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INTRODUCTION
Globalization of dairy cattle breeding has improved selection intensity, but has also led to
increased relationships among animals and thus higher risk for inbreeding and exhaustion of
genetic resources. Exchange of genetic material and genetic relationships are not confined within
country borders. Increased rates of inbreeding may thus be a worldwide problem, which requires
actions to be taken at the international level corresponding to at least the borders of genetic
evaluation.

The Interbull Centre routinely receives pedigree data on sire populations for six dairy breeds from
up to 24 countries for the purpose of international genetic evaluations. The availability of pedigree
data from these countries gives the opportunity to monitor structural population trends of global
dairy breeds across countries participating in Interbull evaluations. The aim of this study was to
describe pedigree information available at the Interbull Centre and to give examples of statistics
which can be extracted and used in monitoring structural population trends.

MATERIAL
Data available for the Interbull test evaluation in September 2001 were merged into one pedigree
database for each of six dairy breeds. These breeds were Ayrshire (AYS), Brown Swiss (BSW),
Guernsey (GUE), Holstein (HOL), Jersey (JER) and Simmental (SIM). Interbull pedigree files
contain information on birth date, sire, dam, maternal grandsire and maternal granddam on bulls
included in national genetic evaluation in participating countries. Data comprised bulls born
between 1940 and 2000 and the size of these pedigree files ranged from 1,765 for GUE to 131,009
for HOL (Table 1).

Table 1. Characterization of Interbull pedigree files for six dairy breeds

AYS BSW GUE HOL JER SIM
#Bulls 26,018 21,736 1765 131,009 10,698 50,836
#Bulls born in 1998 423 217 22 3078 369 647
#Identified sires 2656 2765 468 7609 1514 6319
#Identified dams 17,102 16,308 1288 72,806 7073 38,918
Pct. foreign siresA 17.0 46.2 9.8 49.3 19.9 18.1
A Defined as bulls with sires first registered in another country.
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METHODS
Pedigree completeness. Coefficients for pedigree completeness (PEC; MacCluer et al., 1983)
were computed for all animals such that contributions from five ancestor generations were taken
into account. The minimum PEC value required to detect any inbreeding is 0.24 corresponding to
known parents and one known grandparent. Similarly, PEC values of 0.4, 0.6, 0.8, 1.0 correspond
to an animal that has all ancestors known in 2, 3, 4 and 5 generations, respectively.

Rate of inbreeding and effective population size. To get a smooth illustration of the trend in
inbreeding and account for information across overlapping generations, effective population size
(Ne) was computed from assuming the following linear regression model: log(1-Ft) = α + βt + ε,
where ε ~ N(0,σ2

e), and Ft is the average inbreeding coefficient for animals born in year t. Ne was
then obtained as the regression over generation interval (L), which was assumed to be six years:
Ne(t) = 2exp{β(t-L)+α} / [exp{β(t-L)+α} - exp{βt+α}]. Only bulls with a reported birth year and
with more than 80% pedigree completeness were considered when estimating Ne.

RESULTS AND DISCUSSION
Pedigree completeness and its relation to rate of inbreeding. Pedigree information was most
complete for HOL and least complete for AYS and GUE (Table 2). Only a limited frequency of
the bulls had PEC higher than 80 percent (3.5 to 29.2 percent for SIM and HOL, respectively).

Table 2. Mean pedigree completeness (PEC) and frequency (in percentage) of bulls in
different PEC classes for six breeds

AYS BSW GUE HOL JER SIM
0.00 ≤ PEC ≤ 0.24 19.2 4.0 20.7 8.7 12.1 7.7
0.24 < PEC ≤ 0.40 12.6 10.7 18.9 6.0 11.1 19.6
0.40 < PEC ≤ 0.60 22.2 26.8 18.6 13.0 22.0 36.4
0.60 < PEC ≤ 0.80 41.4 51.2 36.5 43.1 41.3 32.8
0.80 < PEC ≤ 1.00 4.5 7.2 5.4 29.2 13.5 3.5
Mean PEC 0.49 0.60 0.49 0.67 0.57 0.51

Pedigree completeness has a direct effect on the various statistics that describe trends in population
structures, but PEC does not take into account erroneous pedigree information. Interbull does
extensive cross reference of sires, but not on cows, and the latter may result in overestimated rates
of inbreeding. Rates of inbreeding will also be overestimated if missing pedigree information is
not accounted for, since older animals had lower PEC on average (Figure 1A for HOL), and since
mean inbreeding coefficients are underestimated for animals with incomplete pedigree information.
These trends were clear for all breeds, but is only shown for HOL in Figures 1A and 1B. There was
also large variation in pedigree completeness depending on country of first registration of the bull,
e.g. average pedigree completeness per country ranged from 48 to 83 percent for Holstein bulls
born after 1979.
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Figure 1A. Number of Holstein bulls for
different pedigree completeness (PEC)
groups as function of birth year (Incomplete
batch of bulls in 1998 and 1999)
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Figure 1B. Average inbreeding coefficient (F)
for different pedigree completeness (PEC)
groups as a function of birth year of Holstein
bull

The bias in estimated inbreeding rate, when animals have incomplete pedigree information, may
be alleviated by imposing a minimum requirement on pedigree completeness (i.e. PEC > 0.8) or
by assigning relationship coefficients for unknown ancestors equal to twice the mean inbreeding
coefficient of known ancestors born in the same year (VanRaden, 1992). The latter approach
assumes random mating of unknown ancestors, but uses all available data. In this study a minimum
pedigree completeness requirement was chosen for simplicity and because the assumption of
random mating does not hold for the group of bulls considered here. Excluding animals with low
pedigree completeness means inferences will be made about a highly selected group of animals,
i.e. mostly young bulls that are considered for selection purposes. This group of bulls may not
correspond to the commercial cow population, but influences inbreeding in subsequent generations.

Trends in population structures for global dairy breeds. Rates of inbreeding were not estimated
for breeds other than Holstein, because only a limited number of animals had at least 80% pedigree
completeness. The estimated effective population size for HOL was 449 for bulls born in 1999 and
has increased since 1994, when it was 55. The trend in inbreeding closely followed the trend in
number of sons per identified sire. The latter can be calculated accurately from the available data,
since only 0.4 (HOL) to 4.5 percentage (GUE) of the bulls had missing information about sire.
Sires had most sons on average for HOL and fewest sons on average for GUE. For GUE, which
was the smallest population, the number of sons per sire has decreased during the past 20 years,
whereas it has increased for HOL and JER. The average number of sons per HOL bull reached 16
in 1995, but decreased to 10 in 1998. The corresponding effective population size for HOL was
75 in 1995 and 395 in 1998. The number of bulls per sire remained rather constant between 3.7 and
6.4 for AYS, BSW and SIM for bulls born during the past 20 years. Intensity of usage of the five
most popular sires has been high in past decades for HOL and peaked in the early 1990'es (Figure
3). Intensity of usage of the most popular sires increased throughout the 1990'es for AYS, BSW
and SIM.
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Figure 2. Average number of bulls per
identified sire as a function of birth year of
sons for six breeds
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Figure 3. Percentage of bulls sired by the five
mostly used sires per birth year of sons for six
breeds

The estimated effective population size for HOL was higher in this study compared with the 39
estimated by Weigel (2001), but he only considered data from the United States and had deeper
pedigree information available on both males and females (commercial population). The optimal
effective population size for the global Holstein population is roughly 80 (Goddard, 1992). Current
rate of inbreeding in the active bull population influences rate of inbreeding in the commercial
population in subsequent generations, and the estimated increase in effective population size for
active HOL bulls may indicate that inbreeding is under control although it still deserves attention.
Interbull collects data for the purpose of international evaluations with a sire model. The data are
sufficient for this purpose, but for the purpose of monitoring rates of inbreeding, more complete
pedigree data should be collected. Efforts to implement a global animal model based on
performance records may lead to collection of more complete pedigree data, but this collection is
not a task Interbull is ready to undertake at least within the next couple of years (at least not for
HOL). However, research is ongoing and units responsible for pedigree handling are encouraged
to pay attention to female pedigree for this purpose and for the purpose of monitoring inbreeding.

CONCLUSION
Pedigree information available for international genetic evaluations of dairy cattle should be
improved if inbreeding trends are to be monitored; at least for breeds other than Holstein. The
estimated effective population size for active Holstein bulls increased from 75 in 1995 to 449 in
1999. Holstein sires had higher number of sons on average compared with other breeds.
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