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SUMMARY

Pedigree f i le s  o f males and females for 56,075 Jersey and 1,089,589 Holstein 
cattle from the Canadian herdbooks were investigated for the occurence o f inbreeding 
o f Jersey cows born since 1973 and Holstein cows born since 1982. A rapid recursive 
algorithm was used to compute inbreeding coeffic ients. Percentages o f inbred cows 
and average inbreeding o f inbred cows were 25.1 and 2 .9X for Jersey and 9.7 and 2.6X 
for Holstein. The average inbreeding o f a ll cows was .IX for Jersey and .31 for 
Holstein.

INTRODUCTION

Mating o f related individuals produces an Inbred offspring, and its  inbreeding 
coeffic ien t is one-half the additive relationship between its  parents. One o f the 
consequence o f inbreeding is the reduction o f the mean phenotypic value shown by 
some characters known as "inbreeding depression" (Falconer, 1989, Schmidt et a l.,  
1988). Research has shown that each percentage o f inbreeding leads to an approximate 
22-23 kg (50 lb ) decrease in milk production, as well as increased expression of 
lethal factors as a result o f increased homozygosity (VonKrosigk and Lush, 1958, 
Young et a l . . 1969, Hodges et a l . . 1979, Hudson and VanVleck, 1984, Hermas et a l . .’ 
1987). Inbreeding also reduces additive genetic variance.

In modern a r t i f ic ia l ly  bred (A l) dairy populations, only a few bulls are used 
to service many females. Outstanding bulls often have numerous female descendants 
and are lik e ly  to s ire  many sons that in turn enter Al service.Many Al organizations 
use the same bulls as sires o f sons. As selection for improved dairy cattle becomes 
more and more intensive, geneticists and breeders become increasingly concerned 
about levels o f inbreeding. Work has been done on the analysis o f inbreeding levels 
o f some breeds o f dairy cattle  in the U.S.A. (VonKrosigk and Lush, 1958, Gaalaas et 
a l.,  1962, A lla ire  and Henderson, 1965, Young et a l. . 1969, Hudson and VanVleck, 
1984), in the U.K. (Bowman et a l . . 1978) and in Canada (Hodges et a l . . 1979).

The purpose o f this investigation is to study recent trends in inbreeding in 
Canadian dairy ca ttle .

MATERIALS AND METHODS

Inbreeding coeffic ien ts  were calculated for the Canadian Jersey and Holstein 
breeds. The data were obtained from the pedigree f i le s  from the Centre for the 
Genetic Improvement o f Livestock, University of Guelph. These f i le s  were subsets of 
the Canadian herdbooks and comprised type classified  cows and their ancestors (table

Table 1. Number o f animals in each data set.

Jersey Holstein

No. o f bulls 1,341 4,325
No. o f cows 38,287 448,439
No. o f ancestors (* ) 16,447 636,825
No. of total animals 56,075 1,089,589

(* ) includes animals born before 1973 for Jerseys and before 1982 for Holsteins.
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A ll available known relationships among both males and females were used to 
compute inbreeding coeffic ients for 39,628 Jersey cattle (born a fter 1973) and for 
452,764 Holstein cattle (born a fter 1982). The Jersey data set had re la tive ly  
complete pedigrees, but the Holstein data set had a lack o f information for the 
female population in the 1960's and in the 1970's.

Inbreeding coeffic ients (Wright, 1922) for each animal were calculated using 
an algorithm developed by Szkotnicki (submitted, 1990). Coefficients o f inbreeding 
were computed from lis ts  o f sires and dams. Animals were sorted by date o f birth so 
that parents preceded their progeny. Computed inbreeding coeffic ien ts were re lative 
to a base population. The assumption was made that ancestors o f this base population 
were unrelated and not inbred. As a consequence, the inbreeding measured was the 
accumulated inbreeding only since the base population. A ll subsequent known 
relationships were accounted for in computing inbreeding coeffic ien ts. The computing 
program ran on a microcomputer Sequent S81 multiprocessor using a single CPU.

Over a l l  years and for each year, mean coeffic ients o f inbreeding o f a l l  
animals, mean coeffic ients o f inbreeding o f a l l  inbred animals, and proportion o f 
animals inbred were calculated.

RESULTS AND DISCUSSION

The timings were 5 minutes vs. 99 hours using this algorithm vs. the algorithm 
o f Quaas (1976) to compute inbreeding coeffic ien ts for a sample o f 200,000 animals 
(25 minutes vs. predicted 130 days for the complete Holstein data set, 1,089,589 
animals).

Table 2 compares inbreeding coeffic ients o f bulls from this study with those 
obtained by Hudson and VanVleck (1984) and by Bowman et a l . (1978). A lower 
proportion o f Canadian Holstein bulls were inbred than were British and U.S. bulls. 
However, the average inbreeding o f inbred Holstein bulls was higher for Canadian 
bulls than for U.S. bulls, but i t  was lower than for British Friesians. The average 
inbreeding for a l l  Holstein bulls was very low for Canadian bulls (.15X) compared 
to U.S. (.435) and British bulls (5Z). The percentage o f inbred Canadian Jersey bulls 
was more than tr ip le  that o f U.S. Jerseys. However, average inbreeding o f inbred 
Canadian bulls was lower than for U.S. bulls.

Table 2. Comparison o f inbreeding (F) o f US and Canadian bulls.

No. of Percent Avg. F Avg. F
Study Breed bulls o f bulls o f inbred o f a ll

inbred bulls (%) bulls (X)

Present study Can. Hols. .4,325 4.7 3.4 .15
Can. Jersey 1,341 13.1 3.2 .4

Hudson and VanVleck US Hols. 6,528 12.1 3.0 .4
(1984) US Jersey 1,065 3.9 3.6 .1

Bowman et al.(1978) UK Hols. 1,639 6.3 7.4 .5

Table 3 compares inbreeding o f cows o f this investigation with inbreeding 
reported by other studies. A lower proportion o f Holstein cows (9.7Z) were inbred 
in this study compared to higher values (23X and 31X) reported by Bowman et a l .
(1978) and by Hudson and VanVleck (1984). However, Hodges et a l . in British Columbia
(1979) found nearly the same percentage o f inbred cows for Canadian Holsteins. The 
range o f the percentage o f inbred cows was very large, from a minimum value o f 7.4Z 
(A lla ire  and Henderson, 1965) to a maximum o f 31Z (Hudson and VanVleck, 1984).

Although differences between Holsteins in the Northeastern U.S. and in Canada 
may be real due to d ifferent methods o f selection, d ifferen t procedures to build the
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pedigree f i le s  and to obtain inbreeding coeffic ients were used. Canadian Jerseys had 
a higher proportion o f inbred cows than U.S. Jerseys.

Table 3. Comparison o f inbreeding (F) o f US, UK and Canadian cows.

Study Breed
No. o f 
cows

Percent 
o f cows 
inbred

Avg. F 
o f inbred 
cows (%)

Avg. F 
o f a l l  

cows (%)

Present study Can. Hols. 448,439 9.7 2.6 .3
Can. Jersey 38,287 25.1 2.-9 .7

A lla ire  and Henderson US Hols. 17,490 7.4 4.9 .4
(1965)

Young (1973) US Hols. 606 -- -- 5.0

Bowman et a l. (1978) UK Hols. 500 23.0 11.8 2.7

Hodges et a l. (19793 Can. Hols. 728 8.1 6.1 .5
450 9.8 6.0 .6

Bonczek and Young US Hols. 250 _ . 3.8
(1980)

Hudson and VanVleck US Hols. 1, 474,995 31.0 1.0 .3
(1984) US Jersey 81,639 23.0 2.0 .5

Young et a l. (1988) US Hols.(70) 600 _ . 4.7
US Hols.(76) 600 -- -- 3.8
US Hols.(82) 600 -- 4.3

The majority o f inbred cows had inbreeding coeffic ien ts less than 15%. 
Percentages o f inbred cows with inbreeding coeffic ients 15% or greater in each breed 
were .9% for Jersey and .3% for Holstein. The maximum inbreeding coe ffic ien t o f cows 
was 31.25% fo r both breeds.

Figure 1 shows the increase o f percent inbred cows by year o f birth from 1973 
to 1987. The strong difference between the trends o f the two breeds was mostly due 
to a lack o f pedigree information in the Holstein data set. However, the percent o f 
inbred Jersey cows born in 1984 to 1987 reached a plateau.

YEAR OF BIRTH

Figure 1. Percent o f inbred cows by year o f birth.

Although the percentage o f inbred Jersey cows increased dramatically, the 
average inbreeding coe ffic ien t of inbred cows has decreased, while the average
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inbreeding o f a l l  cows has increased (figure 2 and 3) . The Holsteins had a d ifferent 
trend: the average inbreeding o f inbred cows has increased s ligh tly  from 1976 to 
1987, while the average inbreeding coeffic ients o f a l l  cows has increased linearly 
since 1980.

9 - r  1

YEAR OF BIRTH

Figure 2. Average inbreeding (%) 
by year o f birth (inbred cows).

YEAR OF BIRTH

Figure 3. Average inbreeding (X) 
by year o f birth (a l l  cows).

CONCLUSIONS

A smaller proportion o f Holsteins were inbred than were Jerseys. However, the 
percentage o f inbred Jersey cows reached a plateau in the la ter years o f the study, 
while the percentage of inbred Holstein cows increased linearly over time as did the 
percentage o f average inbreeding for inbred and a l l  cows.

T)ie algorithm used allowed computation o f Inbreeding coeffic ien ts on a large 
data set in a very short time. This procedure w ill help future investigations for 
the occurence o f inbreeding in large populations with complete sire and dam 
pedigrees.
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