birth 801bs,
Mitk.18.13] Ibs..Bulter{at 268%6671bs.

Malture t:_;r‘HISO ibsal birth 94 1bs
Milk 190721bs. Butlerfal 3.78% 721 bs.

Maturewarght,1.295Ibs. at birth 76 1bs
Milk.19.926 |bs.Butterfal. 391%.7/91bs

i ik
Mdfurewughi I 295”35 af blrfh76|bs
Witk 19926 1hs. Bultterfal 391 1.779tbs
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Mature wigi,I.IBG Ibs:at birth&31bs.
Milk]9930 hs.Buterfat 377,632 bs.

Mature weightl153 1bs.at birth98Ibs.

Milk 19682 1bs.Butterfat 2437 6871bs.

Malure weight,l1531bs.af birth88 bs,

Mllk ]9 682]bs BuHerfaTB&EiAﬁB?ibs

Mature weight 1104 ibs,;af birfh.ﬁ? Ibs.
Mill 17106 Ibs.: Butterfat.3617.618 |bs.

Malure weight.LI201bs :at birth 33 bs.

Milk.15.241 1 bs:Bulterfal, 35¢%.536 bs

Maiurewe:gl H l901b5 al birlh93 by
Milk 15.241 lbs..Bullerfal 3.5274.536 [be
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Mature weight10391bs
Milk.15405 |bs:Butlerfal

afu e werghl 278 bs;

Milk 176151bs. Butterfal.

Malore weight1252:bs.
Milk 156061bs Bullerfe

Malure weighl,
Milk. 23*‘33%.% Bu”’ f~

o e e

- ',‘ i oy d
MJIUH. it gH }[94[ 15 .
Milk 213341k Bulicrlz

Metbire wuﬂ*HZ/O l‘
Milk 139061k Boll
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Ma|ure welghi I, I86 ibs ai b!r|h69|b5
Milk135301bs. . Buller fat 31774632 1bs.

2 !bs ai b:rfh?OIbs.
riat 324 7.363 1bs.

Mature weightl1531bs.atbirth98(bs.
Milk 19682 ibs.Butterat 3497687 1bs.

b ibs ot bir th80!bs.
rfal 3687667 1hs,

ps.al birth801bs.
fal 3 £8% 66?!1’)5.
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Malure weighl.153bs.at birth 98 bs.
Milk19, 682“35 Bufferfai3497687|bs

Malure weight 1104 lbs. 2t birih67 | bs.
Ml”( 17106 Ibs.: BuHerfei 3617.6181bs.
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bs..al birth 9% 1bs
fal 378%7211bs.
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Malure weight 1 }1900bs al birth331bs.
Mik 15241 1bs :Butterfal 3527%.5361bs

ibs_al biclh761bs
erial. 391%,7791hs

Malurcwe:ghf . I90]bs aibiribaybs
Mitk 15241 ths .Bullerfal 3522.536 I bs

GEMPMLRATIONS F Coows OF TRIE FHoLs

|bs. albirih761bs
rfal. 381 4.7791bs
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Mature weighl| 0391ks.al birth701hs,
M!lk 15.405Ibs.Buttzrfal 3. 572 550!55

Mature weight | 2781bs.at birth85 ks,
Milk i76151bs.Bullerfal 5187560 bs.

Malure weightl252hs.cal birth801bs.
Milk 158061bs.Bulierial 3267500915

A

A2
Eyrd_ Tmos.

el birthbBlbs

Malure weight}.203
Milk 25434 1bs Buik <fal. 336 ! 95::1!;5

Makure weiyhb 11941 al birth 85 1bs
Milk 21394 s Buller{3).3.387 7231ks

Malure weighi | Z?b beoalbir =520
Mill 13,906 lbs Bulii 12l 3237 4481k,

1 Grangie
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Mzhore weighl. 1128 Ibs.al birlh78 ibs.
Milk.J6,583 1bs. Bullerfal 274 2455 bs(325days

Malure wei o}\||285Ib5 .at EJI ih?:)”:s
Mk IJ:'JES!b_- Bullerfal 341235300 215 da 4







