Chapter 12 ®)
Climate Change Impacts on Bird Species  oie

Sven Trautmann

Abstract Climate change has been shown to be an increasingly important driver of
changes in the distribution, abundance and life history of bird species, causing
changes of biodiversity and community compositions, e.g., measured by climate
change indicators. Especially changes in the distributional ranges of species have
been demonstrated in many cases, with some species being driven towards their
altitudinal or latitudinal limits leading to shrinking populations. But also changes of
phenology, genetics, and population sizes have been proposed to be caused by
climate change. Although there is recent evidence only for regional climate-driven
extinction events for birds, climate change can be considered among the major risk
factors that might lead to the complete extinction of bird species. Together with (and
sometimes contradicting) land-use change and demographic effects, climate change
is shown to be a risk factor especially for cold-dwelling, restricted-range, and slowly
adapting species. However, indirectly, by means of climate change mitigation
measures modifying land-use patterns, also widespread generalist species are
becoming increasingly threatened. Despite demonstrated niche conservatism in
several cases, also adaptation of species to climate change is taking place, changing
their multidimensional niche spaces. Birds are not sufficiently tracking climate
change, nor do northern and southern range limits shift at the same pace. Thus,
altered migration phenology and distance have been proven, often proposed to result
from phenotypic adaptation. In a few cases, however, genetic predisposition and/or
microevolution appear to shape the impact climate change has on bird species. There
is broad consensus that climate change will lead to a reshuffling of communities and
altered selection pressures both within and among species. The extent of the
projected changes largely differs among studies owing, e.g., to the uncertainty
inherent in climate change predictions. Nevertheless, niche space is expected to
undergo future changes for many species, which, in turn, can have beneficial or
detrimental effects on the survival of the respective species or communities and may
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also lead to changes in the effectiveness of bird protection which in turn should be
adjusted to climate change impacts.

Keywords Climate change - Climatic niche - Climate change indicator -
Distribution - Phenology - Adaptation - Microevolution - Species richness - Leading/
trailing range margins - Demographic changes - Warm-dwelling/cold-dwelling
species - Niche conservatism - Stepping-stones

12.1 Introduction

Past climatic changes have regularly triggered large-scale alterations of plant and
animal communities. Single large-scale extinction events occurred at least five times
in Earth’s history, the sixth mass extinction being suspected to be under way
(Barnosky et al. 2011).

Non-analogue climatic regimes and communities stimulated both the extinction
of existing and the evolution of new species. For birds, such stimuli comprise the
Cretaceous-Paleogene mass extinction (Longrich et al. 2011) but also ice ages and
the creation of new weather systems like the monsoon in Southeast Asia (Weir and
Schluter 2004; Koch and Barnosky 2006; Pickert et al. 2012).

Since the twentieth century, life on Earth has been faced with an anthropogenic
increase in Earth surface temperature of 0.74 °C, with mean temperature increases
exceeding over two degrees in certain areas of the temperate and arctic climate zones
(Pacifici et al. 2015; Houghton et al. 2001). Future climatic projections predict a
continued rise in Earth surface temperature by 0.3—4.8 °C (relative to 19862005
conditions) until the end of the twenty-first century (IPCC 2013).

Ongoing climatic change markedly differs from preceding changes, because the
latter supposedly did not occur at such small temporal scales and were not accom-
panied by changes in land use which act—at least partly—independently of them.

Accepting climate change as a scientific fact, this inevitably leads us to the
question of how those unprecedented changes might influence the future of bird
species.

12.2 Birds and Climate Change: Is There an Impact?

When focusing on climate change impacts, it becomes apparent that a vast amount of
knowledge already exists showing various types and magnitudes of impacts on bird
species.

We especially find phenologic, genetic, population level and biogeographic
changes.

Regarding phenology, changes in the arrival (and partly also departure) timing of
migratory species, in some cases diminishing migratory activity, alteration of
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migratory distances, and changes in breeding behavior related to earlier arrival and
timing of breeding as well as increased length of the breeding season and numbers of
broods have been found, but no strong effects on clutch sizes could be demonstrated
(Doswald et al. 2009; Visser et al. 2009; Both and Visser 2001; Smallegange et al.
2010; Both et al. 2004; Mgller et al. 2010; Parmesan and Yohe 2003; Winkler et al.
2002).

For most of those effects, it remains unclear whether phenotypical plasticity or
rather genetic changes cause them (e.g., Gienapp et al. 2007). In some cases, it has
been hypothesized that climate change might have led to altered selection pressures,
e.g., resulting in changed coloration (Karell et al. 2011), smaller body sizes
(Salewski et al. 2010), and the change of migration routes or migratory activity
within few generations (Bradshaw and Holzapfel 2006; Plummer et al. 2015).
Especially, selection for dispersal and reproductive traits is thought to increase
toward range edges (Oliver and Morecroft 2014).

Population changes reveal themselves as a result of altered biotic and abiotic
conditions and can be more or less pronounced, depending on the adaptability of
species. Changes of species abundance have been increasingly related to climate
change effects (Jiguet et al. 2010; Renwick et al. 2012; Tayleur et al. 2015; Huang
et al. 2017).

Biogeographic changes are caused by the aforementioned factors, first in the
form of spatial abundance shifts, local extinction, and colonization events and then,
ultimately, as areal shifts, resulting in either gain or loss (in Europe at the northern
and southern range margins, respectively) of species’ ranges (e.g., Thomas and
Lennon 1999; Hitch and Leberg 2007). In Europe, predominantly range extensions
could be demonstrated, whereas range loss is much less commonly reported. Yet,
climate change-driven global or continental extinction events for bird species remain
to be unambiguously proven, although together with weather extremes it already
seems to be a primary or secondary threat of extinction for around 10% of bird taxa
(Szabo et al. 2012) and local extinctions have already been demonstrated in both
northern temperate and tropical parts of the Americas (Wiens 2016).

Within the last two decades, range shifts have increasingly been debated as a
proof of measurable climate change impact on bird species and communities.

In northern temperate regions, mostly, shifts at the northern or leading range
margins toward the northeast or northwest have been reported (e.g., Lehikoinen and
Virkkala 2016) and seem to be constricted by winter temperatures (Parmesan 2006),
whereas evidence for corresponding shifts of the southern or trailing range margins
remains scarcer (e.g., Gillings et al. 2015; Tayleur et al. 2016). Furthermore, range
shifts in the tropics (Walther et al. 2002; Sekercioglu et al. 2012) or southern
temperate areas (Hughes 2003) have less frequently been reported.

But even for proven shifts, not in all cases the directions of the shifts fit with the
expectations (e.g., western or eastern range shifts, shifts downslope or toward
tropical latitudes, (Bateman et al. 2016; Huang et al. 2017; Lenoir and Svenning
2014; Gibson-Reinemer and Rahel 2015), and sometimes alleged shifts are
disproven (Taheri et al. 2016). Also, altitudinal shifts caused by climate change
are not unambiguously supported by the current literature (Tingley et al. 2012).
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In the light of such inconsistent results, sometimes it has even been disputed,
whether apparent range shifts are actually attributable to climate change or rather to
land-use or demographic changes (Beale et al. 2008, 2009; Peterson et al. 2009;
Bateman et al. 2016).

Thus, although climate change and its impacts are widely accepted as scientific
facts, it should neither be considered as an isolated driver of changes in bird
populations or communities nor can its effects always be distinguished from other
drivers such as land use.

12.2.1 Climate Change Indicators

Despite all those blurred views, however, we still find a generalizable effect of
climate change on a large spatial and temporal scale, especially at the community
level (Aradjo et al. 2009). Therefore, climate change indicators have been invented
in order to measure effects that might be masked by the large spectrum of reactions
of single species or populations.

As some species are more, others less dependent on climate, this individual
relationship has to be captured in one common framework in order to reveal
generalizable effects. Several attempts have been made to do so.

One of them is to examine changes of species richness as a measure of the overall
climatic influence on birds (e.g., H-Acevedo and Currie 2003; Lemoine et al. 2007).

More frequently, the climatic associations of single species were estimated using
species distribution modeling (see Chap. 9) and then aggregated to community level,
e.g., resulting in the climate impact indicator (Gregory et al. 2009). This approach
was recently modified to allow for different reactions of the same species to climate
change, depending on the region in which the species occurs (Stephens et al. 2016).
Changes in the local climatic suitability for bird species can be calculated using
regression models of occurrence/abundance of species in a given area at a time and
the climatic circumstances in the same area and time period. Those trends in climatic
suitability can then be linked to the climatic changes in the same time period
and area.

Apart from changes of suitability, a simpler measure of the climatic dependence
or niche of a species can be used by calculating the average temperature throughout
the range of their occurrence. This value can be used to distinguish warm-dwelling
and cold-dwelling species. Furthermore, weighing the abundance (relative to other
species) of a species in a given year by its temperature value and averaging over the
whole community of species, a community temperature index (DeVictor et al.
2008, cf. Fig. 12.1) can be calculated, representing the “fever curve” of the bird
community. This indicator is not just sensitive to changes in the distribution of
species but also to changes in abundance and thus unveils the changes happening
within ranges rather than focusing only on range margins.
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Fig. 12.1 The community temperature index in Germany is the “fever curve” of the bird commu-
nity. It contains 88 common bird species and shows the relative changes in the proportion of warm-
vs. cold-dwelling species by averaging the population trend indices, weighed by the temperature
niche of the single species within their European distributional range. Changes do not seem to be
tremendous between 1990 and 2013 but reflect very well the changes in mean April-July temper-
atures in Germany with increases at the beginning of the 1990s and 2000s and a decrease since 2009

All those approaches have added tremendously to our perception of climate
change effects on birds. Thereby, it became known that bird species richness is
changing, especially due to the immigration and increase of new species but
regionally also due to the decline and/or loss of species. Additionally, proposed
range shifts reflected very well changes among potential “winners” and “losers” of
climate change on continental levels or even across continents (Gregory et al. 2009;
Stephens et al. 2016). But also, smaller-scale changes in the climatic impact could be
tracked, and the reshuffling of communities was demonstrated (DeVictor et al. 2008;
Princé and Zuckerberg 2015).

Nevertheless, still some doubts remained about whether community-based indi-
cators can disentangle climate and land-use change effects. Some effects that seem to
be caused by climate may in fact be due to land-use changes acting only on one part
of a community that has distinct properties of its climatic niche like, e.g., changes in
temperate forest birds, which tend to be rather cold-dwelling (Clavero et al. 2011).
On the other hand, differential effects (e.g., regarding sensitivity to land-use change)
on subsets of communities might even cover climate change effects (Reif et al.
2010).

Thus, more recent community-based indicators aim to correct for effects of

habitat specialization of communities to rule out such effects (Kampichler et al.
2012).
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Fig. 12.2 The climate impact indicator (CII) connects changes in the climatic suitability for bird
species in defined areas with their population changes among 1980 and 2010. For Europe, in (a) the
average population changes are shown for species for whom climatic suitability increased (CST+)
in red and for species for whom climatic suitability decreased (CST—) in blue (red and blue dashed
lines depict 90% confidence intervals; the dashed horizontal line depicts the expectation if climatic
suitability played no role). In (b), the same is shown for the USA. Annual values of the ratio of the
CST+ index to the CST— index form the climate impact indicator (CII), which is shown for Europe
in (c) and for the USA in (d). On both continents, since 1980, a consistently increasing climatic
impact for bird populations can be demonstrated. Figure taken from Stephens et al. (2016)

Ultimately, results of species- or community-based indicator systems can provide
insights into the climate change impacts which can yield either positive or negative
consequences for birds (Fig. 12.2).

12.3 What Are the Consequences of Climate Change
for Birds?

Climate change-induced alterations of bird phenology and distribution have been
identified as important threats for single bird species. Less prominently, species
might also profit from climatic change. Thus, a number of species in the climate
impact indicator have been labeled as potential “winners” and others as “losers” of
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climate change. However, in the new edition of the CII (Stephens et al. 2016), both
are somewhat intermingled, as the same species might in one part of its range be
subject to positive yet in another part to negative climatic impacts. And in a number
of species, no unambiguous climate change associations are apparent at all (e.g.,
Huang et al. 2017).

Positive aspects of climate change comprise increasing abundance and/or ranges
for sedentary, general, and warm-dwelling species (Kampichler et al. 2012; Davey
et al. 2012; Devictor et al. 2008). Also, changed competition structures might favor
some species over others (Ahola et al. 2007; Wittwer et al. 2015). And especially,
wintering conditions have already improving for a number of species (Princé and
Zuckerberg 2015; Telleria et al. 2016).

Nevertheless, in most publications, negative impacts are expected to prevail for
the majority of species.

Phenological mismatches have been hypothesized and regionally been proven
(e.g., Both et al. 2010). Also, unequal climate change in breeding, passage and
wintering areas and less flexibility to adapt to changes (especially for long-distance
migrants, compare Gomez et al. 2016; Potvin et al. 2016) lead to a higher threat
potential for migrants (Hiippop and Winkel 2006; Jones and Cresswell 2010).
Changes of wintering or passage conditions also have additional detrimental effects
on bird populations (Hiippop and Winkel 2006; Lehikoinen et al. 2013). And during
the breeding season, enhanced extreme weather events are causing negative effects
for bird species (Van de Pol et al. 2010).

However, at the community level, threats from climate change seem to arise
especially from the changes in wintering and breeding distributions of species and
the accompanying reshuffling of bird communities (La Sorte and Thompson 2007).
Especially, asynchronous changes lead to altered competition and facilitation struc-
tures and make communities more susceptible to other detrimental (often anthropo-
genic) effects.

Ranges can expand or shrink due to climate change, depending on the adaptabil-
ity of species to new conditions (Massimino et al. 2015). For generalist species or
species which are able to shift their habitat preferences quickly, new habitats become
available through climatic change, whereas other species might lose ranges, if
habitat quality deteriorates due to climate change (Davey et al. 2012).

Although land-use change can be more important for habitat specialists (e.g.,
Virkkala et al. 2005), climate change might locally even have overtaken land use as
the most important threat factor (compare Lemoine et al. 2007). However, the
highest threat potential does probably not arise from climatic or land-use changes
per se but rather from their interaction (Oliver and Morecroft 2014).

Not only is climate change known to drive changes in land-use patterns by
changing environmental conditions for agriculture or forestry.

Also, climate change mitigation measures have the potential to reduce the impact
of climatic change by up to 20% for birds (Warren et al. 2013) and in some cases are
already promising regarding positive impacts on bird communities (Lindbladh et al.
2014). However, several mitigation measures show adverse effects on bird
populations and diversity (Danielsen et al. 2009; Immerzeel et al. 2014).
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So, it is estimated that one of the largest negative effects for birds at community
level in Germany can currently be observed for the cultivation of energy crops.
Especially, the increased cultivation of rapeseed for biofuel (E10) and winter wheat,
rye, and especially corn for biogas production has led to higher agricultural inten-
sification. Large-scale monocultures and the simultaneous loss of both extensive
grassland and fallow land have probably led to a “biodiversity disaster” and might
continuously add to an accelerated loss of farmland bird abundance and diversity
(Flade 2012; Sauerbrei et al. 2014). Such negative effects could be minimized, if
monocultures were avoided and habitats were enriched when cultivating bioenergy
crops or grassland (Casado et al. 2014).

12.4 Projections of Potential Climate Change Impacts:
What Else Is Waiting for Us?

Regarding future projections of climate change impacts, very often mismatches and
uncertainty occur.

Interestingly, perceived climate change impacts and future projections very often
differ markedly. While currently no climate-driven global extinctions of bird species
can be proven, vast species losses are predicted for the future.

Dramatic distribution shifts of on average up to 550 km northward in Europe have
been hypothesized (Huntley et al. 2008). Including land use into such projections
leads to less pronounced shift projections of 335 km, at least under the expectation of
niche conservatism (Barbet-Massin et al. 2012). Nevertheless, on a global perspec-
tive, vast land-use change acting jointly with climate change might very well lead to
an even higher threat for biodiversity (Jetz et al. 2007; Mantyka-Pringle et al. 2015).

In the USA, 53% of species are projected to lose more than half of their current
range (Langham et al. 2015). Especially, rare species with restricted ranges might be
affected by such changes (Ohlemiiller et al. 2008).

Furthermore, climate change impacts are proposed to be more severe for cold-
dwelling species, restricted-range species, and species using seasonal habitats (Both
et al. 2010). In contrast, warm-dwelling, generalist, and adaptable species are
expected to profit from forecast climatic changes (Davey et al. 2012).

Additionally, although projections do not show associations to conservation
prioritization (Langham et al. 2015), it has been proposed that protected areas
might be able to at least partly buffer climate change impacts due to offering habitat
niches and allowing for range shifts by providing refuges or stepping-stones for bird
populations and communities (Hole et al. 2009).

Another mismatch occurs in the relationship between effects of climate and land-
use change.

There are hypotheses stating that climate change might become an even more
important threat factor than land-use change (Boit et al. 2016). However, there still
exists considerable debate over this issue and especially for the tropics, but also for
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temperate regions, rather land-use change is expected to remain more important than
climate change, whereas in arctic, boreal, and alpine environments, a larger effect of
climate change is expected (Jetz et al. 2007; Sala et al. 2000).

Despite the unresolved question of which factor might be more important, future
change projections of bird distributions often do not consider both climate and land-
use change and their interactions which leads to an even higher uncertainty. Also,
ecological features of species which influence dispersal, adaptability, resilience, and
persistence of species are often ignored (Jiguet et al. 2007; Mgller et al. 2008).
Studies that incorporate those factors mostly reveal tremendously different or even
contrasting possible outcomes in comparison to pure climate-based projections (e.g.,
Urban et al. 2012).

Even when incorporating interaction effects and biological mechanisms into
future projections, there still remains considerable uncertainty regarding the extent
to which single species, geographical areas, and ecosystems might be influenced by
climate change. Future projections remain very vague for several reasons. They
especially depend on many assumptions, e.g., about the fundamental and realized
niches of species but also about the equilibrium of species distributions and climate.
They sometimes even have to extrapolate to non-analogue conditions. And, overall,
not only is the future extent of climate change on a global level unknown, but also its
potential effects on regional and local scales are yet poorly understood. But for all
that uncertainty about which effects climate change and other factors might have on
biodiversity, the footprint of climate change is already apparent, e.g., illustrated by
current bird population trends mirroring forecast climatic changes (Jiguet et al.
2013). This scientific fact clearly calls us into action.

12.5 Do Niches and Interactions with Abiotic and Biotic
Environment “Evolve’?

As outlined before, future projections of climatic impacts on bird species or com-
munities still remain vague. Despite the uncertainties of climate change, land-use
change, their interactions, species traits, and species distribution models, major
causes for this are assumptions of niche conservatism and stability. Those can in
many cases be questioned and thus represent an additional source of uncertainty.
Although for many species a clear relation to climate has been found, projections in
time and space are hampered by several factors.

Species have been shown to react to climate change, e.g., by adapting their
migratory behavior (Schaefer et al. 2008). Several species have shifted their arrival
dates, changed wintering and stopover areas, or their migratory routes (Lehikoinen
et al. 2004, 2013; Maclean et al. 2008).

But even without such changes, species might react to climatic changes in
unexpected ways, especially when they are faced with non-analogue conditions
(i.e., abiotic or biotic conditions they have not yet faced with within their former
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range). They can, e.g., occur in new environments which through climate change
might offer more food resources in winter or during the breeding season. And they
obviously react to climate change in different ways according to regionally different
environmental conditions or altered community structures and competition. Thus, no
straightforward predictions can be made for the “evolution” of non-analogue com-
munities, i.e., communities which bird species have not encountered before (Urban
et al. 2012).

It can however be expected that some species will react to such new challenges
using ecological innovations. Especially changes in relative abundances within
communities will necessarily force species under pressure to adapt to new condi-
tions. The more generalist or innovative (e.g., niche-switching) species might fill
niches that become available during the competition with species that are incapable
of quick and efficient adaptation to new conditions.

Not only the competition among species but also subspecies distributions and
furthermore genetic diversity might alter due to climate change (Peterson and Holt
2003; Pearman et al. 2010; McQuillan and Rice 2015).

But also external drivers like pathogens might influence species’ capacities for
climate change adaptation through impacts on the population structures of species.
One example of induced pathogens that might have an impact on birds in the face of
climate change is represented by the Usutu virus. This virus has been introduced into
Europe by single events and caused mass mortality events in Common Blackbirds
Turdus merula in 2001 in Austria and 2011 in Germany (Weissenbock et al. 2003;
Becker et al. 2012). Such events lead to the selection of immune birds and might also
regionally change relative abundance structures within bird communities as the
blackbird is among the most abundant bird species in Central Europe. It remains
yet to be examined to which extent other bird species are affected by this virus and
whether other species that are immune to it might profit from changed competition
structures within the bird community.

Also, at medium or long temporal scales, such pathogens by means of selection
might shape the population genetic structure of species affected by them which in the
case of Usutu cannot yet be demonstrated.

It can be expected that on larger timescales, such effects will become more
prominent. Large-scale subliminal effects might already be existent but become
apparent only in some decades.

Climate change is held responsible for the creation, differentiation, and extinction
of species on evolutionary timescales. Availability of new niche space, altered
selection pressure, and the loss of established niches are hypothesized to have driven
evolution over millions of years. However, it seems difficult to predict how those
processes act on small timescales of decades or centuries. Thus, current climatic
changes and subsequent reactions of species have to be observed carefully in order to
disentangle phenotypic adaptation from microevolutionary processes which might
lead to altered conditions for species and communities.

One approach to do so includes a comparison of cues for past niche evolution to
population trends. By this means, Lavergne et al. (2013) showed that niche conser-
vatism correlates with population declines.
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Nevertheless, not only the question of whether species adapt to climate change
will be a matter of survival but also how quickly this can happen. If birds are not able
to keep pace with climate change (DeVictor et al. 2008) or evolve new niches
(Quintero and Wiens 2013), they will be subject to population declines and might
ultimately be threatened with extinction.

The inherent uncertainties of those dangers and of climate change lead us to the
question of how to combat climate change impacts.

12.6 Conservation Implications

Climate change has been shown to be an increasingly important threat factor for both
bird species and communities. As it acts on large spatial and comparatively short
temporal scales, it is a factor that (if only regionally) has the potential to quickly
outperform land-use change as the current major threat factor for biodiversity
(Eglington and Pearce-Higgins 2012). Major problems posed for conservation are
that in contrast to land-use change, climate change is hard to revert on a short
timescale but also difficult to detect as it is often intermingled with the first. And,
even more dangerous appears the current lack of proof for negative impact of climate
change on bird species. This may sound paradox, but despite a large body of research
on the topic and numerous projections of future biodiversity loss, ultimately for no
bird species, anthropogenic climate change has been unambiguously proven as the
major driver of its extinction. Instead, the new appearances of many species outside
of their previous ranges seem to overstress the positive effects of climate change.
Also, the high uncertainty of future projections complicates climate change adapta-
tion (see, e.g., Bagchi et al. 2013). Such projections are not only weakened by the
inherent uncertainties of climate and land-use change predictions but also by the
unpredictable responses of species.

In different parts of their ranges, species can react differently to changes, as
shown by Stephens et al. (2016). Species can additionally be in disequilibrium with
their climatic niche (DeVictor et al. 2008), or they might have a considerably broader
fundamental niche than expected by their current realized climatic niche and not
react to changes at all. Also, it remains unknown to which extent species will be able
to adapt to non-analogue conditions (of climate, land use, community structure).
Most of those issues are subject to both spatial and temporal scale effects.

Thus, conservation policy might be hampered by disequilibrium among the
proposed long-term and the observed short-term impacts of climate change.

How can conservation policy react to this, and which measures have to be taken
in order to help species and biodiversity adapt to climate change?

Importantly, uncertainty has to be communicated. Although this is quite unpop-
ular with stakeholders and policy-makers, there is no one-solution-for-all situation.

Whereas politics currently still focuses on climate change mitigation, this should
not counteract conservation and the necessary adaptation measures that have to be
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taken. Climate change is a fact and cannot be stopped immediately. However, it is
currently happening and already showing impacts which have to be dealt with.

The inherent uncertainty and regional and temporal disparity of climate change
has to be included into management concepts. Not only concepts for single species
or on small spatial scales have to be developed, but rather concerted action plans are
needed. It has already been shown that, not only in protected areas, adaptive
landscape management can mitigate climate change effects (Princé et al. 2015).

Furthermore, conservation policy has to focus on international scales. Not only
national breeding grounds but also breeding grounds in Europe, stopover sites, and
also wintering areas have to be considered, especially for long-distance migrants
(Sanderson et al. 2015).

In all regards, management necessarily has to be flexible so that it can be adapted
to changed conditions. It should be combined with a comprehensive network of
protected areas that can be used as habitat corridors in order to warranty connectivity
of bird populations (Trautmann et al. 2013). Nevertheless, connectivity is only
valuable, if it does not come at the cost of losing high-quality areas (Hodgson
et al. 2009). Furthermore, it has been shown that habitat mosaics and diversity
have positive effects on the resilience of communities to climatic change (Jarzyna
et al. 2015).

One of the major threats is related to the mismatch among today’s protected areas
and the future ranges of species for which they were designed. Protected areas are
designated and managed for species and might become less effective, if species shift
ranges due to climate change (Coetzee et al. 2009). But how can adaptive manage-
ment work in a changing world? And how can the success of a protected area
network like Natura 2000 in Europe be assessed when species which triggered the
designation of a protected area disappear due to climate rather than land-use change?

Those questions are currently pending an answer. However, protected areas seem
to mitigate climate change impacts both at species and community level (Gaiizere
et al. 2016).

Managing areas proactively might be one solution, at least if the new occurrence
of a species of high conservation concern and/or climatic risk can be predicted with
high certainty. Helping colonizing species to find new habitats can be a task for
which existing protected areas could be used (Thomas et al. 2012). Also, as pro-
jections show that new refugia outside the protected area network might arise
(Coetzee et al. 2009), new areas could be managed for prospective species, and
protected area networks could be expanded.

This can also take place in current protected areas but then has to be well-
balanced with attempts to maintain populations of diminishing species.

For some species, both approaches might be valuable in different parts through-
out their ranges and might thus give them enough time and space to adapt to climate
change. For this task, protected area networks give us a well-suited toolset yet
remain to be extended and often still lack sufficient management planning (or at
least information about it, as shown for individual countries, but also indicated by
Gamero et al. 2017 for Europe). Also, it seems clear that protected areas cannot act as
the only tool for climate change adaptation but have to be embedded in an enriched
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landscape matrix which has to provide stepping-stones for whole communities rather
than only for single species.
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