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Inbreeding of Artificially Bred Dairy Cattle 
in the Northeastern United States 

G.F.S, HUDSON 1 and L, D. V A N  VLECK 
Department of Animal Science 

Cornell University 
Ithaca, NY 14853 

ABSTRACT 

Inbreeding coefficients of artificially 
bred Ayrshire, Guernsey, Holstein, Jersey, 
and Brown Swiss cows were calculated 
from relationships between sires and 
maternal male ancestors. Percentages of 
inbred cows and average inbreeding 
coefficients of inbred cows were: Ayr- 
shire, 26 and 11%; Guernsey, 11 and 4%; 
Holstein, 31 and 1%; Jersey 23 and 2%; 
and Brown Swiss, 23 and 2%. Percentages 
of inbred cows and average inbreeding 
coefficients of all cows increased over 
time whereas average coefficients of 
inbred cows decreased over time. These 
temporal trends may be due in part  to 
having more pedigree information avail- 
able for cows born in later years. Effects 
of inbreeding on milk and fat yields of 
first lactation (2 times milked, 305-day 
mature equivalent), 48-mo stayabil i ty,  
and first calving interval were estimated 
with a model including effects for fixed 
herd-year-seasons, fixed sire and maternal 
grandsire groups, random sires and 
maternal grandsires within groups, and 
random residual. Regression coefficients 
of milk (kg), fat (kg), 48-mo stayabil i ty 
(proport ion of cows surviving to 48 mo 
of age), and calving interval (days) on 
inbreeding coefficient (%) were: Ayrshire 
- 2 7 . 1 ,  --1.2, - . 0 0 5 ,  .23; Guernsey 
- 1 9 . 3 ,  - . 9 7 ,  - . 0 0 7 ,  .27; Holstein --21.1, 
- . 7 8 ,  - . 0 0 3 ,  .09; Jersey - 1 4 . 8 ,  - . 8 0 ,  
- . 0 0 2 ,  .63; and Brown Swiss --39.5, 
--1.36; --.011, .03. There is no cause for 
concern over current inbreeding, but  
active inbreeding is not  recommended.  

Received November 12, 1982. 
Department of Animal and Poultry Science, Uni- 

versity of Guelph, Ontario, Canada NIG 2Wl. 

I N T R O D U C T I O N  

Modern artificially bred (AI) dairy popula- 
tions are characterized by only a few bulls 
servicing many females. Outstanding bulls often 
have numerous female descendents, and the 
same bulls are likely to sire many sons that  
eventually enter AI service. If inbreeding is to 
be avoided, breeding opportunit ies may be 
limited if available bulls are closely related to a 
large proport ion of the female population.  
Hudson and Van Vleck (10) reported amount  
and effects of inbreeding on production,  
stayabili ty,  and calving interval of registered 
Ayrshire cattle. This paper documents inbreed- 
ing of  AI cattle (registered and nonregistered) 
of the Ayrshire, Guernsey, Holstein, Jersey, and 
Brown Swiss breeds. Effects of inbreeding on 
milk and fat yields of first lactation, 48-mo 
stayabili ty (proport ion of cows surviving to 
48-mo of  age), and first calving interval also 
were estimated. 

M A T E R I A L S  A N D  METHODS 

Inbreeding coefficients were calculated for 
all artificially bred Ayrshire, Guernsey, Holstein, 
Jersey, and Brown Swiss cows identified on 
files of  the New York Dairy Records Processing 
Laboratory (DRPL) by methods described by 
Hudson and Van Vleck (10). A partial pedigree 
including sire of cow and up to seven male 
ancestors of  dam of cows was built  for each 
cow. Relationships among males were calculated 
by the tabular method (8), and the inbreeding 
coefficient of  each cow was estimated as a 
function of relationships between sire and 
maternal male ancestors (10). Cow pedigrees 
were built  with only AI bulls to reduce the size 
of the relationship matrix calculated. Thus, for 
example, a cow with a non-AI dam but  with an 
AI maternal granddam would have only a 
partial inbreeding coefficient. 

First lactation, 2 ×, 305-day, mature equiva- 
lent (ME) milk and fat records, calving dates, 
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and stayability information were obtained from 
DRPL files and subjected to edits described in 
(10). Characteristics of the data sets are in 
Table 1. 

The basic model was the sire-maternal grand- 
sire model (4, 12): 

where 

Yijkmnp = 

h i = 

g j =  

Sjk = 

g ; n  = 

Stun = 

eijkmnp = 

Yijkmnp = hi + gj + Sjk + 

.5 (gm + Smn) + eijkmnp 

record of the pth cow in the i th 
herd-year-season with sire k of the 
jth group and with maternal grand- 
sire n of the ruth group; 
fixed effect of the i *h herd-year- 
season, 
fixed effect of the jth sire group, 
random effect of the kth sire in 
the jth group with mean 0 and 

2 variance a s , 
fixed effect of the mth maternal 
grandsire group, 
random effect of the n th maternal 
grandsire in the mth group with 

2 and mean 0 and variance a s , 
residual associated with the 
ijkmnpth record with mean 0 and 

2 variance o e . 

Inbreeding was included in the model either as 
a classification variable [six classes for cows 
with known inbreeding coefficients (F): F = 0, 
0 <  F <  5%,5 ~< F <  10%,10~< F <  15%,15 < 
F < 25%, and F /> 25%; and one class for cows 
with indeterminate inbreeding coefficients] 
or as a linear covariate. Further details of the 
model are in (10). Year-seasons and sire groups 
were defined as in (10) except that Holstein 

group size was 100 whereas group size for other 
breeds was 25. Heritabilities used in the mixed 
model equations are in Table 2. 

RESULTS AND DISCUSSION 

Inbreeding 

Table 3 shows inbreeding coefficients of 
bulls calculated from the diagonals of the re- 
lationship matrix for AI sires. A higher propor- 
tion of Holstein bulls were inbred than were 
bulls of the other breeds, but the average 
inbreeding of inbred bulls was lowest for 
Holsteins. Ayrshires had the highest average 
inbreeding coefficient of all bulls. Ayrshire 
bulls in (10) included all bulls (natural service 
and AI); this study included only AI bulls. A 
higher proportion of AI bulls than of all bulls 
were inbred (4.7 vs. 1.8%), and the average 
inbreeding coefficient of AI bulls was higher 
than that of all bulls (.39 vs. .13%).  Watson 
(14) found AI Welsh Black bulls were more 
inbred than natural service bulls (2.8 vs. 2.2%) 
whereas O'Connor and Willis (11) found the 
opposite; AI British Friesian bulls were less 
inbred than natural service sires (1.30 vs. 
2.08%). Both studies (11, 14) sampled herd 
books for 1 yr only. 

The percent inbred Holstein bulls was nearly 
double the 6.3% of British Friesians from 1955 
to 1972 (3). However, average inbreeding of the 
Holstein bulls was less than of  the Friesians. 
The average inbreeding of inbred Friesian bulls 
was 7.4% and of  all bulls .46% (3). 

A higher proportion of Holstein cows were 
inbred than were cows of the other breeds 
(Table 4). However, the average inbreeding 
coefficient of inbred cows was lowest for 
Holsteins. Average inbreeding coefficient of 
inbred Ayrshire cows was higher than that of 

TABLE 1. Number of sires and maternal grandsire (mgs), cows, and herds in each data set. 

Ayrshire Guernsey Holstein Jersey Brown Swiss 

No. sires and mgs 266 850 5,294 819 266 
No. ancestor bulls 93 322 1,234 246 125 
Total no. cows 50,688 61,773 1,474,995 81,639 18,516 
No. cows with records 27,991 38,021 1,001,392 54,258 10,339 
No. herds 1,675 2,148 19,652 2,791 911 
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o t h e r  breeds ,  and  the  average i nb reed ing  
coef f ic ien t  of  all Ayrsh i res  (exc lud ing  those  
w i th  i n d e t e r m i n a t e  inb reed ing)  was 1.6%, 
whereas  for  o t h e r  b reeds  average overall  in- 
b reed ing  was less t h a n  .5%. 

H u d s o n  and  Van  Vleck  (10)  r epo r t ed  17% of  
regis tered Ayrsh i r e  cows were inbred ,  less t h a n  
in Table  4 for  AI  Ayrshires .  The re  was over- 
lap of  t he  two  da ta  sets, i.e., some regis tered 
cows were  AI;  however ,  t he  regis tered da ta  
inc luded  some non-AI  cows, and  the  AI  da ta  set  
inc luded  some nonreg i s t e red  catt le.  W h e t h e r  

the  d i f fe rence  o f  i nb reed ing  in the  two  da ta  sets 
is due  to  AI vs. non -AI  or  grade vs. regis tered is 
u n k n o w n .  Inb reed ing  of  regis tered Welsh Black 
(14)  and  regis tered Bri t ish Fr ies ian (11)  was 
h igher  for  na tu ra l  service cows t han  for  AI  
cows. If  t h a t  is t rue  in the  N o r t h e a s t  US Ayr-  
shires,  t hen  grade  ca t t le  m u s t  be  subs tan t i a l ly  
m o r e  inbred  t h a n  regis tered cat t le .  

Tab le  5 compare s  inb reed ing  of  Hols te ins  of  
th is  s t u d y  wi th  inb reed ing  o f  o t h e r  "b l ack  and  
w h i t e "  sub-breeds .  A larger p r o p o r t i o n  of  cows 
were inbred  in this  s tudy ,  b u t  average inb reed -  

TABLE 2. Assumed heritabilities used in the mixed model equations, x 

Ayrshire Guernsey Holstein Jersey Brown Swiss 

Milk .4280 .1952 .3267 .3510 .2750 
Fat .4483 .2032 .3050 .2548 .1976 
Stayability .0237 .0977 .0256 .0812 .1583 
Calving interval .01 .01 .01 .01 .01 

1 Estimates for milk, fat, and stayability from Hudson and Van Vleck (9); estimate for calving interval from 
Foote (5). 

TABLE 3. Inbreeding of artificial insemination (AI) bulls. 

Ayrshire Guernsey Holstein Jersey Brown Swiss 

No. of bulls 359 1172 6528 1065 391 
No. inbred bulls I 17 (4.7) 33 (2.8) 792 (12.1) 42 (3.9) 30 

Avg. inbreeding (%) 
All bulls .39 .17 .36 .14 .26 
Inbred bulls 8.30 5.99 2.97 3.61 3.44 

Max. inbreeding 12.50 12.50 28.13 12.50 25.00 

(7.6) 

Figure in parentheses is no. inbred bulls as percent of total no. bulls. 

TABLE 4. Numbers of cows and inbreeding (F) by breed. 

Ayrshire Guernsey Holstein Jersey Brown Swiss 

Total no. of cows 50,688 61,773 1,474,995 81,639 18,516 
%Cowswith known F 1 71 (76) 63 (72) 77 (74) 68 (77) 67 (75) 
% Cows inbred 1 26 (28) 11 (12) 31 (32) 23 (18) 23 (25) 
Avg. F of inbred cows (%) 1 6 (5) 4 (3) 1 (1) 2 (3) 2 (2) 
Max. F (%) 29.7 26.9 49.8 27.2 27.2 

1 Figure in parentheses refers to cows with data. 
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ing was lower than in other reports. The sample 
of Allaire and Henderson (1) was taken from 
the same DRPL files as was the data set of  this 
study so the discrepancy of those results is the 
most surprising. However, their procedure (1) 
underestimated the percent of cows inbred and 
overestimated the average inbreeding of inbred 
cows because: 

1) only sire-maternal grandsire relationships 
were used to calculate inbreeding, thus ignoring 
inbreeding from related ancestors in more 
distant generations, 

2) only daughters of  200 bulls were used, 
and any maternal grandsire had to be one of  
those bulls to contr ibute to inbreeding, and 

3) relationships among bulls were calculated 
from two generation pedigrees. With this 
procedure, only 4.4% of total  possible pairs of  
bulls were related. In contrast, Van Vleck and 
Hudson (13) reported 21.8% nonzero off- 
diagonals in a relationship matrix for 4084 
Holstein bulls. Allaire and Henderson (1) thus 
only accounted for major sources of inbreeding 
and ignored low inbreeding caused by distant 
relationships. 

Hodges et al. (6) built  four-generation cow 
pedigrees to calculate inbreeding. They ignored 
inbreeding from common ancestors in the fifth 
generation, correctly claiming that  a common 
ancestor in that generation adds only .8% to the 
inbreeding coefficient and that  the chance of  a 
common ancestor appearing in the fifth genera- 
tion and in a later generation is low because of 
contemporanei ty.  Hodges et al. (6) also ig- 
nored inbreeding of  common ancestors. Al- 
though differences between Holsteins in the 
Northeast US and in British Columbia may be 
real, procedures of this study identified cows 
with low inbreeding, whereas those cows would 
have been assumed noninbred by Hodges et al. 
(6). 

The other studies in Table 5 used Wright's 
(15) short method to estimate inbreeding. 
Average inbreeding was five times as much as in 
reports not  using Wright's short method.  Young 
(16) sampled registered cows born in 1970, and 
Bonzcek and Young (2) sampled cows born in 
1976. Average inbreeding of cows born in those 
years in this study was .31 and .38%. The most 
probable cause of the difference between re- 
suits reported here and findings of Young and 
coworkers is the base date used in calculating 
inbreeding coefficients. Young's studies used a 
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1973 in all breeds (except Ayrshires), and 
average inbreeding of all cows has never been 
higher than 1% (Figures 3 and 4). The decrease 
of inbreeding of inbred Ayrshires (Figure 2) 
was less than of  other breeds (Figure 3). How- 
ever, the decline of percent inbred Ayrshire 
cows (Figure 1) and of inbreeding of inbred 
cows (Figure 2) has resulted in a decrease of 
inbreeding of all cows since 1976 (Figure 2), 
whereas average inbreeding of other breeds 
increased (Figure 4). Although inbreeding of 
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Figure 1. Percent of inbred cows by year of birth. ~ [ I 
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base date of 1880 whereas the data obtained l: = 

from DRPL have built  up since about  1954. [i . . . .  / 
' Q  ~ t  

The majori ty of inbred cows had inbreeding oJ ' - -o" ' "  
coefficients less than 15% (Table 6). Percents of 
inbred cows with inbreeding coefficients 
15% or greater in each breed were Ayrshire 1.5, 
Guernsey 2.3, Holstein .6, Jersey 1.6, and 
Brown Swiss .9%, Table 7 is similar to Table 6 
and indicates the distribution of inbreeding 
coefficients for cows with data was similar to 
that  for all cows. Tables 4, 6, and 7 present 
average inbreeding regardless of year of birth. B 
Figure 1 shows the increase of percent inbred 
cows by year of birth from 1960 to 1979. 
Fewer than 5% of cows born prior to 1960 
were inbred, but  this result may be due to lack 
of pedigree information. The most dramatic z ~ 
increase of percent inbred cows was for the ~ s 
Ayrshire breed from 1972 (28.9%) to 1976 
(56.7%). However, Figure 1 indicates that  the 
percent of inbred cows born in 1976 to 1979 
has reached a plateau. Although the percent 
cows inbred has increased dramatically, the 

I 
average inbreeding coefficient of inbred cows 
has been decreasing, thus moderating the 
increase of average inbreeding of all cows 
(Figures 2, 3, and 4). Average inbreeding has 
been less than 3% for inbred cows born since 
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Figure 2. Average inbreeding in artificial insemina- 
tion (AI) Ayrshires by year of birth. 
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Figure 3. Average inbreeding of inbred cows by 
year of birth. 
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Figure 4. Average inbreeding of all cows by year of 
birth. 

Ayrshires is higher than of  o ther  breeds, i t  is 
no t  of  such magni tude  to cause alarm. 

To de termine  how much  inbreeding was 
in tent ional  and how much  was passive, average 

inbreeding by herd was calculated (Table 8). In 
all breeds excep t  Holstein,  over 60% of  herds 
had no inbred cows; 36% of  Holstein herds had 
inbred cows. However ,  the average inbreeding 
in the major i ty  o f  herds was less than 5%, and 
fewer  than 1% of  all herds in each breed had 
average inbreeding greater  than 10%; in no herd 
was average inbreeding greater than 25%. 
Similarly, a small p ropor t ion  of  sires had 
daughters with average inbreeding greater  than 
5% (Table 9). 

Effect of Inbreeding 

Table 10 shows est imates of  differences for  
four  traits be tween  each of  five i n b r e e d i n g  
classes and the zero inbreeding class. The 15 to 
25% class conta ined only one Brown Swiss 
record (Table 7) and was no t  est imated.  Fo r  all 
breeds, the last two  classes had few records.  

Inbred catt le in all breeds p roduced  less milk  
and fat  than cows that  were no t  inbred. In- 
breeding depression increased as inbreeding in- 
creased up to 15% for all breeds excep t  Brown 
Swiss. Fo r  Brown Swiss, the est imate for  milk  
for  the  10 to 15% class was higher than tha t  
for  the  0 to 5% class bu t  was lower  (absolute) 
than the associated s tandard error. 

The  effect  of  inbreeding on stayabil i ty was 

TABLE 8. Distribution of herds by average inbreeding. 

Avg. inbreeding (%) Ayrshire Guernsey Holstein Jersey Brown Swiss 

0 1,016 1,612 7,040 1,864 598 
0 + -- 5-- 590 520 12,579 908 306 
5 - 10-- 59 8 21 13 4 

10 - -  25-- 10 8 12 6 3 

Total 1,675 2,148 19,652 2,791 911 

TABLE 9. Distribution of sires by average daughter inbreeding. 

Avg. F (%) Ayrshire Guernsey Holstein Jersey Brown Swiss 

0 94 327 1,290 269 90 
0 + -  5 -  98 246 3,230 345 123 
5 + 5 3 10 2 2 

Total 197 576 4,530 616 215 
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small in all breeds, and most of the estimates 
were similar to their standard errors, indicating 
that  inbreeding does not  affect adversely the 
longevity of a cow once first calving has been 
reached. Hudson and Van Vleck (10) suggested 
that  animals with reduced livability because of  
intense inbreeding did not  appear in the data. 
Inbreeding has affected pre- and postnatal  mor- 
tali ty and disposals prior to first calving (17), 
but  in this s tudy cows had to initiate a first 
lactation to appear in the data. 

If cows with high inbreeding coefficients 
died or were culled for reproductive reasons 
prior to initiation of  first lactation, then those 
cows were not  in this study. Effects of inbreed- 
ing on milk and fat product ion are probably 
minimum estimates, because cows with high 
inbreeding coefficients that did not  appear in 
the data may have had lower milk and fat yields 
than cows with high calculated coefficients that  
did appear in the data. 

A review of  the North Central cooperative 
project  ( 1 7 )  reported that inbred cows had 
reduced reproductive performance compared to 
outbreds. Cattle with a measured calving 
interval are proven reproducers; i.e., they must 
have had two calvings to have a calving interval. 
Thus, the lack of  effect of inbreeding on calving 
interval (Table 10) may have been dependent  
on the data. 

The regression of milk on inbreeding coeffi- 
cient ranged from - 1 5  kg for Jersey to - 4 0  kg 
per 1% increase of  inbreeding for Brown Swiss 
(Table 11). The range of regression of fat  on 
inbreeding was - . 8  kg (Holstein) to --1.4 kg 
(Brown Swiss). Regressions for both milk and 
fat were within the range in the literature for all 
breeds (7). The lack of effect of inbreeding on 
stayabil i ty and calving interval is also suggested 
by the small, mostly nonsignificant regressions 
in Table 11. 

CONCLUSIONS 

A small propor t ion of cows were inbred. The 
average inbreeding coefficients of  inbred cows 
and of all cows were low. Although the per- 
cent of inbred cows has increased over time, the 
average inbreeding coefficient of inbred cows 
has decreased. Inbreeding was more extensive 
in Ayrshire cattle than in cattle of other breeds; 
but  average inbreeding was low, and there was 
evidence that the percent of inbred cows has 
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been  decreas ing since 1976.  Whe t he r  i nb reed ing  
will b e c o m e  m o r e  p reva len t  in the  fu tu re  is n o t  
k n o w n ,  b u t  r e la t ionsh ips  a m o n g  sires do  n o t  
ind ica te  t h a t  inb reed ing  will decrease.  

P r o d u c t i o n  of  mi lk  and  fa t  in f irst  l ac t a t ion  
decreased  as i nb reed ing  coef f ic ien ts  increased,  
b u t  inb reed ing  depress ion  was n o t  enough  to  
cause large r e d u c t i o n  of  mi lk  yield of  a cow 
wi th  average inbreeding .  However ,  i nb reed ing  
depress ion  was such t h a t  i n t e n t i o n a l  i nb reed ing  
is n o t  jus t i f ied  unless  the  inb reed ing  is to  an 
an imal  wi th  excep t iona l ly  high b reed ing  value. 
Thus ,  the re  is n o  cause for  conce r n  over  c u r r e n t  
passive inbreed ing ,  b u t  active inbreed ing  is n o t  
r e c o m m e n d e d .  

In these  data ,  t he re  was no  e f fec t  of  inbreed-  
ing on  4 8 - m o  s tayab i l i ty  or on  first  calving 
in terval  given t h a t  the  cow survived to f reshen  a 
f i rs t  t ime.  
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