
Introduction

During the last twenty-five years, maintaining ge-
netic variability in dairy cattle populations has be-
come a matter of growing importance, because of
the increasing effectiveness of breeding pro-
grammes, which, through the use of artificial in-
semination (AI) and more recently also MOET,
are producing improvement of dairy breeds world-
wide, mainly Holsteins. The process of global
holsteinization and the intensive use of a small
number of genetically superior sires, and to some
extent also dams, has increased the danger of in-
breeding depression.

Inbreeding depression is a problem in North
America, where, according to Young and Seykora
(1996) and Van Doormaal (1999), average in-
breeding in the Holstein-Friesian (HF) cattle pop-
ulation has increased from 4.5% to 5% in the last
two decades. Van Doormaal (1999) estimated that
a 1% increase of inbreeding causes the loss of
25 kg milk, 0.9 kg fat and 0.8 kg protein yield, and
negatively affects cow fertility. North American
HF cattle have been used extensively for crossing
with Polish Black-and-White (BW) cattle
(Filistowicz et al. 1993a-c; ¯arnecki et al. 1993;

Jagusiak, ¯arnecki 1994; Strabel 2001), and dur-
ing the last 20 years there has been a rapid increase
in the proportion of North American Holstein
genes in the Polish BW cattle population. Al-
though such crossing should decrease the level of
inbreeding, inbreeding depression is now becom-
ing possible in Poland (Strabel 2001).

This study applied the tabular method in the re-

cursive algorithm described by Tier (1990).

Usually, the required amount of computer mem-

ory to calculate the relationship matrix (A) is pro-

portional to the square of the number of animals in

the pedigrees. Because A is symmetric, it will be

necessary to store only the upper (or lower) trian-

gle. The population size is still a strongly limiting

factor in calculating the A matrix, because for

a very large population that matrix would not fit in

the memory. The main modification of the tabular

method presented by Tier (1990) is to store in

the memory only the diagonal elements (the in-

breeding coefficients) of the A matrix.

The non-zero relationship coefficients are stored

separately. Tier’s method allows inbreeding coef-

ficients to be calculated for very large populations,

but its drawback is relatively long computing time.
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The purpose of the study was to investigate
the degree of relationship and the level of inbreed-
ing in the Polish BW sire population resulting
from the process of crossing with HF cattle.

Material and methods

Data were pedigrees of 25 036 BW, HF and cross-
bred (BW × HF) sires born from 1960 through
2000, and their 38 228 ancestors, altogether
63 264 animals. The two subsets of data, i.e., pedi-
grees of 11 447 proven and 13 589 unproven sires,
were analysed. The three-generation pedigrees of
HF and crossbred sires were complete on the sire

side and almost complete (98%) on the dam side.
The data from the Canadian Dairy Network pedi-
gree data base were used to complete the pedigrees
of imported HF and crossbred sires. The pedigrees
of BW sires were more incomplete because of
the missing data on the dam side and also missing
birth dates of cows. The original three-generation
pedigrees were merged with three generations of

ancestors, resulting in six-generation pedigrees.
Afterwards, inbreeding (F) and relationship (R)
coefficients for those six-generation pedigrees
were calculated. The completeness of the sires’
pedigree file and the pedigrees of individuals,
traced back to the sixth generation of ancestors,
are presented in Tables 1 and 2. In Table 1
the numbers are given of all possible and recorded
animal ID’s (i.e., individual identification num-
bers of the animals) in each generation. For the in-
dividual pedigree, the maximum number of all
possible ancestors, all recorded ancestors and an-
cestors with different ID’s, as well as means for
the last two statistics, are presented in Table 2. To
evaluate the time trend in the magnitude of in-
breeding, the sire subsets were divided into 5-year
intervals by year of birth, as in Robertson and
Asker (1951). Intervals approximated the length
of the generation interval.

Results

The estimates of average inbreeding and relation-

ship coefficients for the population and for

the subsets of proven and unproven sires are pre-

sented in Tables 3 and 4. In the subset of proven
sires, 1379 inbred sires (12.05% of all sires) were
found, with an average inbreeding coefficient of
2.5%. In this subset, the highest value of the in-
breeding coefficient for an individual sire was
25% (Table 3). Among the unproven sires, there
were 2010 inbred sires (14.79% of all sires), with
about an 2% average inbreeding coefficient.
In this subset, the highest value of the inbreeding
coefficient for an individual sire was 27.3% (Ta-
ble 3). The highest average relationship coeffi-
cient (0.68%) was estimated in proven sires. When
only related pairs were considered, the highest R
(2.66%) was found in unproven sires (Table 4).

The average inbreeding coefficients and
the number of inbred sires after dividing the sire
subsets into 5-year intervals by birth year are
given in Tables 5 and 6. The 94 proven sires born
before 1976 were generally not inbred, except
two: one BW sire (F = 12.5%) and one HF sire
(F = 25%). A positive time trend in inbreeding co-
efficients was observed when the sire subset was
divided into 5-year intervals according to the year
of birth of sires. The estimates of average inbreed-
ing coefficients for proven sires were low (below
0.5%). The mean F values increased from 0.15%
in the late 1970s to about 0.5% in the early 1990s.
The highest proportion of inbred sires in this sub-
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Table 1. Completeness of the sires’ pedigree file,
counting from parents of sire (1) to the 6th generation
of ancestors (6)

No.
of gener-

ation

Number of animal ID’s found in pedigrees

All possible Recorded % recorded

1 50072 50067 99.99

2 100144 97945 97.80

3 200288 125682 62.75

4 400576 127394 31.80

5 801152 90734 11.33

6 1602304 46066 2.87

Table 2. Completeness of individual sire pedigree,
counting from parents of sire (1) to the 6th generation of
ancestors (6)

No. of
gener-
ation

Number of animal ID’s found in an individual pedigree

Maximum Mean

all pos-
sible recorded different

ID’s
re-

corded
different

ID’s %

1 2 2 2 1.999 1.999 99.99

2 4 4 4 3.912 3.909 97.72

3 8 8 8 5.020 4.990 62.38

4 16 16 16 5.090 4.982 31.13

5 32 28 24 3.624 3.436 10.74

6 64 30 24 1.840 1.685 2.63



set (25.31%) also occurred in the early 1990s.
The proportion of the inbred sires did not exceed
5% in the late 1970s and early 1980s, but in
the later intervals (1986-1990 and 1991-1995)
grew rapidly (Table 5). The 179 unproven sires
born before 1971 were generally not inbred, ex-
cept two, which both had F = 12.5%. A positive
time trend in inbreeding coefficients was also ob-
served when the unproven sire subset was divided
into 5-year intervals according to the year of birth
of sires. The estimates of average inbreeding coef-

ficients for unproven sires were below 1% (Ta-
ble 6). The mean F values increased from 0.078%
in the late 1970s to over 0.7% in the late 1990s.
The percentages of inbred sires in 1991-1995 and
1996-2000 grew rapidly (Table 6). The highest
proportion of inbred unproven sires (51.1%) oc-
curred in the late 1990s. However, the average F
for inbred sires in this subset decreased (Table 6).

The average inbreeding coefficients of sires af-
ter classifying the proven and unproven sires ac-
cording to the HF gene contribution are given in
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Table 3. Average inbreeding coefficients (F) for subsets of proven and unproven sires

All animals Inbred animals

N F
[%]

Range
[%] N F

[%]
Range

[%]

Proven sires 11 447 0.30 0–25.0 1379 2.48 0.05–25.0

Unproven sires 13 589 0.28 0–27.3 2010 1.92 0.05–27.3

Table 4. Average relationship coefficients (R) for subsets of proven and unproven sires

N

All animals Related animals

No. of pairs R
[%] No. of pairs R

[%]

Proven sires 11 447 65 511 181 0.68 17 431 941 2.56

Unproven sires 13 589 92 323 666 0.45 15 575 031 2.66

Table 5. Average inbreeding coefficients (F) and proportion of inbred sires
in the subset of proven sires by 5-year intervals according to year of birth

Year of birth
No. of sires Percent Average F [%] Range

[%]All Inbred Inbred All Inbred

1976–1980 816 18 2.20 0.147 6.684 0–25.0

1981–1985 2693 88 3.27 0.144 4.403 0–12.5

1986–1990 4250 364 8.56 0.259 3.023 0–25.0

1991–1995 3583 907 25.31 0.496 1.959 0–25.0

Table 6. Average inbreeding coefficients (F) and proportion of inbred sires
in the subset of unproven sires by 5-year intervals according to year of birth

Year of birth
No. of sires Percent

inbred

Average F [%] Range
[%]All Inbred All Inbred

1971–1975 1092 25 2.29 0.260 11.375 0–25.0

1976–1980 3188 29 0.91 0.078 8.621 0–25.0

1981–1985 3496 58 1.66 0.105 6.354 0–25.0

1986–1990 1183 81 6.85 0.212 3.096 0–12.5

1991–1995 1915 519 27.10 0.438 1.618 0–27.3

1996–2000 2536 1296 51.10 0.725 1.419 0–12.7



Table 7. Average inbreeding coefficients (F) for proven sires by HF gene contribution

HF gene
contribution [%]

No.of sires Average F
[%] Range [%]

All Inbred All Inbred

BW 0 2506 78 0.171 5.484 0–25.00

0.01¯12.50 55 3 0.092 1.693 0–3.125

12.51¯25.00 255 3 0.018 1.563 0–1.563

25.01¯37.50 856 19 0.037 1.670 0–3.125

BW × HF 37.51¯50.00 200 10 0.096 1.914 0–6.250

50.01¯62.50 1404 16 0.018 1.617 0–12.50

62.51¯75.00 426 59 0.211 1.524 0–9.375

75.01¯87.50 1345 218 0.266 1.643 0–9.375

87.51¯99.99 2130 514 0.515 2.133 0–25.00

HF 100 2270 459 0.601 2.971 0–25.00

Total 11 447 1379

Table 8. Average inbreeding coefficients (F) for unproven sires by HF gene contribution

HF gene

contribution [%]

No. of sires
Average F

[%] Range [%]

All Inbred All Inbred

BW 0 6222 93 0.121 8.120 0 – 25.0

0.01¯12.50 33 5 0.260 1.720 0 – 3.13

12.51¯25.00 168 6 0.084 2.344 0 – 3.91

25.01¯37.50 818 20 0.042 1.724 0 – 6.25

BW × HF 37.51¯50.00 169 14 0.269 3.251 0 – 6.25

50.01¯62.50 1185 32 0.048 1.784 0 – 12.5

62.51¯75.00 368 73 0.216 1.090 0 – 4.69

75.01¯87.50 1026 315 0.473 1.542 0 – 25.0

87.51¯99.99 2204 1007 0.671 1.469 0 – 27.3

HF 100 1396 445 0.643 2.016 0 – 25.0

Total 13 589 2010

Table 9. Average inbreeding coefficients (F) [%], with range (in parentheses) for proven and unproven sires with
more than 50% HF gene contribution, born in 1991-95 and 1996-2000

HF gene contribu-
tion
[%]

Proven sires Unproven sires

1991-1995 1991-1995 1996-2000

50–62.5
No 202 169 33

F 0.020 (0–1.17) 0.146 (0–3.13) 0.181 (0–3.13)

62.5–75
No 180 154 117

F 0.229 (0–7.81) 0.150 (0–4.69) 0.318 (0–3.13)

75–87.5
No 578 391 380

F 0.305 (0–6.25) 0.400 (0–7.81) 0.601 (0–6.25)

87.5–100
No 1382 649 1357

F 0.580 (0–12.89) 0.691 (0–27.34) 0.735 (0–12.70)

100
No 954 268 632

F 0.732 (0–15.63) 0.593 (0–12.5) 0.896 (0–12.50)



Tables 7 and 8. A positive trend in inbreeding co-
efficients was observed when the sire subsets were
divided by the percentage of HF genes.
The proven sires with over 87.5% HF gene per-
centage and the unproven sires with more than
75% HF genes had the highest average inbreeding
coefficients, about 0.5% and 0.7%, respectively
(Tables 7 and 8). In the BW sire group and in
the groups with a high HF gene contribution,
the highest individual F values occured, 25% in
proven sires and 27.3% in unproven sires (Ta-
bles 7 and 8). In the subset of proven sires, 71% in-
bred sires had more than 87.5% HF genes,
whereas among the unproven sires there were
87.9% inbred sires with more than 75% HF genes
(Tables 7 and 8).

The average inbreeding coefficients of proven
and unproven sires with more than 50% HF genes,
born in 1991-1995, are given in Table 9. The mean
F values of young unproven sires with the same
HF gene contribution, born 1996-2000, are also
presented in Table 9. In the early 1990s, mean F
values in both proven and unproven sires in-
creased with an increasing HF gene percentage.
The young sires born in the late 1990s also showed
the same positive trend in average F, but the values
were higher than for proven sires (Table 9).

Discussion

The average inbreeding coefficients were highest
in the BW sires (0% HF group) and HF sires
(100% HF gene contribution). In the crossbred
(BW × HF) sires, the average inbreeding coeffi-
cients increased with the HF gene percentage, per-
haps because recently imported HF sires are
related to those imported earlier. However, the av-
erage F for the rising number of inbred sires (late
1980s and early 1990s) in the proven sires subset
decreased over the years because of the initiation
of the holsteinization process in Poland. Similar or
slightly higher results, i.e., average F ranging from
0.4% to 0.7%, were obtained by Roughsedge et al.
(1999) in the British population of BW cattle, and
by Te Braake et al. (1994) in the Dutch BW popu-
lation (mean inbreeding coefficients from 0.7% to
1%). Both these populations have been subject to
the process of crossing with HF cattle and have un-
dergone similar introgression of North American
Holstein genes. Jagusiak and ¯arnecki (1994) esti-
mated inbreeding coefficients in Polish BW and
HF sires born in the years 1980-1985. They de-
tected only 10 inbred animals, probably because

they used shorter pedigrees (2 generations).
For inbred sires they obtained higher average in-
breeding coefficients than in this paper, but
the range of coefficients was similar. In studies on
the U.S. HF cattle population, Young et al. (1988),
Short et al. (1992), VanRaden (1992), Wiggans et
al. (1995) and Young, Seykora (1996) got much
higher average inbreeding and relationship coeffi-
cients than those obtained here.

The mean inbreeding coefficients for the Cana-
dian HF cattle population calculated by Miglior,
Burnside (1995) and by Van Doormaal (1999,
2000) are also higher than in this study and similar
to the values reported in the U.S. studies. The aver-

age F estimated by Boichard et al. (1996) in

French Holstein AI sires was close to or even

somewhat lower than the results obtained in this
study. The mean inbreeding coefficient for inbred
bulls was higher, as was the percentage of inbred
animals in the French HF cattle population, but
the maximum value of F was higher in this study
than in the cited paper. Most French cattle breeds
(except Pie Rouge des Plaines) have shown higher
percentages of inbred animals than in the results
obtained here, perhaps because of more complete
pedigree information (Boichard et al. 1996).
The same or slightly higher values of mean rela-
tionship coefficients than in this paper were ob-
tained by Roughsedge et al. (1999) in British BW
cattle and by Jagusiak ¯arnecki (1994) in Polish
BW sires, probably because they used 2-gener-
ation pedigrees.

The inbreeding and relationship coefficients
estimated in this study were low because of
the amount of missing information in the Polish
BW sires’ pedigrees. For example, sometimes
the I.D. number of the cow and frequently the birth
date on the dam-side of the pedigree were missing.
Incomplete pedigrees may cause reduction in in-
breeding and relationship coefficients, as shown
by VanRaden (1992) and Lutaaya et al. (1999).
In the method of accounting for inbreeding of un-
known parents proposed by VanRaden (1992), it is
assumed that inbreeding coefficients of unknown
parents are equal to the mean inbreeding of known
parents from the same time. VanRaden’s method
was not applied in this study since the missing
birth dates on the dam-side were hard to estimate
with satisfying precision. That may have caused
underestimation of inbreeding coefficients, which
are low in this study.

Lutaaya et al. (1999) determined average F for
animals with different fractions of missing pedi-
gree data. Cassell et al. (2003) developed a method
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to calculate the percentage of missing information
in the animal pedigree. Since Cassell’s approach
is useful for editing data before estimating the in-
dividual inbreeding coefficient and the effect of
inbreeding on various traits, it has not been ap-
plied because in this study a different method was
used to correct the animals’ pedigrees and to cal-
culate F.

The introduction of HF genes to the Polish BW
cattle population may have been one of the reasons
for lowering both the average inbreeding coeffi-
cient and the average degree of relationship, and
a decrease in inbreeding coefficients was actually
seen only for inbred sires during the late 1980s and
early 1990s. Generally, the low inbreeding and re-
lationship coefficients may also be the result of us-
ing large numbers of HF sires in the last two
decades. However, in the last two decades average
F increased both in proven and in unproven sires,
especially in those with high (over 75%) HF gene
contribution.

Average relationship and inbreeding coeffi-
cients reported by the cited authors ranged from
slightly above 0% to about 10%, and from 0% to
5%, respectively. Inbreeding coefficients of indi-
vidual animals sometimes exceeded 30%. Other
studies have indicated that a mean inbreeding co-
efficient of about 5% or a mean relationship coef-
ficient of about 10% suggest the danger of
inbreeding depression, e.g. in purebred Holsteins
(Short et al. 1992; Wiggans et al. 1995; Young,
Seykora 1996; Miglior, Burnside 1995; Van
Doormaal 1999 and 2000). Inbreeding and rela-
tionship coefficients obtained here are much
lower, which indicates that at present inbreeding
depression seems not to be a problem in the Polish
population of BW cattle. However, inbreeding de-
pression was not examined in this study.
On the other hand, given the introgression of
North American Holsteins across most of Europe,
the inbreeding coefficient will increase inevitably
as a result of the importation of related HF sires
and cows, and may also increase due to the use of
related crossbred (BW × HF) bull sires and bull
dams. Because the HF gene contribution to
the crossbred BW cattle population is increasing,
more attention should be paid to avoiding mating
of related bull sires and bull dams.

Conclusions

The increased inbreeding coefficients for
the crossbred proven and unproven sires with
a high HF gene contribution could be the result of

using related imported bull sires in the last two
decades. Because of the increasing HF gene con-
tribution to the Polish BW cattle population, and
considering the probability of inbreeding in future
progeny, pedigrees should be examined carefully
to avoid mating related bull sires to bull dams.
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