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Report
The Norwegian Environment Agency asked the panel to conduct an independent
investigation into the following two questions:
1. What is/are the genetic and biogeographical origins of the present
Norwegian/Scandinavian population of grey wolves (Canis lupus)?
2. To what degree can historical and/or present hybridisation with domestic dogs (C. l.
familiaris) be detected in the population?
We were unclear of the meaning of question 2 so we emailed Veronica Sahlén for
clarification. She emailed that this question was asking if there is evidence for
hybridization with domestic dogs in the Norwegian/Scandinavian population.

We followed the guidelines provided us by the Norwegian Environment Agency:
“The review should also assess the quality of the existing studies central to answering
these questions and the overall result with respect to the technologies available and used
at the time, as well as assess the validity of said results given technological and
methodological developments and new knowledge.”
We concluded that the existing literature was sufficient to arrive at definite conclusions
with regard to both questions. We believe that the existing literature as recently reviewed
(Hendrikson et al. 2017), provides evidence that can be used as the basis for management
plans.

1. What is/are the genetic and biogeographical origins of the present
Norwegian/Scandinavian population of grey wolves (Canis lupus)?
We conclude that this population originated from founders from Finland and western
Siberia (Aspi et al. 2006, 2009; Vila et al. 2003; Hindrikson et al. 2017). The population
has been augmented by occasional natural migrants (Vila et al. 2002; Flagstad et al. 2003;
Seddon et al. 2006).
There is no evidence, despite a large number of independent studies (Hindrikson et al.
2017), that the Scandinavian population is derived from captive wolves or from wolves
transported from outside the current population independent of past migration from
Finish or western Siberian source populations. Finally, one genetic study supports genetic
differences between the historic and current south Scandinavian population (Aspi et al.
2006). However, these differences are not substantial and are similar to those found
between historic and naturally re-established or re-introduced populations in the
American west (Leonard et al. 2005; vonHoldt et al. 2008, 2010) and elsewhere where
wolves have been extirpated.
2. To what degree can historical and/or present hybridization with domestic dogs (C. l.
familiaris) be detected in the population?
We concluded that only one case of dog-wolf hybridization is well supported, and this is
based on a single road-kill specimen in Norway (Vila et al. 2003). The individual appears
to be a first-generation hybrid from a cross of a female wolf and male dog. Aside from
this example, no other individual from the Scandinavian population shows evidence of
admixture.
A caveat to this conclusion is that individuals with low levels of admixture derived from
a cross many generations ago that backcrossed to pure wolf populations may not be
detectable given past genetic techniques. However, if admixture has occurred recently,
since the founding of the current population, then wolves with high and intermediate
genomic signatures of introgression would be expected to be found. Alternatively,
admixture may have occurred historically in the source population, prior to founding of

the current Scandinavian population. Further genomic studies may be able to test this idea,
but current genetic analyses are sufficient to have detected recent admixture.
Recent studies based on whole genome data have found evidence for modest amounts of
gene flow between wolves and dogs following domestication, particularly for wolf
populations and breeds that have co-occurred historically (e.g., Freedman et al. 2014; Fan
et al. 2016). Thus, it is possible that genomic analyses of Scandinavian wolves and breeds
originating from western Eurasia may reach similar conclusions. Nevertheless, such low
levels of admixture do not erode the genetic boundaries between species or the genetic
distinctiveness of wolf populations any more than small fraction of Neanderthal ancestry
detected in humans threaten their status as Homo sapiens. Future assessments of
hybridization could be undertaken using an approach that leverages a modest number of
ancestry-informative markers (e.g., VonHoldt et al. 2013).
Conclusions
The panel finds that the current literature is adequate to conclude that the existing
Norwegian/Scandinavian population derives from immigration from Finland and Western
Siberia. In addition, the existing population does not show evidence of hybridization with
dogs.
We expect that future genetic results with greater genomic coverage will provide further
evidence to address these questions. Specifically, we understand that ~100
Norwegian/Scandinavian wolf genomes will be available soon for analysis from
researchers at Uppsala University (H. Ellegren and M. Kardos, personal communication).
These results might be useful to more precisely localize the populations from which the
current Scandinavian wolf population originated.
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