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Abstract. The moderate temperature increase of 0.74 °C in the 20th century has caused
latitudinal and altitudinal range shifts in many species including mammals. Therefore,
given the more dramatic temperature increase predicted for the 21st century, we can
therefore expect even stronger range shifts as well. However, European mammals are
already faced with other anthropogenic pressures, notably habitat loss, pollution,
overexploitation, and invasive species, and will have to face the combined challenge posed
by climate change in a landscape highly influenced by human activities. As an example of
the possible consequences of land use, invasive species, and climate change for the
regional-scale mammal species composition, we here focus on the potential 21st century
changes to the mammal fauna of Denmark. Supported by species distribution modelling, we
present a discussion of the possible changes to the Danish mammal fauna: Which species
are likely to become locally extinct? Which new species are most likely to immigrate? And,
what is the potential threat from invasive species? We find that future climate change is
likely to cause a general enrichment of the Danish mammal fauna by the potential
immigration of seventeen new species. Only the northern birch mouse (Sicista betulina) is
at risk of extinction from climate change predicted. The European native mammals are not
anticipated to contribute to the invasive-species problem as they coexist with most Danish
species in other parts of Europe. However, non-European invasive species are also likely to
enter the Danish fauna and may negatively impact the native species.

1. Introduction
During the past century the global average temperature has increased by ~0.74 °C [1], causing
many species to shift their geographic ranges. For example, in Yosemite National Park in western
North America, the altitudinal range limit of many small mammals have shifted upwards [2], while
in the Northern Great Lakes Region the small mammal community is becoming increasingly
c 2009 IOP Publishing Ltd
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dominated by expanding southern species, while northern species are declining in numbers[3]. In
Europe, species range shifts have principally been reported for other taxa, e.g., an upwards
altitudinal range shift for forest plants and a latitudinal range shift for butterflies [4,5]. Considering
the climate changes predicted for the future [1], we can expect dramatic spatial changes in species
composition as climate-sensitive species capable of tracking the changing climate will shift their
ranges and climate-sensitive poor dispersers will contract their ranges or go extinct [6].
Finds of mammal remains from the Last Ice Age, phylogeographic studies, and species
distribution modelling studies indicate that at least the widespread European mammals have the
capacity to respond to climate change by large geographic range shifts [7-10]. However, the effect
of the 21st century climate change may be more severe than Pleistocene climate changes, given that
many mammal species are already negatively affected by other anthropogenic pressures: A recent
report on the global status of mammals shows that a fourth of all mammals are threatened by
extinction [11] and it has been assessed that 15% of the European mammals are threatened
(vulnerable, endangered or critically endangered), another 9% are close to being threatened, and
27% have declining populations [12]. The assessment of the status of mammals does not evaluate
the possible risk from future climate change. The status is attributed alone to anthropogenic threats
such as habitat loss, disturbance, pollution, overexploitation, and invasive species; threats that are
also often the focus in conservation strategies [12]. In this paper we discuss the possible
consequences of future climate change scenarios and its interplay with other anthropogenic factors
to assess the likely 21st century changes in the Danish mammal fauna.
Annual mean temperature (present)

Annual mean temperature (A2)
°C

Annual precipitation (present)

Annual precipitation (A2)
mm/yr

Figure 1. Annual mean temperature and annual precipitation in Europe at the present (1961-1990)
and as predicted under the A2 future climate scenario (2070-2099).
Under the IPCC A2 scenario, that is often described as a business-as-usual scenario and
assumes a moderate to high increase of atmospheric CO2, a global temperature increase of 3-4 °C
by 2090-2099 relative to 1980-1999 is expected [1] (Fig. 1). In European scale, climate conditions
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are expected to shift in a north-eastern direction under the A2 scenario [1], mainly reflecting a
temperature shift by an increase in annual mean temperature by 3-4 °C (figure 1 and 2). The pattern
for precipitation is more complex: Southern Europe and in particular the Iberian Peninsula becomes
remarkably drier, Central Europe becomes slightly drier, whereas the precipitation in Scandinavia
is predicted to increase relative to the present. Metzger et al. [13] modelled the shift in
environmental zones in Europe under the A2 scenario. They predicted a trend towards a general
northward shift of especially the Southern and Central European environmental zones, but also that
the Atlantic environments in Denmark and the British Isles would be relatively stable over the 21st
century.
Figure 2. The scenarios for the
climate in Europe at the end of the
21st century generally show a
climatic shift in a north-eastern
direction (indicated by the arrow).
The dashed line marks an
approximate ‘immigration’ limit,
with species occurring north of this
line being within migration distance
of Denmark in the next 100 years,
given
a
maximum
mammal
migration velocity of ~7.9 km/yr
(see Methods) and the direction of
the climatic shift.

Denmark

Today, Denmark has a highly fragmented landscape in terms of natural habitats that persist in
small areas in a matrix of intensively managed agricultural land and urban areas. A number of
especially large species have been lost over the last centuries or millennia due to hunting and
persecution, notably moose (Alces alces), aurochs (Bos primigenius), lynx (Lynx lynx), wildcat
(Felis sylvestris), and brown bear (Ursus arctos) more than a thousand years ago, and wild boar
(Sus scrofa) and wolf (Canis lupus) in the last 2-300 years [14]. The extant mammal fauna of
Denmark is also highly affected by the intense past and present human utilization of the landscape.
Species such as bank vole (Clethrionomys glareolus), European polecat (Mustela putorius), pine
marten (Martes martes) and badger (Meles meles) have experienced population declines and
contingent losses of genetic diversity over the last 100 years due to habitat loss and fragmentation
driven by an increased demand for cultivated land and human-induced barriers (e.g., [15-18]).
In this paper, we outline the most likely changes in the Danish mammal fauna over the 21st
century, assuming climate changes as predicted under the A2 scenario [1]. We discuss (i) the likely
impacts of climate change and other potential drivers of changes in population size or geographic
range on the resident Danish native fauna, as well as (ii) which species are likely new immigrants
to the Danish fauna taking climate, land-use, and biotic interactions into account. We supplement
the discussion with species distribution modelling for selected species.
2. Methods
2.1. Species and climate data
Data on the distributions of European mammals came from the Atlas of European Mammals [19]
and the Danish Mammal Atlas [20]. In this paper we focused on the terrestrial non-volant
mammals, excluding bats and marine species such as seals. We used the A2 future climate scenario
as modelled in the TYN_SC 1.0 data set: ([21], http://www.cru.uea.ac.uk/~timm/data/indextable.html) that is commonly used in predictions of species potential future distributions (e.g.,
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[22]). It represents a moderate to high increase in global temperature of 3-4 °C by 2090-2099
relative to 1980-1999. The corresponding climate data for the present was also available at
http://www.cru.uea.ac.uk/~timm/data/index-table.html (CRU_CL 2.0, [23]). Annual mean
temperature (AMT) and annual precipitation (PANN) were calculated according to Ohlemüller et
al. [24]. All GIS operations were performed using ArcGIS 9.3 (ESRI, Redlands, CA, USA).
2.2. Estimation of migration speed and direction of mammals
We used two studies on the observed spread of introduced mammals in Europe to estimate a likely
maximum migration rate for mammals across modern European landscapes. The grey squirrel
(Sciurus carolinensis) spread at an average speed of 7.7 km yr-1 in Britain from 1965 to 1980 ([25]
calculated from data in [26]), while the muskrat (Ondatra zibethicus) spread at an average speed of
10.9 km yr-1 during 1900-1930, expanding from its introduction site near Prague to most of Central
and Eastern Europe [27]. In the period 1930-1960 the spread of the muskrat slowed down to an
average speed of 5.1 km yr-1, which is attributed to the trapping programmes initiated around 192530 [27]. Averaging across these three migration rates of spread we use ~7.9 km yr-1 as the likely
maximum migration rate. We note that there is some uncertainty in the estimate due to the limited
sample size on migration rates and that many species are likely to spread much more slowly than
these fast-spreading invasive species. It is therefore a liberal estimate that species occurring within
800 km of Denmark are likely to immigrate to Denmark in the future.
To further reduce the number of likely new immigrants to Denmark we also estimate the
direction of the spread of species. The direction that mammal species are likely to migrate in if they
track the 21st century climate changes is probably towards the north-east, reflecting the general
direction of the expected climate shift, especially noticeable in the north-east shift in temperature
clines (figure 1 and 2), as also predicted by previous studies [22,28]. Hence, mammals with a
northern range limit within 800 km south-west of the Danish border are considered relatively likely
21st century immigrants to Denmark.
2.3. Species distribution modelling
For the selected relevant species such as likely 21st century immigrants to Denmark and species
judged most at risk of extinction from climate change given their current geographic range, we
used species distribution modelling to quantify their potential distributions under present and future
climatic conditions. This was done using maximum entropy species distribution modelling, a
machine-learning technique based on the principle of maximum entropy [29], as implemented in
Maxent 3.2.1 (http://www.cs.princeton.edu/~schapire/maxent/). Maxent has performed very well in
comparative studies of species distribution modelling algorithms [30,31]. First, we modelled the
present distribution of suitable climatic conditions for each species using AMT and PANN, two
climatic variables that have been successfully used in previous studies for predicting mammal
species distributions in the present and under such a different climate as the Last Glacial Maximum
[7,32]. Thirty percent of the samples were randomly selected as test data. The Area Under the
receiver operating characteristic Curve (AUC) when applying the fitted models to the test data was
≥0.731 for all species, indicating the models to have moderate to good predictive ability [30].
Models calibrated on the full dataset were then projected onto the A2 scenario predictions for AMT
and PANN for 2070-99 (figure 1). We used Maxent’s logistic output format, as it can be interpreted
as an estimate of a species’ probability of occurrence. For native species we used the threshold that
maximises both sensitivity and specificity, i.e., the threshold that maximizes the number of
correctly predicted presences and absences. To reduce the risk of underestimating the introduced
species’ climatic niche we therefore used Maxent’s “10 percentile training presence”-threshold,
which is a more liberal threshold and only allows wrongful prediction of 10% of the occurrences. It
was not possible to create a realistic model of the climatic niche for four introduced and invasive
species, Muntiacus reevesi, Tamias sibiricus, Procyon lotor and Sciurus carolinensis, based on
their currently highly limited European distributions.

4

Beyond Kyoto: Addressing the Challenges of Climate Change
IOP Conf. Series: Earth and Environmental Science 8 (2009) 012016

IOP Publishing
doi:10.1088/1755-1315/8/1/012016

Table 1. The Danish mammal fauna under 21st century climate change: The 44 extant terrestrial
mammal species in Denmark and the most likely new 21st century immigrant species [12,19,20],
their current conservation status, and the expected main 21st century threats in Denmark.
Common name
Hedgehog
Common shrew
Pygmy shrew
Water shrew
Mole
Brown hare
Rabbit
Red squirrel
*Siberian chipmunk
European beaver
Bank vole
Water vole
*Muskrat
Field vole
Common vole
Harvest mouse
Striped field mouse
Yellow-necked mouse
Woodmouse
Brown rat
Black rat
House mouse
Common dormouse
*Garden dormouse
*Northern birch mouse
*Coypu
Red fox
*Racoon dog
*Racoon
Stoat
Weasel
Polecat
American mink
Stone marten
Pine marten
Badger
Otter
Wild boar
Fallow deer
Red deer
Sika
Roe deer
Mouflon

Scientific name
Status in DK
Erinaceus europaeus
N
C
Sorex araneus
N
C
Sorex minutus
N
C
Neomys fodiens
N
C, D
Talpa europaea
N
C
Lepus europaeus
N
C, D
Oryctolagus cuniculus
Ni
R
Sciurus vulgaris
N
C
Tamias sibiricus
I
R, I
Castor fiber
N
R, I
Clethrionomys glareolus
N
C
Arvicola terrestris
N
C
Ondatra zibethicus
I
R, I
Microtus agrestis
N
C, D
Microtus arvalis
N
R
Micromys minutus
N
R
Apodemus agarius
N
R
Apodemus flavicollis
N
C
Apodemus sylvaticus
N
C
Rattus norvegicus
N
C
Rattus rattus
Ni
R
Mus musculus
N
C
Muscardinus avellanarius
N
R, T
Eliomys quercinus
N
R
Sicista betulina
N
R, T
Myocaster coypus
I
R
Vulpes vulpes
N
C
Nyctereutes procyonoides
I
R
Procyon lotor
I
R
Mustela erminea
N
C, D
Mustela nivalis
N
C, D
Mustela putorius
N
C
Mustela vison
I
C
Martes foina
N
C
Martes martes
N
R
Meles meles
N
C
Lutra lutra
N
R
Sus scrofa
N
R
Dama dama
Ni
C
Cervus elaphus
N
C
Cervus nippon
I
R
Capreolus capreolus
N
C
Ovis ammon
Ni
R
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Possible 21st century threats

Habitat destruction
Intensive agriculture
Intensive agriculture
Grey squirrel, forest fragmentation
Eradication
Habitat destruction
Habitat destruction
American mink
Eradication
Habitat destruction
Habitat destruction

Management
Management
Habitat destruction
Climate change
Eradication
Eradication
Eradication
Habitat destruction
Habitat destruction
American mink
Eradication
Habitat destruction
Habitat destruction
Habitat destruction
Eradication
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Table 1 continued.
Potential immigrant species
*Millet’s shrew
*Miller’s water shrew
*Bi-coloured white-toothed
shrew
*Greater white-toothed shrew
*Lesser white-toothed shrew
*Grey squirrel
*Common hamster
*Southern water vole
*Common pine vole
*Fat dormouse
*Reeves’ muntjac

Sorex coronatus
Neomys anomalus
Crocidura leucodon

Status in EU
N
C/ LC
N
C/ LC
N
C/ LC

Crocidura russula
Crocidura suaveolens
Sciurus carolinensis
Cricetus cricetus
Arvicola sapidus
Microtus subterraneus
Glis glis
Muntiacus reevesi

N
N
I
N
N
N
N
I

C/ LC
C/ LC
R
C/LC
R/NT
C/LC
C/LC
R

Intensive agriculture
Habitat destruction

Eradication
American mink

Mortality on roads

N, native to Europe; Ni, native to Europe, but introduced to Denmark; I, introduced in Europe. Status: C, common; D,
declining; R, rare; T, threatened; I, increasing/spreading. European Red List status: LC, least concern. *Climatic
suitability models and current distributions are shown in figure 4-6.

Because these species are widely distributed in their native regions and exist under a broad span of
climates it is likely that the current climate in Europe is suitable for them from the Mediterranean
region in the south as far north as the northern limit of the temperate zone, and for Tamias sibiricus
even into the boreal zone.

↑ Bison (Bison bonasus)
Photo: Camilla Fløjgaard
↓ Wild boar (Sus scrofa)
Photo: http://www.biopix.dk

↑ Lynx (Lynx lynx)
Photo: Hans Thomsen
↓ Wolf (Canis lupus)
Photo: Hans Thomsen

Figure 3. Large mammals that given major changes in land-use and/or public attitudes could occur
in Denmark under the current climate as well as under the climate predicted for Denmark by year
2090-2099 under the A2 scenario.
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3. Results and Discussion
We assembled information on the conservation status of mammal species currently found in
Denmark as well as the species that could potentially migrate to Denmark during the 21st century
(Table 1) [12,19,20]. According to the estimated migration distance, many species are within
migration distance of the Danish border. However, we did not include species with habitat
requirements not found in Denmark now and unlikely to be found there during the 21st century,
e.g., montane and alpine species such as Alpine shrew (Sorex alpinus). Furthermore, species such
as wolf (Canis lupus), lynx (Lynx lynx), brown bear (Ursus arctos), and wildcat (Felis silvestris)
would clearly find suitable climatic conditions in Denmark today, but are extinct from Denmark
due to historic hunting and persecution [14]. Although the climate in the future is likely to continue
to be suitable for these species as well as other large species such as the European bison (Bison
bonasus), the establishment of these mammals in Denmark in the future would require major
changes in land-use and/or changes in public attitudes towards these species. We therefore do not
discuss these species further in the present study, although we do not imply to rule out that they
could become re-established as part of the wild mammal fauna in Denmark during the 21st century.
Similarly, the climate is also suitable for wild boar (Sus scrofa) in Denmark today and is likely to
continue to be suitable in the future. However, as long as wild boar is considered a threat to
domestic pigs and persecuted when crossing the border into Denmark, it is unlikely that this species
will establish a significant wild population in Denmark in the future (figure 3).
Potentially invasive species, species at risk of going extinct in Denmark, and native European
species that are relatively likely immigrants to the Danish fauna during the 21st century were
selected for species distribution modelling to quantify their potential future geographic distribution
(figure 4-6). The modelling generally predicts a north-eastern shift in the species ranges over the
21st century. We recognize that the modelling does not directly take non-climatic factors such as
habitat and food availability into account although such factors can be important range
determinants. However, most of the species discussed here are relatively generalized in terms of
feeding preferences and associated with widely available habitats in Denmark and the neighbouring
regions, and we therefore think that habitat and food availability are less likely to be important
constraints on the range dynamics of these species in relation to Denmark.
3.1. Mammal species at risk of extinction from Denmark
There are no endemic mammals in Denmark and there are very few small-ranged species, that is,
the kind of species usually considered at high risk of extinction due to climate change [6]. Most of
the Danish mammal species are widespread and found in much of Europe or even widely across
Eurasia. In relation to the climate change perspective, it is particularly important to note that most
of the species are widely distributed today in Central and Southern Europe under climates
considerably warmer than the current Danish climate and often at least as warm as the A2 scenario
predictions for the end of the 21st century.
The only clear exception is the Northern birch mouse (Sicista betulina), which despite having a
wide Eurasian distribution and considered a Least Concern species on the IUCN Red List [12] is
one of the rarest mammals in Denmark with two isolated populations [33]. Predictions of the
species’ future distribution indicate that the current climate in Jutland is suitable, but the biology,
status, and distribution of the species in Denmark require further investigation. However, climate
change might be one of the biggest threats to this species’ survival in Denmark. Given the A2
scenario, the climate is predicted to become unsuitable for this species by 2070-2099 (figure 4).
There are a few species that can be considered at risk due to competition with introduced
species. Competition between introduced American mink (Mustela vison) and native European
polecat (Mustela putorius) does occur, but it is not considered to be a threat to the existence of the
latter in Denmark [34]. Populations of water vole (Arvicola terrestris) have declined precipitously
in the British Isles due to predation by American mink, but it is not considered a threat to water
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voles in Denmark since the populations here are more catholic in their habitat selection than the
British populations [35].
Northern birch mouse (Sicista betulina)

Figure 4. Only one Danish mammal species, Northern birch mouse (Sicista betulina) is predicted
to go extinct in Denmark by 2100 due to climate change under the A2 scenario (right). Left, the
present distribution and current predicted climatic suitability. Photo: Westy Esbensen.
Common dormouse (Muscardinus avellanarius) is considered threatened and at risk of
extinction [36] in Denmark. The preferred habitat is mixed-deciduous forest with a high plant
diversity [36], which is rarely found in Denmark. In addition, common dormouse has declined due
to intensive forest management, clear-cutting, and pesticide use at forest edges. Common dormouse
is widely distributed in the warmer Central and Southern Europe and is considered a species of
Least Concern on the IUCN Red List [12]. Habitat destruction must therefore be considered the
most immediate and main threat to the continued occurrence of common dormouse in Denmark.
The effects of agricultural practises on mammals in the future are difficult to predict because
they depend on development of new technologies and policies, e.g., with respect to set-aside areas,
biofuel crops, or new tall-growing crops such as maize and sunflower.
3.2. New mammals in Denmark
Species that are within migration distance of Denmark and therefore reasonably likely to immigrate
during the 21st century include Millet’s shrew (Sorex coronatus), Miller’s water shrew (Neomys
anomalus), bi-coloured (Crocidura leucodon), lesser (Crocidura suaveolens) and greater whitetoothed shrew (Crocidura russula), common hamster (Cricetus cricetus), common pine vole
(Microtus subterraneus), southern water vole (Arvicola sapidus), and fat dormouse (Glis glis). The
climatic niche projections for these species indicate that most are also likely to find suitable
climatic conditions in Denmark at the end of the 21st century (figure 5). However, for common
hamster future climatic conditions are predicted to be generally unsuitable.
An additional likely immigrant species may already now be establishing itself: The garden
dormouse (Eliomys quercinus) is predicted to find highly suitable climate in the future in Denmark,
especially in Jutland (figure 5). As this species thrives in gardens and parks it seems likely that it
will find widely suitable conditions in Denmark in the future. Two individuals have been caught
and a few more have been observed in Southern Jutland over the last 10 years [37]. Although these
were probably introduced or escaped pets, it is therefore speculated that a small population might
already have established itself in Jutland and could facilitate a quick future colonization of a larger
part of Denmark.
The species mentioned here are all native to Europe and we consider it unlikely that they will
provide problems akin to invasive species if they establish populations in Denmark, hereunder outcompeting native Danish species. Notably, although there is some interspecific competition at local
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scales, e.g., between common shrew, Millet’s shrew, and greater white-toothed shrew for specific
habitats, at larger scales these species all coexist today in other parts of Europe [19]. While
competition between the water vole and the southern water vole is likely to occur, we do not expect
competitive exclusion of either species on a larger scale. In Denmark, we find fossorial, aquatic and
semi-aquatic ecological forms of the water vole [35]. Given the aquatic life style of the southern
water vole it is unlikely to interact much with the less aquatic forms of the water vole. Furthermore,
the distributions of water vole and southern water vole overlap at larger scales in southwestern
Europe and sympatry between the southern water vole and even the aquatic ecological form of
water vole occurs at local scales [19].
3.3. Introduced and invasive species
Of the introduced mammals found in Europe only the American mink (Mustela vison) has become
established and common in Denmark so far. It is found in most of the country except for a few
minor islands [38]. Although the catastrophic decline of water vole in the British Isles is strongly
linked to predation by mink [39], it has not had a major negative impact on any native mammals in
Denmark except for possible minor competition with polecat for food and habitat. Given the wide
distribution of mink in Europe and in its native range it is unlikely that it will disappear from
Denmark because of climate change. Eradication efforts have been quite unsuccessful at large
scales, but experimental re-introductions of otter (Lutra lutra) in the UK have been associated with
rapid mink declines [40]. Since otter is rapidly re-expanding in Denmark after a strong 20th century
decline [41], otter may limit the distribution and abundance of American mink in Denmark in the
future.
Regular muskrat (Ondatra zibethicus) activity has been observed in Southern Jutland since 2000
[42]. It is already carefully watched by the authorities because it is known to cause damage to dikes
and vegetation around lakes and streams elsewhere [42]. The species distribution modelling and its
large North American range (from southern USA to Alaska), indicates that the climate in Denmark
is predicted to continue being suitable for this species in the future (figure 6). We can consequently
expect that muskrat will continue its spread to all of Denmark over the course of the 21st century.
The relatively few individuals of coypu (Myocastor coypus) (figure 7), a species native to South
America, found in Denmark are presumed to be escaped animals from fur farms [43]. In Central
Europe, Italy and the Balkans coypu is considered an invasive species that can reach high
population densities and cause damage to crops and natural vegetation [19]. So far coypu has not
been successful at establishing populations in the wild in Denmark probably because the winters
are too cold [43]. We can expect the establishment and spread of coypu in Denmark as the winters
get warmer. Already now coypu lives outside and successfully breeds in a Danish zoo in Jutland
(Aqua Freshwater Aquarium; http://www.ferskvandscentret.dk/aqua/nyheder/).
Racoon (Procyon lotor) and Racoon dog (Nyctereutes procyonoides) (figure 7) are also
occasionally found in the wild in Denmark, but are generally considered escaped from fur farms
[44,45] although their invasion from Germany into Jutland has been expected for several decades.
The model for racoon dog likely underestimates the species’ climatic niche because the species’
European distribution is not yet in equilibrium with climate (figure 6). Racoon dog occurs from
southern China to south-eastern Russia and we can therefore assume that the climate in large parts
of Europe today is suitable. The racoon occurs from Canada to northern South America and should
therefore also find suitable climatic conditions in most of Europe today, but because of the limited
European distribution (figure 6) it was not possible to make any realistic prediction of suitable
climatic conditions for this species based on its European records. However, from the subtropicaltropical southern limits of these species’ native ranges, we infer that the climate in large parts of
Europe including Denmark is likely to continue being suitable for them in the future.
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Southern water vole (Arvicola sapidus)

Common hamster (Cricetus cricetus)

Bi-coloured white-toothed shrew (Crocidura leucodon)

Greater white-toothed shrew (Crocidura russula)

10

IOP Publishing
doi:10.1088/1755-1315/8/1/012016

Beyond Kyoto: Addressing the Challenges of Climate Change
IOP Conf. Series: Earth and Environmental Science 8 (2009) 012016

Lesser white-toothed shrew (Crocidura suaveolens)

Garden dormouse (Eliomys quercinus)

Fat dormouse (Glis glis)

Common pine vole (Microtus subterraneus)
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Miller’s water shrew (Neomys anomalus)

Millet’s shrew (Sorex coronatus)

Figure 5. Ten species of mammals native to Europe south of Denmark that are reasonable likely to
immigrate into Denmark over the 21st century given that the Danish climate will become highly
suitable for these species under the A2 scenario (right) and that their current range (left) is
considered within migration distance of Denmark (figure 2). Cricetus cricetus is a marginal case.
Similarly, the European distributions of grey squirrel (Sciurus carolinensis) (figure 6) and Siberian
chipmunk (Tamias sibiricus) are too limited to realistically represent the species climatic niche.
The grey squirrel is native in eastern North America from north of the Great Lakes to Florida in the
south and from this it is likely that the current distribution in Europe does not at all fully represent
its climatic niche. The species has spread rapidly on the British Isles as well as recently also in
northern Italy replacing the native red squirrel (Sciurus vulgaris) as it moves along [46,47]. The
population of grey squirrel on the British Isles is isolated from continental Europe and the
population in northern Italy is so distant that there is not any immediate threat of grey squirrel
spreading to Denmark in the near future. However, since it is very likely that grey squirrel will find
suitable climatic conditions in Denmark both today and in the future, it is also very likely that a
population will establish itself in Denmark should the species be introduced by humans or from
escaped pets. In addition, given the expanding Italian populations, a larger expansion of grey
squirrel across non-boreal parts of continental Europe is to be expected. The native range of
Siberian chipmunk stretches from northern European Russia to China and Japan, while the sporadic
populations in Central Europe all stem from released or escaped pets [19] (figure 6). In Denmark
the species has survived in the wild in northern Zealand since 1990 and the small population is
assessed to be increasing [48]. Again, from the wide native distribution it seems likely that
Denmark will continue to be climatically suitable in the future. Reeves’ muntjac (Muntiacus
reevesi) (figure 7) was introduced to Britain and has been found in the wild since the 1920s where
it is a considerable pest to undergrowth in forests and native and garden flora and competes with
roe deer (Capreolus capreolus) and another exotic deer species, the Chinese water deer
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Coypu (Myocastor coypus)

Racoon dog (Nyctereutes procyonoides)

Muskrat (Ondatra zibethicus)

Racoon (Procyon lotor)

Grey squirrel (Sciurus carolinensis)
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Siberian chipmunk (Tamias sibiricus)

IOP Publishing
doi:10.1088/1755-1315/8/1/012016

Reeves’ muntjac (Muntiacus reevesi)

Figure 6. Six species of introduced mammals that are invasive in Europe outside Denmark at
present and likely to expand in or spread to Denmark during the 21st century. They all tolerate or
benefit from the climate change expected under the A2 scenario and have present distributions not
too distant from Denmark (somewhat questionably for Sciurus carolinensis) and some of them are
occasionally found in Denmark as escapes from fur farms. It was not possible to make a
meaningful model of the climatic suitablitly of Muntiacus reevesi, Procyon lotor, Sciurus
carolinensis, and Tamias sibiricus, but considering the climates covered by their native and current
European ranges we think that both the present and expected future Danish climate is suitable for
these species (see Discussion).
(Hydropotes inermis) at high densities [19]. Given the species native distribution in eastern China
and the current distribution in the British Isles [19], it is likely that the climate in Denmark is
suitable both today and in the future. There is no immediate threat of muntjac spreading from the
British Isles to Denmark, but since it does have hunting value, introduction for sport shooting could
be a motivation for introducing the species in Denmark as well.
4. Conclusion
The conclusions of the present study are based on results from species distribution modelling and a
review of the literature on the species’ ecology. This infers that the conclusions partly hinge on the
extent to which we can trust the predictions of the species’ future distributions. Besides the
uncertainty in the future climate scenario and the uncertainty of how individual species will
respond to climate change, there are also uncertainties in the modelling procedure, that is, to what
extent species distributions can be fully determined by these models. Given these uncertainties, we
conclude the following.
There are a number of species already threatened and at risk of extinction in Denmark today.
However, reflecting the wide geographic distribution of Danish mammal species, only the Northern
birchmouse (Sicista betulina) is likely at risk of extinction in Denmark over the 21st century due to
climate change per se. However, the species most immediately at risk of extinction in Denmark is
the common dormouse (Muscardinus avellanarius), which is now very rare in Denmark, probably
due to loss of suitable forest habitats. The future persistence of this species will depend on habitat
restoration, while it is unlikely to be threatened by the warming climate.
Invasive species may become an increasing problem for the native Danish fauna over the 21st
century. American mink (Mustela vison) already now constitutes a competitor to the native polecat
(Mustela putorius) and has elsewhere caused precipitous declines of the water vole (Arvicola
terrestris). Additional introduced species are likely to spread to Denmark in the future or expand
from recently established populations, perhaps especially muskrat (Ondatra zibethicus), coypu
(Myocaster coypu), racoon (Procyon lotor), and racoon dog (Nyctereutes procyonoides). However,
the scientific basis for evaluating whether these species will have a negative impact on the native
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↑ Reeves’ muntjac (Muntiacus reevesi)
Photo: Jens-Christian Svenning
↓ Grey squirrel (Sciurus carolinensis)
Photo: http://www.biopix.dk

↑ Fat dormouse (Glis glis)
Photo: Wikipedia Commons, public domain
↓ Coypu (Myocastor coypus)
Photo: http://www.biopix.dk

↑ American mink (Mustela vison)
Photo: http://www.biopix.dk
↓ Racoon (Procyon lotor)
Photo: http://www.biopix.dk

↑ Muskrat (Ondatra zibethicus), Photo: Dave Menke,
Wikipedia Commons, public domain
↓ Racoon dog (Nyctereutes procyonoides)
Photo: http://www.biopix.dk

Figure 7. Some of the more likely 21st century immigrant species to the Danish mammal fauna.

15

Beyond Kyoto: Addressing the Challenges of Climate Change
IOP Conf. Series: Earth and Environmental Science 8 (2009) 012016

IOP Publishing
doi:10.1088/1755-1315/8/1/012016

fauna is at best weak. Clearly less problematic is the immigration of species native to Europe south
of Denmark, as these species already now coexist with the Danish species in wide areas of Europe.
These species include garden dormouse (Eliomys quercinus), Millet’s shrew (Sorex coronatus),
Miller’s water shrew (Neomys anomalus), bi-coloured (Crocidura leucodon), lesser (Crocidura
suaveolens) and greater white-toothed shrew (Crocidura russula), common pine vole (Microtus
subterraneus), southern water vole (Arvicola sapidus), and fat dormouse (Glis glis).
In conclusion, future climate change per se is likely to cause a general enrichment of the Danish
mammal fauna by the potential immigration of 17 new species, while only threatening one species
with extinction in Denmark. Future management and conservation plans should include control
strategies for non-European invasive species with negative impacts on the native biota and include
monitoring programs to continually assess faunistic changes, hereunder interactions between the
species currently found in Denmark and new immigrants.
5. Acknowledgements
This paper is a result of the international conference “Beyond Kyoto: Addressing the Challenges of
Climate Change - Science Meets Industry, Policy and the Public”, held in Aarhus, Denmark, March
5th-7th 2009. We are grateful to Signe Normand for preparation of the climate data and thank the
Danish Natural Science Research Council for economic support (grant #272-07-0242 to JCS). We
also thank Niels Sloth for making pictures from biopix.dk available.
6. References
[1] IPCC 2007 Summary for Policymakers in Solomon S et al 2007
Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to the
Fourth Assessment Report of the Intergovernmental Panel on Climate Change (Cambridge:
Cambridge University Press) p 18
[2] Moritz C et al 2008 Science 322 261
[3] Myers P et al 2009 Global Change Biology 15 1434
[4] Lenoir J et al 2008 Science 320 1768
[5] Parmesan C et al 1999 Nature 399 579
[6] Thomas CD et al 2004 Nature 427 145
[7] Fløjgaard C et al 2009 Journal of Biogeography 36 1152
[8] Sommer RS and Nadachowski A 2006 Mammal Review 36 251
[9] Sommer RS et al 2009 Mammal Review 39 1
[10] Banks WE et al 2008 Quaternary Science Reviews 27 2568
[11] Schipper J et al 2008 Science 322 225
[12] Temple HJ and Terry A (compilers) 2007 The status and distribution of European mammals
(Luxembourg: Office for Official Publications of the European Communities) p 45
[13] Metzger MJ et al 2008 Environmental Conservation 35 64
[14] Erslev E 1871 Historisk Tidsskrift 4 841
[15] Pertoldi C et al 2008 Biological Journal of the Linnean Society 93 457
[16] Redeker S et al 2006 Mammalian Biology - Zeitschrift fur Saugetierkunde 71 144
[17] Pertoldi C et al 2006 Journal of Zoology 270 102
[18] Pertoldi C et al 2005 Journal of Zoology 265 387
[19] Mitchell-Jones AJ et al 1999 The Atlas of European Mammals (London: T & AD Poyser
Natural History) p 484
[20] Baagøe HJ and Jensen TS ed 2007 Dansk Pattedyratlas (Copenhagen: Gyldendal) p 392
[21] Mitchell TD et al 2003 Tyndall Centre Working Paper 55
(http://www.tyndall.ac.uk/publications/working_papers/wp55.pdf)
[22] Skov F and Svenning JC 2004 Ecography 27 366
[23] New M et al 2002 Climate Research 21 1

16

Beyond Kyoto: Addressing the Challenges of Climate Change
IOP Conf. Series: Earth and Environmental Science 8 (2009) 012016

IOP Publishing
doi:10.1088/1755-1315/8/1/012016

[24] Ohlemüller R et al 2006 Global Change Biology 12 1788
[25] Okubo A et al 1989 Proceedings of the Royal Society of London. Series B, Biological
Sciences 238 113
[26] Williamson MH et al 1986 Philosophical Transactions of the Royal Society of London B,
Biological Sciences 314 505
[27] van den Bosch F et al 1992 Journal of Biogeography 19 135
[28] Levinsky I et al 2007 Biodiversity and Conservation 16 3803
[29] Phillips S et al 2006 Ecological Modelling 190 231
[30] Elith J et al 2006 Ecography 29 129
[31] Phillips SJ and Dudik M 2008 Ecography 31 161
[32] Martínez-Meyer E et al 2004 Global Ecology and Biogeography 13 305
[33] Jensen TS and Møller JD 2007 Birkemus Sicista betulina (Pallas, 1779) Dansk Pattedyratlas
ed Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 170-173
[34] Hammershøj M et al 2007 Ilder Mustela putorius (Linnaeus, 1758) Dansk Pattedyratlas ed
Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 194-197
[35] Lodal J 2007 Mosegris Arvicola terrestris (Linnaeus, 1758) Dansk Pattedyratlas ed Baagøe
HJ and Jensen TS (Copenhagen: Gyldendal) pp 122-125
[36] Vilhelmsen H 2007 Hasselmus Muscardinus avellanarius (Linnaeus, 1758) Dansk
Pattedyratlas ed Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 164-167
[37] Jensen B and Erritzøe J 2007 Havesyvsover Eliomys quercinus (Linnaeus, 1766) Dansk
Pattedyratlas ed Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 168-169
[38] Hammershøj M et al 2007 Mink Mustela vision (Schreber, 1777) Dansk Pattedyratlas ed
Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 198-201
[39] Jeffries DJ et al 1989 Mammal Review 19 111
[40] Bonesi L and Macdonald DW 2004 Oikos 106 9
[41] Madsen AB et al 2007 Odder Lutra lutra (Linnaeus, 1758) Dansk Pattedyratlas ed Baagøe
HJ and Jensen TS (Copenhagen: Gyldendal) pp 214-219
[42] Ramsgaard NR 2007 Bisamrotte Ondatra zibethicus (Linnaeus, 1766) in Baagøe HJ and
Jensen TS. Dansk Pattedyratlas Gyldendal pp 126-127
[43] Baagøe HJ 2007 Sumpbæver Myocastor coypus (Molina, 1782) Dansk Pattedyratlas ed
Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 174-175
[44] Baagøe HJ and Ujvári M 2007 Mårhund Nyctereutes procyonoides (Gray, 1834) Dansk
Pattedyratlas ed Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 182-183
[45] Baagøe HJ and Ujvári M 2007 Vaskebjørn Procyon lotor (Linnaeus, 1758) Dansk
Pattedyratlas ed Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 184-185
[46] Okubo A et al 1989 Proceedings of the Royal Society of London. Series B, Biological
Sciences 238 113
[47] Bertolino S et al 2008 Biological Conservation 141 2564
[48] Ujvári M 2007 Sibirisk jordegern Tamias sibiricus (Laxmann, 1769) Dansk Pattedyratlas ed
Baagøe HJ and Jensen TS (Copenhagen: Gyldendal) pp 112-113

17

