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Abstract. In this paper the projected future impact of elfenchange has been analyzed for the quality of
living conditions of the European terrestrial vereges (amphibians, reptiles, birds, mammals) & th
Carpathian Basin. According to the climate scemsanearmer and drier climatic conditions are likédy
occur in the Carpathian Basin by end of this cent@imultaneous analysis of climate parameters,
climate simulations and animal range datasets emabt to evaluate the vulnerability of different
European species to regional warming and climaéagh. The spatial climate analogy technique is used
to analyze the estimated rapid change of the wilthals’ habitats and their northward migration. Hue
reference climate data of Debrecen is considened tlaree spatial analogue regions are compared. The
results suggest that generally a significant declm habitats is very likely for most of the anayz
animal groups by the end of the®2dentury. The largest rate of decline is estimdoedirds. However,
living conditions for reptiles may improve in thetdire due to the warmer and drier climatic condiio
which are favourable for these species.

Keywords: spatial analogy, climate change, vertebrates sge@eology, area dynamics

Introduction

Global climate change does not affect only humartstae urban environment, but
also, the living conditions of wild animals. Thealysis of phenological, geographical
and genetic impacts of climate change to wildlgean increasingly popular research
topic (e.g., Thomas et al., 2004; Rosenzweig e2AD8; Moritz et al., 2008; Dids et al.,
2009; Dregelyi-Kiss and Hufnagel, 2009; Eppichlet2009; Sipkay et al., 2008, 2009;
Chen et al., 2011), however, the projections afirfeiconditions are rarely investigated
due to the lack of methodology. The results sugtedtthe relationship between global
warming and the response of the wildlife is cleatlpng.

Climate is one of the abiotic factors, which cotgrprimarily the range areas of the
wildlife. According to the Niche theory (Jacksonda@verpeck, 2000) in a particular
region, multivariate changes in climate imply shift species’ range areas because each
species reacts individually (Williams et al., 2007)

If the climate significantly changes in a particuleegion, it may disturb the
ecosystem, and increase the risk of extinctioneBas previous studies (e.g., Williams
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et al., 2007) accomplished in case of the A2 seer{&lakicenovic and Swart, 2000),
12-39% of the Earth's terrestrial surface is vekely to experience significantly
different climate conditions from the current cliaan the future.

Because of the warming, some species colonize egwns, others move towards
presently yet colder climatic zones. However, inecaf some other wildlife species, it
may be especially difficult to adapt to the accatieg warming. For instance, Beever
etal. (2011) concluded that the wild mountain-dingl pikas of North America
migrated upward at an average of 13 m per decadaghout the 20 century, and this
rate increased up to 145 m per decade in the Bstears. According to Chen et al.
(2011) the range of species of North America ancbpi shifted poleward 17 km per
decade, and to higher elevation at a rate of 1lendpcade in the recent decades. As
species move from their previous ranges, they nwber species, sometimes
unprecedently, which affects the whole ecosystethefegion.

Mountain ecosystems have very diverse wildlife,sththey are major areas of
biodiversity (Balogh et al., 2008). Increasing temgiure is estimated to cause
significant loss of appropriate environment of @bionally endemic animals. These
possible losses may increase if the warming condp@rgpresent climate is larger than
2°C. According to estimation of Williams et al. (), even with an optimistic
temperature increase of 1°C, one endemic speciksemtirely lose its habitat and
almost all other endemic species will suffer sevtereases in their range areas of the
Australian Wet Tropics bioregion. Moreover, in ttese of a large warming (exceeding
7°C), all of the endemic species will lose theg\pous habitats.

The species that are affected the most negativelglimate change are the habitat
specialists, and the species being less mobilei&pthat live in fragmented landscapes
may also struggle with the negative impacts of atenchange because they are not able
to colonize the area (Chen et al., 2011).

Each species has its own climatic and environmergabls and tolerances. If these
conditions change (e.g., by climate change) they shét their ranges, or regulate their
morphology, shifting the timing of life-cycle evenbr in the worst case, they may
suffer extinction (Rosenzweig et al., 2007). Beeaofsthe large number of endangered
species, several analyses focus on extinctionstoudimate change recently (e.g.,
Burrowes et al., 2004; Sekercioglu et al., 2004jrfeis et al., 2006; McLaughlin et al.,
2002). Specifically, 75 endemic frog species inAlneerican tropics are extinct because
of a pathogenic fungusBéatrachochytrium dendrobatidisinfection due to recent
warming (Pounds et al., 2006). Furthermore, a pabutterfly, Euphydryas editha
bayensisin the San Francisco Bay area in California istla@o victim of global
warming because its total habitat loss and thusnetion in the region were due to the
increasing variability in precipitation (McLaughlet al., 2002). Based on the study of
Sekercioglu et al. (2004) 21% of 9916 historic l8pkcies of the world are threatened
by extinction, and 6.5% of the analyzed IUCN Reslt lavian species are functionally
extinct. According to the estimations, 6-14% ofla#itoric bird species will be extinct,
7-25% will be functionally extinct, and 13-52% wlilé functionally deficient by the end
of the 2% century (Sekercioglu et al., 2004).

Besides vertebrates, even insects show a verytisenseaction to the change of
abiotic factors of the environment (Ladanyi and iégel, 2006; Ferenczy et al., 2010).
Therefore, they can be considered as a good imdicgiecies of climate change
(Gergocs and Hufnagel, 2009; Gergocs et al., 20A@).instance, a recent paper by
Kocsis and Hufnagel (2011) of the impacts of clienethange on the fourth largest order
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of insects in Europe discussed remarkable chamgalsundance, distribution range and
phenology of Lepidoptera.

The above mentioned studies all highlight the ingare of this global issue and the
need of further research to understand the meaharni$ climate stress to ecosystems.
Such detailed analysis may help to minimize thesgative impacts of global warming
to the wildife and ecosystems before it would beversible.

The research presented in this paper aims to dealo@ regional impacts of climate
change on the habitats of wild European vertebré&esphibians, reptiles, birds,
mammals). The method of spatial climate analogyr{&it, 2008b) has been used to
analyze the possible future climatic conditionsBastern Hungary by the late 21
century. Global warming implies increasing tempamt dryer summers and wetter
winters in the region (Bartholy et al., 2008), whigs similar to the current
Mediterranean climate, therefore, the climate apakites are located south, southeast
to Hungary. Comprehensive habitat and climate @malgnables us to evaluate the
sensitivity of the European vertebrate specieggional warming and climate change.

Database

Three datasets were used for the range of species:

« The Atlas of European Mammalgavailable from Societas Europaea
Mammalogica, http://www.european-mammals.org/phpimaker.php). This
database was compiled in 1999 (Mitchell-Jones ¢t18199) and has been
widely used as reference dataset. It separateliacendata for the pre-1970
and post-1970 presence of mammal species in Europe.

 The Atlas of European Breeding Birds (availablenfréhe European Bird
Census Council, EBCC, http://www.sovon.nl/ebcc/eomhich contains
information on bird speciefHagemeijer and Blair, 1997)n case of both
mammals and birds, the range of species deternfiioedthe datasets may not
be precise for the Eastern European regions, ii.és, possible that several
species are only missing due to not detecting them.

» The Atlas of Amphibians and Reptiles (availablerirthe European Societas
Europaea Herpetologica, http://www.seh-herpetolagy, which contains
spatial distribution information about these spgcidhis database was
published in 1997(Gasc et al., 1997) and was collected on the bakis
observations in the 1980s and 1990s.

From the above datasets, altogether 234 mammalkesp&8 bird species, 123 reptile
species, and 61 amphibian species were analyzée present study.

The climate information includes daily temperatwed precipitation, which is
available from the E-OBS datasets (Haylock et2008). The climatic conditions of
Debrecen in 1961-1990 are illustratedrig. 1. The red curve of the diagram shows the
annual distribution of monthly mean temperatureugal the blue histograms indicate
the average monthly precipitation amounts.
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Figure 1. Climate diagram representing the climate condition®ebrecen (1961-1990)

The methodology of spatial analogy

The spatial analogyechniqueis based on the temperature and precipitation time
series. Horvath (2007, 2008a, 2008b) applied tlaogy of the search process for the
area of Debrecen (Hungar§7°2’ N, 21° 38’ B using the pessimistic A1FI, and the
optimistic B2 scenario (Nakicenovic and Swart, 2000ith the so-calledCLIMEX
method Eq. 1) (Sutherst and Maywald, 1998; Young et al., 1998)s ipossibleto
determine the spatial climate analogy regidaswhich the following formulae can be

used:
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where,

j: number of the gridpoin§£1,...,31143)

I: number of the month<1,...,12)

TEMB;: the temperature of the gridh the month
T;: the temperature of the scenario in manth
PREG: the precipitation of the gridin the month
Pi: the precipitation of the scenario in month
Ty the absolute differences of temperature
Pqj: the differences of precipitation
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a: we can count only the differences of precipitatibecause the differences for
small precipitation is more important than for thgh ones. For the calculation we
useda=0,05

I7j: the similarity of the grid by the temperature to the scenario (value: Othgf
temperature is the same, thar1)

Ipj: the similarity of the gridl by the precipitation to the scenario (value: Ofthe
precipitation is the same, th&iF1)

kr: can be set by the userki=0.1 than for 1°C differences the similarityl$=0.9,
to define the analogue regions, we used the J@tugan be set by the user, we
choose thép=0.1

CMI;: ,Composite Match Index”, the similarity betwedretgridpoint and the
scenario, for the perfect similarity the valueCisii=1

The center of the three regions derived from théhowe of spatial climate analogies
(Fig. 2) indicate the possible future climatic conditioftg the region of Eastern
Hungary (represented by Debrecen as the larggsincihe area with reliable observed
meteorological time series) in the®2dentury. Climate conditions similar to the present
conditions of Timisoara and Russe are estimatethéyniddle of the Zicentury, and
conditions similar to the present conditions of §¢&oniki by the end of the century.
The details of the entire selection process of $patial climate analogy regions
represented by the above mentioned cities areibdeddoy Horvath (2007, 2008b).
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Figure 2. Location of the climate analogue sites

The climate diagrams ofig. 3 show that warmer climatic conditions and
significantly decreasing summer precipitation ar@grted in the region by the end of
the 2f'century. Current climatic conditions of the spatinhlogue sites are presented in
the left column (in similar forms tBig. 1) while the difference between the analogue
sites and Debrecen (implying the projected climatianges) can be seen in the right
column. The larger the geographical distance betwbe spatial analogue site and
Debrecen, the warmer the climate and the drierstemer. First, summer climate of
Timisoara is only slightly warmer and drier thaattlof Debrecen: the anomalies of the
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monthly mean temperature do not exceed 2°C, anchtmghly precipitation anomalies
do not exceed 10 mm. This slight difference camnadly be explained by geographical
proximity. In the temperature conditions of Rudse differences in summer can exceed
4°C and the difference of the summer monthly pitipn exceeds 20 mm. The
greatest climatic anomalies compared to Debrecearan Thessaloniki, located on the
southernmost, which is projected to characterizér®een by the late #1century
(Bartholy et al., 2008). The summer temperaturéedifices between Thessaloniki and
Debrecen are 6-7°C, and monthly precipitation desgas about 40-50 mm.
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Figure 3. The climatic conditions of the climate analoguesit
(Timisoara, Russe, Thessaloniki).
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Classification system based on living conditions &pecies

For the analysis of the change in the range oéuhfit vertebrate species, the applied
classification system contains four different basides: (i) 'Absent’, i.e., there are no
suitable habitat for the particular animal in tegion; (ii) 'Marginal’, i.e., the range
area is located on the border of the spread arézegpfrticular animal; (iiiySporadic’,
i.e., the location of the habitats are not a cardus distribution area of thgarticular
animal; (iv) 'Area centraltonsidered to be the best conditions for the paercanimal
because the range area is centrally located.

The quality of living conditions for every terraatrvertebrate has been determined
in the Debrecen region and in the three analogggoms. The resulting sixteen
variations of code-pairsan be divided into three classes in terms of cingnigp their
habitat quality. The first six code-pairs (i.e.,s&int — Area central, Absent — Sporadic,
Marginal — Area central, Absent — Marginal, Spocaei Area central, Marginal —
Sporadic) imply positive changes or improving ctiodis. Three code-pairs (i.e., Area
central — Area central, Sporadic — Sporadic, Maigin Marginal) imply unchanged
situation.The last six code-pairs (i.e., Area centrale — &gioy Sporadic — Marginal,
Area centrale — Marginal, Marginal — Absent, Sparad Absent, Area centrale —
Absent) imply negative change or decreasing habfatce the ‘Absent’ — ‘Absent’
code pair is not relevant in the analysis, it wastied from the classification system.
For the animals, the most negative habitat chasge shift from the ‘Area central’ to
the ‘Absent’ condition, which means the extinctiohthe particular species. On the
other hand, the most positive change is the chémoge the ‘Absent’ status to ‘Area
central’. This classification unables us to identihe endangered species, the new
immigrant species, and a detailed analysis of giffespecies’ habitats.

Results

We analyzed the change of habitat quality in cédsalldfour classes of vertebrate
animals separately in Debrecen and in the thretaspaalogue regions. The results of
changing habitats (i.e., the code-pairs) are sumethinFig. 4 as a distribution using
pie charts for all the four classes of vertebraBdge colors indicate decreasing habitat
of the animals, while yellow and red colors indeamproved conditions for the
species. Grey colors imply unchanged conditionscdse of amphibians no major
changes can be projected in living conditions by thid-century, but a significant
decline is expected by the end of the century. [iMieg conditions of reptiles clearly
show an improving trend of their conditions, whishdue to the fact that the warmer
and drier climatic conditions are favorable for dhespecies. The largest portion of
decrease is projected for the birds since the tiondi become less favorable. The
portion of bird species with decreasing habitatditons can exceed 60% by the end of
the 2% century.

In case of mammals, different species react vefgrdntly to the changing climatic
conditions, thus, some species may benefit fromrég@nal climate change, others will
lose their habitats. By the end of the centuryliviag conditions of 48% and 31% of
mammal species are projected to decrease and secrespectively.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 10(2):0I7-120.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2012, ALOKI Kit., Budapest, Hungary



Bartholy et al.: Regional climate change impactsvdd animals’ living territory in Central Europe

-114 -

MAMMALS BIRDS REPTILES AMPHIBIANS
(%) (%) (%) (%)

© 10 3 - 6 442, 7 7 27 8

g 4 14 14 2

2 13

£ o .

= 7

‘I= 6 23 =

[

o 1 7

S 1 30

a 35 22 14 75
8

2 g

(7]

3

[

&

[}

(5]

<4

Ke]

Q

a
75

=

5 25 25

S

[}

[7]

[}

P =

T

o

[}

(]

e

Ke]

3 50

Absent - Area central
Absent - Sporadic
Marginal - Area central
Absent - Marginal
Sporadic - Area central

[ Area central - Area central
O Sporadic - Sporadic

O Area central - Sporadic
O Sporadic - Marginal

O Area central - Marginal
O Marginal - Absent

B Sporadic - Absent

OO0 0 OB m

Improving habitat
Decreasing habitat

No change

Marginal - Sporadis E Marginal - Marginal B Area central - Absent

Figure 4. The distibution of habitat changes of the four gr®of animals on the climatic
analogue regions

Results of regional climate change studies sugbasthe climate of the Carpathian
Basin is expected to be drier and warmer by theadrtle 2f' century (Bartholy et al.,
2008), therefore it is assumed that the migratfoananals will shift northward.

The climate change affects the amphibians espgam@batively because they are
water-bound animals and hence, the estimated digads to decrease of the optimal
habitats. Among amphibians the following specie8 probably suffer the strongest
habitat decrease by the end of the centBgmbina bombina European fire-bellied
toad, Palobates fuscus common spadefoot toaBana esculenta complex edible
frog, Rana arvalis- moor frog.

The reptiles are well-known of their preferencenafrm areas (due to the lack of an
appropriate heat-balancing cardiovascular systdmjefore, the projected temperature
increase will be generally beneficial for them. Hwmer, the living conditions of the
following species may be threatened by the effettdimate changeZootoca vivipara
— common lizardlacerta agilis— sand lizardAblepharus kitaibeli- European copper
skink.
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Based on our analysis the following bird specieslikely to be the most negatively
affected by the climate changeAcrocephalus paludicola— aquatic warbler,
Circus pygargus- Montagu's harriel,.imosa limosa— black-tailed godwitNumenius
arquata— Eurasian curlewAsio flammeus- short-eared owDtis tarda— great bustard.

Fig. 5 summarizes the spread of endangered mammal spedigope and in the
Carpathian Basin. Among these mammals the followspgcies are likely to lose
partially their habitats in the Carpathian Basinthe future:Castor fiber— Eurasian
beaver,Myotis dasycneme pond batBarbastella barbastellus western barbastelle,

Lynx lynx— Eurasian lynxMustela erminea- stoat,Oryctolagus cuniculus- European
rabbit.
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Figure 5. Current presence of possibly endangered Europeanna species
in the whole area of the European continent andQhgpathian Basin.
(In any climate analogue site the given speciebitasis classified as 'Absent’)

Fig. 6 shows the distribution map of the six mammal sgggavhich are categorized
— based on the Atlas of European Mammals databasbsent’ in all three analogue
regions, while in the Debrecen region they aregmieed as ‘marginal’ or ‘sporadic’
living conditions. Our results suggest that itikely that the future climate of Hungary
will not be suitable for these six mammal species.
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'Absent’ are shown in more details on the range smdgtermined ont he basis of datasets from
Mitchell-Jones et al. (1999)
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Conclusion and discussion

The purpose of this reasearch was to analyze thsilge regional impacts of the
global warming to the living territory and condit® of the four wild European
terrestrial vertebratgroups (amphibians, reptiles, birds, mammals). &enanalogy
technique enables us to estimate the migratioretges of these animals during thé'21
century. However, the validity of the results azaly in this paper is limited since the
living territory of the species and its changesrastonly dependent on temperature and
precipitation.

In case of the four examined vertebrate groupgtitgon of species with decreasing
habitat conditions is estimated to be between 1B86&64%, while that with increasing
habitat conditions between 16% and 69% by the dritleo2f' century. This result is
very similar to that of Petranyi et al. (2007). Acoding to their study 33% of the
Lepidoptera species is predicted to have decreasimje 26% of them to have
increasing habitat conditions by the end of th& @intury.

As we proceed southward from Timisoara to Thesddltime portion of species with
unchanged habitat conditions decreases from 5424% in case of mammals, 78% to
23% in case of birds, 51% to 13% in case of reptiBnd 75% to 25% in case of
amphibians. Petranyi et al. (2007) predicted theid@ptera species to be between 67%
to 41% (79% to 51% in case of Macrolepidoptera, &i86 to 34% in case of
Microlepidoptera), under the same conditions, \hih same analogue places.

We can predict a 17% decrease in mammal biodiyerait4d5% decrease in bird
biodiversity, while a 51% increase in the biodivigrof reptiles, by the end of %1
century (based on Thessaloniki as an analogue )placeéhe case of amphibians we
estimate a 50% species replacement without thegehah biodiversity. Based on the
data of Petranyi et al. (2007) Lepidoptera bioditgris estimated to decrease by 7% (a
deacrease of 18% in case of Microlepidoptera an®%a increase in case of
Macrolepidoptera).

According to the climate change estimations for @@pathian Basin, warmer and
drier climate conditions are projected. Our residdesed on the climate analogue
technique suggest a remarkable change in the babifawild animals and their
northward migration in order to find their optimebnditions. More specifically, the
following conclusions can be drawn.

1. Among the four animal groups analyzed in this pager birds are likely to be
affected the most negatively by the regional clenatange.

2. Since reptiles prefer warm and dry climatic comhs, therefore, the estimated
climate change in the region improves their livaggnditions.

3. In the case of mammals, species respond differeatihe changing climatic
conditions, thus, some species may benefit fromréiggonal climate change,
while others will lose their habitats.

4. Because of the barrier effect of the CarpathianrBa®me species could suffer
extinction due to the lack of escape routes. THiisce was not taken into
consideration in this study.
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