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Inbreeding Investigations with Dairy Cattle 

in the North Central Region of the United States 

C. W. Young, W. J. Tyler 
A. E. Freeman, H. H. Voelker, 

L. D. McGilliard, 
and T. M. Ludwick1 

Inbreeding and selection were the principal tools used 
by Bakewell, Bates, the Colling brothers, and other pioneer 
animal breeders (22, 40). Much of the inbreeding they did 
might have been merely a consequence of using a few fav
ored sires heavily in a population as small as the pre-herd
book foundation stock of the breed. This is uncertain. Re
gardless of their reasons for combining inbreeding with 
selection, their success in improving livestock by these 
methods · unquestionably influenced the early development 
of most modern breeds of livestock. Interest in inbreeding 
was further stimulated by Wright's methods for measuring 
relationship and inbreeding ( 61), his application of them 
to livestock breeding ( 64, 65), the results of inbreeding 
experiments with laboratory animals by King (23, 24, 25) 
and Wright ( 62, 63), and the phenomenally high yields 
from hybrid corn. 

Among early studies of inbreeding dairy cattle in the 
USA were those by Hays (19), Woodward and Graves 
(66 ), Plum (42), Regan et al. (47), and Bartlett et al. 
( 4) . These reports, mostly preliminary and of small num
bers, served to identify problems likely to be encountered 
in such experiments. Later reports on inbreeding dairy 
cattle at California (1, 8, 27, 44, 48, 50, 51), New Jersey 
(2, 3, 32), and Beltsville ( 53, 67) provided evidence that 
inbreeding had a generally depressing effect on economi
cally important traits; however, the results were not con
sistent and were far from conclusive. Several heritable 
defects were revealed by the intense inbreeding practiced in 
the California herds (12, 13, 14, 15, 33, 34, 35, 45, 46). 

When regional research was initiated some inbreeding 
of dairy cattle was already in progress in the North Central 
States. The Iowa project had been started in 1930, and 
studies involving inbreeding had been undertaken by Mis
souri, Nebraska, and Wisconsin. Results of these early in
vestigations were reported by Nelson and Lush (39), Lab
en and Herman (26), Plum and Rumery (43), Dickerson 
(11) and Tyler et al. (56, 57). Interest in the usefulness 
of inbreeding combined with topcrossing and crossing of 
inbred lines as a means of dairy cattle improvement was 
shared by other states in the region. Consequ_ently, the 
North Central regional dairy cattle breeding proJect, here
after referred to as the NC-2 project, was initiated in 194 7. 
One of its original objectives was "to investigate inbreeding 
(closed line matings) coupled with selection as a means of 
establishing improved strains of dairy cattle." The regional 
approach has been fruitful, as the pooling of resources 
from several states has resulted in a more adequate ex
ploration of the objective. North Central States that have 
participated with cattle in the inbreeding phase of NC-2 
are Iowa, Michigan, Minnesota, Missouri, Ohio, South 
Dakota, and Wisconsin. . 

The role of inbreeding in establishing improved strams 
of dairy cattle is not totally understood. However, NC-2 
has produced much useful information concerning the e~
fects of inbreeding on various traits in dairy cattle. !his 
report brings together knowledge of these effects obtamed 
through this cooperative effort. 

'For author affiliation see technical comm ittee list 011 page 2. 

HISTORY AND SOURCE OF DATA 

Research in dairy cattle breeding is usually individual
istic due to differences in populations available for study, 
differences in other functions which these populations must 
fulfill, and differences in interests and capabilities of the 
stations and personnel working with the projects. The time 
required for such research also tends to promote individ
ualism as changes in policies, personnel, and facilities are 
almost certain to occur during the lifespan of a research 
project in dairy cattle breeding. Consequently, NC-2 proj
ects concerned with inbreeding have utilized several differ
ent approaches. This section will review each project and 
describe the populations employed. 

Iowa 
The experiment was started in 1930 with the Iowa 

State University Holstein herd and was designed to test the 
practicability of improving dairy cattle th~ough selection 
within a closed population. The herd essentially was closed 
in 1934 and has been completely closed to outside breed
ing from 1937. Herd size before 1940 varied from 20 to 
50 cows in milk and has since been maintained at about 
70 to 80 females of milking age. Herd size was increased 
when the University veterinary and experimental herds 
were combined in 1937. 

The breeding system has been described by Walton 
( 59). Sons were saved from the highest ranking cows and 
generally were bred to 30 or more females to be reas'?nably 
certain of a progeny test of eight ?r more pro~eny. S~es of 
bulls received little attention at tlille of selection as mfor
mation on their progeny was ordinarily limited or non
existent. However, additional information often accumu
lated while the son was in service, and sons of the higher 
ranking sires tended to be used more heavily resulting in 
some selection pressure from this source. Most of the b~lls 
used were in service slightly over one year after which 
some were sold for breeding purposes with an option to 
repurchase. This option was used only twice. 

Since 1941, female parents were select~d ~y an in~ex 
which combined individual performance with mformat10n 
on relatives. The index weighted fat production about 
three times as heavily as type. High incidences of brucel
losis, tuberculosis, and pneumonia, and incre~sing herd 
size virtually precluded selection of females to discard dur-
ing the earlier years of the project. . . 

A closed herd unavoidably resulted m the ma_tmg _of 
related animals . Inbreeding in the Iowa State Umvers1ty 
herd averaged less than 2 percent in 1930, ro~e slowly 
during the period of incomplete closure, . and 1~creased 
more rapidly thereafter. The average coefficient of mbreed
ing for animals born during 1964 was 2_0 percent, and the 
range in inbreeding coefficients to that time was from O to 
4 7 percent with a mean of 10 percent. 

The Iowa State University Guernsey herd has served as 
a replicate for the experiment of selecting within the closed 
herd of Holsteins. The Guernsey herd was closed com
pletely in 1952, and no bulls bred outside the herd were 
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introduced after 1946. Only 7 to 28 cows calved per year; 
consequently, inbreeding increased more rapidly than in 
the Holstein herd. Coefficients of inbreeding for cows calv
ing from 1944 to 1961 ranged from O to 31 percent and 
averaged 6 percent. Cows calving in 1961 were inbred an 
average of 9 percent. 

Michigan 
The project with Jerseys was initiated in 1951 when 21 

females and 5 males were purchased from California dairy
men who had used a series of bulls from the University of 
California's inbred Jersey herd. Inbreeding coefficients for 
these foundation animals ranged from O to about 40 per
cent. These cattle were intermated to study the effects of 
inbreeding and to develop superior inbred animals. 

In 1955 the project was altered to study the effects not 
only of inbreeding but also of selection for a single trait. 
The herd was divided into two closed breeding groups of 
15 milking cows each. One group was designated for se
lection and the other for control. Selection was on an index 
of milk yield of the individual and her close relatives. In 
the control group, removal of females and selection of 
males was by chance. A third group of Jerseys, a Univer
sity herd unrelated to the others, was a closed group se
lected for type. 

The average inbreeding coefficients of the foundation 
females in the milk, control, and type groups were 19, 18, 
and O percent. Average inbreeding had increased to about 
36, 35, and 17 percent in the three groups in 1967. 

Minnesota 
The original objective at this station was to develop 

superior lines of inbred dairy cattle. Four such lines (three 
Holstein and one Guernsey) were started in the l 940's 
with about 150 cows. The breeding program consisted pri
marily of using a succession of sons of well-proven bulls 
that were judged to possess unusual merit. By 1953 the un
covering of two lethal genes in the Guernsey line resulted 
in the discontinuance of inbreeding. The following year 
poor performance and undesirable type ended the inbreed
ing programs in the Holstein lines. All herds in the project 
subsequently were outcrossed for about 5 years. The pro
gram resumed with three Holstein lines and one Guernsey 
line being developed. Most of the data reviewed here 
comes from one of the three initial Holstein lines. About 
43 percent of the animals in this line were inbred, and the 
mean inbreeding coefficient for these was 13 percent. 

Ohio 
The project was established in the late 1940's with six 

herds representing 600 cows owned by the Ohio Depart
ment of Mental Hygiene and Correction to study the rela
tive importance of general and specific combining abilities 
in Holstein cattle. For this objective, two or more related 
bulls were introduced into each herd, the herds were 
closed, and matings were planned to build average relation
ships of 25 to 30 percent among a group of animals in each 
herd including as much of the herd as possible to form six 
lines that could then be intercrossed. Sires were selected 
primarily to develop the lines and secondarily to increase 
milk production. The third objective of the breeding pro
gram was to hold the inbreeding accompanying line de
velopment to a uniform minimum. The average inbreeding 
in the herds varied from O to 5 percent prior to the initia
tion of the project to about 12 to 15 percent for animals 
born in the early 1960's. 
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South Dakota 
The inbreeding project initiated in 19 5 5 was designed 

to test the effects of sire-daughter and other matings be
tween close relatives. Sires used had divergent pedigrees 
of Burke and Rag Apple breeding with high relationships 
to two influential ancestors known popularly as foundation 
sires of these "lines" of Holstein breeding. The lines were 
closed to outside breeding during the inbreeding phase. 
Sires with inbreeding coefficients from 25 to 45 percent 
were developed as rapidly as possible. Daughters were 
mated with their sires for two generations, or sire-daughter 
matjngs were followed by mating inbred sons to their dams. 
The most highly inbred sires were used for reciprocal cross
ing of the two lines. 

Females of a line were less than 5 percent inbred or 
more than 25 percent inbred because of the limited time 
of development of the lines. Twenty-five females assigned 
to each line and to the outbred group were to produce spe
cific line offspring. The number of females later expanded 
to about 130 head. Differences in survival and reproductive 
performance caused a need for some foundation cows to 
produce both outbred and linebred progeny. 

The outbred control females were sired contemporarily 
with the inbred lines and represented many sires in arti
ficial insemination associations. During the first 6 years, 
sires used had relatively high merit based 50 percent on 
dam and daughter comparisons for milk production and 
50 percent upon type ratings. In recent years, to facilitate 
measuring the amount of selection for milk production, 
sires were used that had USDA Predicted Differences. 

Wisconsin 
A breeding experiment initiated in 1948 was designed 

to evaluate the effects of inbreeding, outbreeding, and 
crossing of inbred lines on quantitative traits in Holstein 
cattle. 

Six unrelated sire lines formed the foundation animals 
for the project. Each line consisted of a sire, one or two 
outbred sons, and 20 open, non-inbred daughters. The out
line of the mating plan was given by Mi et al. (38). The 
mating plan produced six types of progeny: ( 1) outbred 
progeny of outbred dams and outbred bulls of an unrelated 
line, (2) inbred progeny of outbred dams and bulls of the 
same line, (3) inbred progeny of inbred dams and bulls 
of the same line, ( 4) two-line-cross progeny of inbred 
dams and inbred bulls of another line, ( 5) three-line-cross 
progeny of two-line-cross dams and inbred bulls of a dif
ferent line, and (6) four-line-cross progeny of three-line
cross dams and inbred bulls of a different line. The average 
inbreeding in group 2 varied from 16 to 27 percent for the 
six sire lines while the corresponding range in coefficients 
of inbreeding in group 3 was from 25 to 35 percent. Only 
six of 15 possible two-line crosses, 14 of 60 possible three
line crosses, and 18 of 180 possible four-line crosses were 
made. Reciprocal crosses were combined in the two-line 
crosses, and no line appeared more than once in each 
three- and four-line cross. 

METHODS OF ANALYSIS 
Mating and selection have followed two general meth

ods. Some stations have inbred and selected with no 
regular system of inbreeding and no deliberate attempt to 
rapidly increase inbreeding. Other stations have adopted 
regular systems of breeding that have increased inbreeding 
at or near the maximum rate. With the former approach, 



evaluation of results has been largely intrasire regression 
of the traits on percent inbreeding. In regular systems of 
inbreeding a control population has been included, and the 
effects of inbreeding have been evaluated by comparing 
inbreds with controls. Wisconsin and South Dakota have 
compared inbreds in regular systems of inbreeding with 
control populations; whereas Iowa, Michigan, Minnesota, 
and Ohio have used irregular systems of inbreeding and 
evaluated by intrasire regression. 

lntrasire Regression 
Von Krosigk and Lush (58) have discussed the valid

ity of intrasire regression for the type of inbreeding study 
carried out at Iowa State University. Their remarks are 
pertinent to most other inbreeding work as inbreeding in 
the population will increase with time, and these changes 
need to be separated from other sources of trends with 
time. Intrasire regression does this effectively if individual 
sires are kept in service only a relatively short time and if 
sires are not sampled, held, then returned to service on 
the basis of progeny test. If some sires are used over ex
tended periods, intrasire regression still can be used but 
more effectively within time periods as well. The Ohio 
station obtained intrasire regressions within subclasses of 
year-seasons and herds to eliminate effects of these on the 
regressions . 

Estimating the effects of inbreeding with dam's record 
held cons.taut has also been discussed by Von Krosigk and 
Lush (58), and many of the results from the Iowa Holstein 
and Michigan Jersey projects have been reported both as 
simple intrasire regressions and as partial regressions ad
justed for variation in the dam's trait. The reason for con
sidering dam's performance if selection and inbreeding are 
simultaneous is that sires would come from the better 
female families, would be most closely related to those 
female families, and would produce their most highly in
bred daughters when mated to cows from those better 
families. Consequently, the intrasire regression would be 
increased for those traits effectively selected. The regres
sions obtained by Von Krosigk and Lush ( 58), Sutherland 
and Lush (52), Thompson (54), and Dayton (10), with 
and without holding dam's record constant, were nearly 
equal in almost every instance. Because of similarity of 
results only simple regressions are shown in later sections. 

Comparison of Inbreds and Outbreds 
Descriptions of analyses and many results of the Wis

consin inbreeding project have been published. Except for 
some measures of reproductive performance and mortality, 
which were most conveniently expressed as percentages, 
most analyses have been fitting of constants and multiple 
regressions by least squares. Several models were fitted for 
production traits by Mi et al. (38), whereas Holtmann et 
al. (21) fit a single model for body measurements of in
breds and outbreds. 

Three models applied to production of inbreds and out
breds in the Wisconsin project provided partial regressions 
of inbreeding (model 1); inbreeding and sire lines (model 
2) ; and inbreeding, sire lines, and interaction between in
breeding and sire lines (model 3). The effects of inbreed
ing were over all lines (model 1) and equivalent to within 
lines with variation between lines held constant ( model 2) . 
The model containing the interaction term tested hetero
geneity of regression on inbreeding among different sire 
lines. Effects of inbreeding from these models are linear 
partial regression coefficients of change in trait per l per-

cent increase in inbreeding coefficient. Hence, results from 
these analyses can be expressed like those from intrasire 
regression. 

The effect of inbreeding on production also was ana
lyze~ by an analysis of variance of the least squares model 
of diallel crosses (Harvey, 16). Variances were obtained 
for inbreeding depression, inbred lines, general combining 
ability, and maternal effects. Least squares means for pro
duction and body measurements of inbreds and outbreds 
were compared in this analysis. 

The analyses of reproductive performance in the Wis
consin project have taken a number of forms for the sev
eral traits measured as not all of these could be expressed 
in like terms. The methods of analysis for these traits are 
not described here but will be covered briefly with the 
results. A more complete description of methods is avail
able in the literature cited. The methods used to analyze 
disposal rates also are described with the results. 

RESULTS AND DISCUSSION 

Production 
Results from Iowa, Michigan, and Ohio by intrasire 

regression are given in table 1. Estimates in table 1 are for 
Holsteins, except for those from Hillers and Freeman (20) 
and Dayton (10) who studied Guernseys and Jerseys, 
respectively. The results from these populations agree well, 
especially considering that records were expressed in dif
ferent ways. The Iowa and Michigan records were stan
dardized to a M.E., 2X basis, but those used by Von 
Krosigk and Lush (58) and Dayton (10) were of 305 day 
duration, whereas Hillers and Freeman (20) and Thomp
son (54) used 243-day records. The Ohio data consisted 
of actual, 305-day records analyzed on a within year
season, herd, sire basis with age held constant. 

The effect of more intense inbreeding on production 
has been studied by South Dakota and Wisconsin. The 
Wisconsin data consisting of production records for 71 
outbred controls and 111 inbreds were analyzed by Mi 
et al. (38). Inbreeding coefficients of the inbreds averaged 
25 percent. Unadjusted means for production in first lac
tation of 57 outbred controls and 35 inbreds (F> .25) 
comprise the data currently available from the South Da
kota project which is still in progress. The effect of in
breeding on production varied among sire lines at Wiscon
sin in a model that included interaction between sire lines 
and inbreeding. Within sire lines the effect of inbreeding 
on production appeared linear. Simple linear regressions 
within each of the six sire lines per .01 increase in inbreed
ing coefficient ranged from -1 to -13 3 pounds for actual 
milk, 0.3 to -4.6 pounds for actual milk fat, and -0.006 
to +0.014 percent for fat test. 

Production traits of inbreds and outbred controls at 
Wisconsin and South Dakota are compared in table 2. 
Differences for yield traits favored the outbreds and were 
highly significant, whereas inbreds were superior to out
bred controls for fat test and protein-lactose-mineral 
(PLM) percentage (measured only at South Dakota). 
Differences between inbreds and outbreds for yield traits 
were larger at South Dakota than at Wisconsin; however, 
much of this difference was removed by adjusting records 
of the South Dakota control for selection practiced in that 
population. 

The evidence of linear effect of inbreeding on produc
tion in the Wisconsin study allows estimating regressions 
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Table 1. Regressions of milk yield, fat yield, and fat percentage on percent inbreeding 

Lactations 

studied 

Number of Average Regression on % inbreeding 

Reference Cows Sires inbreeding Milk Fat Fat% 
( % ) lb. lb. 

-1.8±0.8 
( % ) 

+.000±.004 
+.003±.003 
+.005±.004 
+.001±.005 

(54) First 763 61 9.9 -53±23 
(58) All 534 69 7.4 -54±17 -1.7±0.6 
(10) All 211 29 18.0 -21±13 -0.8±0.7 
(20) All 94 6.4 -36±18 -1.7±0.8 
(6) First 1233• 3.3 -41±9 -1.2±0.3 
(6) Second 784• 2.8 -43±19 -1.2±0.5 
(5) Third 480• 2.5 -26±25 -0.5±1.0 

+t.0±1.5 (5) Fourth 263• 2.1 - 5±40 
•Degrees of freedom within year-season, herd, sire classes. Number of cows would be somewhat larger. 

Table 2. Comparison of first lactation production of inbreds and outbreds at South Dakota and Wisconsin 

Trait 

Actual milk (lb.) 
Actual fat (I b.) 
Fat test (%) 
Actual PLM (lb.) c 
PLM ( % ) C 
ME Milk (lb.) 
ME fat (lb.) 
**P<.0l. 

Outbreds 

12,079 
435 
3.60 

1,393 
8.98 

15,075d 
548d 

South Dakota• 

Inbreds 

10,231 
382 

3.73 
1,194 
9.10 

13,122 
489 

•Comparison involved 57 outbreds and 35 inbreds. 
c Protein-lactose-mineral content. 

overall for each .01 increase in inbreeding from the Wis
consin comparisons in table 2. These regressions are -52 
pounds, - 1.4 pounds, +0.005 percent, - 70 pounds and 
- 1.9 pounds for actual milk, actual milk fat, fat test, M.E. 
milk and M.E. fat, respectively. These estimates agree well 
with those in table 1. 

Although Nebraska was not involved in the experi
mental phase of the NC-2 inbreeding work, inbreeding of 
the Winterthur Holstein herd was studied by Davis et al. 
(9). The Winterthur herd, owned by the duPont family, 
had been linebred to Sir Pietertje Ormsby Mercedes and 
Spring Brook Bess Burke 2nd following the purchase of 
the latter and descendants of both in 1918. The Nebraska 
study included 630 daughters of 20 major herd sires. Of 
these 630 cows, 366 had inbreeding coefficients of at least 
6 percent, and 98 were at least 16 percent inbred. The 
intrasire regressions for milk yield, fat yield, and fat per
centage were - 30.8 pounds, - 0.66 pound, and + 0.0026 
percent, respectively, per .01 increase in inbreeding co
efficient. Regressions for individual sires with 20 or more 
daughters varied from - 235 to +240 pounds for milk 
yield, - 10.2 to + 9.5 pounds for fat yield, and - 0.091 
to +0.015 percent for fat percentage. None of the pooled 
regressions differed significantly from zero statistically. 

The NC-2 project indicates that inbreeding depresses 
milk yield about 25 to 55 pounds and fat yield 1.0 to 2.0 
pounds per .01 increase in inbreeding coefficient. Both 
Brum ( 5) and Mi et al. ( 38) found that the effect of in
breeding varied among sires or among sire lines. There
fore, some inbreeding programs are likely to give results 
outside the usual or average range. 

Inbreeding tends to increase the percentage of solids in 
milk as shown in tables 1 and 2 for fat percentage and in 
table 2 for PLM percentage. The increase is not significant 
at low levels of inbreeding ( table 1) but is definitely dis
tinguishable as higher levels of inbreeding are reached 
( table 2). This association between inbreeding and per
centages of milk constituents (solids) may manifest merely 
the effect of inbreeding through the inverse relationship 
between yields and percentages. 
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Wisconsinb 

Diff. Outbreds Inbreds 

1,848** 9,695 8,392 
53** 337 302 

-0.13** 3.47 3.59 
199** 

-0.12** 
1,953** 12,584 10,823 

59** 438 389 

bComparison involved 71 outbreds and 111 inbreds. 
dAdjusted for sire increases over herdmates. 

Type 

Diff. 

1,303** 
35** 

-0.12** 

1,761 ** 
49** 

Type of each animal in the Iowa State Holstein herd 
and in the Michigan State Jersey herd was scored at spe
cified ages on a scale corresponding to the ratings of official 
classification. Each official class was subdivided into low, 
middle, and high so that 18 classes were available from 0, 
low poor, to 17, high excellent. Regression within sires 
measured the influence of inbreeding on type. . 

Three studies from Iowa (Nelson and Lush, 39; Suth
erland and Lush, 52; and Thompson, 54) consistently 
showed nearly all regression and correlation coefficients 
were negative and small. Scarcely any differed significantly 
from zero. Table 3 is from Thompson ( 54), the most in
clusive of the Iowa studies. 

For the Michigan Jerseys, regressions differed between 
the less inbred herd under selection for type in cows and 
the more inbred herd where type influenced no choices 
( table 4). Even so, the regressions are small and support 
the observations from Iowa that inbreeding affects type 
negligibly. 

Size 
Various measures of body size have been taken rou

tinely at 3, 6, 12, and 18 months, and at 3 months follow
ing first parturition in most NC-2 inbreeding projects. 
Some stations have taken additional weights and measure-

!,.ge 
(yr.) 
0.5 
1 
2 
3 
4 
5 
7 

Table 3. Regression of type rating 
on inbreeding in Iowa State Holsteins 

Number of Average Average 
Cows Sires inbreeding type score• Regression 

( % ) 
941 62 10.9 8.4 -.03* ± 0.02 
908 61 10.8 7.6 -.02±0.02 
838 61 10.3 7.7 -.02±0.02 
604 58 9.5 7.6 -.03 ± 0.03 
385 54 8.7 8.2 +.01±0.08 
246 46 8.4 8.7 +.07 ± 1.48 

91 28 7.7 9.2 - .08±0.12 
•Type ratings are 1/ 3 of official class from 0, low poor, to 17 

high excellent. 
*P"=".05. 



Table 4. Regression of type 
rating on inbreeding in Michigan State Jerseys 

(Regression) x (10-1) a 

OJ) >, 

~.s .... .... 
" ol 

.... .0 - Ol)'O 

t~ s s 'oioo 'O Oc 0 "' ol " .... " s " .... <:: .... .,,_ 
0~ " .... ·- ol ol- "·-" OJ) .... > .D ol ..c: ::E~ >-

::i:: <~ Zu <.S ~u 0 r: 
(Mo.) (%) 

Inbred 6 124 31 -.05±.05 .00 - .26±.15 
Inbred 12 121 31 .00 - .07±.07 .08±.08 
Inbred 18 123 30 -.15±.05 -.10±.05 - .17±.11 
Inbred 1st 99 28 -.28±.10 -.09±.10 - .36±.23 
Inbred 2nd 68 26 .04±.02 -.14±.14 - .35± .32 
Inbred 3rd 45 22 .16±.13 -.14±.09 - .21±.31 
Inbred 4th 71 20 .15±.12 - .10±.08 -.18±.17 
Type 6 42 11 -.04±.06 - .07±.07 .16±.16 
Type 12 47 11 .10±.09 .00 .13±.13 
Type 18 47 10 .02±.01 .06±.06 .00 
Type 1st 47 6 -.07±.08 .26±.11 .33±.26 
Type 2nd 29 6 .01±.01 .27±.13 .37±.35 
Type 3rd 17 9 - .01±.01 .26±.17 .60±.43 
Type 4th 33 4 - .19±.11 .11±.10 .21±.25 
Combined 6 166 26 - .05±.04 .02±.04 -.11 ± .11 
Combined 12 168 25 .05±.05 -.04 ± .04 .10±.10 
Combined 18 170 25 .01±.01 -.09 ± .04 - .10±.11 
Combined 1st 146 22 - .24±.06 .09±.07 - .02±.03 
Combined 2nd 97 22 - .18±.08 .03±.04 - .13±.13 
Combined 3rd 62 22 .03±.03 .00 - .03±.03 
Combined 4th 104 16 .08±.09 - .02±.03 .05±.02 
8Type ratings are 1/3 of official class from 0, low poor, to 17, 

high excellent. 
b3 months' after calving. Average ages 1st, 30 months; 2nd, 44 

months; 3rd, 56 months; 4th, 72 months. 

Table 5. Regression of body weight 
on inbreeding in Iowa State Holsteins 
Number of Average Average 

Age Cows Sires inbreeding weight Regression 
(yr.) (%) (lb.) (lb. per 1 % ) 
0.5 940 62 10.9 331 -0.81**±0.47 
1 908 61 10.8 600 -1.58**±0.69 
2 834 61 10.4 1,069 -3.53**±1.11 
3 599 58 9.5 1,161 -2.86**±1.50 
4 384 54 8.7 1,255 -4.93 * * ± 2.87 
5 248 46 8.5 1,301 -3.01 ±4.30 
7 92 28 7.8 1,374 -0,01 ± 8.45 
**P~.01. 

Table 6. lntrasire regression of body 
weight on percent inbreeding in Michigan Jerseys 

No. of Average Average 
Age females inbreeding weight Regression 

(%) (lb.) (lb. per 1 % ) 
3 months 265 26 132 -0.05±0.16 
6 months 202 26 247 -0.19±0.29 

12 months 198 25 441 -0.94±0.44 
18 months 189 25 619 -1.10±0.54 
30 monthsn 170 22 800 -0.37±0.81 
44 monthsa 118 22 941 -2.05±1.19 
56 monthsa 118 22 1,032 -1.35±1.32 
72 monthsa 140 20 1,071 -1.02±1.50 
a3 months after 1st to 4th calvings. 

Table 7. Least squares means for body weight 
for inbreds and outbreds in the Wisconsin project 

Outbreds (0-0) 
Inbreds (1-0) 

Difference 

"' ..c: 
i5 
0 
s 
"' 

213 
183 
30** 

Body weight (pounds) 

"' ..c:: 
i5 
0 

s 
'Cl 

394 
341 

53** 

"' -5 
<:: 
0 s 

N -681 
614 

67** 

"' ..c: 
i5 
0 s 

co 

939 
844 

95** 

1,102 
1,036 

66** 

ments at later ages. Weights are in pounds and body meas
urements in centimeters throughout this section. The find
ings are summarized by trait. 

Birth weight 
The effect of inbreeding on birth weight has been 

studied by Iowa, Michigan, South Dakota, and Wisconsin. 
Intrasire regressions of - 0.22 pound for males and -0.32 
pound for females obtained by Sutherland and Lush ( 52) 
for Iowa State Holsteins, an estimate of - 0.33±0.10 
pound by Hillers and Freeman (20) working with Guern
seys from the same station; and -0.20 pound obtained by 
Voelker for 164 Holstein heifer calves born in the South 
Dakota project agree closely. In the Michigan Jers~s birth 
weight decreased 0.22 pound in the type herd (F=.15) 
but increased 0.03 pQ.und per .01 increase in inbreeding 
for the inbred herd (F=.31). The regression then for the 
combined herds was - 0.03±0.05 pound. Standard partial 
regression coefficients for a quadratic term, for birth weight 
and inbreeding of the dam were only a bit smaller than 
the one for inbreeding of the calf. 

Inbred heifer calves from sire-daughter matings at 
South Dakota were 6 pounds lighter than outbreds, where
as inbred bull calves were 4 pounds lighter than outbreds. 
Holtmann et al. (21) by least squares found a difference 
of 6.6 pounds (P < .01) in favor of outbreds at Wisconsin. 
There were 78 inbreds from six sire lines included in the 
comparison, and these were inbred an average of 22 per
cent. 

The results summarized here indicate that inbreeding 
decreases birth weight by 0.2 to 0.3 pound per .01 increase 
in inbreeding. The effect of inbreeding on birth weight ap
pears linear at least to the level of inbreeding reached by 
sire-daughter matings. Where birth weights were studied 
for both males and females, weights of females were more 
severely depressed by inbreeding. 

Weights other than birth weight 
Weights other than those at birth have been analyzed 

by Nelson and Lush (39) , Sutherland and Lush (52), 
Thompson (54), Thompson and Freeman (55), Hillers 
and Freeman (20), Holtmann et al. (21), and Dayton 
( 10). Thompson's analyses include Holstein data analyzed 
earlier by Iowa State workers, and his results agree well 
with those for Guernseys by Hillers and Freeman. There
fore, results obtained by Thompson are given in table 5 
as indicative of intrasire regressions of body weight on 
percent inbreeding. Table 6 is similar information for 
Michigan Jerseys. Table 7 gives the indications from Wis
CQ__nsin of the effects of larger amounts of inbreeding 
(F=.22) on body weight in Holsteins from Holtmann et 
al. (21). 

The results presented in this section indicate that in
breeding depresses size, as measured by weight, at all ages 
prior to maturity. Weights are less numerous for mature 
animals, and selection may cause analyses of mature 
weights to not be clearly interpretable. Hence, it is uncer
tain whether inbreeding merely retards growth thereby 
delaying the attainment of mature size, or whether inbreed
ing also has a direct detrimental effect on mature size. 

Height at withers 
Dairy cattle breeders want dairy cows to have udders 

high off the ground so they are easier to work with and less 
susceptible to injury. This trait is related to length of leg 
and height at withers was the only height measurement 
taken in the NC-2 project. The relationship of height to 
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inbreeding has been reported by Iowa, Michigan, Ohio, 
South Dakota, and Wisconsin (39, 52, 54, 55, 10, 5, 21). 
The most recent analyses by Thompson ( 54) and by Brum 
( 5) provide much of the information from analyses by 
regression for this _trait and are in table 8. Least squares 
means of inbreds (F=.22) and outbreds at Wisconsin and 
unadjusted means for South Dakota (F>.25) are com-
pared .in table 9. · 

Tables 8 and 9 show that inbreeding decreases height 
at withers during early life at least until after first calving. 
These decreases, although significant, are relatively small 
as a percentage of the mean. The largest regression at low
er inbreeding levels (table 8) was -.10 cm wither height 

Table 8. Regression of height 
at withers on percent inbreeding in 

state-owned Iowa and Ohio Holstein herds 

Average 
Observations Inbreeding Regression 

Age Iowa Ohioa Iowa Ohio Iowa Ohio 
% % (cm per 1 % ) 

3 months 1,077 3.4 - .05* 
6 months 940 1,469 10.9 3.4 - .09** -.09** 
I year 909 1,469 10.8 3.4 -.09** -.10** 
2 yearsb 839 1,233 10.3 3.3 - .06** -.06** 
3 years 602 9.5 -.06** 
4 years 384 8.8 -.03 
5 years 248 370 8.5 2.4 -.00 -.03 
7 years 92 7.8 -.05 

a Degrees of freedom within year-season, herd, sire classes. Number 
of animals measured would be somewhat larger. 

bTwo year measurements at Ohio were taken 3 months after first 
calving. 

**P<.0I, *P<.05. 

Table 9. Comparison of inbreds and outbreds 
for height at withers at South Dakota and Wisconsin 

South Dakota b Wisconsinc 

"' "' 'O "' 'O "' " 'O " 'O ... ... 
.0 " .0 e ... !ti !ti " d :l .0 d :l .0 Oil 

C: i5 C: i5 -< z 0 .... z 0 ..... 
3 months 44 92.6 89.4 3.2 78 88.2 85.0 3.2** 
6 months 42 106.6 102.9 3.7 78 103.2 99.3 3.9** 

12 months 33 122.1 118.3 3.8 78 118.3 116.0 2.3** 
18 months 30 130.8 127.5 3.3 78 127.2 123.9 3.3** 
3 months 25 138.2 134.5 3.7 73 133.5 131.1 2.4** 

after calving 

a Number in inbred group. 
bUnadjusted means (cm). 
cLeast squares means (cm). 
**P<.0L 

per .01 increase in inbreeding coefficient. Results from 
South Dakota and Wisconsin (table 9) indicate a some
what larger inbreeding depression and suggest the possi
bility of a curvilinear effect of inbreeding on this trait when 
the average inbreeding coefficient is near .25. In the Michi
gan Jerseys where the average inbreeding was .26 to .3 1, 
although the partial regression coefficients for the quadratic 
relation of height at withers to inbreeding were nearly in
distinguishable from zero, their standard partial regressions 
were larger than those for the linear effects in the middle 
ages. 

More highly inbred individuals tend to grow slowly at 
first, but this trend disappears before parturition and is 
possibly reversed before maturity. At Iowa and Ohio, cows 
four years and older showed no significant difference in 
wither heights attributable to inbreeding; and in the Michi
gan Jerseys wither height for cows in fourth lactation in
creased with inbreeding. The regressions for changes in 
wither height from 3 to 6 months and from 6 to 12 months 
from the Ohio study were -0.03±0.01 cm (P<.05) and 
-0.01 ±0.01 cm, respectively. 

Heart girth, chest depth, and body length 
The effects of inbreeding on heart girth ( chest circum

ference), chest depth, and body length have been studied 
by Iowa, Michigan, Ohio, and Wisconsin (39, 54, 10, 5, 
21). The intrasire regressions of these traits on percent 
inbreeding by Thompson ( 54) and Brum ( 5) in Table 10 
are similar to those for other measures of size in that in
breeding had a small but significant negative effect prior 
to maturity. The results are less conclusive for size at 
maturity as measured by these traits, but nearly all regres
sions were negative. Least squares means for body length 
obtained by Holtmann et al. (21) for Wisconsin Holsteins 
are in table 11, and these agree well with the regressions 
in table 10. In the Michigan Jerseys, regressions of mea
sures of chest were negligible; regressions of length on in
breeding were slightly more negative than those for height 
but still became slightly positive in fourth lactation. 

Width at hips 
Least squares means estimated from Wisconsin Hol

steins by Holtmann et al. (21) are shown in table 11. The 
outbred~ were significantly wider at the hips than the in
breds (F=.22) at all ages studied. 

Paunch girth 
The results for this trait are similar to those for all 

other body measurements (Nelson and Lush, 39; Thomp
son, 54). Results of Thompson's analysis appear in table 
12. 

Table 10. Regressions of heart girth, chest depth and body length 
on percent inbreeding in state-owned Iowa and Ohio Holstein herdsa 

Heart girth Chest depth Body length 
~g_e _______ I_ow_ a_,---~~,---O_h_io _______ Io_w_a ______ ~O_h_io _______ ~Io_w~a _______ O_h_io_ 

(cm per I%) (cm per I%) (cm per 1 % ) 
3 months -.07* -.02* 
6 months - .11 ** - .09** - .05** -.04** -.10** 
1 year -.16** -.15** - .06** -.05** -.13** 
2 yearsb -.22** - .19** -.07** -.07** -.12** 
3 years -.13** -.04** . - .09 ** 
4 years -.30** -.07** -.09 
5 years -.19 -.09 - .04 - .11 ** -.03 
7 years - .10 - .06 +.01 
•Data are from same animals measured for Table 8. For numbers of observations and levels of inbreeding refer to table 8. 
bTwo year measurements at Ohio were taken 3 months after first calving. 
*P<.05. 
**P<.Ol. 
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-.09** 
-.07** 
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Table 11. least squares means 
for body length and width at hips for 

inbreds and outbreds in Wisconsin Holsteins 

Body length Width at hips 
Age Outbreds Inbreds Diff. Outbreds Inbreds Diff. 

(cm) (cm) (cm) (cm) (cm) (cm) 
Birth 17.3 16.8 0.5** 

3 months 76.5 73.3 3.2** 24.0 22.7 1.3** 
6 months 94.2 91.7 2.5** 31.3 29.6 1.7** 

12months 114.9 112.3 2.6** 40.6 38.8 1.8** 
18 months 127.0 123.8 3.2** 47.2 45.2 2.0** 
3 months 

after 
1st calving 137.7 136.5 1.2 52.6 51.1 1.5** 
**P<.0I. 

Table 12. Regression of 
paunch girth on inbreeding in Iowa State Holsteins 

Number of 
Age Cows Sires 
(yr) 
0.5 
1 
2 
3 
4 
5 
7 
*P""=.05. 
**P""=.01. 

940 62 
909 61 
839 61 
602 58 
384 54 
248 46 

92 28 

Average 
inbreeding 

(%) 
10.9 
10.8 
10.3 
9.5 
8.8 
8.5 
7.8 

Reproductive Performance 

Average 
paunch 
girth Regression 
(cm) (cm per 1 % ) 
146.7 - .10* ±.09 
178.3 - .12**±.09 
222.4 - .33**±.14 
229.2 - .28**± .16 
235.5 -.56**±.29 
238.1 -.25 ±.43 
243.8 + .16 ± .95 

The relations between inbreeding and reproductive 
performance were measured at Wisconsin by differences 
between four mating types for dams and offspring: 

0-0 (matings to produce outbred offspring from out
bred dams), 

0-I (matings to produce outbred offspring from inbred 
dams), 

I-0 (matings to produce inbred offspring from outbred 
dams), and 

I-I (matings to produce inbred offspring from inbred 
dams). 
These were developed, as mentioned previously, from six 
inbred lines started with the acquisition of six bulls and 20 
or more non-inbred offspring of each. Each bull was sub
sequently mated to a number of his own daughters as well 
as to daughters of bulls from two of the other lines. Addi
tional close matings were made along with crosses between 
inbred bulls from one line and inbred females from other 
lines, so that inbred and outbred offspring were produced 
from inbred and outbred dams. 

Reproductive performance was measured through rec
tal palpatation and records of estrous cycles, inseminations, 
and calvings. All animals over 6 months of age were ob
served twice daily for estrus, and individuals that allowed 
mounting by other females were reported in estrus. Age at 
puberty was age at first observed estrus. Genital organs of 
animals over 12 months of age were palpated manually to: 
(a) determine reproductive state of ovaries and uterus, 
(b) approve for breeding, and (c) check for pregnancy 
35-41 days after breeding. 

Less detailed studies of the effect of inbreeding on re
productive performance have been made by the Minnesota 
and South Dakota stations. Conception rate, days from first 
service to conception, and losses due to low fertility have 
received attention at these stations. 

Table 13. Percentages of 
heifers and cows having uterine contents 

from first insemination in Wisconsin Holsteins 

System of Lines 
breeding 2 3 4 5 6 Avera~ 

Heifers 
0-0 92 66 81 56 54 67 69 
0-1 78 60 64 74 76 74 71 
1-1 17 74 91 37 45 41 51 

Average 62 67 79 56 58 60 64 

Cows 
0-0 81 78 74 62 51 57 67 
0-1 48 77 92 53 38 58 61 
1-0 36 63 75 56 62 29 53 
1-1 22 13 61 30 63 48 40 

Average 47 58 76 50 53 48 55 

Conception rate 
The effect of inbreeding on rate of conception from 

first insemination was measured by the presence or absence 
of palpable uterine contents (Mares et al., 30). The heifer 
data were analyzed by fitting constants whereas the cow 
data were analyzed by unweighted means. System of mat
ing had no significant influence on conception rate for 181 
heifers and 346 cows although differences were nearly 
significant for cows. Interaction between sire lines and sys
tems of mating reduced the probability of detecting general 
differences between systems of mating. The percentages of 
heifers and cows having uterine contents from first insemi
nation ( table 13) illustrate the magnitude of interaction 
between sire lines and mating systems and that conception 
rate was reduced for inbreds in most lines. 

Inbreeding of the embryo appeared more detrimental 
to conception rate than was inbreeding of the dam. Per
centages of conception for heifers (table 13) were 69, 71 
for 0-0, 0-I matings and only 51 for I-I matings. The few 
heifers bred for I-0 matings were not included. For cows, 
the percentage conception rates for 0-0, 0-I were 67, 61 
and for I-0, I-I matings were just 53 and 40. 

Other measures of conception rate studied by Plowman 
( 41), using Holstein data from the Minnesota project, 
were number of services per conception and number of 
days from first service to conception. Animals inbred an 
average of 13 percent required 2.51 services per concep
tion and 64.5 days from first service to conception for 122 
pregnancies. Comparable figures for the outbreds for 545 
pregnancies were 1.93 services per conception and 35.2 
days from first service to conception. The differences, 0.58 
service per conception and 29.3 days from firs~ servi~e t_o 
conception, favored the outbreds and were highly s1gm
ficant. 

A preliminary analysis of conception rate in the South 
Dakota project showed that of those animals which became 
pregnant, the percentage conception was similar for fi~st, 
second and later services. However, 19 percent of the in

breds (F > .25) failed to conceive after repeated services 
whereas only 7 percent of outbreds and linebreds (F < .05) 
failed to conceive after repeated services. 

Prenatal mortality 
Conception as measured by palpation during early 

pregnancy does not always result in the birth of young. 
Many pregnancies are terminated prematurely by embry
onic or fetal death. The effects of inbreeding of the dam 
and her young on pregnancy loss before 152 days have 
been studied by Hawk et al. ( 18) and by Mares et al. 
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(30). The former study was preliminary to the latter; 
therefore, only the results from the latter are discussed 
here. 

Mares et al. studied pregnancy loss for the same ani
mals used in the analysis of conception rates at Wisconsin. 
Only 24 of 198 diagnosed pregnancies were lost by 152 
days post-insemination in the heifers. Inbreeding had no 
significant relation to this loss, although a slight trend was 
for greater loss with inbreeding. Pregnancy terminated be
fore 152 days in 84 of 494 diagnosed pregnancies in cows. 
System of mating significantly affected pregnancy loss in 
cows. The average percentage mortalities for 0-0, 0-I, I-0, 
and I-I matings were 6, 26, 5, and 19. That the effect of 
inbreeding on prenatal mortality was through the dam 
rather than through the young is clear from the significant 
difference between inbred and outbred dams and the small 
difference between inbred and outbred offspring in loss of 
diagnosed pregnancies. 

Age at puberty 
Two reports from Wisconsin indicate that inbreeding 

delays puberty and that this delay is largely a function of 
retarded growth (Hawk et al., 17; Menge et al., 36). The 
earlier investigation included 67 heifers of which 27 were 
inbred. The mean ages at puberty were 412 days and 383 
days for inbreds and outbreds, a difference of 29 days 
(P=.08). When the age at puberty was adjusted for dif
ferences in weight at 3 or 6 months, the difference in age 
at puberty was removed. Essentially the same findings were 
reported by Menge et al. (36) from data on 184 heifers, 
40 of which had contributed to the earlier study. The mean 
age at puberty for these 184 heifers was 345 days, with 
0-0, 0-I, I-0, and I-I heifers having mean puberal ages of 
351, 318, 370, and 341 days. Systems of mating differed 
significantly; however, adjustment of age at puberty for 
weight at 6 months reduced the difference below the level 
of significance. 

Length of estrual cycle 
Mares et al. (31) studied the effect of inbreeding on 

length of estrual cycle in 1 71 heifers that had two or more 
estrual cycles between 12 and 15 months of age. Mean 
estrual cycle lengths for 0-0, I-0, 0-I, and I-I heifers were 
21, 22, 25, and 26 days. The longer estrual cycles of heif
ers out of inbred dams implies a maternal effect associated 
with the inbreeding of the dam. However, no physiological 
basis for such an effect could be found from consideration 
of growth rate and age at puberty of these heifers. 

Interval to uterine involution and interval to first estrus 
Menge et al. (37) found that inbreeding decreased the 

interval to uterine involution following parturition. Involu
tion occurred an averi!_ge of 40 days after 100 parturitions 
of 59 inbred cows (F=.22) and 45 days following 256 
parturitions by 149 outbreds. For each of the six lines in
terval to involution was less in the inbreds. Interval to first 
estrus was also less in the inbreds than in the outbreds in 
five of the six sire lines, but a large difference in the oppo
site direction in the sixth line resulted in a significant inter
action of sire line by system of mating and no detectable 
average effect of inbreeding on this trait. 

Incidence of cystic ovaries 
Cystic ovaries occurred in inbreds during 15 percent of 

116 calving intervals, and in outbreds during 18 percent of 
310 calving intervals (Menge et al., 37). The difference 
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was not significant. The incidence of cystic ovaries ranged 
from 8 to 25 percent for the six sire lines. These two ob
servations suggest important additive genetic differences 
for this trait. 

Incidence of multiple ovulations 
Outbred cows had a significantly higher incidence of 

multiple ovulations than inbreds in 728 parities of the 
Wisconsin project (Labhsetwar et al., 28). Rectal palpa
tion during the first 90 days of parity found multiple ovu
lations in only 3.2 percent of 271 noncystic parities of 
inbreds. Multiple ovulations were found during the same 
period for 5.2 percent of 457 parities of outbred animals. 
The inbred animals had inbreeding coefficients ranging 
from .12 to .40. No differences were found between sire 
lines in incidence of multiple ovulations. 

Incidence of quiet heats 
In another study of the same 728 noncystic parities 

described above, Labhsetwar et al. (29) found that mating 
system had no effect on incidence of quiet heats. Outbreds 
were not observed in estrus for 23 percent of their ovula
tions, whereas the percentage for inbreds was 24. How
ever, the interaction between parity number and system of 
mating was significant. This interaction was the result of 
quiet ovulations being much more common in inbreds than 
in outbreds during first parities, while the opposite rela
tionship occurred during third parities. Percentages of quiet 
heats during first, second, and third parities were 27, 28, 
and 18 for inbreds, and 17, 25, and 27 for outbreds. Sire 
line and interaction of sire line by system of mating like
wise had significant effects on the incidence of quiet 
ovulations. 

Mortality 
The tendency of natural selection to reduce additively 

genetic variation in mortality leads to the supposition that 
the variability in mortality remaining may be more non
additively genetic and more susceptible to inbreeding than 
most other characteristics. Wisconsin, South Dakota, and 
Michigan have contributed evidence. 

The data from the Wisconsin project consisted of fe
male disposals from 1948 to 1963 and were analyzed by 
Were (60). Records were available for 745 females, of 
which 89 were outbreds and 170 were inbreds from the 
six sire lines studied. The remainder were outbred controls 
and linecrosses resulting from mating inbreds of two or 
more different lines. Of these 745 heifers, 127 (17 per
cent) failed to survive until first parturition. Thirty of the 
127 losses were still-births and abortions, and another 35 
occurred during the first 10 days of life. Other losses oc
curred largely during the first 6 months, or during the 
second year when 21 freemartins and non-breeders were 
eliminated, and injuries and assorted misfortunes brought 
the departure of 14 others. No conscious selection was 
practiced on traits studied for effect of inbreeding. 

Losses for inbreds exceeded 20 percent for each sire 
line and averaged 28 percent ( table 14). Percentage loss 
for outbreds exceeded that for inbreds in sire line 1, but 
outbreds in all other sire lines had a lower disposal rate 
than did inbreds. The average disposal for all outbreds 
was 18 percent and was significantly less than for inbreds 
(P<.05). Were (60) classified the 89 outbreds and 170 
inbreds into four groups by their inbreeding coefficients in 
table 15. Although the numbers in the more highly inbred 
groups are small, clearly the probability of disposal in-



Table 14. Disposals prior to first calving by 
sire line and system of mating in Wisconsin Holsteins 

Sire Outbreds Inbreds 
line Born Disposal % Born Disposal % 

1 14 5 36 33 8 24 
2 12 2 17 28 7 25 
3 15 1 7 27 7 26 
4 14 2 14 31 9 29 
5 16 4 25 28 11 39 
6 18 2 11 23 5 22 

-All 89 16 18 170 47 28 

Table 15. Effect of 
level of inbreeding and sire line on 

disposal prior to first calving in Wisconsin Holsteins 

Inbred group Sire Line 
2 3 4 5 6 Total 

Group 1. Fx=0 
Total born 14 12 15 14 16 18 89 
No. disposed 5 2 1 2 4 2 16 
% disposed 36 17 7 14 25 11 18 

Group 2. Fx=13-25% 
Total born 17 19 3 22 14 14 89 
No. disposed 4 4 1 6 2 4 21 
% disposed 24 21 33 27 14 29 24 

Group 3. Fx=26-33% 
Total born 9 7 19 7 6 6 54 
No. disposed 4 2 5 2 3 0 16 
% disposed 44 29 26 29 50 0 30 

Group 4. Fx=34-42% 
Total born 7 2 5 2 8 3 27 
No. disposed 0 1 1 1 6 1 10 
% disposed 0 50 20 50 75 33 37 

Table 16. Mortality during last 
three months of prenatal life and first six 

months of postnatal life in South Dakota Holsteins 

Number of Mortality 
Breeding group calves Males Females All 

(percent) 
Outbred Control 175 15 8 11 
Rag Apple, F~ .05 86 24 17 21 
Rag Apple, F>.25 56 33 44 38 
Burke, F~ .05 78 24 7 18 
~rke, F>.25 66 25 21 23 

Table 17. Inbreeding of females lost between 
birth and first parturition in Michigan Stute Jerseys 

Average inbreeding 
Herd Period Births Losses • of females 

(No.) (No.) (%) (Born) (Lost) 
Inbred 1951-1956 55 12 22 .20 .19 
Inbred 1957-1961 73 26 36 .31 .33 
Inbred 1962-1966 65 31 48 .36 .37 
Inbred 1951-1966 193 69 36 .29 .32 
Type 1957-1961 37 15 40 .12 .13 
Type 1962-1966 28 17 61 .19 .19 
!Ype 1957-1966 65 32 49 .15 .16 
•Losses prior to first parturition of those born during the period 

indicated. 

creases as level of inbreeding increases, and the effect of 
inbreeding on disposal rate is most likely linear or nearly 
so. 

Calf losses from the South Dakota project are shown 
in table 16. The losses include abortions within 3 months 
of due date as well as stillbirths and deaths during the first 
6 months of postnatal life. Outbred females and linebred 
(F<:05) females of the Burke line had the lowest mor
tality rates, 8 percent and 7 percent. Sire-daughter mat-

ings in the Burke line resulted in a female mortality rate 
of 21 percent, about three times the rate for linebred 
(F < .05) females of similar breeding. Intense inbreedino 
was especially costly in the Rag Apple line where 44 per~ 
cent of the females from sire:daughter matings succumbed 
compared to a mortality of 17 percent for linebred 
(F < .05) females from the same line. 

Involuntary losses toward the last of the Michigan 
project completely prevented selection of females in closed 
lines of Jerseys. The evidence relating these losses to in
breeding is a bit indefinite as shown by table 17. Losses 
increased with time as did inbreeding, but females lost 
through 3 months of age were slightly less inbred than 
contemporary heifers that survived. Heifers lost from then 
until first calving (removed largely for reproductive fail
ure) were slightly more inbred than survivors. Losses were 
more frequent in herds under selection than in the un
selected herd. Unlike the Wisconsin and South Dakota 
projects, inbreeding was not intentional at Michigan but 
was the consequence of small groups closed to outside 
breeding and of selection for single traits in two of the 
three groups effectively making the groups even smaller. 

Inbred Sires 
The results discussed thus far mostly have shown detri

mental effects from the inbreeding of females. However, 
these findings do not necessarily mean that inbreeding of 
sires would be undesirable. The sire's offspring, more than 
his own performance or individuality, determine his worth. 
Breeding to inbred sires can be inbreeding (matings to 
related females) , topcrossing (matings to unrelated out
bred females), or linecrossing ( matings to unrelated inbred 
females). The offspring from either topcrossing or line
crossing are outbred and can express heterosis, if any 
exists. 

The importance of inbreeding dairy sires has been 
investigated by Conlin (7) . His objectives were to deter
mine the average inbreeding coefficient of Holstein sires 
used in artificial insemination, to compare the mean breed
ing values for inbred and outbred sires, to study variability 
among breeding values for inbred and outbred sires, and 
to evaluate the effect of inbreeding of sire on the variability 
among his daughters. The data were 618 ,923 DHIA pro
duction records of daughters of 431 Holstein sires each 
having at least 200 tested progeny gotten through artifi
cial insemination. These records, expressed as deviations 
from herdmates, were initiated between October 1948 and 
September 1963. 

The mean inbreeding coefficient of the 431 sires, cal
culated from four generation pedigrees by the method of 
Wright (61), was 3.2 percent. Of these sires, 184 or 43 
percent were inbred, and the average inbreeding coefficient 
of these was 7.5 percent. Inbreeding coefficients ranged 
from Oto 31 percent, with 20 of the 431 sires being inbred 
more than 12.5 percent. Sires having F > .11, .03 < F < .11, 
and F < .03 were classed as high, medium, and low in in
breeding. The means and variances for sires in these three 
groups are in table 18. 

The mean breeding values for milk and fat production 
in table 18 for bulls inbred to different degrees were not 
significantly different, although there was a tendency for 
average breeding value to decrease as inbreeding increased. 
The variance of breeding values was significantly larger 
among the more highly inbred bulls than among the bulls 
that were inbred little or not at all. Ranges for sire breed-
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Table 18. Breeding values, variances of breeding 
values and pooled intrasire variances of 

sires at three levels of inbreeding 
Inbreeding leveJsa 

Item High Medium Low 
~N:,::.u=m:...,b_e_r _o~f ....,si-re_s ____ ..::..::::.46 105 280 
Average inbreeding (%) 15.7 5.9 0.2 
Mean breeding valueb: 

Milk (lb) 
Fat (lb) 

Variance of 
breeding valuesb : 

Milk (lb) 2/100 
S.E. (Milk) 

Fat (lb)2 
S.E. (Fat) 

Pooled intrasire variance: 

66 
6.2 

3,603 ** 
760 
346 
73 

71 
6.5 

2,388 
104 
360 

50 

122 
6.6 

1,934 
183 
260 

22 

All sires 
431 

3.2 

104 
6.5 

2,216 
48 

292 
20 

Milk (lb) 2/ I00 50,898** 48,498 47,640 48,181 
Fat (lb) 2 7,009 6,805 6,635 6,715 

8 lnbreeding levels were: High >.II , Medium .03-.11, Low < .03 
bBreeding values were calculated as predicted differences, but were 

corrected for regional differences whereas no such correction was 
made by USDA at the time of this study. 

**Significantly different from low inbreds (P<.0I) 

ing values expressed as predicted differences for milk yield, 
were - 1494 to + 1427, - 1213 to +1393 and -979 to 
+1331 for high, medium, and low inbreeding. Fat yield 
did not follow the same trend; however, other evidence 
from this study suggests that the distribution of breeding 
values for fat yield probably had been altered more by 
selection. 

The pooled intrasire variance in table 18 for the high 
level of inbreeding was significantly different from the 
variances for the other two groups, which were not signi
ficantly different from one another. Variances among sires 
within each inbreeding level were heterogeneous. The 
larger variance among daughters of inbred sires is not in 
agreement with conventional additive theory, as daughters 
of inbred sires have more additively genetic likeness among 
themselves and also more resemblance due to epistasis 
involving combinations of additive effects, if such are im
portant. Failure of the results to match expectation can 
probably be attributed to non-random mating, but no spe
cific cause was identified. 

The results by Conlin (7) are especially relevant to 
current programs to improve dairy cattle. Such programs 
stress the sampling of young bulls in many herds with the 
best of those sampled returned to service as A.I. tested 
sires. If high levels of inbreeding are most likely to produce 
both the best and the worst, inbreeding to produce young 
sires for sampling should ultimately result in a battery of 
A.I. sires with larger breeding values available to dairy
men. However, several negative aspects of inbred sires 
suggest caution in applying inbreeding to A.I. programs 
until they are clarified by further research. 

GENERAL DISCUSSION 
The NC~2 regio~al project on dairy cattle breeding has 

s~own that mbr~ed11;~ generally depresses milk yield, fat 
yield, growth, hvab1hty, and reproductive performance. 
The effects of inbreeding on type and mature body size 
have not been conclusively established. The percentages of 
fat an? other ~olid const!tu~nts of milk are increased slight
ly by mbreedmg, but this increase is probably attributable 
to less milk yield with inbreeding. The average effect of 
three levels of inbreeding on the traits studied in the NC-2 
project are summarized in table 19. 
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Table 19. Average effect of 
three levels of inbreeding on some 

economically important traits in dairy cattle 

Level of inbreeding(%) 

Trait 6.25 12.5 25.0 

Milk yield - 300 lb. - 600 lb. - 1200 lb. 
Fat yield - 9 lb. - 18 lb. - 36 lb. 
Fat(%) + .02% +.04% + .12% 
Birth weight - 1.5 lb. - 3.0 lb. 6.0 lb. 
Yearling weight - 10 lb. - 25 lb. 60 lb. 
2-year weight - 20 lb. - 40 lb. 60 lb. 
Mature weight ? ? ? 
Yearling height - 0.6 cm. - 1.2 cm. 2.4 cm 
2-year height - 0.4 cm. - 0.8 cm. 2.4 cm 
Mature height 0 0 ? 
Yearling heart girth - 1.0 cm. - 2.0 cm. 4.0 cm 
2-year heart girth - 1.2 cm. - 2.4 cm. 4.8 cm 
Mature heart girth - 0.8 cm. - 1.6 cm. 3.2 cm 
Mortality( % of outbred) 112% 125% 150% 

The three levels of inbreeding shown in table 19 arc 
those likely to be encountered in linebreeding program 
(6.25 percent), from half-sib or grandparent-offsprim 
matings (12.5 percent), and from full-sib or parent-of!'. 
spring matings (25.0 percent). Results from NC-2 sugges: 
that the effect of inbreeding on most traits is approximate!\ 
linear over the range of inbreeding coefficients in table 19. 

Some linebreeding programs are likely to produce 
much better or much worse results than the general effect! 
?f ~nbreeding found_ here. _Ohio and Wisconsin project! 
md1cated heterogeneity of inbreeding effects among sire! 
~nd sir~ lines. T~ese fin~ings imply that what happens for 
mbreeding or lmebreedmg programs dealing with onl) 
small segmen!s of the total population may vary widel) 
!rom expect_a~1ons_of the average effects of inbreeding. Thi, 
1s not surpnsing since the number of loci is finite and sire! 
would not all be heterozygous for the same number ol 
recessive genes. 
. The difference_ between bulls in their breeding value! 
1s probably a maJor reason for the heterogeneity of in
breedi~g effects among sires. Von Krosigk and Lush (58) 
have discussed the relation of a sire's breeding value to the 
expected performance of his inbred daughters, and Robert
son ( 49) corrected for the sire's breeding value in his study 
of the effect of inbreeding British Friesians. Knowledge ol 
the breeding value of a sire helps to indicate how inbreed· 
ing to him ~ill a~ect the performance of his daughters, as 
the more highly inbred daughters of a sire are also more 
closely related to him. If a sire has unusual merit, inbreed
ing to _him will be beneficial because of the large number 
of ~esirable genes that his inbred offspring receive bul 
detrimental because of the depressing effect of inbreeding. 
For bulls below average, both effects are detrimental, and 
results are likely to be poorer than indicated in table 19. 

To illustrate what to expect from mating A.I. tested 
sires with different breeding values to their daughters as 
compared with mating the same cows to unrelated bulls 
with breeding values average and well above average, table 
20 combines estimates of breeding values with average 
effects of inbreeding. Breeding values of sires in A.I. for 
n~ilk, fat? and fat p~rcent can be evaluated well by Pre· 
dieted Difference which compares their daughters in many 
herds with daughters of other bulls in the same herds. 

The expected deviations in table 20 are sums of the 
depressing effect of inbreeding from mating sire with 
daughter, one-half the breeding value of the sire, and one· 
fourth the breeding value of the maternal grandsire. The 

::;: 



Table 20. Expected results from 
breeding daughters of sire Y back to sire Y or 

to unrelated bulls with Predicted Difference indicated 

Predicted Difference 
of sire Y 

+1000 
+ 500 

0 
- 500 
-1000 

Expected average deviation of offspring 
when daughters of sire Y are mated to: 

Unrelated sires with 
SireY Predicted Difference of: 

0 +1,000 

+ 300 +500 +1,500 
- 450 +250 +1,250 
-1,200 0 + 1000 
-1,950 -250 + 750 
-2,700 -500 + 500 

inbred daughters are expected to show inbreeding depres
sion estimated at 1,200 pounds for milk yield ( table 19) 
regardless of the breeding value of their sire. Therefore, 
the first column of expected deviations of table 20 includes 
-1,200 for inbreeding depression. The second factor, one
half the breeding value of the sire, is measured by the 
Predicted Difference for the sire. This effect varies directly 
with the Predicted Difference for sire Y from + 1000 to 
- 1000 for the column headed sire Y of table 20, is zero 
for the second column and + 1000 for the unrelated sire 
with PD 1000. Each row of table 20 is for granddaughters 
of a sire Y with particular Predicted Difference. As his 
granddaughters, they are expected to express one-fourth 
his breeding value ( one-half of his Predicted Difference). 
Hence, the first row has been increased by 500 for the 
influence of a superior maternal grandsire ( + 1000) 
whereas the last row has been decreased by the same 
amount for the inferiority of sire Y as the maternal grand
sire (-1000). 

Table 20 illustrates two things: (1) if inbreeding is 
done at all, it should be done with the best, and (2) even 
the best sires with this intensity of inbreeding are likely to 
produce inbred daughters whose average performance is 
inferior to their outbred sisters--even when the outbred 
sisters are sired by average bulls. 

Linebreeding is considered by many purebred breeders 
to be free from the detrimental effects of inbreeding. Line
breeding is the mating of relatives to maintain a close re
lationship to some admired ancestor ot combination of 
ancestors. Its success depends primarily upon the breeding 
value of the animal(s) to which linebreeding is directed. 
I_f this a~imal or these. animals are truly outstanding, and 
hnebreedmg does not mvolve too close matings, the pro
gram may succeed. Unfortunately, restricting inbreeding 
t~nds to ?efeat the purpose of the program, so that many 
linebreedmg programs result in populations that have rela
tively little relationship to the ancestry that was supposedly 
being intensified. 

Should a linebreeding program be directed toward an 
individual having superior inheritance for all desired traits 
and no g~~es that would seriously increase mortality or 
lower fertility, the results probably would be superior to 
those achieved through other breeding systems. While the 
probability of finding such animals seems remote, the eval
uation of production traits through A.I. progeny testing 
programs does increase it, and linebreeding to outstanding 
sires tested in A.I. seems most probable to succeed. Be
cause these sires have many daughters in many herds, they 
also could be evaluated with reasonable accuracy for sev
eral traits other than production even though such evalua-

tions are not routinely available. Such evaluations would 
?e desirable before linebreeding programs were initiated or 
mtensified. In final analysis, linebreeding depends on suffi
cient superiority in breeding value to overcome the adverse 
influence of the required inbreeding. In addition, such 
programs are unable to take advantage of superior indi
viduals among nonrelatives. Consequently, the outlook for 
linebreeding can be only slightly less pessimistic than for 
other forms of inbreeding. 

. The gene~ally detrime~tal ~fleets of inbreeding de
scribed and discussed to this pomt should not be viewed 
as a recommendation to avoid inbreeding at any cost. For 
traits whose variation recommends selection for improve
ment, some inbreeding is inevitable. Economically impor
tant traits of dairy cattle fit this description. To avoid all 
matings of relatives-as much as is possible in a finite 
population-decreases the intensity of selection while no 
more than halving the increase in inbreeding where no 
attention is paid to relationship in matings. Hence, the best 
sires available, if their genetic superiority is substantial, 
should be used in spite of being related to the female popu
lation as this relationship will seldom be close enough to 
result in offspring more than 5 to 10 percent inbred. 

One breeding program that could be followed rather 
easily by those using artificial insemination is a rotational 
topcrossing program utilizing inbred sires of three or more 
lines. Such a program would require the development of 
distinctly different linebred herds by a sizable number of 
breeders and the maintenance of inbred bulls of several 
lines by the bull studs. The bulls for such a program should 
be highly inbred, the development of which might cause 
some adverse effects in the breeder herds. However, no 
inbreeding would be involved in commercial herds. Essen
tially this type of program has been followed in one ex
perimental herd with the lines developed at Wisconsin, 
and results will be published in a later bulletin dealing with 
outbreeding. However, animals obtained through topcross
ing have not performed so well that the development of 
inbred bulls for this purpose can be encouraged. 

Through artificial breeding and the widespread samp
ling of sons of outstanding tested sires and a few highly 
advertised sires of lesser merit, there is some danger that 
the national dairy cattle population may become inbred to 
a degree that could be detrimental to livability, reproduc
tive performance, and even production. There is also the 
possibility that some genes may be lost from the population 
that could later benefit it. Although inbreeding and line
breeding cannot be recommended for the commercial 
dairyman or most purebred breeders, they may well serve 
to buffer against these dangers. For, as long as there are 
herds bred differently from the masses, there is opportunity 
for the masses to outcross to add useful genetic material. 
For this reason, it is fortunate that some purebred breeders 
are so firmly committed to linebreeding programs that they 
will continue them. 

That inbreeding cannot be encouraged in breeding 
plans for dairy cattle now does not preclude it becoming 
more useful when selection has moved the mean of the 
population far enough or when net merit of dairy cattle is 
defined more precisely. Increases in non-additively genetic 
variation relative to additively genetic variation as might 
happen after intense selection or with net merit involving 
complex combinations of traits would necessitate reexam
ining the role of inbreeding to improve dairy cattle. 
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SUMMARY 
Inbreeding experiments with dairy cattle have formed 

a major part of the NC-2 regional dairy cattle breeding 
project. The original objective of these experiments was to 
investigate inbreeding coupled with selection as a means to 
establish improved strains of dairy cattle, and the useful
ness of such strains for topcrossing and linecrossing. The 
results of this regional effort indicate that inbreeding fa 
likely to have limited application for the development of 
strains or lines due to its many detrimental effects. 

Effects of inbreeding on the traits studied in the NC-2 
project: 

1. Inbreeding depressed milk yield, fat yield, and prob
ably the yields of other milk constituents. The decreases 
for milk and fat yields were similar for the several studies 
and averaged about 50 pounds of milk and 1.5 pounds of 
fat per .01 increase in inbreeding coefficient. Losses of this 
magnitude, even if there were no other adverse effects, are 
severe enough that inbreeding even to the best bulls cannot 
be recommended. 

2. Inbreeding tended to increase the solids content of 
milk. The increase was too small to detect at low levels of 
inbreeding but amounted to about 0.12 percent when sire
daughter matings were considered. This increase probably 
was due largely to the inverse relationship between milk 
yield and percentage composition. 

3. Inbreeding had no effect on type (conformation) . 
4. Inbreeding reduced birth weight by about 0.25 

pound per .01 increase in inbreeding coefficient. Weights 
at 6, 12, 24, 36, and 48 months were reduced by approxi
mately 1.0, 1.5, 3.0, 3.0, and 5.0 pounds, respectively, per 
.01 increase in inbreeding. No effect of inbreeding was 
found on mature weights; however, selection had elimi
nated most animals prior to maturity and may have in
fluenced this result. 
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