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. INTRODUCTION
hlS investigation on inbreeding grade Holstein-Friesian cattls was .
= the outgrowth of a breeding exj eriment begun in 1912, at the dairy -
| Oxperiment, station at Beltsville, Md., to determine whether & good
airy herd could be bred up from an ordinary one by the use of a good -
... The plan was to mate ‘the bull with the :f_gunds;-tlon COWS and
with all his female offspring throughout his entire useful life.

smuch as the results of such a breeding experiment would depend
individuality of the bull used, the experiment was started with
0. buﬂs of different breeds. Some of the foundation cows were -
d'with one bull and some with the other; but each. bull was mated .
-his own daughters for all the following generations. L
well-bred Guernsey bull and 2 registered Holstein bull were used.

he experiment with 27 foundation cows of mixed breeding
iment proceeded substantially as planned until the herd.
infected with Bang’s disease In 1914. By 1918 the disease,
d for publication January 18, 1946, B
d-July 31, 1044.

g0 !.ﬂ -]




coupled swith. the. efforts to eradicate it, had nearly terminated -
iment. The females-of the: rnsey group were breeding w
tch uncerteinty that the work with that group had fo be discontini
t enough females of the Holstein group ‘were salvaged to contiz
with this breed. _ : R .
By the time the first Holstein sire—Johan Wooderest Lad 1
03987—had become impotent, & fair start had already been made
he inbreeding of grade Holsteins. As no injurious results from
reeding were yet apparent, it was decided to continue the experim:
or the purpose of determining the effects of close jnbreeding on -
health and size of the cattle and on milk production. The gene
‘plan of the inbreeding experiment was to mate a bull with his
spring-as long as he retained his potency, then follow in the same w
with & highly inbred son of the preceding bull, and so on. - As a chs
n the inbreeding results, each cow was to be mated with an unrelat
egistered Holstein bull after she had produced two danghters by
nbred bull. For one reason or another, however, a number of 1
ows were bred to an unrelated bull before they had produced &
er calves. ' o ' : '
The final results of the experiment with the Guernsey group w
ublished ® in 1933, and some tentative conclusions from the unfinish
rk. with the Holstein group were also included, which were brie
follows: Inbreeding had no-adverse effect on the fertility or on {
nality of the calves. The birth weights were reduced and 1
wortality in early life was increased. Inbreeding appeared to depr
¢ rate of growth and to reduce mature size. There was no defin
vidence that the moderate amount of inbreeding practiced up to tt
time was determinental to the production of milk and butterfat.
~The 1933 progress report did not include data beyond the F; g
ration. This bulletin gives data on growth for animals up to
nd Fi generations, and on production for some animals in the
generation, _ ‘ .
.- 'The data.in this investigation were assembled with reference
‘Wright's coefficient of inbreeding. Because the inbred bulls beca:
impotent or died at an early age, it was difficult to get many anim
~with a coefficient of inbreeding beyond 50 percent. .
. Since the appearance and behavior of the animals indicated ti
inbreeding at high levels of intensity for successive generations w
having a noticeable effect, the data were assembled also with referer
to the number of generations of experimental breeding. The offspri
of the foundation cows were counted as the first generation althou
“they were not inbred. :

BreEEDING. OoF Burrs Usen

The first Holstein bull used in the work (sire 1) was Johan Wooder:
Lad 1ith 103987. He was by Johan Woodcrest Lad 52145 and ¢
of Lillian Walker Nudine 16229, a cow with an advanced-regist
record of 16,229 pounds of milk and 518 pounds of butterfat at 2 yer
4'months of age.

8 Woopwarp, T. E and Graves, R. R. SOME RESULTS OF INBREEDING GRA
UERNSEY AND GRADE HOLSTHIN-FRIESIAN cATTLE, U, 8. Dept, Agr. Tech. F
-~

339, 32 pp., illus, 1933,
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he second bull used (sire i_nbl’_'e_d SON. of

2) was an 87.5 percent
sire 2. Sire 5

inbred sons of

a 1. Sires 3 and
as ason of sive 3.

4 were 75 percent
Sire 6 was the result of

mating sive 3 with his
with

7 was the result

of mating sire 6

his own dam.

a dam, and sire

Yire 8 was & son of sire 6 out of & cow by sire 3.

© 5

3 2
stigation.

A g ]
d in inbreeding inve

Frours 1.—The eight sires use

Fig_u;r.e_l shows the eight gires used m this investigation, and table 1
gives the coefficients of inbreeding according to Wright’s formule and
.t_h:er information regarding these gires 'The pedigrees of the sires
MOH_ pages 4-6.
-ﬁ:‘géi[}f?éré'-s.-Igggfwrmmms oF INBREEDING AND R

ELATIONSHIP. -Amer. Nat.
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Table 1.—Coefficients of inbreeding, breeding gjﬁciega_oy,‘ and transmitiing abilit.
N the bulls used in this investigatton

. v Daugh- : : 5
Sire's co-{ Ageat |.. . L Average production of
‘efficient | time of | Services | Male.and tgig?g danghters ¢

sire No. -ofin- | deathor | pereon- | female | .49 .2
bresd- | impo- | :-ceptien get 1 yoar's
ing? tence record | Milk Butterfat
Percent |¥vs. Mos,| Number | Number | Number | Pounds { Percent | Fou
o |11 [ SO 55 - 19| 11,600 270
3760 8 0 2:80 74 291 13244 448
e 2 i) 240 b 10 13, 118 3.53
3443 & 2,08 29 10§ 12 756 3.43
20:0 1 3. 0 2.85 18 & 11, 752 & 51
4 8 6 3.82 70 18 11,137 3. 34
3841 2 6 a.25 2] 1 7,720 3,27
EX 3 9,48 0. I SN TR I

1 Wright's formala, L o
2 365-day records as junior 2-year-olds.

PEDIGREES OF THE EIGHT SIRES

Sire 1 (Jekian Wooderest Lad 11¢h 103087) . {johan Woodcrest Lad 52445

J Sire 1
20—a grade Jer-
} sey Cow

Sire 1. .o { “““““““““““““““““
.- Sirel .
Si'rg-S wwwww J 63"-““"““"'""'{'-2_0_—'-'& grade Jersey ec
; Bire 1o e { """"""""""""""""""
Sire 2. --l Tt
Rire 1
94 el {63
|A-26__... '
Bire 1o {:“"'"“: ~~~~~~~~~
A-8_._. .. L o
51 {-Sire I
e § 29—a grade Holstein

-
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PEDIGREES OF THE EIGHT SIRES—continued

. Bire 1. e {: TTmmmammmmmmmm T
B S L
i3 {Slre 1
Prommmm o memmmmn 20--g grade Jersey cow
e 1o i {““‘"""“ """""""""""""
Sive 2____ B - N '
Lot {E“‘e 1
A-40____.
W S S
a. grade e e i
Helgtein oo it e
cow
Sire 1____o .o {TTTmoi e
Sire2._...4{ - ' T
Sire 1
94 63
Sire 3., g
ire 1
A-26 {L’lm 2‘“““""‘“{94
"""" Sire 1
A*S—-"--"H——--{m
{Sire 1__,_________{— """" oI S
Su'e 2 i - )
- feire 1
| 04 _ﬁ{ﬁg
A—40__‘_"“. '. . . i
4‘&_13_._; __________________ .___{"'-—“"" —————————— S am
a grade
Holstein “____“*_&______-_-_-'{“-" me S s e S
cow  immeomoomooosoosEmEomes
2 EO———— [
Pire 2104 {%_Eﬁe‘i """"""""""""""""
Sire:8.___ g?’ )
Bire 2_ . {g}fe
A-26___.. Sive1
l. _3 ______________ y sire Y
X L . 1 —————————————————————————————————————
Sil’e 2_ e Slre {é‘_.'—‘-i """"""""""""""""
. 104 oo P
A-26____. :
) [Sll‘(",- 1._-____________{ """""""""""""""""
A""S nnnnnn . [ 51 {éir.;a._ i i s — — W - ————
. PY ST s 29—a grade Holstem coOw’
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PEDIGREES OF THE EIG;HT"SIEES-'—OOIlﬁIIUBd

. Sire & ______.. —- {_Sire i
. 94
Sire 3. Sire 2
_ L i
Hire 6___.4 . _ g;gl
] Bire 2 e .{94'
A-26. .. s _ ) Sire 1
Sire. 7o—. __41 51
_ Sire Yo {”" """"""""""""""""
Sie2 .
A-26_. . | 63
fsire o feormee
A [Bire 1 |
Lt e o “~7120—a grade Holstein
[Sire 2o -g}f‘” 1
Sire 8____ : Sire 2
os lA-26. ... {fe
1re O___ . e
e 0 N JSn‘e 9 | {S;:re_.l
S JUR [Sire 1
Sies. 4 TTEmmmmmmmmmmees ‘51
Bire 8.4 . Sire 1
’ : SiI‘G 2 __________ _‘“‘{94:
Hire 3. Sire 2
‘g A=26. e {'A;g
A-H6____. ST
Sire 2. .. {g;fe 1
A—43_ .y Sire 2
A7 L 93—a grade QGuer
coOwW

Breepine oF Founparion Cows

The immediate ancestry of nine of the foundation cows listed be
is unknown. The opinion on their breeding is' based upon t
‘appearance. The other five cows were by sires of known breadin

Cow No. Breeding

. ... A red brindleé cow weighing about 1,100 pousds, probably Je
Shorthorn. _ . .

18_____ _——a Ty’pica& Jersey color, probably carried at least 75 pereent .Je
‘blood.

20 . o Do,

21 . Do,

.2 S Da.

25________ Do, | N

A-6_..-____ Color black and white, probably 50 percent or more Holstein,

AT ‘Typical Holstein eolor, probably 75 percent or more Holstein,

29 Color black, dam. a’large red cow, sire a registered Holstein..

33__.__..._ Fawn color, dam s small red roan cow, sire a registered Guernse

34. ... .___ Dam a grade Jersey, sire-a grade Jersey, '

84 _______ Dam & grade Jersey, sire a registeréd Guernsey,

93________ 75-percent inbred Guernsey. _ '

A-13._____ Dam A-7 above, sifte a registered Holstein,
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RESULTS OF INBREEDING
SERVICES 'REQtJ'mED_ ror CONCEPTION

‘able 2 shows the average n mber of services required per con-
sion for all females of breeding age in the experiment. The females. .
e grouped according to the degrze of inbreeding of the fatus; as

wured by Wright's formula.

stE 2—Influence. of the degree of inbreeding on the nunber of services. required
for concepizon ’ :

ALL SIRES INCLUDED

: l Services ¥
: Coefficlent of inbreeding (percent) Pregnamcies. [ —
: ' Tatal Average per
i : epneeption
Numnber Number Nuimber
113 226 2.00
41 \ 101 2,45
24 54 2.26.
37, 115 311
2% 79 2.82
68 154 2,66
48 152 3.17
55 197 8. 68
113 236 2.00
38 g% 2,68
24 54 2.25
M 97 285
21 64 3.06
s il 2.45
28, a0 .40
29 - 8& 2.93;
HIRE & ALONE
[ I I SR
¢ k3 1.00
T [ SRS
3 18 6.00
7 i5 C-2.14
28 83 2.86
23 82 4,00
26 112 43

arrence of the increase in services. raguired for

Su‘_e_ﬁ was an_uncertain breeder. Whether this was because he was
nsely inbred (50.4 percent) or whether it was the Tesult: of other
x nei-}follld not be determined. If inbreeding. caused the condition,
it th ¢ data representing all sires m tables 2 and 3 accurately repre-
senl the influence. of inbreeding upon the services required for-concep-
: ﬁ}a;-l,d the conclusion that inbreeding adversely affected the fertility
oms justified. Most of sire 67s d ughters appear in the groups having
Meients of inbreeding of 35.0 percent and above.

owever, singe there was 8 possibility that some factor other than
ity of inbreeding was responsible for sire 6 being an uncertain
er, the data were reassembled leaving out sire 6. These are also

i
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shown in table 2. Aside from the first group, which was not inbre
there is no definite indication that the higher degrees of inbreedi
affected the fertility. But if the breeding record of sire 6 alone
examined (table 2) it is evident that the number of his services
conception did increase with the intensity of inbreeding.

When the data, including those of sire 6, are-assembled with ref
ence to the effect of the number of generations of inbreeding on t
number of services per conception (table 3) it is evident that contir

ous inbreeding increased the services required. If sire 6 is omitt
(table 8) the data are not consistent, the number of services per cc
ception for the fourth and fifth generations being out of line with {
number for the other generations; but if the record of sire 6 alone
considered (table 3), it is plain that fertility declined with each si
ceeding generation of inbreeding. Tt is apparent that the fertility
sire 6 was affected more adversely by close and continuous mbreed
than was that of the other sirves,

TaBLE 3T nﬂu_eﬂc'e ‘of the generation of inbreeding (female sidé) on the numbe.
services reguired.:for conceplion

GET OF ALL SIRES INCLUDED

Serviees
feneration of inbreeding 1 Pregnarnieies N
; Vernge
Total concept:
Nimber - | -Number MNoembs
84 183
66 157
87 242
B8 191
38 127
3. 105
82 151
55, 156
55 148
44 105
12 28
‘17. 70
2. 2
1 1
52 G4
- i 24 k]
§fth.. o ' o 26 168
Sixth and sevenfh. .. ool e Ca e 6 a5

1 Gepération of inbreeding on the feimale side.

2 Offspring of the foundation ¢ows are eotinted a8 first generation, althot_lgh not inbred,

TFurther information on this point was obtained by comparing
results of mating inbred cows to related inbred bulls and also to
related outbred bulls. Twenty-eight. cows became pregnant to
lated inbred bulls and at other times to unrelated outbred bu
There were 228 services by the inbred bulls and 76 pregnancies—
average of 3.00 services per pregnancy: There were 100 services.
outbred bulls and 52 pregnancies—an average of 1.92 services
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egnancy. 'Omittigig
“services per pregnancy by the
ithred bulls, 1.95.

Fertility was not ady
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jpeared to be affected very
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ecause somne of the most closely
snerations of inbred animals.
oefficients: of
ire 6. The inheritan
erm plasms were mos
‘ory good. It-was not until
fbred. get w
Jarming rate.

the

NORMALIT
- More complete gestation and ¢

fanuary 1, 1926, thari were kept pr
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late to June 1, 1942, 289 calves w
}04 were inbred and 85 were. out
full gestation period,

711435 —dfrmemy

the cows served by sire 6, the

ersely affected in this experim
The earlier generations of i
little. ‘The numb
s to have had a more pronounced adverse
d the degree of inbreedi
Some of sire 2
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t intensified in this experime

ere: reached that the vigor
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Preurs 2.—Abnormal inbred ealf.
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: average pumber
inbred. bulls was 2.65. and by the
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nbred animals
er of generations of
ng, Thisis probably
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any of the other sires except
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nt, must have been
ed sire 6 and his closely
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tility declined at an
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Tt had an overshot lower jaw, no eyeballs, no teil, and weighed onl
48 pounds at birth. Although weak, it lived and grew normally ford
several weeks before it was 8 aughtered. This calf was the result of}
mating ‘sire 8 with his dam. Previous to 1926, another inbred calf;
was born deformed, It was dead at birth and the posterior part {)'f%
the spinal column, including the tail, was missing. It was the resultf
of mating sire 1 with one of his 50-percent daughters. )
Since only 2 of the 204 inbred calves were malformed, it seems;
unlikely that these malformations were the result of hereditary defects.
At any rate, they probably were not the result of a. simple recessive
gerie, as are THALY milformations, such as. hairless calves and bulldog
calves. If these 2 malformations had been caused by a recessive
gene, at least 1 in 8 of the inbred calves would have been malformed—.
provided all the sires carried the recessive gene. Since sire 1 was the-
sire of the first malformed calf, and the bulls and heifers used sub-
- sequently traced many times to. him, it seems that many of the inbred
ca?ve's would have received such a recessive gene through his progeny
if he possessed it. Then too, the second malformed calf (by sire 8)

appears to have had & different type of malformation than, the first
‘malformed calf. B _
BinTe WEIGHT OF CALVES

An examination of the birth weights of all the calves showed tha:
the calves from 2-year-old cows averaged 7 pounds lighter than calve:
from older cows and that male calves averaged 6 pounds heavier thax
female calves. To make the birth weights comparable for studying
the effect. of inbreeding, all birth weights were adjusted to the samy
weight basis as female calves from older cows, by adding 7 pounds
the weight of calves from 2-year-old cows and subtracting 6 pound
from the weight of all male calves. Table 4 shows the influence o
the coefficient of inbreeding and also the influence of succeedin
generations. of inbreeding on the birth weight. .

TaBLE 4.-—Influence of the degree of inbreeding and the generation. 'ofa_;{;}f?bfeediﬁ

(female side) on the birth weight of the calves?

o Average L ) Averag
Coefiicient of inbreeding. Calves | biith Generation of inbreeding Calyes | hirth
T weight weigh:
Percent Number | Pounds ) Number | Pound
[/ IR R e 47 81,5 | Pirst. o cwicmmmmno i ne e a2 g
0.1 3 4.4 | Second. . aueormoammomuaeamaas 7 a4
26 a7 80,5 | Third, .o e mema e 67 il
30; 99 778 | Fourth .o oo omeaneeonenmn &7 T
35, 24 A | PR oo e 32 i)
440. a3 <68, 4 | Blathand seventh .. _.c.deen 19 Eid
- 45, 38 L TET '
50. 431 659

A Treludes get-of sires 1 to'8, inclusive; doks not include get of outtbred registersd bulls.

In table 4, it will be seen that the outbred calves (represented |
0 ‘coefficient. of inbreeding and by the first generation) are small
than the moderately inbred calves (represented by an inbreeding
less than 25 percent and by the second generation). The reason f
this is that about two-thirds of the foundation cows cartied a ™
dominance of Jersey or Guernsey ®blood and naturally produc




a5 the bulls t0
 breed 1 succeeding
 inbreeding Was p'ra;cticed_,
The consistent _dov‘mwa,-rd

mbre_eding' anhd the sceoly
the influence of in-

bt ‘absence of any bal
less than 25 percent s n
Agpiculbural Fxperiment
sinfluence of snbreeding Was obtained by
red calves P d ows With
oduced b3 There:

hat of the gutbred € \
LB _ younds- A part of this difference, but
ly not all of 1t, could prope"ﬂy be.'a,ttributed to the influence of
reed since all of the ‘outeross calves were sired bY registered Holstein
1‘15115 while mosb of the inbred calves were sired DY grade Holsteln
8.
MoRTALITY OF CALVES

* From January 1, 1920, to September 1, 1941, 108 inbred. jema.le

Qi}'\ves and 41 outbred fernale calves: were born . this experiment.
Sixteen of the inbred c‘alyes-died- vs;it}bi’n g year, Or 15 percent. None

the outbred calves died During the same period, 300 outbred

born in the herd of..reg‘iStered_._Holstéins at Belis-
died withint g year, OF appro: cmately 10 percent.
inb’ yes W’el_fe'.no-t a8 wgorous_ as elther the

Vhether all calves h 1h
tions could not be determi_ﬁed.

RaTE OF INCREASE N WEIGHT OF CALVES

\ 'The _method- of raismg calves wag t0 feed whole milk for -about 3
W {:cks, then change_-to-skim milk, taking & weelk or 10 days to make the
¢ an%]e and to continue feeding ki itk umtit the calves were B
months old. Grain and hay | as 500D g calv ould eat:
The quantity of grain Wi 5 limited 1O about & pounds &

ched calving age. + ore Was 1o limit on the

“at ang time. Silage Was fed after the calves

EBE“TLETT, J. W, . R. P., and Leparn; O« 1., THE INFLUENCE OF
our iDI_NG ON BIRTH WELG : OF arowTH, AND TYPE OF DAIRY CATTLE:
.. Hnlm, Sei. L: 206-212.
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As nearly all the male calves in this investigation weré disposed
at an early age, the data on increase in weight are for the fem
calves only.- Tables 5 and 6 show the weights of calves at birth a
at stated intervals thereafter up to 24 months of age. The bi
weights are not adjusted for the age of the dams.

TaBLe 5.—Inerease in weight of 'he;ifer' calves as influenced by the intensity of
breeding and by the number of generations of inbréeding

INTENSITY OF INBREEDING

Average weight of calves

Coefficienit of Inbréeding .
At hirth AtLS AtH At 12 At 18 At?
U mionthis | months | moaths | months | mont

Percent Pounds | Pounds | Pounds | Pounds | Pounds | Pow
A S - 195 378 685 853 1
Under 24.8. "7 D T 87 194 351 807 706 1
@50 baRen. LTI 78 164 317 587 761
30040348 . ._..._.. e n S 78 172 223 599 770
35.0t0:30.9. 111770 PO 73 163 300 596 772

Average. .. uiuoe uo__ S 75 169 214 596 771
A0 O ALY i e et 6 161 298 574 730
45.0te 408 T 1T e 72, 182 392 | 602 7R0).

Aversge ______ - 70 174 | 312 590 759
60.0and above.. .. ......oio o emoloien 64 148 287 562 723

GENERATION OF INBREEDING

35 195 376 685 883 1
i 176 335 00 769
75 171 319 601 765
7l 163 304 587 74T
66 I8 | 304 0835 766

57 125 266 4 726.

L This group is composzed mostly of daughiers.of inbred cows by registered Holsteiln bulls,

At 24 months of age there was a difference of 100 pounds or mx«
‘between the outbred heifers and the moderately inbred ones. The
after, the decline in weight through more intensive inbreeding w
less, but it was nevertheless significant. The disproportionat«
‘heavier weight of the outbred heifers (represented by O inbreedi
and the first generation in table 5) can be attributed mostly to t
Jhighier percentage of Holstein blood, since by far the greater numl
were sived by registered Holstein bulls. Only a few of the offspri
of the foundation cows are included because weiglits of the you
stock were not being taken regularly in the early years of this inves
gation. ‘

Another factor that should be considered in the interpretation
these weights is the change in feeding practice that took place duri
the course of the study. "There was a gradual tendenecy over the ma
years to feed the heifers to heavier weights at calving time. T
more highly inbred animals on the average have had a better opp:
tunity togrow than the less highly inbred animals-of the earlier gene:
tions. If there were any way of evaluating this factor, the weigl
of the highly inbred animals would perhaps be even lower. T

/
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érences.in weight at 2 years are less perhaps than owou”_}d_ have been
ected, when one considers the great difference in birth weights.

‘he weights of the first generation animals sho

wn in table 5 are.

n an evalustion of 190 percent, the relative weé%hts of those with
reater number of generations of inbreeding wou d be as shown in
fe 6. -
asLE 6.—Relative weight of animals in the first and subsequent generations
. Ge’_nera_ti’on At bivth m‘%&% 4 rﬁ%&éﬁ s
Percent - Percent Percent
e e e e e i 100 160 100
88,2 7.7 8. 6
7T b6 85,4 . B 6
67.0 4.8 -80.4

The animals with three generations of inbreeding made no change
relative weight from birth to 24 months of age (table 6); but those
% five generations of inbreeding had made a gain at 12 months and
s gain was maintained at 24 months. Those with six and seven
ierations of inbreeding made a large gain by 12 months and some
ther gain st 24 months. The latter arimals were 33 percent
iter st birth than the first-generation animals but only approxi-
fely 20 percent Lighter at 24 months of age. ' '

CuaNcEs 1IN Bopy Wercar AFTER 2 YEARS OF AGE

The more highly inbred animals were distinctly lighter at 2 years of
2 than the outbred or less highly inbred animals. In order to find
t how the cows developed as they gradually approached maturity,
ta were assembled for cows that had dropped. their first and second
&es in consecutive years, for the same or other cows that had
pped their second and third calves in consecutive years, and so on
“‘the third and fourth calves. An examination of the monthly
ights of lactating cows had indicated that the weight 6 months-
wer calving would be as satisfactory as any for use in determining
e actual weight. Cows at that stage of lactation have had an oppor-
nity to recover much of the flesh lost after calving, and they are
t far enough along in the period of gestation to make the weight of
e fetus a disturbing factor.

The number of cows calving in consecutive years became less and
i8 a8 the cows approached maturity, and it was because of the
il numbers that the data were assembled for only two groups—
& below and one above 30-percent inbreeding. The results ave
own in table 7. o
The figures in table 7 confirm our observations that inbreeding
duced the size of the animals, but the reduetion in size at maturity
Dot nearly as noticeable as the reduction in birth weight. As the
Mparisons in table 7 are of two groups composed wholly or in part
;::j;_s'lllbred_ animals, the differences probably are not as pronounced as
®y would be if the comparison were between an outbred group and
}PSE} mnbred over 30 percent,
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TasLE 7.—Weights of cows at.2 years of age and at 6 months after successive calyin

Ooctficient of inbrecding. Cows | Ape | Welght | Age | Weight | ol
: . Number | Years FPounds Ygam Pounds ! Pounuo.
0.to 30 percent_ ___ ... R SR i 52 2.0 . 1,040 | e IR
More than J0 percent. . _ciraiiinnnas A8 2.0 I3 RIS S,
& Tnerithis after fArst 6 months after
ealving second ealving
010 80 pereent. ... o:ovuvcmcaeeo- mn 29 2.70 1,040 403§ 1,109
More than 30 pergent . ooevooomemvnan S 24 273 052 4. 13 1,028
& months after 6 months after
second calving third calving
010 30 _E_crcent, [ P m 23 4,04 1, 107 L% 1,182
More than 30 percent. o oeounan [P 15 4.08 1,042 5.29 1,116
§ months dfter 6 months after
third calving fourtb calving
01030 PeTeent .o cmccmeoe oo ees 17 5,35 1,178 6.75. 1,256:
More than 80 percent. . o.ocvm i 13 5.12 1,132 6,35 1,172

‘CONFORMATION AND VIGOR

The inbred cows and heifers in this investigation were kept in t
same hord with registered outbred and linebred Holsteins. Th:
“could, in nearly every instance, be readily identified by the shape
the head and face and the setting of the ears. Figure 3 shows
typical head of an inbred grade Holstein. There is a tendency
the poll to be high and for the ears to havs a peculiar setting th
gives. them the appearance of drooping. There is nothing aho
the conformation in other ways that would definitely distingush ¢
inbred grades from the outbred registered Holsteins except that t
inbreds are smaller. ‘ o

In the winter some of the inbreds develop rough coats and tl
condition is sufficiently pronounced to identify them as inbrec
Probably the most outstanding characteristic of the inbred animals
their sluggishness. 'When the herd is driven to and from pasture t
inbreds are always in the rear. They have a peculiar walking gait
. tendency to drag their feet—a sorti of shuffling walk. They ¢
definitely less active and less alert to what is going on around the
‘than the outbred Holsteins, and the attendants say that they are my
stubborn to handle. Rough hair, sluggishness, dull appearance, &
perhaps even stubbornness may b2 considered as avidences of 1a
of vigor.
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due entirely to the effect of inbreeding or in part to poorer g
plasm, However, the oradual decrease in. production level tr:
mitted by each sire used after sire 2, together with the appeart
of the animals, causes us to believe that the cumulative effects of
intengive inbreeding were & major factor in the decline in produc

level and in the poor showing of sire 6.

TasLe 16.—The variation in production by generations

Average coefficlent of v
Avernge in—
Generation Cows cozfpfé(_ant
breeding Milk Batterfat { But
yield test ¥
] ) Number Percent )
Foundation cows. 15 [+ 8.1 8.6
T R 3 1.1 19, 0- 86
Ty ol 25 6.7 18.8 w7
Ta.- 18 3R.4 17.6 5.1
i vmim s —m B 15 445 15.2 6.2
B P 8 440 14,7 60
T oo oo m e 1 599 23.3 6.3

ErrecT ON LEVEL oF PRODUCTION OF THE CrosE INBREEDING TO S

Perhaps the decline in production Jevel transmitted by the
is best illustrated by table 17, which shows the comparative re
of breeding & sire back to his own ‘daughters and of breeding
other closely related sires to that same sire’s daughters. _

The production records have been mentioned briefly in the di
sion of each sire’s transmitting ability, but the data are bro
“together in table 17 to facilitate comparison. Note the unifor
in average yvield by the five groups of dams (sire 2's daughters)
which the different sires were mated. On the basis of this compai

sire 2 was the best of the sires used. His inbred daughters sh:
the smallest percentage decline in yield of any group, and a b
percentage of them were better than their dams than in any -
group. Sire 3 was the next best sire. There ig considerable diffe
between the production records of his daughters and those of st
5, and 6—particularly 1 ‘butterfat test and in butterfat yield.
appears to be very little difference: between sires 4 and 5, but sir
clearly the poorest. _ _

The most astonishing feature of this record of production, in
of the appearance of the animals and their decline in size, 1s that
duction did not decrease even more rapidly asa result of the inte
inbreeding. Everything considered, production has held up. ret
ably well and this is no doubt due to the gplendid germ plasm
sessed by sires 1 and 2. Had the inbreeding been to sires
possessed a poorer germ plasm than sires 1 and 2, less favorable r
would no doubt have occirred in the early generations. Un

nately there is no way of determining accurately, other than b

long and laborious breeding test, whether any given ariimal
possess a germ plasm that will stand up under intensive inbreed
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THE EFFECT OF OUTBREEDING ON LEVEL OF PRODUCTI(

A limited amount of data is available from this experiment. for-
study of the effect, on level of production, of cutbreeding on th
intensely inbred cows. From tibie to time; some of the inbred gr:
‘cows have been bred to registered, unrelated Holstein bulls. -Se
of the inbred grade cows that have tested daughters that were si
by the closely related bulls used in this experiment also have tes
~daughters that were sired by unrelated registered bulls. Table
lists these 7 cows and shows the production records of their 11 1nb
grade daughters sired by telated bulls and of their 7 daughters sl
by unrelated, registered bulls.

Taipue 18.—FProduction vécords of inbred and onithred dau_ghzefs' of the same ¢

Daughters |  Broductionrecords | ‘DavgBers, | Produetion recox
Dam by related’ - Tegistered - -
inbred budls | fryp Butterfat bulls Milk Bufterfa
‘Pounds| Percent| Pounds Pounis| Percent] Po
14,440 1 3.57 5161 - S
) 14, 062 3.09 A8, (LAY, onee 15,832 3.32
12,-20% g:;ﬂl- 367 ’
13,513 .28 M3 N, : wy
7,623 a7 260 A-B5.__..-..] 15,315 3. 48
10600 | 358 358 3,94
9, 162 3.5l 322 324
11,625 3.26 ary 352
12,424 1 -3.3W 422 380
10, 428 3.63 375 345
7,729 B3.27 253 )
1,231 | 8.35 376 3.51

Six of the inbred daughters were by sire 6, three by sire 4, one.
sire 2, and one by sire 5. Only two of the inbred daughterq W
better in milk yield than their respective outbred sisters, one was bet
- in butterfat: yield, and three were better in butterfat test. The o
bred sisters were. better in average milk yield by almost 11 percent
butterfat test by5 percent,-and in butterfat yicld by 16 percent.

Itis dlfﬁ('ult to determine whether the difference in yield was duc
depression in the production of the inbreds résulting from inbreed
(coefficient of inbreeding 42.5); heterosis in the outbreds result

irom the mating of the inbred grades to unrelated sires; or to a (
{erence in the germ plasm for level of production of the inbred si
and the registered sires. We.are inelined to-credit the latter possibil
for the greater part of the difference in production, since sire 6 si
6 of the 11 inbred sisters and it has been shown that he had the poor
‘record of transmission of any of the 6 inbred sires used.

Another indication of the affect of outbreeding is a comparison of
production records of the daughters of four registered sires. So
of the daughters were out of inbred grade cows in this experiment ¢
some were out of registered cows in the Beltsville herd. Table

“includes the data for this comparison,
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suLTS OF [NBREEDING GRADE
duction.of outbred grade daughters aﬂd'.-Tegi_stered-.daughters:

19.—Rewative Pro _
of the same sires

Average pr'oductic_n-_o_f'tegist_ered.
danghters out of registera COWS

Dangh- \
ters’ TEC \ “Milk

Ouibred grade dsughters.out of inbred
yrade cOWs

ords BY- Buiterfat
eraged

Percent | Pounds |
reeeinmnmne] A 3.94 %05 3. 45- e
3481 3.47 434
3.90 573

T I - 24| 289 _
\ : S A

A-T18. e

ot for 60 recatds.
1 Weighted average.
The weighted sverage production of all daughters of the registered
cOWS, AS compared with that of the daughters of inbred grade cows,
vas 5.6 pe'rcent-greater'in milk yield, 2.8 percent greater in butterfat

' o butterfat yield. Howevyer, three o

test a1_1d_8'-.4zpere'ent greater .

the registered bulls used had only four daughters out of inbred. srade
cows. The best comparison. is for the bull No. 947. . (See table 20.)
He has eight tested outbred daughters out of inbred grade cows and
six tested mbréd daughters out of registered cOWs. This comparison
should offer the best tneasure of the o'(;c.urrence..of heterosis; the daugh-
tera out of the mbred grade dams being radical outcrosses. -

Tasyy 20.—Relative production of the daughters of sir
OUTBRED DAUGHTERS QUT OF INBRED GRADE DAMS
D DA e
Average production per cow

¢ 947 and their dams

Number'of comparisons
Butterfat.

. Bdpuyg
B i ——

Inérease () or decrease {—) by daughters

¢ .

o4 DIraughters better than dems (pereent) . ..--rnmsvnrn=ain T
d _ -

1) INBRED .D AUGHTERS ouUT

8 dnuphiters.

i ————— e
\ T e PR !
nertase {1 or decrease (—) by daughters-....----s=-= S - +594 40,16

‘Diughters better thay daims (pereent) .- e mmwmmmn et S 87 | 50 &7

——
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The inbred grade dams and the registered dams had almost the sam
level of production, but sire 947’s Inbred daughters out of the reg)
tered dams had a higher level of production than his outbred.daughte
out of the inbred grade dams. _

There is no evidence here of heterosis. Howevar, there are tw
possible reasons for the lower level of production of the daughters o1
of the inbred grade dams. One is thab several of these cows had son
mastitis during. their lactation periods, and the other 1s that 1l
registered. danghters of sire 947 have shown evidence of late maturis
in production level. Some of the records for his registered daughte
in the above tabulation are second-Jactation records, while the.recor
given for the grade daughters are first-lactation records.

Possibly another generation outcross on ‘these outbred anime
would have developed the full effect of heterosis, Limited facilit]
for keeping the animals in this experiment did not permit the keepl
of the outhred animals to secure a second outbred generation.

SUMMARY AND CONCLUSIONS

This experiment in inbreeding grade Holstein-Friesian cattle w
started witha group of 14 grade cows, of which 10 were predominant
Jersey or Guernsey breeding and 4 were predominantly Holste
breeding, and a registered Holstein sire, Johan Woodcrest Liad 11
103987. This sire was mated to the foundation cows and also to ]
own daughters. ~ Subsequently sevensires were used in the experime
All these sires were inbred to Johan Woodcrest Lad 11th and out

dams that were bred in the herd and that had descended from founc
tion cows and Johan Wooderest Lad 11th. Cows representing -
filial generafions- from the foundation cows have production recor
Data have also been obtained from some outcrosses—the progeny
unrelated registered sires and mbred grade cows. .

" The data were analyzed to determine the influence of inbreeding
fertility; on normaley, birth weight, and. mortality of calves; on grow
‘as measured by weight: on the conformation and vigor of the cos
and on the produetion level for milk and butterfat. Wright's coe
cient of inbreeding was used to measure the degree of inbreeding in:
analysis of the above characteristics. The influence of the num’
of generations of inbreeding on these characteristics was-also studi

Fertility ‘was not adversely affected m this experiment -as quic
as might be expected: The numbear-of generations of inbreeding 1
a more pronounced adverse effect than did the degree of inbreedi
peihaps because some of the most closely inbred animals appearac
the early generations. It .was not until the closely inbred sire 6 ¢
his clogely inbred get became a factor in the experiment that vigo
fertility declined ‘at an alarming rate, When the inbred cows w
mated to unrvelated sives: the average numbar of gervices per c
ception was appreciably less than when they were mated to the clos
related bulls. ' :

There were 2 malformed calves among the 204 inbred calves in
experiment. Several generations elapsed between the appearanct
the malformed calves. Also the ‘malformations appeared to be
different types. Apparently they were not the vesult of sin
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gssive ‘genes, 8s is the case with many types of talformations, or
v would have ocourred with greater frequency. .

gi_rth weights of the calves declined from an average of 81.5 pounds
¢ or the outhred ealves resulting from unrelated matings to 65.9 pounds
& for inhrad calves having & coefficient of inbreading of 50.0 percent or.
Tikewise the birth weights declined fromi -

_ an average of 81.8

the first. generation calves to an average of 63,9 pounds, for
. that were the product of 6 and 7 generations of inbreeding.
- The percentags of mortality was greater amoug the inbred calves:
than smong the, outbred calves in this experiment. and dlso in the
Togistered herd. at the same station. Apparently the inbred calves
ore nob:8S VIgOTOus Or as resistant to calfhood infections s the calves

-that were not closely bred. _
The tate of growth of the calves, as influenced by the degree of
breeding and the number of generations of inbreeding, was analyze
v comparing their average weights at 3, 6, 18, and 24 months of age.
e niimber: of generations of inbreeding

he comparisons based on the num
' i imals (outbred) were the heaviest

group at all siges and that the sixth and seventh generations combined
were the lightest group ab all ages. However, the difference in weight
' ati D an the sixth-and-seventh genera-

tion group was not as great ab 1 year of age as at Dbirth, nor as great
f age, the frst-generation calyes
made an average daily gain of 1.64 pounds, the second-generation
f:glves gained 1.43 pounds, the third generation 1 44 pounds, the fourth.
generation 1.44, the fifth generation 1.42, and the sixth and seventh
generations 1.32. Up to 2 years of age, the average daily gains for
the sllle groups. were 141, 1.24, 1.22, 1.21, 1.21, and 1,14 pounds,
respectively. The more closely inbred animals continued to gain on
j_gligtle%i' intensely mbred animals to some extent until they reached
urity. _ o
~_The intensely inbred animals in tKis experiment had characteristic
shape of head and setting. of ears that gave them a drooping appear-
ee, which distinguished them from other animels in the Tierd. They
so had rough coats and were sluggish in their movements. Their
alking gait was peculiar, 8. tendency to drag their feet. They were
"ilss active and less alert than other cattle in the herd and attendants
ought they were very stubborn. _ C
_The F; generation cows, COMposed. argely of 1 d daughters of .
fires 1 and 2, produced on the average 81 percent more milk and 13
percent, more butterfat than the foundation cows that were their
ey th 0C ced contained & much lower percentage
. thu_tterfa.t. The F, cows, inbred daughters of sires'1, 2, 8, 4, and 6,
on _th&n average coefficient of inbreeding of '26.3 percent, produced
than e average 2.7 percent less milk and 8.5 percent less. butterfat
‘5}_1?11‘ dams (the Fy cows) and their butterfat test was also lower
o dﬁél.Pl?_I‘_cmb_. The F; cows, mbred dsughters of sives 1,2, 3,4,9,
oedrm h an average coefficient of inbreeding of 32.9 percent, pro-
"trterfon the average 8 percent _more_.iml__k- than the F, cows, but their
s | at test was lower by 10.7 percent and their butterfat yield
'3 e by 3.3 percent. The Fy cows, inbred daughters of sires. -~
3,4, 5, and 6, with a coeflicient of inbreeding of 43.9 percent, :
uced on the average 6.6 percent less milk and 17.7 less butterfat -

ab 2 years as at 1 year. Up to 1 year 0
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- than the Ty cows and the butterfat test was lower by 12 percen
" The T, cows, mbred daughters of sires 5 and 6, with an averay
. coefficient of inbreeding of 44.7 pércent, produced on the averag
- 7.1 percent less milk and 16.3 percent less butterfat than the ¥, cow
and the butterfat test was 8.3 percent lower. The three cows in tl
F; generation, all daughters of sire 6, with an average coefficient -
inbreeding of 59.9 percent, produced on the average 31.6 percent le
milk and 38.4 percent less butterfat than the ¥ cows, and the butte
fat test was lower by 10.1 percent. _ _
Thus it will be seen that the milk yield was not seriously lowered t
inbreeding until the Fg géneration; the percentage of fat reached tF
lower levels in the F; and F, generations (the lower fat percenta
probably was brought about more by the increased conceéntration .
Holstein-Friesian inheritance than by the effect of inbreeding); t}
butterfat yield reached a noticeably {rower level in the F; generstic
- - and a decidedly lower level in the ¥y generation.
- - In view of the intensity of the inbreeding in this experiment ti
+ moderateness of the depression in milk and fat yields in the F, and ]
~ generations, and in milk yield in the ¥, and F; generations, is surprisin
- It is less than that observed in some of the other breeding experimen
. at the same station. _
“ Analysis of the transmitting ability for lével of production. of eac
" of the six sires shows that sires 1 and 2 possessed excellent germ plasr
" Sire 3 was the next best sire in this respect. There was very litt
difference between sires 4 and 5. Sire 6 was clearly the poorest of t}-
- gires used. The fact that the production level has been fairly we
maintained despite the intensity of inbreeding and the decline in si:
of the animals is no doubt due to the: excellent germ plasm of sir
1 and 2, to which the sires that were subsequently used were inbre
X Inbreeding has long been thought to be one of the best “tools™ fc
~ bringing about uniformity among the offspring; that is, for decreasin
" yariation in the inherited characters. In this experiment the greate:
decrease in variability in milk yield occurred in the F; generatic
(outeross). From the ¥, to the F; generation there was a gradu
decline in variability, but in the F; generation (only three animal.
but intensely inbred) the variability in milk yield increased to a poi
second only to that in the foundation group: In butterfat percentag.
variability declined from the ¥; to the Fy generation, then increase
to a level that was quite constant through the ¥, to the Fceneratior
" The variability in butterfat yield was similar to that in milk yield.
Seven outbred daughters that were out of seven inbred dams ha
_ an average milk yield that was 11 percent greater, and an averag
. butterfat yield that was 16 percent greater, than that of 11 inbre
daughters out of the same dams. However, 6 of the 11 inbred daugl
‘ters were by sire 6, whose daughters had a low level of production.
Sire 047, a registerad and unrelated sive, had eight tested outbre
daughters out of inbred grade dams. Healso had six inbred daughte
out of registered dams. There was little difference in average produ
tion between the inbred and the registered dams. The daughters ou
of the registered dams had the highest level of production. H
daughters out of the inbred dams represented a radical outcross amn
according to the theory of heterosis, should have been the beiter prc
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Mastitis infection may have prevented the outbred daughters
producing. up- to their inherent capacity. _ - _
his inbreeding experiment was originally started with the simple
tive of determining whether a dairy farmer with a small herd
ieht safely breed a bull back to his daughters and thus avoid having
& obtain another sire to mate to the first sire’s daughters. That ques-
tion was answered early in the experiment. A bull that carries no
fothal factors in his germ plasm, or factors for malformed calves, may
kafely be bred back to his daughters. But the results of this experi-
taent do not show how the farmer would know whether bis bull did,
pr did not, carry such undesirable hereditary factors without actually
.'i‘ém}injgl‘the bill back to bis daughters and judging by the results
abtdined. '
Generally speaking-farmers: should not practice inbreeding. The
results are harmful when inbreeding progresses beyond 25 percent
{first mating of sire and daughter), even if one starts with widely
ssimilar animals. If one starts with similar animals it is probable
t less intensive inbreeding also will be harmful.
An important exception-to the general rule should be noted. If a
furmer has an outstanding cow or bull he is justified in inbreeding to
¢ cow or bull in order to obtain a bull or bulls for breeding that will
iearry a higher percentage of the characteristics of the outstanding cow
rbull. This course is justified because the fertility of the inbred bull
 not likely to be seriously impaired; and any lack of size and vigor
i the inbred bull is not likely to be transmitted to the offspring if he
imated with unrelated females. Coontinued inbreeding of whole herds,
Bowever, is almost. certain to be disastrous. _
As the experiment progressed interesting questions from the stand-
nt of the student of breeding arose. What would be the effect of
_ :_hgllﬁmued: close.'bre_egling__m}_fertil'ity , size; conformation, -and producing
bility?  Could. o fairly uniform level f production be attained? The
ults of the experiment, bearing on these questions, have been dis-
. Eﬁﬁd ‘They are of greater interest and value to the student of
e 1gg iEha-n to the farmer seeking information 'ep1_1(:&1"1]111%j the best
d:tl of breeding’ to _';Eollow, because of the ma,_b]hty‘ of t "e___farmer
‘ ermine whether any bull is free from undesirable genetic char-
eters without resorting to the inbreeding test.
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