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Abstract

The aim of this study was to evaluate observed and future inbreeding level in Polish Holstein-Friesian cattle population. In total,
over 9.8 mIn animals were used in the analysis coming from the pedigree of Polish Federation of Cattle Breeders and Dairy
Farmers. Inbreeding level, as an average per birth year, was estimated with the method accounting for missing parent information
with the assumption of year 1950 as the base year of the population. If an animal had no ancestral records, an average inbreeding
level from its birth year was assigned. Twice the average inbreeding level served as relatedness of the animal to the population,
which enabled estimation of inbreeding in its offspring. The future inbreeding of potential offspring was estimated as an average
of animals (bulls and cows) available for mating in a certain year. It was observed that 30-50% of animals born between 1985 and
2015 had no relevant ancestral information, which is caused by a high number of new animals and/or entire farms entering the
national milk recordings. For the year 2015, the observed inbreeding level was 3.30%, which was more than twice the inbreeding
with the classical approach (without missing parent information) and higher by 0.4% than the future inbreeding. The average
increase of inbreeding in years 2010-2015 was 0.10%, which is similar to other countries monitored by World Holstein-Friesian
Federation. However, the values might be underestimated due to low pedigree completeness. The estimates of future inbreeding
suggested that observed inbreeding could be even lower and also increase slower, which indicates a constant need to monitor rate
of increase in inbreeding over time. The most important aspect of presented results is the necessity to advise individual farmers to
keep precise recordings of the matings on their farm in order to improve the pedigree completeness of Polish Holstein-Friesian
and to use suitable mating programs to avoid too rapid growth of inbreeding.

Keywords Dairy cattle - Pedigree completeness - Population structure - Relatedness

Introduction

Despite the worldwide character of Holstein-Friesian cattle
population, its inbreeding level is, reportedly, continuously
increasing. It is partially caused by progressing globalization
of dairy cattle breeding, which leads to using a similar gene
pull across all the populations. Thus, the control of inbreeding
level in Holstein-Friesian cattle populations is currently one of
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the main focuses of World Holstein-Friesian Federation
(WHFF; Feddersen et al. 2016). Increase in inbreeding level
leads to occurrence of inbreeding depression (Rokouei et al.
2010; Lal et al. 2013) and a decrease in genetic variation
among the animals (VanRaden 2005). The presence of in-
breeding depression is associated with decrease in vitality
and higher susceptibility to diseases and unfavorable environ-
mental conditions. As a consequence, a lower reproductive
(e.g., low insemination success, miscarriages) and production
performance as well as higher rate of genetic disorders and
lethal genes are observed. Whereas the decrease in genetic
variation leads to slowing down or even completely stopping
of the genetic progress of traits under selection, which is a
consequence of increasing homozygosity level leading also
to higher rate of a lethal diseases. Increase of inbreeding level
in the population of a country or mating highly related animals
within one herd will cause actual economic losses. Therefore,
the WHFF promotes the control of rate of increase in
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inbreeding over time in worldwide populations of Holstein-
Friesian cattle (Feddersen et al. 2016) and not exceeding the
increase of 1% (Falconer and Mackay 1996; Lynch and Walsh
1998) per generation (~4 years).

Poland is one of the countries where monitoring of inbreed-
ing is currently being introduced. Currently, in Poland, around
36% of Holstein-Friesian cows are under genetic evaluation,
but this number increases each year with new animals entering
the national milk recordings (“The results of milk recordings”
2016; http://pthb.pl). The pedigree information of the newly
added cows is scarce. Therefore, to be able to estimate the
actual inbreeding level in this population, it is necessary to
use a method allowing to account for information from the
“missing ancestors” as the traditional approach of Wright
(1922) is no longer enough. Such methodology was devel-
oped by VanRaden (1992), who proposed to assign average
inbreeding level from the year of birth of individuals if their
pedigree had no ancestors or only one parental line available.
This “assigned inbreeding level” is later used to estimate the
inbreeding of the offspring. Since the inbreeding level of the
animal is equal half of its additive relationship to the popula-
tion, it allows estimation of the relatedness of an animal to the
population. Another important aspect that can serve as a tool
in monitoring the inbreeding level in the population is estima-
tion of a future inbreeding (VanRaden and Smith 1999). The
future inbreeding represents the expected level of inbreeding
in the population, based on inbreeding of animals currently
available for matings. It indicates the difference between the
observed inbreeding level and the inbreeding that would be
present without preferences for a certain animals.

Thus, the objective of this study was to estimate the ob-
served and future inbreeding level in Polish Holstein-Friesian
cattle population.

Materials and methods
Data evaluation

The pedigree data for this study came from the Polish
Federation of Cattle Breeders and Dairy Farmers (Warsaw,
Poland) collected in the course of national milk recordings
of Polish Holstein-Friesian cattle population. The original
Polish pedigree dataset covered information of 10,072,784
animals born from year 1899 to 2016. During the data evalu-
ation, a total of 271,935 animals were removed (see Table 1
for more details). The pedigree was also tested for a list of
other aspects; however, those did not lead to removing records
from the dataset.

All animals from the corrected pedigree had also in-
formation on the year of birth, which was needed for
the further calculations of inbreeding level per year. If
the data provided by the Polish Federation of Cattle
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Breeders of Dairy Farmers did not contained the year
of birth of the animal, it was calculated using the as-
sumption that the animal had to be 3 years older than
the youngest offspring present in the dataset (VanRaden
1992; Aguilar and Misztal 2008).

Establishing the base year

The study of VanRaden (1992) suggested to use the base year
when calculating the inbreeding level with accounting for
missing parent information as the values of calculated in-
breeding coefficients depended on the pedigree depth. This
was done in order to have better control of the animals includ-
ed in the evaluation and to avoid overestimation of inbreeding
level per birth year, when only a few animals had the pedigree
available in early years of the start of population. In case of
Polish population, it was decided to use animals born not
earlier than in 1950 as from this year the number of
Holstein-Friesian in Poland cattle began to increase intensive-
ly and historically the status of the population became more
stable after Second World War (Jasiorowski et al. 1988).

After defining the base year, certain steps had to be taken to
edit the pedigree for the analysis (VanRaden 1992):

1) Animals born before 1950 were kept in dataset if they had
at least two offspring born after 1950;

2) Parents born before 1950 were treated as unrelated and
not inbred,;

3) Animals born as a first generation after 1950 were treated
as related but not inbred,;

4) Animals born in a second and later generations had in-
creasing level of relatedness and inbreeding.

Calculating pedigree completeness

Pedigree completeness for each individual in the pedigree was
estimated with the use of pedigree completeness index based
on five generations (PCI-5; MacCluer et al. 1983) following
the equation:

2 - K
PCI = ﬂ7
2Cr + Cy

where Crand C,, are the proportions of paternal and maternal
ancestors in the pedigree estimated based on the equation:

1
C= gz,ilai,

where q; is the ratio of known to unknown ancestors in each
generation and d is the number of generation. The PIC-5 is one
of the most commonly used methods to evaluate pedigree
completeness, which enables comparison with other studies
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Table 1 Data control of the

pedigree of bulls and cows with Pedigree control

Number of Final number

the number of animals kept for excluded animals of animals

inbreeding evaluation in Polish

Holstein-Friesian population Removing a parent if offspring younger by less than 3 years 17,006 9,800,849
Removing dams with more than 14 calves 1808

Removing animals that are present both as dam and sire and sex cannot 3

be verified

Removing animals with incorrect IDs (less than six digits without

253,124

country code or less than seven digits with country code)

and populations worldwide (Kearney et al. 2004; Serensen
et al. 2005; Stachowicz et al. 2011).

The value of PCI-5 for each animal could have the value
from 0 to 1, depending on the number of “full generations,”
where maximum value of 1 means that the animal had five full
generations recorded in the pedigree. It should be noted that
the first value larger than zero was PCI-5=0.125, which
meant that the animal had at least two parents and two grand-
parents (each from different parent). The value of PCI-5=0
was, thus, assigned to all animals with less than 1.5 of full
generation in pedigree, and accounted for more cases than
purely “animals without parents.”

Estimation of observed inbreeding

The observed inbreeding level per year was estimated based
on method of Emik and Terrill (1949) with extension of ac-
counting for missing parents proposed by VanRaden (1992)
and using the algorithm adjusted by Aguilar and Misztal
(2008). The method consisted of a few steps. Firstly, the av-
erage inbreeding level per birth year was estimated by using
the tabular method of Emik and Terrill (1949):

Fx = 0.5Ry,

where Ry is the relationship between sire and dam of the
animal.

Calculation of each Ry4 requires screening the pedigree in
search of ancestors of sire and dam to estimate the relationship
between them considering three cases (Aguilar and Misztal
2008):

0 if x=0o0ry=0
1 + Fx if x=y

Ry =
0.5(Ryy + Ryy) otherwise

)

where animal x has to be younger than animal y and sire and
dam are parents of animal x.

The first condition with x or y equal to 0 is an indication of
unknown parent/parents of the animal x. Extension of this
algorithm to include a non-zero inbreeding coefficient of un-
known parents is done by giving a negative value of birth year
of animal x or y to offspring of those parents (Aguilar and

Misztal 2008). Thus, the first condition being R,,,= 0 is trans-
formed to

b if x<0andy>0
Ry =2 b.y if x<0and y>0,
max(b-x,b-y) if x<0and y>0

where b is the average inbreeding coefficient for all animals
born in a certain year (Aguilar and Misztal 2008). The calcu-
lation of b is done iteratively, so that its values are estimated
each round with b = 0 in the first iteration (Aguilar and Misztal
2008). Only animals with at least both parents were used for
this estimation (VanRaden 1992).

Secondly, the obtained average inbreeding was assigned to all
animals from a certain birth year that did not have parents or only
mother or father were present in the dataset. Finaly, the assigned
values were used as a rate of relatedness of the individual to the
population. It was assumed that twice the inbreeding of the ani-
mals with missing pedigree was expressing its relationship to the
population. This was later used for more accurate estimations of
inbreeding level in offspring (VanRaden 1992).

Estimation of future inbreeding

The future inbreeding was estimated to verify whether the level
of the observed inbreeding and its increase rate follow the
average relatedness in the population. The selection of the
animals was based on work of VanRaden and Smith (1999)
and adjusted for the Polish population. The level of the future
inbreeding for each year was estimated as an average value of
inbreeding of animals that could potentially be available in the
population for matings. The calculation of the future inbreeding
for year 2016 based on data from 2010 to 2015 was as follows:

1. Selecting the bulls:
a. Not older than 5 years (birth year 2011-2015);
b. Older than 5 years if the last use was more recent than
5 years.

2. Selecting the cows:

a. Cows not older than 6 years (birth year 2010-2014);
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b. Pooling 200 cows per birth year—1000 cows in total
for a S-year period.
3. “Mating” of selected animals and estimating the average
inbreeding for potential offspring per birth year.

Results and discussion

The inbreeding level in any population of livestock an-
imals is a direct consequence of selection. It is an ulti-
mate challenge of breeding strategies to maximize re-
sponse to selection without facing the consequences of
increasing inbreeding level in the population (Strabel
2001). However, the estimated inbreeding level is af-
fected by many factors not only directly linked to se-
lection and breeding practices (e.g., selection intensity,
semen, and animal import), but also pedigree complete-
ness level, establishing or not a base year for the pop-
ulation or method used for its estimation. Thus it is
necessary to constantly monitor and thoroughly examine
the results as the increasing level of inbreeding is caus-
ing economic losses (Strabel 2001). Following the rec-
ommendations of WHFF and comprehensive studies per-
formed in other local populations of Holstein-Friesians,
e.g., UK (Kearney et al. 2004), Denmark (Serensen
et al. 2005), Canada (Miglior and Burnside 1995), and
USA (Young and Seykora 1996), the Polish population
also required similar evaluation. This study was con-
ducted to evaluate the pedigree and inbreeding level in
Polish Holstein-Friesian cattle population, which was
performed with a method enabling to account for miss-
ing parent information.

Pedigree data evaluation

The foundation of Polish Holstein-Friesian population can be
dated back to early 1900s, yet, only from 1934, with imple-
mentation of studbook regulations, all information on milk
production and pedigree started to be recorded in a uniform
manner (Jasiorowski et al. 1988; Gozdzikiewicz, 2004). Due
to losing nearly 67% of all dairy cattle during Second World
War (Jasiorowski et al. 1988), for this study, a year 1950 was
chosen as a base year for estimation of inbreeding level. At the
beginning, the animals were mostly of a foreign origin, which
was a consequence of absorptive crossing of Polish Black and
White Lowland cattle (Jasiorowski et al. 1988;
Gozdzikiewicz, 2004). This was observed especially in years
1950-1959, where over 90% of animals were imported yearly
and those animals became the founders for the Polish
Holstein-Friesian population. In 1970s, already several dozen
Holstein-Friesian bulls were available for insemination, and
from 1990s, bulls used for insemination have at least 87.5% of
Holstein-Friesian blood (Gozdzikiewicz, 2004). Since 2010,
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the population in Poland has 93-99% of Polish Holstein-
Friesians born yearly.

The pedigree completeness index (PIC-5) indicated that a
large proportion of cows and bulls had none or scarce ances-
tral records until early 1980s (Figs. 1 and 2). However, from
1985, it was still observed that 30—50% of all animals (cows
and bulls) being born each year had very low PIC-5 0f 0.0-0.3
(Fig. 3). It has to be kept in mind that PCI-5 = 0 indicated that
the animal had less than 1.5 of full generation recorded.
Interestingly, the number of animals with a low PCI-5 con-
tinues to accure also in the most recent years 2010-2015
(Table 2). The Polish Holstein-Friesian population is still
expanding in size, partially as a result of an import of foreign
animals and semen (Figs. 4 and 5). Thus, it was assumed that a
large number of animals without or with missing pedigree
information were imported from other countries. However,
further data evaluation indicated that the imported animals
covered a very small proportion of those with PCI-5=0
(Table 2), even though their average PIC-5 was lower than
that of Polish animals (Figs. 4 and 5). The cause for over
30% of all animals with a low pedigree completeness has its
source in the fact that only ~36% of all the cows in Poland
enter the milk recording evaluation. Even though each year
the number of animals included in national milk recordings is
increasing, a very large number of those cows is still without
or with scarce pedigree information as they come from herds
only lately included in the milk recordings.

As for the year 2015 for cows and 2013 for bulls, the PCI-5
has been steadily increasing, and currently, it is on average
0.62 and 0.88, for cows and bulls, respectively (Figs. 1 and 2).
Nonetheless, in comparison with other countries, it is a low
result. For example, in Canada, Denmark, and UK, the PCI-5
on the level of 0.90 or higher is present in the local Holstein-
Friesian populations already since early 2000s (Kearney et al.
2004; Serensen et al. 2005; Stachowicz et al. 2011). The only
solution to improve the pedigree completeness in Polish
Holstein-Friesian population is raising awareness among
farmers and breeders to keep accurate recordings on the mat-
ings performed in their herd. It has to be noted that underes-
timation of inbreeding level of an individual leads to overes-
timation of its breeding value and could result in selecting
animals that are too related to the population. Only complete
pedigree information will enable accurate estimation of relat-
edness within the population and with this, a more precise
control of the change in inbreeding rate over time.

Inbreeding levels

Taking into account import of foreign cows (Fig. 4) and the
relatively high import of foreign semen (Fig. 5) as well as very
high number of new animals entering the milk recordings,
evaluation of pedigree in such population is challenging. It
is thus necessary to select a method computing the inbreeding
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coefficients with accounting for all information available in
the pedigree and enabling estimation of the relationship level
to the population of the animals with unknown parents. The
method of VanRaden (1992) allows to assume that the animals
without ancestors in the available pedigree have the inbreed-
ing coefficient on the level of average inbreeding of the pop-
ulation from the birth year. The levels of inbreeding in the
entire Polish Holstein-Friesian cattle population are presented
in Fig. 6. The estimated level of the observed inbreeding for
the end of 2015 was 3.30%. This value was achieved only
because the applied method enables accounting for missing
parent information (VanRaden 1992). Although the
VanRaden’s algorithm (1992) was shown to recover most of
information if 10-20% of dams were missing in the pedigree
(Lutaaya et al. 1999), the classically estimated inbreeding for
2015 was only 1.56% (Fig. 6). This shows the robustness of
the VanRaden’s algorithm and the ability to recover substan-
tial amounts of missing pedigree data.
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Nonetheless, to assure that the VanRaden’s algorithm
(1992) applied to Polish pedigree does not overestimate the
inbreeding of known foreign bulls, the values obtained in the
present analysis were compared with the data from Canadian
Dairy Network (CDN; https://www.cdn.ca). The comparison
indicated that on average the estimates of inbreeding level for
bulls (born in years 1952-2014) present on CDN website
were by 1.46% higher than those from the evaluation of
Polish Holstein-Friesian: 4.86 and 3.39%, respectively;
whereas when the base year was not applied to the Polish
dataset, the estimates were on average by 1.96% higher than
the value reported in the international database, reaching 6.
82%. The previous study estimating inbreeding in Polish
Holstein-Friesian population suggested that using the base
year is removing important part of information from the ped-
igree (Jankowski 2007). However, in this study, it can be
concluded that the VanRaden’s algorithm (1992) accounts
for most of the missing information in Polish pedigree. Also,
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using the base year is crucial to avoid overestimation of the
inbreeding of foreign animals.

Methodology vs. inbreeding estimation

Establishing the actual base year in any method remains de-
batable, as changing it directly affects the estimated level of
inbreeding in the population, even though it does not affect the
rate of increase in inbreeding over time. It was observed in the
preliminary analysis that the change of rate inbreeding was not
affected by the method selected nor the base year applied
during the pedigree editing (results not shown). As presented
in Fig. 6, also after establishing a base year and using three
different methods for inbreeding estimation, its trend over
time is very similar. This is also one of the WHFF’s assump-
tions and recommendations in the program monitoring the
inbreeding in the world’s Holstein-Friesian populations, as
the method and the level of inbreeding estimated with it is less
important than the rate of increase in inbreeding over time
(Fedderson et al. 2016). Thus, despite other countries using
different methods to estimate the inbreeding levels in their
Holstein-Friesian populations, e.g., Meuwissen and Luo
(1992) in UK, Boichard (2002) in Dennmark, or Sargolzaei

Table 2 Comparison of the number of Polish and foreign Holstein-
Friesian cattle with pedigree completeness index based on five genera-
tions equal to 0 (PCI-5=0)

Year of birth All animals Animals with PCI-5=0
All Polish HF  Foreign HF

2010 300,980 112,651 105,060 7,591
2011 313,283 118,034 112,487 5,547
2012 319,327 115,541 111,428 4,113
2013 326,610 113,330 110,810 2,520
2014 334,826 110,817 108,027 2,790
2015 326,335 98,680 98,052 628
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et al. (2005) in Canada, the rate of increase in inbreeding can
be compared between them.

The inbreeding coefficient calculations in an ideal situation
describe the actual inbreeding level in the population or of the
single individual. However, when dealing with the actual ped-
igree data of the population, the calculations might be more or
less further from the true values. Especially, in case of Polish
pedigree, where the method accounting for missing parent
information had to be used to recreate the relationship be-
tween the animals in the population, it is important to know
that it did not affect the rate of increase in inbreeding. The only
more precise method would be the estimation of the genomic
inbreeding coefficient based on actual genotypic relationships
between the animals (e.g., Leutenegger et al. 2003; VanRaden
2008; Bjelland et al. 2013). However, this is much more costly
analysis than traditional pedigree-based inbreeding estimation
and such data is not yet available for the Polish Holstein-
Friesian population. Therefore, it needs to be assumed that
despite its imperfections, assigning the average level of in-
breeding from birth year to animals with unknown parents
provides an inbreeding level closer to its actual value in the
population and with appropriate trend over time.

Observed vs. future inbreeding levels in polish
population

Interestingly, the future inbreeding was estimated on the level
0f'2.88% (Fig. 6). This means that the inbreeding estimated as
an average of animals available for matings in a particular year
is actually lower than its observed level. Moreover, the future
inbreeding from year 1990 is constantly lower than observed
inbreeding. Similar evaluation performed in USA by Council
of Dairy Cattle Breeding (www.uscdbc.com) based on
VanRaden and Smith (1999) showed different relation be-
tween future and observed inbreeding. In this population, the
estimated future inbreeding was by 0.5-1% higher than esti-
mated observed inbreeding until year 2015. Since then, it is
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lower by ~0.2% than level of observed inbreeding, which is
most probably caused by intensification of genomic selection.
It is possible that the differences between Polish and American
Holstein-Frisian populations were caused by the Polish dairy
cattle breeders, neglecting the importance of low inbreeding
levels for production and reproduction traits and using bulls
highly related to the population for their high breeding values
despite possible negative impact of such matings.
Furthermore, the Council of Dairy Cattle Breeding publishes
frequently the list of bulls highly related to their population to
be avoided in future matings. Poland does not provide such
information yet to local farms. Also, the milk recordings of
Holstein-Friesian cattle in Poland is still expanding, so it is
clear that further selection is needed to improve production,
which, if not monitored, can lead to increase in inbreeding
levels. Thus, despite the estimates of inbreeding in Polish
population being quite low, the difference between observed
and future inbreeding indicates that it is very important to
control the rate of increase in inbreeding over time to avoid

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015
Birth year
PL bulls non-PL bulls

1970 1975 1980 1985
Birth year

1990 1995 2000 2005 2010 2015

PL bulls non PL bulls

further rapid increase. In addition, keeping in mind the num-
ber of animals with low value of PCI-5, if for inbreeding
evaluation only animals with highly complete pedigrees were
used the value of inbreeding would be 3.5% (Fig. 7). It could
be hypothesized that the actual level of homozygosity in the
Polish Holstein Friesian population is thus underestimated.
When comparing inbreeding levels in cows and bulls sep-
arately, the cows inbreeding for year 2015 is by 0.8% lower
than for bulls (Fig. 8). This is also observed in other popula-
tions, e.g., USA (Council of Dairy Cattle Breeding; www.
uscdbc.com). It might be caused by higher pedigree
completeness and with this, more accurate estimates of
inbreeding. Especially that in Poland, 42% of all
inseminations are done with imported semen (report for the
first half of 2015; Krychowski and Nowosielska 2016) and
pedigree of such bulls is usually very deep. In addition, the
inbreeding level obtained for cows was on the level expected
from the complex study performed earlier (Jankowski 2007).
Although this work covered data of cows born before 2005,
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Fig. 5 Pedigree completeness
based on five generations of
pedigree (PCI-5) and number of
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year
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similar values were obtained for the comparable periods of
time: 2.23% in this study and 2.7% in Jankowski (2007).
However, the inbreeding of bulls presented by him was much
higher (4.2% in 2004; Jankowski 2007) than observed in this
study (2.6% in 2004). The difference in two studies was that
Jankowski (2007) did not use the base year and since for the
bulls the pedigrees were on general deeper this could have
included excessive information leading to overestimation of
the inbreeding level.

Comparison of polish population with other countries

The inbreeding level estimated for 2015 would place Polish
population in the penultimate position in the international
comparison of WHFF, between Holstein-Friesian populations
from Israel (~2.5% in year 2013; Fedderson et al. 2016) and
Belgium (~3.5% in year 2015; Fedderson et al. 2016). Also,
the average rate of increase in inbreeding over time in Polish
population is low—0.10% (Fig. 9). Populations in five coun-
tries, such as the Netherlands (0.07%) or Japan (0.09%), have

Fig. 8 Inbreeding trend in Polish 4
Holstein-Friesian population pre-
sented for bulls and cows

separately 3

N
n

Inbreeding (%)
[y
N

0.5

reported lower increase of inbreeding, but in nine countries,
the average increase in inbreeding was higher, e.g., USA
(0.17%) or Canada (0.21%). Despite a more rapid increase
in 2000s, the values obtained for Polish population indicate
very low increase of inbreeding over the past decades, which
is expected to be below 1% per generation (Falconer and
Mackay 1996; Lynch and Walsh 1998).

The reason for these low values could be firstly the fact that
Polish population is still importing nearly half of used semen
and high number of animals from other countries. This means
that foreign genetic material is constantly added to the Polish
Holstein-Friesian population. Naturally, those animals or se-
men are not outcrossed in comparison to Polish cattle, as the
globalization of Holstein-Friesian cattle is progressing, but
have other pedigree lines than local population, which affects
the estimation of inbreeding level. Secondly, quite low esti-
mates for Polish population are directly linked with pedigree
structure, depth, and low completeness that are most probably
causing underestimation of the inbreeding level. Even use of
the method allowing for accounting for missing parental
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information cannot recover it fully. Nonetheless, the rate of
increase in inbreeding over time remains the same despite the
applied method (VanRaden vs. classical approach).

Another step that has to be taken into consideration in
inbreeding level control of Polish Holstein-Friesian popula-
tion is the estimation of genomic inbreeding (Wiggans et al.
1995; VanRaden et al. 2011). Such analyses are performed in
USA on regular bases since 2009 by Council of Dairy Cattle
Breeding (www.uscdbc.com) and indicate far higher levels of
genomic (~10.2%; www.uscdcb.com 2016) than pedigree-
based inbreeding (~7.7%; www.uscdcb.com 2016). To
implement genomic evaluation of inbreeding level in Polish
population, the sufficient number of genotypes in necessary.
As the number of genotyped Holstein-Friesian cattle in Poland
is low, it is crucial to collaborate with organizations such as
EuroGenomics to allow implementing the new methodology
together with other countries, which should be the next step in
inbreeding control.

Conclusions

This study aimed to estimate observed and future inbreeding
levels in Polish Holstein-Friesian population. This was re-
quired to enable the control of rate of increase in inbreeding
over time. The obtained values indicated that the inbreeding in
Polish population is on a quite low level and that its increase
over the past decades remains within the value recommended
by WHEFE. However, the values might be underestimated due
to low level of pedigree completeness. The estimates of future
inbreeding suggested that the level of observed inbreeding
could be even lower and also increase over time slower, which
indicates the need to monitor rate of increase in inbreeding
over time. The most important aspect of the presented results
is the necessity to advise individual farmers to keep precise
recordings of the matings on their farm in order to improve the
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pedigree completeness of Polish Holstein-Friesian and to use
suitable mating programs to avoid too rapid growth of in-
breeding. For the future, an application of genomic data to
estimate genome-based inbreeding coefficient seems to be
the best option to avoid issues with pedigree quality.
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