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Low neutral genetic variability in a specialist puffin hunter:
the Norwegian Lundehund
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Summary The genetic variability of 125 Norwegian Lundehund and 27 Nova Scotia Duck Tolling
Retriever was analysed using a set of 26 microsatellite markers. In Lundehund, the average
number of alleles per locus was 1.73, and average observed (Hp) and expected (Hg)
heterozygosity were 0.07. In Toller, all measures of genetic diversity were much higher
than in Lundehund and similar to studies on other dog breeds. The cluster analysis correctly
assigned individuals to their respective breed. The low genetic variability in Lundehund was
not surprising, given the two strong bottlenecks in the 1940s and the 1960s. The

relatedness of Lundehund to other Nordic small spitzes should be investigated in the view of

possible outcrossing.

Keywords Canis familiaris, genetic bottleneck, inbreeding, Nova Scotia Duck Tolling

Retriever, puffin dog

The Norwegian Lundehund is a small spitz, which since the
17th century was used to hunt puffins (Fratercula arctica,
lunde in Norwegian) on steep mountainsides along the coast
of northern Norway. This breed is characterized by a great
flexibility of the joints and by polydactyly (i.e. the presence
of extra toes). At the beginning of the 20th century, only a
small population of Lundehund was left in the fishing
village of Mastad (Veeroy island, Lofoten archipelago). The
breed went through two bottlenecks, one caused by canine
distemper in the 1940s and one following the abandonment
of Mastad in the 1960s. Today’s Lundehund world popu-
lation stems entirely from five surviving dogs, who shared a
grandmother. Three of them also shared the mother
(Frimann-Clausen & Laane 1968). A recent census (2010,
Norwegian Lundehund Club) found that there are ca. 500
Lundehund in Norway and ca. 300 in other European
countries.

The aim of this study was to evaluate Lundehund within
breed genetic diversity; the same analyses were performed
on a sample of Nova Scotia Duck Tolling Retriever
(hereafter Toller) for comparison. A total of 125 Lundehund
and 27 Toller were DNA sampled by buccal swabs at dog
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shows and meetings in Norway (2009-2011). DNA was
extracted using the Isohelix DDK-50 isolation kit.

A total of 22 microsatellite markers from the ISAG panel
(http://www.isag.us/Docs/consignmentforms/2005ISAG
PanelDOG.pdf) and nine extra microsatellites (http://www.
giagen.com/literature/giagennews/weeklyarticle/09_06/e10/
default.aspx) were chosen to perform the molecular anal-
yses. Amelogenin was used for sex identification. After
exclusion of four markers that presented problems in
amplification or scoring, 26 autosomal markers remained
and were amplified by PCR in three multiplex panels
(Table 1). All individuals were genotyped at the 27 loci in
10-ul reactions as described in Kekkonen et al. (2011), and
alleles were scored using GenemaprPER 4.0 software (Applied
Biosystems).

For each locus, observed (Hp) and expected (Hg) hetero-
zygosity and number of alleles were calculated by cervus
3.0.3 (Kalinowski et al. 2007). The inbreeding coefficient
(F1s) and allelic richness corrected for sample size (Ag) were
calculated in rstat 2.9.3.2 (Goudet 1995). Within each
breed, we tested for locus-specific departure from Hardy—
Weinberg (HW) equilibrium using exact tests in Gexepopr 3.4
(Raymond & Rousset 1995). All markers were in HW
equilibrium after Bonferroni correction except C01.246 in
Lundehund (Table 1). We also tested for significant linkage
disequilibrium (LD) with ceneror 3.4. In Lundehund, only
34 of 325 combinations could be tested owing to the
presence of many monomorphic loci and very few alleles on
variable loci, but significant LD was found in 1.84% of pairs
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Genetic variability in a specialist puffin hunter
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Figure 1 Results of Bayesian clustering of 152 dogs from two breeds (125 Norwegian Lundehund and 27 Toller sampled in 2009-2011) with the
program sTrucTure. Population assignment of individuals to two clusters is represented as the coloured areas. Numbers refer to the breeds:

1 = Lundehund, 2 = Toller.

of loci. In Toller, all loci combinations could be tested, and
significant LD was found in 2.15% of cases.

STRUCTURE 2.3.3 (Pritchard et al. 2000; Pritchard & Wen
2003) was used to determine the structure of the genetic
data. In strucTURE, we ran five iterations for each K =1-10
(with 100 000 burn-in period length, 500 000 Monte Carlo
repetitions) using the admixture model and correlated allele
frequency. Furthermore, we followed the procedure of
Evanno et al. (2005) to identify the principal hierarchical
level of structure in our data. Clustering was performed, and

individuals were assigned to groups using g-values. The
clustering analysis produced two distinct clusters and
correctly assigned each individual to its respective breed
(Fig. 1).

In Lundehund, 12 markers were homozygous and 14
were heterozygous, whereas all markers were heterozygous
in Toller (Table 1). There was a large difference in number
of alleles per locus in Lundehund (average=1.731) and
Toller (average = 4.269). Ag was 1.313 in Lundehund and
3.828 in Toller. Mean Hp was 0.075 in Lundehund (range
0-0.504) and 0.554 in Toller (range 0.111-0.923).
Similarly, mean Hg was 0.075 in Lundehund (range
0-0.501) and 0.568 in Toller (range 0.112-0.815). Fig
across all loci was 0.003 in Lundehund and 0.025 in Toller.
None of the Fig at each locus differed significantly from zero
after Bonferroni correction (P = 0.001).

The genetic variability in our sample of Norwegian
Lundehund is, to our knowledge, the lowest reported in any
study on dog breeds. This was not unexpected, however,
given the history of the breed. Yet, a study on 92
Hanoverian Hounds (Liipke & Distl 2005) found that this
breed still retained a rather high genetic variability with an
average Hy of 0.66, despite the breed’s two genetic
bottlenecks (11 dogs born during World War T and 27
during World War II). The authors suggested that the
founders of this breed had a high genetic variability. This
was obviously not the case in Lundehund, probably because
the population size was relatively low also before, between
and after the two bottlenecks.

Leroy etal. (2009) used 21 microsatellite markers to
study 61 dog breeds in France and found a Hy of 0.62

(range 0.37-0.77), similar to the value we observed in
Toller. In Lundehund, Hy was almost 10 times smaller.
Similarly, in Leroy etal. (2009), average Ar was 4.60
(range 2.30-6.90).

Lundehund show some signs of inbreeding depression,
for example, through reduced litter size (Gautun 2012)
and a high occurrence of a syndrome suspected to be an
inherited polygenic disorder affected by environmental

conditions and possibly partly due to pleiotropic effects of
mutation for polydactyly (Galis et al. 2001). Other inher-
ited disorders that are common in many dog breeds have
not been described in the Lundehund. This might suggest
that the bottlenecks the Lundehund went through
‘purged’ the breed for some (recessive) deleterious alleles.

Purging has however not been investigated in dogs (Leroy
2011).

Since the 1970s, the Norwegian Lundehund Club has
used a breeding programme based on the recommenda-
tions: (i) use as many individuals as possible in reproduc-
tion; (ii) avoid mating parents who share one or more
grandparents; (iii) limit the number of puppies produced
per male (to 5% of the total born in the last 5 years) and
(iv) use reproductive males throughout their whole life and
not only in the first years, to slow down genetic drift. A
potentially useful tool to increase diversity in an estab-
lished breed is outcrossing (Leroy 2011). Possible out-
crossing breeds, which are believed to be close relatives to
Lundehund, might be the Norwegian Buhund or the
Iceland sheepdog. However, the relatedness between
potential outcrossing breeds should be further investigated
by means of molecular methods, e.g. to avoid introducing
new inherited diseases to the breed through introgression
(Leroy 2011).
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