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Pedigree data from national breeding value evaluations were used in calculation of the coefficient and rate
of inbreeding, average coefficient and rate of relationship and generation intervals for the Finnish Ayrshire
and Holstein-Friesian dairy cattle populations. The data had 1,366,555 Ayrshire and 377,869 Holstein-Frie-
sian animals. The mean coefficient of inbreeding for Ayrshire and Holstein-Friesian animals born in the
1990s was 2.29% and 0.90%, respectively, and the trend was towards higher inbreeding values. The aver-
age coefficient of relationship, mean increase in inbreeding and generation interval was calculated for bulls
born between 1976 and 1999, and for cows born between 1986 and 1999. The mean coefficient of relation-
ship of Ayrshire bulls increased 2.22 %-units per generation and inbreeding increased 0.20 %-units per
generation during the years studied. The mean coefficient of relationship of Finnish Holstein-Friesian bulls
increased 0.96 %-units per generation and inbreeding 0.17 %-units per generation. The mean coefficient of
relationship and inbreeding of Ayrshire cows increased 0.38 %-units and 0.31 %-units per generation, re-
spectively. For Holstein-Friesian cows the mean coefficient of relationship and inbreeding increased 0.25
9o-units and 0.11 %-units per generation, respectively. Results show that inbreeding is low and it is increas-
ing slowly in both breeds. However, especially the coefficients of relationship of Ayrshire bulls are high in
some age classes and this may lead into faster increase in coefficients of inbreeding.
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Introductlon f.ew Cognt.rles , but they are world wide blg.faml-
lies. This is no doubt advantageous for genetic and
economic improvement, but it can also have nega-

Dairy cattle breeding uses resources globally. The tive side effects. Impact of top bulls has become
best bulls are used and embryos can be bought all enormous and hence animals are becoming ever
over the world. Breeds are not limited to one or a more closely related. Development is also acceler-
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ated by common selection based on the best linear
unbiased prediction (BLUP) method which fa-
vours use of relatives. Thus inbreeding inevitably
increases and effective population sizes decreases’.
It is estimated that the effective population sizes
(N,) of US Holstein and Ayrshire populations are
39 and 161 animals, respectively (Weigel 2000).
Estimates of inbreeding in European and North-
American dairy cattle populations indicate that the
rate of inbreeding is indeed increasing (Casanova
et al. 1992, Wiggans et al. 1995, Woolliams and
Mintysaari 1995, Thompson et al. 2000a, b).

Small effective population size means that only
few animals will genetically contribute to future
generations. Eventually this leads into loss of ge-
netic variation and biodiversity. On the other hand,
inbreeding has economic value because it leads
into inbreeding depression, which is usually ob-
served in reproductive (Hermas et al. 1987) and
survival traits (Thompson et al. 2000a, b) but also
in milk production traits (Smith et al. 1998).

The Finnish Ayrshire population was originally
developed from 1562 Ayrshire animals from Scot-
land and 303 from Sweden (Simonen 1950). Since
then, first bulls and later semen has been imported
from Norway, Canada and the USA. The co-opera-
tion with other Nordic countries, especially with
Sweden and Norway, has traditionally been very
close in Ayrshire breeding. During the last few
years the breeding organisations have intensified
their co-operation even more. Nowadays Al bulls
in Finland, Sweden and Denmark get their first
breeding values while still alive which enables the
Nordic countries to use the best Al bulls more ef-
ficiently. Thus in the future, there will be single
combined Ayrshire population in the Nordic coun-
tries.

The first Finnish Black and White animals
were Friesians imported from Sweden and Den-
mark in the 1960s (Lonka and Myllyld 1988). At
the same time semen from Swedish Friesian bulls
was used to introduce Friesian blood into Finncat-
tle and into some Ayrshire herds by continuous
crossbreeding. The Finnish Black and White cattle
are nowadays called Finnish Holstein-Friesian cat-
tle because most of the imported semen after the
late 1970s has been Holstein from North American

339

origin. In the last few years Finland has imported
Holstein semen from France and the Netherlands
as well. Thus the Finnish Black and White cattle
are nowadays more and more part of the interna-
tional Holstein breed.

Finland tests about 130 Ayrshire and 55 Hol-
stein-Friesian bulls annually (FABA 2004). The
number of test bull doses is about 1400 which are
used in milk recorded herds. About 40% of insem-
inations in Ayrshire and Holstein-Friesian cattle
populations are performed with young sire semen
to guarantee progeny testing of large number of
dairy bulls with sufficient accuracy. Some 50% of
cows are inseminated with best proven bulls.
About 75% of Ayrshire and Holstein-Friesian cows
are included in milk recording system (FABA
2004).

The level and rate of inbreeding in the popula-
tion have to be monitored at times. In Finland this
has been done for the sixties by Lindstrom and
Maijala (1971) and for the eighties by Woolliams
and Mintysaari (1995). In the 1990s the breeding
program and breeding objectives slightly changed,
the Ayrshire nucleus herd started and international
trade increased. Thus it is time to update the coef-
ficients of inbreeding and relationships in order to
know their current level after these changes.

Purpose of this study was to calculate the cur-
rent coefficient and rate of inbreeding, the coeffi-
cient of relationship and generation interval in the
Finnish Ayrshire and Holstein-Friesian popula-
tions.

Material and methods

The data were all the available pedigree informa-
tion of the animals that are included in the breeding
value evaluation in Finland. These include all milk
recorded cows that have calved since 1988 and
their sires and dams when known. In evaluation
data the dams of the cows in production are used
(Table 1), but after first parental generation only
pedigrees of the sires are traced. For this study the
sire pedigrees were traced as far back as possible.
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Table 1. Number of bulls and cows according to the year of birth and the number of their unknown sires and dams.

Year of birth

Unknown 1950s 1960s 1970s  1980-1985 1986-1989 1990s
Ayrshire
Bulls 3 292 1,391 2,577 1,637 978 2,302
Sire unknown 193 96 9 6 3 7
Dam unknown 159 624 156 22 15 24
Cows 2,833 298 11,140 136,051 192,174 277,178 705,640
Sire unknown 2,563 227 3,889 9,868 2,333 3,048 2,267
Dam unknown 1,413 281 10,525 52,333 17,585 17,115 29,439
Holstein-Friesian
Bulls 7 23 139 522 394 288 947
Sire unknown 19 33 16 2 2 2
Dam unknown 6 21 102 96 31 13 34
Cows 534 3 545 22,710 43,944 68,301 219,282
Sire unknown 432 2 109 1,457 1,309 1,878 2,531
Dam unknown 412 3 521 9,813 7,127 6,928 14,490

The oldest bulls were recorded to be born in 1930s.
However, birth year of most of the early animals
was unknown. For the 705,640 Ayrshire cows
born in 1990s only 29,439 had unknown dam and
2,267 had unknown sire. The cows with missing
dam information were from herds joining the milk
recording during 1990s. The data had 1,366,555
Ayrshire bulls and cows and 377,869 Holstein-
Friesian bulls and cows.

The pedigree was checked for errors before the
coefficients of inbreeding were calculated. There
were few animals whose parent information was
incorrect e.g. same animal was both sire and dam,
and in these cases other parent was set to unknown.
There were also few cycles in the pedigree. Cycles
were opened by setting one animal’s other parent
unknown at the end of the cycle. Thus the animal
which caused the cycle is no longer ancestor to it-
self.

The generation interval was calculated for four
different pathways: bulls to breed bulls, bulls to
breed cows, cows to breed bulls, and cows to breed
cows. The generation intervals were averaged over
different years and pathways. The year was the
year of birth of the offspring, i.e. the average age
of parents when their progeny was born.

The coefficient of inbreeding was calculated
with the algorithm presented by Meuwissen and
Luo (1992). In order to calculate the relationship
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between two animals, an imaginary offspring was
created for them and the relationship between par-
ents was calculated as twice the coefficient of in-
breeding of this offspring. Average relationship
was calculated within age classes of bulls and
cows. For Ayrshire cows the calculation of average
coefficient of relationship used a random sample
of 24,000 cows each year due to computational
reasons. Rate of inbreeding (AF) was calculated by
AF = (F,, - F.) / (1 = F,.,) (Falconer and
Mackay 1996) and averaged by year periods. Cor-
responded formula was used for rate of relation-
ship (AR). The coefficient of inbreeding was cal-
culated for every animal in the pedigree but only
animals with known year of birth were included
for the calculation of rates and averages of inbreed-
ing and relationship.

Results

Generation interval

The generation intervals for four different path-
ways are presented in Figure 1. In the 1990s the
mean L of pathway bulls to breed bulls was 7.9
years for Ayrshire and 8.1 years for Holstein-Frie-
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Fig. 1. Average generation inter-
vals (L) of Ayrshire (open marks)
and Holstein-Friesian  (black
marks) for four different path-
ways: bulls to breed bulls (H),
bulls to breed cows (@), cows

7677 78 79 80 81 82 83 84 8 8 87 88 8§ 90
Year of birth

sian. It took on average 5.5 years for Ayrshire bulls
and 6.1 years for Holstein-Friesian bulls to breed
cows. For cows to breed bulls- pathway L was 4.5
years for Ayrshire and 4.1 years for Holstein-Frie-
sian and for cows to breed cows- pathway L was
3.6 years for Ayrshire and 3.6 years for Holstein-
Friesian. The trend in 1990s has been towards
younger bull sires, whilst the age of dams of either
bulls or cows has not changed notably (Fig. 1).
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to breed bulls (A) and cows to
breed cows (@).
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Average coefficient and rate of
relationship

The average coefficient of relationship of Ayrshire
bulls increased quite rapidly until 1985, after which
there was considerable year to year variation, es-
pecially at the end of the 1990s (Fig. 2). Increase
in rate of coefficient of relationship (AR) per year

Fig. 2. Average coefficient of re-
lationship (R%) (M) and inbreed-
ing (F%) of Ayrshire (solid line)
and Holstein-Friesian (broken

76 77 78 719 80 81 82 83 84 85 86 87 88 89 90 91
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line) bulls born 1976-1999.
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Table 2. Rate of increase (%-units) in relationship (AR) and inbreeding (AF) per year and per generation
of Ayrshire (Ay) and Holstein-Friesian (Ho-Fr) bulls in different years.

Period AR/year AF/year
Ay Ho-Fr Ay Ho-Fr

1976-1979 0.71 0.71 0.10 0.05
1980-1984 0.34 0.20 0.14 0.00
1985-1989 0.14 0.02 0.11 0.04
1990-1994 0.04 0.06 -0.01 0.00
1995-1999 0.49 0.32 -0.19 0.00
1976-1999 0.31 0.14 0.03 0.02
AR/generation AF/generation

1976-1999 222 0.96 0.20 0.17

was not very fast in the five year periods during
the years studied (Table 2). However, the increase
per generation between the years 1976 and 1999
was over 2 %-units (Table 2). For Holstein-Frie-
sian bulls average coefficient of relationship var-
ied considerably between age classes, but the in-
crease was very slow especially in the 1980s and
beginning of the 1990s (Fig. 2, Table 2). Rate of
increase in relationship per generation was almost
1 %-units between years 1976 and 1999 (Table 2).

For cows the increase in relationship was very
slow during the years studied and it was apparently
ceasing at the end of the 1990s (Fig. 3). For Hol-
stein-Friesian cows average coefficient of relation-
ship actually slightly decreased in the end of the

R%, F%

1990s (Table 3). For cows in both breeds the in-
crease in relationship per year and per generation
was very slow from year 1986 to 1999 (Table 3).

Inbreeding

The estimated average inbreeding for the Ayrshire
animals born in the 1990s was 2.29%. The trend
in the 1990s has been towards higher inbreeding
values (Fig. 4). In 1990 over 40% of Ayrshire ani-
mals had inbreeding values higher than 2% and
in 1999 almost 60% of Ayrshire's had inbreeding
values higher than 2%. The share of non-inbred
animals, i.e., animals that have inbreeding value

Fig. 3. Average coefficient of re-
lationship (R%) (M) and mean in- !
breeding (F%) of Ayrshire (solid

line) and Holstein-Friesian (bro-
ken line) cows born 1986-1999.

Year of birth
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of Ayrshire (Ay) and Holstein-Friesian (Ho-Fr) cows in different years.

Period AR/year AF/year
Ay Ho-Fr Ay Ho-Fr
1986-1989 0.11 0.09 0.13 0.04
1990-1994 0.12 0.10 0.07 0.05
1995-1999 0.01 -0.03 0.01 0.02
1986-1999 0.08 0.05 0.07 0.02
AR/generation AF/generation
1986-1999 0.38 0.25 0.31 0.11
Ayrshire
*100%
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0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
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Fig. 4. Distribution of inbreeding 04y || | -
values in the 1990s for Ayrshire 034 — ] | || -
and Holstein-Friesian. The col- | |
ours from down to top: first: F = ]
0%, second: 0 % < F < 1%, third: 0.14
1% < F = 2%, fourth: 2% < F < 00 ‘
3%, fifth: 3% < F < 4%, sixth: 4% %0 o 2 % o4 o % o %8 »

<F =< 5%, seventh: F > 5%.

Year of birth
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zero, stayed almost the same through the 1990s.
Likewise the share of inbreeding values higher
than 5% stayed the same. The share of inbreeding
values from 2% to 4% has increased most notably
during the 1990s (Fig. 4).

The estimated average inbreeding for the Hol-
stein-Friesian animals born in the 1990s was
0.90%. For Holstein-Friesian the trend in 1990s
has been towards inbred animals whilst the share
of higher inbreeding values has stayed nearly the
same (Fig. 4). The share of non-inbred animals has
decreased from over 40% in 1990 to less than 30%
in 1999 (Fig. 4).

Rate of inbreeding

Mean coefficient of inbreeding of Ayrshire bulls
increased quite slowly until the beginning of the
1990s and during the last decade was slightly de-
creasing (Fig. 2). Mean inbreeding of Ayrshire bulls
increased 0.20 %-units per generation and for Hol-
stein-Friesian bulls the increase was 0.17 %-units
per generation (Table 2). For Holstein-Friesian
bulls mean inbreeding coefficient increased very
slowly during the years studied and in the 1990s it
remained at the same level (Fig. 2, Table 2).

For Ayrshire and Holstein-Friesian cows the
increase in mean coefficient of inbreeding has been
slow and steady (Fig. 3, Table 3). The increase
ceased at the end of 1990s and inbreeding stayed at
the same level for both breeds (Fig. 3). For Ayr-
shire cows mean coefficient of inbreeding by year
and by generation was greater than for the Ayrshire
bulls.

Discussion

Generation intervals for Ayrshire were shorter than
the previous estimates (Lindstrom 1969, 1978,
Woolliams and Mintysaari 1995). In 1989 bull
dams were on average 6.30 years old (Woolliams
and Mintysaari 1995) but in 1999 bull dams were
nearly two years younger. Differences in genera-
tion interval between breeds were small. Genera-
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tion intervals stayed at the same level during the
1990s in all pathways except for the pathway of
bulls to breed bulls. It seems that nowadays bull
is considered as a candidate for bull sire as soon
as accuracy of its breeding value is high enough
for all traits. Especially Ayrshire bulls are rela-
tively young when their female progeny are born,
but it has to be kept in mind that one fourth of all
replacement heifers are daughters of test sires. It
is possible, however, that in the future the gen-
eration interval becomes longer in bulls to breed
cows pathway for Ayrshire because Al bulls are
kept alive and they can produce semen for many
years. Holstein-Friesian bulls used in breeding
are somewhat older than Ayrshire bulls. This may
be due to the continuous importation of Holstein
breed that has lead to slightly higher proportion of
use at proven sires.

There have been few previous studies on in-
breeding and relationship coefficients in Finnish
Ayrshire but none in Finnish Holstein-Friesian.
Lindstrom and Maijala (1971) estimated that the
additive genetic relationship increased from 1915
to 1965 at a rate of 0.11 %-units per year and in-
breeding at a rate of 0.05 %-units per year. Mean
inbreeding coefficient of Al sires born in 1981 was
0.79% (Mintysaari and Strandén 1991) and in this
study it was approximately same in 1981 and the
coefficients of inbreeding have stayed low during
the years studied. Woolliams and Mintysaari
(1995) estimated the increase in inbreeding of
bulls by regression from 1974 to 1988, showing a
trend of 0.18 %-units annually and an increase in
the average coefficient of additive genetic relation-
ship of bulls 0.30% annually. In this study the in-
crease of average coefficient of relationship per
year of Ayrshire bulls born during 1995 to 1999
was 0.49 %-units per year. There may be several
reasons for the increase of coefficient of relation-
ship. One reason for the higher coefficients of rela-
tionships is that the pedigree used in this study was
more complete and all the available pedigree in-
formation was used when the coefficients were
calculated. However, the changes in breeding pro-
gram and objective haven’t considerably affected
the coefficient of relationship which has increased
during the years studied.
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Although increase in mean coefficient of rela-
tionship per year was relatively slow in our study,
average coefficient of relationship between age
classes varied a lot and in a few age classes it was
very high. Finland has imported semen of Ayrshire
Al bulls mainly from Sweden but also from Nor-
way, USA and Canada, and most of these imported
bulls have been used as bull sires. Importation of
bulls clearly decreased average coefficient of rela-
tionship in 1987 and 1988 when almost 30% of Al
bulls were progeny of imported bulls and the
steady increase of average coefficient of relation-
ship stopped. The share of imported bulls’ progeny
has been smaller after this during the 1990s and
their effect on average coefficient of relationship
has diminished especially in the end of 1990s.
During 1990s most of the imported bulls have been
from Sweden and many have ancestors in the Finn-
ish Ayrshire population. Thus, importation can no
longer significantly decrease average coefficient
of relationship. Because the majority of bull sires
are Finnish bulls, average coefficient of relation-
ship remains considerably high. It is possible that
in the future average coefficient of relationship
will continue to rise because the best Al-bulls are
kept alive and they can produce semen continu-
ously for many years.

Average coefficient of relationship of Finnish
Holstein-Friesian bulls also varied considerably
between age classes, the reasons are partly the
same as for Ayrshire. The Holstein-Friesian bull
sires and bulls are nearly all imported pure blood
Holstein bulls and it is difficult to find completely
new families that are not already represented in the
Finnish Holstein-Friesian breed. However, the av-
erage coefficients of relationship increased annu-
ally relatively little during the study period, which
is most likely due to the change of Finnish Friesian
into Holstein-Friesian. In 1976, the share of Hol-
stein genes of Finnish Friesian bulls was nil but in
1990 it was nearly 57% (Lidauer and Mintysaari
1996). Proportion of Holstein genes in British Hol-
stein-Friesian bulls was 40% in 1992 but had risen
to 57% in 1997 (Roughsedge et al. 1999). In the
Dutch black and white dairy cattle population the
proportion of Holstein genes was nearly 80% in
1992 (Te Braake et al. 1994).
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The proportion of Holstein genes in Finnish
Holstein-Friesian cows was 33% in 1991 (Lidauer
and Mintysaari 1996) and in 1999 the proportion
was risen to 42.5% (J. P6so, personal communica-
tion). Thus, the change from Friesian to Holstein-
Friesian has not been as fast for cows as for bulls.
In the current study, average coefficient of rela-
tionship of Finnish Holstein-Friesian cows in-
creased very slowly and in the last few years aver-
age coefficient of relationship has slightly de-
creased. Increase in mean coefficient of relation-
ship has been slower for cows than bulls in Ayr-
shire. The number of cows in age classes in both
breeds is larger than the number of bulls, so it is
obvious that cows are progeny of all available Al-
bulls and the effect of a few imported or elite bulls
on average coefficient of relationship is diluted.

Mean coefficients of inbreeding in Ayrshire
and Holstein-Friesian cows are relatively low and
it seems that the increase in inbreeding has ceased.
The mean coefficients of inbreeding of Holstein-
Friesian bulls are very low compared to the aver-
age coefficient of relationship. So far importation
has reduced the accumulation of inbreeding. This
can be clearly seen if considering the proportion of
completely non-inbred animals which in Holstein
breed is much higher than in Ayrshire (Fig. 4). Al-
though imported Holstein-Friesian bulls are from
very small effective breeding populations (Weigel
2000), they have introduced completely new fami-
lies to the Finnish Friesian population. In the fu-
ture the proportion of Holstein genes in Holstein-
Friesian bulls will increase, which is likely to in-
crease the average coefficient of relationship and
inbreeding. However, it is possible to restrict aver-
age coefficient of inbreeding at a low level by
carefully selecting the mating pairs and the im-
ported bulls.

Conclusions

The share of Holstein genes in Finnish Holstein-
Friesian population has increased very slowly and
this mainly explains the low coefficients of in-
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breeding and relationships. Also it has to be kept in
mind that pedigrees of some of the imported Hol-
stein bulls are not complete as possible. The share
of Holstein genes will increase faster in the future
and it is likely to fasten the increase of inbreeding
and relationship as well.

Although the average coefficient of relation-
ship of Ayrshire bulls is very high in some age
classes, the coefficient and increase of inbreeding

have remained quite low in the Finnish Ayrshire
population. At the end of the 1990s increase in the
coefficient of inbreeding even ceased. However,
increase is expected in the near future because av-
erage coefficient of relationship increased at the
same time. If the average coefficient of relation-
ship continues its rise, increase in inbreeding is
likely to follow.
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SELOSTUS

Sukulaisuus- ja sukusiitosaste Suomen ayrshire- ja holstein-friisilaispopulaatioissa

Terhi Vahlsten, Esa A. Méntysaari ja Ismo Strandén
MTT (Maa- ja elintarviketalouden tutkimuskeskus)

Keinosiemennysjalostuksessa sonnien valinta on erittdin
intensiivistd, ja alkionsiirto on mahdollistanut my®s leh-
mien intensiivisemméin valinnan. Populaation sukulai-
suussuhteiden ja sukusiitosasteiden kehitysté pitdd seu-
rata sddnnollisesti, koska populaation sukulaisuusasteen
nousu johtaa viistdmaittd jonkin asteiseen sukusiitosas-
teen nousuun. Suomessa on tutkittu viimeksi ayr-
shiresonnien sukulaisuus- ja sukusiitosasteita 1980-lu-
vulla, mutta suomalaista holstein-friisildispopulaatiota
ei ole aikaisemmin tutkittu.

Koelypsymallin sukulaisuustiedoilla laskettiin ayr-
shiresonnien ja -lehmien seké holstein-friisildissonnien
ja -lehmien tdménhetkiset sukulaisuus- ja sukusiitosas-
teet sekd sukupolvien vilinen aika. Koelypsymallin su-
kulaisuustiedosto siséltdd kaikki arvostelussa mukana
olevat eldimet 1980-luvun puolivilistd alkaen ja titd
vanhempien keinosiemennyssonnien sukutiedot. Suku-
laisuus- ja sukusiitosaste laskettiin sonneille vuodesta
1976 vuoteen 1999 ja lehmille vuodesta 1986 vuoteen
1999 ikiluokittain eli laskettiin samana vuonna synty-
neiden eldinten keskindinen sukulaisuusaste ja keski-
maédrdinen sukusiitosaste.

Sukupolvenviliset ajat laskettiin neljille polulle.
isd-poika, isd-tytdr, emd-poika ja emi-tytir. Sukupol-
venvilisissd ajoissa ei ole suuria eroja rotujen vililld.
1990-luvulla sukupolvenvilisissid ajoissa ei tapahtunut
suuria muutoksia. Suuntaus on kuitenkin nuorempiin
sonninisiin, joten sonnien isdt valitaan heti, kun nuor-
sonneille saadaan arvostelut kaikista ominaisuuksista
riittdvén korkealla arvosteluvarmuudella.

Ayrshiresonnien sukulaisuusaste nousi 2,2 %-yksik-
kod sukupolvea kohti, ja muutamien ikédluokkien keski-
madrdinen sukulaisuusaste oli 1990-luvun lopussa huo-
lestuttavan korkealla. Ayrshirelld sonni-ikédluokkien vi-
lilld on suuria eroja keskimiérédisessd sukulaisuusastees-
sa, joten sukulaisuusasteen nousu vuotta kohden on ollut
hidasta vuodesta 1976 vuoteen 1999. My6s tuontisonni-
en kdyttd sonninisind on vaikuttanut ikdluokan keski-
madrdiseen sukulaisuusasteeseen, mutta tuontisonnien
vaikutus on vihentynyt, koska suurin osa tuontisonneis-

341

ta on ollut ruotsalaisia sonneja, joiden taustalta 1oytyy
suomalaisia sonneja. Holstein-friisildissonnien keski-
midrdisessd sukulaisuusasteessa on myos selvid eroja
ikédluokkien vililld. Sukulaisuusaste on kuitenkin nous-
sut hitaasti noin 1 %-yksikko# sukupolvea kohti ja timé
johtuu suurelta osin rodun muuttumisesta friisildisestd
holstein-friisildiseksi. Molemmilla roduilla lehmien su-
kulaisuusaste on noussut hyvin hitaasti (ayrshirelld 0,4
Jo-yksikkod sukupolvea kohti, holstein-friisildiselld 0,3
%-yksikkod sukupolvea kohti) ja 90-luvun lopussa hidas
nousu pysihtyi.

1990-luvulla syntyneiden ayrshiresonnien- ja leh-
mien keskiméaridinen sukusiitosaste oli 2,29 % eli alhai-
nen. Suuntaus on ollut kuitenkin kohti korkeampia suku-
siitosasteita koko 90-luvun. Sukusiitosasteen nousu on
kuitenkin hidasta, silld ayrshiresonnien sukusiitosaste
nousi keskiméirin 0,2 %-yksikkod sukupolvea kohti ja
lehmien sukusiitosasteen nousu oli keskiméérin 0,3 %-
yksikkod. Ayrshiresonnien sukusiitosasteen nousu saat-
taa tulevaisuudessa kiihtyd, mikéli keskiméddrdinen su-
kulaisuusaste ei laske. Holstein-friisildiselld 90-luvulla
syntyneiden sonnien ja lehmien keskiméérédinen sukusii-
tosaste oli 0,9 % ja suuntauksena on ollut sukusiitettyjen
yksildiden osuuden nousu, ei niinkdidn sukusiitosastei-
den nousu. Holstein-friisildissonnien sukusiitosaste nou-
si keskimdirin 0,2 %-yksikkod sukupolvea kohti ja leh-
milld sukusiitosaste nousi keskiméddrin 0,1 %-yksikkod
sukupolvea kohti. Sukusiitosasteiden nousu on siis ollut
hidasta.

Molempien rotujen sonneilla ja lehmilld sukusiitok-
sen nousu on ollut erittdin hidasta ja tamad selittyy osaksi
sukusiitoksen rajoittamisella paritussuunnitelmia teh-
tdessd. Ayrshiresonnien sukulaisuusaste on noussut
muutamissa ikdluokissa 1990-luvun lopulla jo huoles-
tuttavan korkealle ja se saattaa tulevaisuudessa johtaa
my0s nopeampaan sukusiitosasteiden nousuun. Hol-
stein-friisildisten sonnien sukulaisuusaste ei ole noussut
vield kovinkaan korkealle ja my6s lehmien sukulaisuus-
asteet ovat erittdin alhaisia ja tdimi johtuu péddosin rodun
muuttumisesta friisildisestd holsteiniksi.
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