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Abstract
To examine the genetic variation in two endangered Norwegian horse breeds, the pedigree structures were investigated, and
key parameters such as inbreeding coefficients, effective population size, effective number of founders, effective number of
ancestors and effective number of founder genomes were calculated. The data consisted of 31,142 individuals of the Døle
horse and 1973 individuals of the Nordland/Lyngen horse, for which the complete generation equivalent was 10.5 and 7.2,
respectively. In both breeds, the pedigree data were more than 98.5% complete in the fourth generation, allowing the rate of
inbreeding and the effective population size to be precisely estimated, actually measuring the fractional loss of
heterozygosity, comparable across generations (not so for the other measures). The level of inbreeding was about 12% in
both breeds, with a rather wavy pattern during the past 50 years in the Døle. Considering the last generations only, the
effective population size was found to be 152 in the Døle and 42 in the Nordland/Lyngen. For both populations selection
in the future should be based on optimal contribution.

Keywords: Breed conservation, effective population size, pedigree analysis, probability of gene origin.

Introduction
Norway is a country that is relatively rich in domestic
animal genetic resources (Ruane, 2000). However,
for a variety of reasons, such as changes in farming
practices, many of its breeds are in danger of
extinction in the near future. Conservation of these
resources is a challenge, requiring a multi-faceted
approach, covering a range of aspects such as
increasing public awareness about their importance
or ensuring that the breeds are managed in a
sustainable way so that problems of inbreeding and
loss of genetic variation are minimised. Here, we
focus on this latter aspect and report on the pedigree
structure and genetic variation in two endangered
Norwegian horse breeds.
The populations of the Norwegian Nordland/
Lyngen and the Døle (www.ansi.okstate.edu/
breeds/horses) are small, and breeders also exercise
artificial selection. Selection reduces the effective
population size (Ne), because the number of

breeding animals is reduced, and in an already small
population it accelerates genetic drift. In such small
populations genetic drift, in which allele frequencies
at a locus change at random from one generation to
the next, increases the probability of fixation of
alleles and reduction of additive genetic variation.
Changes in allele frequencies also result in
changes of genotype frequencies, and a locus will
contribute to a change of the population mean due
to inbreeding if a dominance effect is present
(Falconer & Mackay, 1996) (in addition, mean
change from allele frequency changes on non-neutral
loci). The frequencies of homozygotes increase and
recessives accumulate in the population, leading to
the phenomenon known as inbreeding depression.
The smaller the population is, the more it genetically
drifts, and the larger the probability is that the alleles
become identical by descent, defining the coefficient
of inbreeding (F). In a case with a neutral locus,
no mutation and no migration, the inbreeding
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coefficient thus reflects how far the process of
genetic drift has progressed, relative to the base
population, whereas the inbreeding rate describes
the speed of the process. This study examined the
pedigree structure of two endangered breeds and
calculated various parameters describing genetic
variation, such as the effective population size,
from the rate of inbreeding and the coefficient of
kinship, and those based on probabilities of gene
origin, with the aim of drawing inference as to future
genetic management of the breeds.
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Materials and methods
Data were received from the Norwegian Equine
Centre in autumn 1999. Recent birth years are not
included in this work due to loss of data in the process
of changing data registration system at the Norsk
Rikstoto in 2006 (zeroing parents not recorded in the
studbook as an individual by itself, see below, meaning that the most remote generation of ancestors
could not be included in the analyses). The original
material used for this study contained all the animals
ever registered in these two breeds: 30,712 registered
animals of the Døle and 1969 registered animals of the
Nordland/Lyngen. The first registered Døle was a
stallion born in 1846. In the Nordland/Lyngen, the
first registered animal was a mare born in 1906. In
both breeds, the last birth year of registered animals
was 1998. All the ID-numbers were renumbered, and
the files were edited to remove obvious errors such as
ID-numbers in incorrect format or logical errors
where the parent is born after its progeny, or errors
where parents were not recorded in the studbook as an
individual by itself. These parents were added as
individuals with no pedigree information. In the Døle,
the number of added animals was 430, whereas the
respective number in the Nordland/Lyngen was four
animals. In Døle, these were mainly Norwegian coldblooded trotters (the light version of Døle; see
www.ansi.okstate.edu/breeds/horse), but also some
individuals of North-Swedish horse, with a Døle
origin. Of these, 108 were added with unknown birth
year (90 Norwegian cold-blooded trotters and 18
North-Swedish horses). In Nordland/Lyngen, three
of the four animals were of other origin (Fjord horse).
The last of the four is a fictitious animal. At the end of
this procedure, the total number of records generated
for the two breeds were 31,142 and 1973, respectively
(Table I).
The reference populations were defined as horses
born between 1990 and 1998, with a total of 1535
horses in Døle, while the corresponding number for
the Nordland/Lyngen was 1050 horses (Table II).
All ancestors of the animals in the reference
populations were then traced back to the founders,

in an accumulation procedure (individual by individual), also to reveal the completeness of the data.
The founders of these populations were defined as
horses with unknown parents. When an animal had
only one parent known, the unknown parent was
considered as a founder (Boichard et al., 1997). In
Nordland/Lyngen one Finn horse import existed,
Viri (Rian, 2003), and was made a founder by
deleting its pedigree information. This pedigree
information was originally included only because
five generations of pedigree information is required
in the Norwegian studbook. In Døle, the pedigree of
the imports was not deleted in the same manner
as described for Nordland/Lyngen, because the
number of founders originating from Norwegian
cold-blooded trotters was too high, and the relationship between the two breeds is significant. However,
proper identification of trotters would require access
to both studbooks.
From the accumulated files, the maximum number of generations in the pedigree (gmax) was derived
as was the percentage of known ancestors per
generation, as well as the complete generation
equivalent (CGE):
CGE 

N
nj
1 XX
1
;
N j1 i1 2gij

where N is the number of individuals in the reference
population, nj is the number of ancestors generated
for animal j and gij is the number of generations
between individual j and its ancestor i (Boichard
et al., 1997). CGE can be interpreted as the number
of generations in a comparable complete pedigree,
illustrating the depth of the pedigree data.
To describe the genetic variation in a population,
several measures can be used. To quantify the rate of
genetic drift the rate of inbreeding is most frequently
used (Boichard et al., 1997). Unfortunately, the
coefficients of inbreeding are very sensitive to
incomplete data. A complementary approach, which
is more robust, is to analyse the probabilities of gene
origin. Parameters from probabilities of gene origin,
i.e. the effective number of founders (fe), effective
number of ancestors (fa) and effective number of
founder genomes (fg), are also affected by incomplete pedigree information, but to a smaller extent
than parameters derived from inbreeding coefficients
(Boichard et al., 1997).
Effective population size
Individual inbreeding coefficients were calculated
using the QuaasHenderson algorithm (Henderson,
1976; Quaas, 1976). The effective population size is
defined as the number of individuals in an idealised
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Table I. The number of animals in the total pedigree in the Døle and in the Nordland/Lyngen, respectively.
Døle

Nordland/Lyngen

Stallions

Mares

Total

Stallions

Mares

Total

3739

27,403

31,142

720

1253

1973

Number of animals
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population, which would give rise to the same
inbreeding rate (DF) as observed in the real population (Falconer & Mackay, 1996). The effective
population size (Ne) in generation t, unconditional
of becoming selected as parents or not in generation
t, was computed according to the formula:
N et 

1
2DFt

;

where the rate of inbreeding, DFt, is:

1
Fsirei  Fdami
Fi 
N
2
1 X
DFt 

1
N i1
1
Fsirei  Fdami
2

Effective number of ancestors

with Fi being the individual coefficient of inbreeding
for animal i in generation t (defined reference
population), and Fsirei and Fdami are the individual
inbreeding coefficient of the parents in generation t1.

The effective number of ancestors describes the
minimum number of ancestors (they may or may
not be founders) required to explain the complete
genetic diversity of the population under study
(Boichard et al., 1997):
fa 

Effective number of founders
Effective number of founders was defined as the
number of equally contributing founders that would
produce the same genetic diversity as in the reference
population under study (Lacy, 1989):
1
fe 
f
X

where qk is the genetic contribution of founder k to
the population’s gene pool. The balance of the
founder contributions measures the preservation of
the genetic diversity from the founders to the present
population. If each founder contributes the same,
the effective number of founders equals the actual
number of founders. In any other situation, the
effective number is smaller than the actual number
of founders. An important limitation with this
approach is that it ignores potential bottlenecks in
the pedigree (Boichard et al., 1997). Computation is
detailed in Olsen et al., (2005).

1
f
X

;
p2k

k1

where
pk  qk 1

n1
X

!
ai

i1

;

and pk is the marginal contribution of ancestor k to
the population’s gene pool, which is qk adjusted for
the genetic contribution ai from the n1 already

q2k

k1

Table II. The number of registered stallions and mares in the reference population in the Døle and in the Nordland/Lyngen, respectively.
Døle
Birth year
1990
1991
1992
1993
1994
1995
1996
1997
1998
Total

Nordland/Lyngen

Stallions

Mares

Total

Stallions

Mares

Total

67
64
58
64
78
99
96
115
93
734

91
95
74
87
89
100
88
100
77
801

158
159
132
151
167
199
184
215
170
1535

42
56
42
58
39
65
63
83
64
512

60
53
64
51
51
58
68
65
68
538

102
109
106
109
90
123
131
148
132
1050
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selected ancestors. Initially, the largest contributing
ancestor was determined as the one having the
largest q-value. When determined, the contribution
taken out by that ancestor should not be assigned to
more remote ancestors. This is taken account of by
eliminating its pedigree information, leaving the
animal as a ‘‘pseudo founder’’. The animal’s descendants also need to get their contribution adjusted
for the contributions from this ‘‘pseudo founder’’,
leading to marginal contributions, i.e. contributions
not explained by other ancestors. In this approach,
pk is qk adjusted for the genetic contribution ai from
the n1 already selected ancestors to individual k,
and for each major ancestor found, its pedigree
information is deleted, i.e. the sire and dam information is set to zero, eliminating redundancies.
For calculations, see Olsen et al. (2005). In the
Nordland/Lyngen, all ancestors with a non-zero
contribution to the reference population (horses
born 19901998) were determined. In the Døle,
we stopped the procedure with the 100 highest
contributing ancestors, as these individuals covered
more than 97% of the contribution to the reference
population. The effective number of ancestor accounts for potential bottlenecks, but still the probability of gene loss by drift needs to be considered.
Effective number of founder genomes
To account for loss of genetic variability by genetic
drift, Lacy (1989, 1995) and Ballou and Lacy (1995)
introduced the concept of effective number of
founder genomes, or founder genome equivalent. This
measures how many founder genes are maintained in
the population for a given locus, and how balanced
their frequency is in the offspring of the reference
population. Originally, this parameter was calculated
by probability calculations (Lacy, 1989) or by gene
dropping analysis (MacCluer et al., 1986). Instead,
Lacy (1995) proposed to stay with a definition of
the founder genome equivalent as half the inverse
of average kinship in generation t (the reference
population):
fg 

1
:
2f¯t

This is supported, especially from a practical point of
view, by Caballero and Toro (2000) and Zechner
et al. (2002). For details in computation, see Olsen
et al. (2005).
Effective population size from kinship
As the inbreeding coefficient describes the similarity
between two alleles in each animal and hence

describes effects of past decisions, it is in addition
interesting to look at the average pair wise similarity
between the animals in the reference population, i.e.
the coefficient of kinship (Falconer & Mackay,
1996). This gives us an indication of current bottlenecks. The coefficient of kinship between two
animals equals the inbreeding coefficient of their
progeny (Falconer & Mackay, 1996). Therefore, we
used the average pair wise kinship to predict an
approximate rate of F in the next generation
(DFt1), given no selection:
DFt1 

f t  Ft
1  Ft

where ft is the average pair wise kinship in the
reference population, independent of sex and including selfing, and Ft is the corresponding average
inbreeding coefficient. The calculation was done
repeatedly, each year including the last three-year
classes of the reference population.
Mating strategies
Kinship calculation (excluding selfing and intrasex
mating) was also used to test whether systematic
favour of inbreeding is practised as a mating strategy.
This was done by calculating the difference between
the average inbreeding coefficients in generation
t(Ft) and the average pair wise kinship of their
parents in generation t1(ft1), compared with a
two-sample t-test.
Results
In the Døle, animals in the reference population had
an average number of 22,464 ancestors (Table III).
The corresponding number in the Nordland/Lyngen
was 495. Still, both breeds had a pedigree completeness of more than 98.5% in Generation 4 (Table III).
Including more generations in calculations, a more
complete pedigree was demonstrated in the Døle
than in the Nordland/Lyngen. In Table III, the
quality of the pedigree information is also indicated
by the CGE. In the Døle the pedigree can be traced
back a maximum of 25 generations, where CGE is
10.5. In the Nordland/Lyngen, CGE was 7.2, with
tracing of pedigree for a maximum of 13 generations.
Figure 1 shows that inbreeding levels in the two
breeds evolved somewhat differently throughout the
past 100 years. The average inbreeding coefficient
for the Døle increased to about 7% in the 1940s,
after which it fell significantly before rising again
towards the end of the 1970s. During the past few
years, the inbreeding coefficient has been around
12%. For the Nordland/Lyngen, the average
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Table III. Calculated parameters describing pedigree completeness of the reference population; in the Døle and in the Nordland/Lyngen,
respectively.

1
2
4
6
8
10

Birth year

0.1

0.05

Birth year

Figure 1. Average coefficient of inbreeding per year of birth; in the Døle and in the Nordland/Lyngen, respectively.

1990

1974

1958

0
1942

1990

1974

1958

1942

1926

1910

1894

1878

1862

0

Nordland/Lyngen

1926

0.05

0.15

1910

0.1

0.2

1878

Døle

1846

In Norway, the Norwegian Equine Centre has been
responsible for registration of the Døle and the
Nordland/Lyngen, since 1988 (Norsk Hestesenter,
1988). From 1990, the rules for registration were
changed, so that all horses being born could be
registered (Norsk Hestesenter, 2003). Still, there is a
lack of registration, probably because it is voluntary
and there are some expenses with the registration

1862

0.15

1050
495
99.95
99.95
99.83
91.09
44.41
6.00
13
7.2

Discussion

1846

0.2

1535
22,464
99.97
99.89
98.64
90.51
78.66
66.76
25
10.5

in the two breeds; with an increasing trend of the rate
of inbreeding in generation t1 in the Døle, while it
was decreasing in Nordland/Lyngen.
Table VII demonstrates a significantly higher
inbreeding coefficient of offspring in the Døle, than
the average, pair wise kinship of parents, indicating a
mating strategy favouring inbreeding. The tendency
of the opposite; a mating strategy avoiding inbreeding, was seen in the Nordland/Lyngen, although not
statistically significant (Table VII).
Table VIII shows, as a curiosity, the five most
important ancestors in the pedigrees of the reference
populations, as represented by their marginal contributions. Together, these five contributed more
than 50 and 70% to the gene pools of the reference
population in the Døle and in the Nordland/Lyngen,
respectively (Table VIII).

Average coefficient of inbreeding

inbreeding coefficient has been high throughout
most of the period. At present, the average lies at
the same level of inbreeding one gets with half-sib
mating (12.5%).
In the reference population of the Døle, the
average inbreeding coefficient was 11.75% (Table
IV), while it was 12.77% in Nordland/Lyngen. The
corresponding effective population sizes calculated
by use of the classical formula were 152 in the Døle
and 42 in the Nordland/Lyngen (Table IV).
The number of founders in Døle and Nordland/
Lyngen was 770 and 42, respectively (Table IV). In
both breeds, there was a larger number of female
than male founders (Table V). In Døle, the founders
spread out over a long-time span, while in Nordland/
Lyngen the majority of the founders were born in the
first half of the twentieth century (Table V).
The effective number of founders, fe, was 48 for
the Døle and 14 for the Nordland/Lyngen (Table
IV). The corresponding values for effective number
of ancestors, fa, were 12 for the Døle and seven for
Nordland/Lyngen, while the effective number of
founder genomes, fg, was calculated as 5.4 for the
Døle and 3.7 for Nordland/Lyngen (Table IV).
Table VI shows the rate of inbreeding in generation t1 over a period of 7 years (19921998), that
results from mating of the last three-year classes,
continuously. The resulting trends were in opposite
Average coefficient of inbreeding
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Maximum number of generations generated (gmax)
Complete generation equivalent (CGE)

Nordland/Lyngen

1894

Number of animals in reference population
Average number of ancestors per animal
Percentage (%) of known ancestors in generation

Døle

18
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Table IV. Calculated parameters describing genetic diversity of
the reference population in the Døle and in the Nordland/Lyngen,
respectively.
Nordland/
Lyngen
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Døle
Average coefficient
of inbreeding (Ft)
Rate of inbreeding
(DFt9SE)
Effective population
size (Net)
Number of founders (f)
Effective number of
founders (fe)
Effective number of
ancestors (fa)
Effective number of
founder genomes (fg)

0.1175
0.003390.0455

0.1277
0.011990.0014

152

42

770
48

42
14

12

7

5.4

3.7

papers, and if a horse is not to be used in breeding it
may not be registered. Both breeds have developed
breeding plans since 1995 (Vangen, 1996). The
breeding goals include weighting of conformation,
performance, temperament and durability, and
selection is on phenotype. The stallions must be
licensed for use in the breeding (e.g. Klemetsdal,
1998).
In the Nordland/Lyngen, the reference population
accounted for almost 53% of the total pedigree. By
comparison, the corresponding number in the Døle
was only 5%. The reason for this can be found in a
retrospective set up of the first studbook in Nordland/Lyngen in 1969 (Statens Stambokkontor,
1969), after years of struggle to keep the breed alive,

while the first studbook in Døle was published back
in 1902 (Det kgl. selskab for Norges Vel 1902). With
a more retrospective set up, the number of animals
in the pedigree became restricted, explaining most of
the differences in the percentages that the reference
population made up of all animals in the pedigree.
Additionally, Nordland/Lyngen was nearly extinct in
the 1950s, and so went through a narrow bottleneck
(Roaldsøy, 1969). Many individuals of the Nordland/Lyngen were lost during the Second World War
and the mechanisation in agriculture made the
working horses redundant (Roaldsøy, 1969), and
so the systematising of the breeding was a last
attempt to save the breed. They started with very
few animals in the studbook, and these became the
important founders of today’s current population
(Statens Stambokkontor, 1969).
The proportion of founders in the pedigree of the
Døle was quite high. As mentioned, the breeding of
the Døle was systematised at the end of the nineteenth century, and the first studbook for the Døle
included stallions approved from 1859 onwards,
with unknown missing values assigned to parents
that themselves were not registered in the studbook.
For mares, the same registration practise was followed from 1878 onwards (Borchgrevink, 1906).
With basically an open studbook as in Døle, it is
obvious that the number of founders will be high,
spreading out over a long-time span. Furthermore,
with more female than male founders, the likelihood
of missing parental information will be smallest
among males, resulting in more male founders
born far back in time. This result was most likely

Table V. Number of founders by sex and decade in the Døle and in the Nordland/Lyngen, respectively.
Døle
Decade of birth
0
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1980
1990
Total

Nordland/Lyngen

Stallions

Mares

Total

Stallions

Mares

Total

26
3
5
6
25
42
20
12
9
21
25
29
22
11
4
3
0
263

82
0
0
0
5
61
91
47
32
31
57
41
32
19
7
1
1
507

108
3
5
6
30
103
111
59
41
52
82
70
54
30
11
4
1
770

1






2
3
2
5
0
0
1
0
0
1
15

3






4
4
3
8
1
1
1
2
0
0
27

4






6
7
5
13
1
1
2
2
0
1
42

Pedigree structure and genetic variation
Table VI. Rate of inbreeding in generation t1, calculated each
year from average, pair wise kinship (allowing selfing and intrasex
mating) and inbreeding coefficients, including the last three-year
classes of the reference population in the Døle and in the
Nordland/Lyngen, respectively.
Year class
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19901992
19911993
19921994
19931995
19941996
19951997
19961998

Døle

Nordland/Lyngen

0.0079
0.0082
0.0101
0.0122
0.0133
0.0137
0.0133

0.0157
0.0148
0.0149
0.0129
0.0091
0.0101
0.0121

strengthened from studbook recording being initiated later in females than in males.
From 1990 onwards, registration of horses born in
Norway required, if possible, a five-generation pedigree for all horses (Seterlund et al., 1989). This is also
reflected in the results for Døle and Nordland/
Lyngen, as the reference populations had 98.6 and
99.8% of the ancestors in the fourth generation,
respectively. Digitalisation was based on the data
used by Vangen (1983), but animals only known as
parents in the studbook were deleted together with
their pedigrees. This led to a considerable loss of data,
which could have been avoided by splitting the studbook in two. In Nordland/Lyngen, the data were very
complete in the first six to eight generations of the
reference population, despite data only going back to
1906. As mentioned, recording for this studbook was
originally done retrospectively, restricting the number
of animals in the pedigree, as well as the number of
founders. A consequence of the current registration
practise was that one rather recent founder was found,
e.g. the one mare founder born during the 1990s
(Table V), likely with an incomplete pedigree.
Two different approaches were used to quantify
the amount of genetic variation; the probability of
gene origin measures and the effective population
size, from the rate of inbreeding. In essence, the
former calculates the probability of gene loss, which
by definition will change over generations (Boichard
et al., 1997). In contrast, the rate of inbreeding
relates to the fractional loss of heterozygosity
from generation t to t1, being the same in all
generations, for the same breeding structure

19

(Boichard et al., 1997). In consequence, the
probability of gene loss measures is not directly
comparable between breeds with different pedigree
depth, as was the situation with Døle and Nordland/
Lyngen. Furthermore, with the shift in registration
practice in 1990, the base generation will not be
precisely defined, further reducing the value of these
measures. In contrast, with an almost complete
pedigree for five generations in both breeds, the
asymptotic rate of inbreeding will be estimated
without much error (for the asymptotic rate, see
e.g. Klemetsdal, 1999). With our data, this gives a
preference to the rate of inbreeding and the effective
population size over the probability measures.
Besides, the rate of inbreeding is only slightly
affected by the base definition. An improved
calculation of the level of inbreeding and kinship
coefficients could have been done by adopting the
method of VanRaden (1992), assuming founding
trotters as unrelated (although these also have a Døle
origin, see e.g. Klemetsdal, 1998), and the remaining founders being related to the contemporary
animals, as determined by the level of inbreeding.
The effective number of founders, fe, only corrects
for unbalanced founder contributions in the base
generation. At later stages of a breeding programme,
the contributions of the founders cannot be affected.
Only contributions from animals in the current to
the next generation can be influenced. This is
possible by the use of the theory of inbreeding.
The effective number of ancestors (fa) giving the
marginally most contributing ancestors (the bottlenecks) suffers from the same deficiency as the
effective number of founders. The contributions of
remote ancestors (Table VII) are not possible to
affect at present, and thus they are only contributing
through drift. Actually, the speed of drift (the rate of
inbreeding) relates to the squared contributions of
all ancestors (Woolliams & Thompson, 1994), not
only the ones with largest marginal contributions.
The value of knowing the most important marginal
ancestors in our data is thus more of a cultural
historical one. The effective number of founder
genomes (fg) was calculated from the kinship in the
reference population, which is sensitive to pedigree
depth, while the rate of inbreeding from kinship was
not. Assuming that F increases linearly with time, an

Table VII. Testing the existence of avoidance of inbreeding as a mating strategy from the difference between the average inbreeding
coefficients of animals in the reference population and the average pair wise kinship between parents (ft1) (excluding selfing and intrasex
mating) with a two-sample t-test.

Døle
Nordland/Lyngen

Ft

ft1

jtj

p

0.117590.0013
0.127790.0011

0.111590.0003
0.128990.0003

4.46
1.11

0.01
n.s.
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Table VIII. The five ancestors with the largest marginal contribution to the reference population; in the Døle and in the Nordland/Lyngen,
respectively.
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Registration number

Name

Sex

Birth year

Marginal contribution

Døle
1185DH
0825DH
1752DH
0613DH
0130DH
Sum

Gjestar
Brimin
Tuftar
Draupner
Dovre

M
M
M
M
M

1919
1908
1946
1898
1914

0.21673
0.15894
0.06595
0.04514
0.03684
0.52360

Nordland/Lyngen
0002NH
0010NH
00009N
00003N
0009NH
Sum

Rimfakse
Torgrim
Mona
Bruna
Bamse

M
M
F
F
M

1935
1946
1935
1930
1945

0.26125
0.14834
0.13819
0.12669
0.06071
0.73518

Ne
t
(Meuwissen & Woolliams, 2000). The rate of
inbreeding from kinship measures the genetic variation among the mated individuals, when ignoring
the generation interval and assuming that all animals
in the reference population contribute equally to
the next generation. If the measure is calculated
standardised, e.g. on basis of the last year classes that
is not yet reproductive (here: the last three), consistent changes in size of annual values may indicate
a loss of genetic variance, as observed in the Døle.
Actually, the rate of inbreeding from kinship allows
current rather than retrospective rates of inbreeding
and effective population sizes to be calculated.
Hence, the two inbreeding rates may complement
each other when drawing inference with respect to
loss of heterozygosity.
The level of inbreeding was high in both breeds,
with an average that is equivalent to half-sib matings.
However, the level of inbreeding was relatively
higher in the Nordland/Lyngen where the base was
only 7.3 generations away, compared with 10.5
generations in the Døle. To reduce inbreeding in
Døle, crossing with trotters was as mentioned
practised from the 1950s onwards. Actually, stallions
of the Norwegian cold-blooded trotter were allowed
to breed in the Døle, for the first time in 1953
(Gaustad, 1953), to cope with possible inbreeding
depression, especially with respect to reduced fertility (Gaustad, 1951). During the 1970s the breeding
policies changed, showed by the steep increase in
inbreeding, probably because the use of trotters in
the Døle produced lighter horses. As a consequence,
the cold-blooded trotter was no longer preferred,
and within 510 years the level of inbreeding was
higher than ever. During the past decade the
inbreeding coefficient has been around 12%. From

interrelation exists between the two measures; fg :

2000, a North-Swedish breed (Nordsvensk brukshäst) was temporarily used in the Døle to cope with
this problem (Kvam, 2003), but this is not a good
long-term solution. Instead, it will be more important to gain control over the selection with optimal
contribution. This will minimise the average coancestry of parents and thus also the level of inbreeding
of future generations (Sonesson & Meuwissen,
2001).
The Nordland/Lyngen has, as mentioned, had
difficult periods during the past, where ensuring
survival of the breed has been the priority. Back in
the late 1930s three men initiated conservation of
the Nordland/Lyngen (Roaldsøy, 1969). They looked
for purebred individuals, and found one stallion in
1939; Rimfakse. He was used as the starting point for
further breeding, contributing 26% to the reference
population (Table VIII). The Nordland/Lyngen has
had a relatively high level of inbreeding for many
years, with no sudden changes during the past 4050
years. According to Ehiobu et al. (1989) slower rates
of inbreeding cause less inbreeding depression than
more rapid rates of inbreeding. There are no recent
reports of serious health damages in the two breeds,
but such data are still not systematically recorded in
these breeds. It would be important to record
fertility data to survey possible reductions in fitness
over time. This requires that the Norwegian Equine
Centre has as a first priority to utilise their newly
established database, and to begin to monitor these
breeds by recording health traits.
Over the last generation there has not been any
significant change in the level of inbreeding in
either of the two populations, resulting in a larger
effective population size in the Døle (152) than in
the Nordland/Lyngen (42). During the 1990s, the
rate of inbreeding from kinship indicates a likely
reduction of genetic variance in the Døle (Table VI),

Pedigree structure and genetic variation
but with somewhat improved situation in the Nordland/Lyngen. These changes are a consequence of
the lack of control of the general build-up of
relationships in the population.
In Døle, the build-up of relationships in the
population is due to selection (also not preferring
cold-blooded trotters) as well as a mating strategy
favouring inbreeding. In Nordland/Lyngen, the mating strategy is somewhat in favour of less inbreeding
in the offspring, reflecting the breed’s problems with
inbreeding in the past.
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Conclusion
In Nordland/Lyngen, the loss of heterozygosity has
been considerable. The population is managed with
a tendency towards avoidance of inbreeding in the
offspring. In the study period heterozygosity has
improved, most likely from improved selection and
sire usage. In the Døle, the genetic variance has been
higher, due to cross-breeding with cold-blooded
trotters in the past. However, heterozygosity has
become reduced due to active elimination of the
cold-blooded impact, resulting in a mating strategy
that actually favours inbreeding. In both populations
we recommend that future management is carried
out with optimal contribution selection (Sonesson &
Meuwissen, 2001), with no need for additional
cross-breeding.
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