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EXECUTIVE SUMMARY

There is mounting empirical evidence that climédignge is already having various impacts on
different aspects of the ecology of organism, gholy amphibians and reptiles. Long-term studies on
European amphibians and reptiles show akeadydarien to earlier breeding in many species. Ako,
the decline of some species has been linked tgethaimatic conditions.

Most aspects of the life of amphibians and reptitécally depend on temperature and water.
While reptiles have developed adaptations to caffewater scarcity, all European amphibians re-
quire mosst habitats and, with few exceptions, opeter for reproduction. Species will become
threatened by climate change particularly n regwhere water and humid habitats are already scarce
and expected to become even drier. As wethndatsldisappear, aquatic and semi-aquatic species
will suffer declnes.

Warm winter conditions may deplete the energy resswof hibemating species in the Temper-
ate Zone and individuals may be killed by late ts.ofn the Mediterranean, excessive heat and pro-
longed droughts can have negative effects on amphiland reptiles and species adapted to cool en-
vronments may experience lethal temperatures.

The principle response of species to climate changiher a range shift or in-stu adaptation by
ewvolutionary change. Apart from marine turtlestilep and amphibians have a too low dispersal ca-
pacity to follbw the expected rapid changes, eafiean the highly fragmented European landscapes.
In-stu adaptation requires large populations -ebeyhe size of most amphibian and reptile popula-
tions in modern landscapes.

Climate envelope modelling and the assessmenedithate sensitivity of amphibians and rep-
tiles clearly show that clmate change impacts wohisiderably differ among species and regions.
Overall, amphibians are expected to suffer moretgatiies which are better adapted to dry environ-
ments.

Proposed actions:

1. Take early action on the species listed in Téblkthe attached report. including through sjgecie
specific climate change mitigation plans. Specigable 4 are expected to be the most affected ones
They comprise primarily

> Amphibians from dry Mediterranean regions (esplgdialS pain, Westermn France, and Italy);
» Amphibians requiring cool environments

> For reptiles, projected lbsses are also higheateas with high temperatures and major reduc-
tions in prec pitation (Spain, Italy, the Balkaasd Greece);

» Island endemics, such as Alytes muletensis (Beldéid-wife Toad), the lizards Algyroides fiz-
ingeri (Pygmy Algryoides), Lacerta bedriagae (Baghis Rock Lizard), Podarcks tiliguerta (Tyr-
rhenian Wall Lizard), and Gallotia simonyi (El H@Giant Lizard), and the snake Macrovipera
schweizeri (Cyclade Blunt-nosed Viper) are predidte become the most affected species, to-
gether with Phyllodactylus europaeus (Europeanioeaf gecko);

» InCentral and Northern Europe, early breeding dmagph i.e., primarily brown frogs (Rana ar-
valis, Rana. dalmatina, Rana. temporaria) anddhenon toad (Bufo bufo) may be placed at in-
creasing rsk due to late frosts, less snow cevet warmer winter temperatures.

2. Hghly sensitive species should be monitoreddisators of climate change.

3. Facilitate in-situ adaptation and natural ragiglts by redoubling efforts to maintain or restore
large intact habitats and large-scale connectivity.

4. Countries with breeding populations of seadsrrthd endemic sland taxa potentially threatened
by sea level rise should gather data and undestaklees to improve knowledge on climate change
impacts on endemic island species.

5. Mediterranean countries should assess the reduftipermanent wetlands and rivers by the
combined effects of land use and climate chanbetter understand impacts on amphibian species.
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6. Further research should be undertaken on tlestjaitimpacts of climate change on amphibian
and reptile species.

1. INTRODUCTION

In the 1970s, envronmental biologists and atmaespseientists predicted that human-induced
global warming could potentially affect the biologlyplants, animals, and microorganisms (Wyman
1992). An increasing body of evidence providesctue of a warming world accompanied by other
significant climate changes (IPCC 2007). The ptegbeate of global mean warming exceeds by at
least one order of magnitude the rate of globamivgrduring the most rapid large magnitude events
of the Quaternary period. During the Quaternaryogial period, the difference in global mean tem-
perature between glacial and interglacial stagesngparable in magnitude to the upper end of the
range of possible global mean warming whilst atlbiver end of this range the warming results in
conditions at least as warm as any during thetpasiillion years. Regional climate modelling stud-
ies (e.g. Raisénen et al. 2004) indicate that Eurep be expected to experience warming of a greate
magnitude than the global mean warming.

The principle response of species to climate chagespatial response. Their geographical
range changes as the area shifts in which thesititi tolerances and/or requirements are met (e.g.,
Walther et al 2002). This spatial respons e mayobglemented by adaptive genetic responses of the
population at any given localty as the clmatinditons at that locality change (Bradshaw &
McNeilly 1991). Species unable to achieve a sefficépatial and/or adaptive response will suffer ex
tinction, at least regionally and in some casebadiip Thus species wih low dispersal potentia an
species that have narrow climatic requirementdikarlg to suffer maost strongly from climate change.
More subtle responses, such as changes in thelgineonb important biological traits (Blaustein ét a
2003) or changes in community composition duetee hydroperiods (Semitsch 2003), may pre-
cede evolutionary adaptation or shifts in geogagistribution.

There is mounting empirical evidence that climédignge is already having various impacts on
different aspects of the ecology of organisms,(8\@gther et al. 2002, Parmeson & Yohe 2003), in-
cluding amphibians and reptiles (Boone et al. 2Q0Bewise, modelling the climatic requirements of
species and matching these ‘climate envelopes’ pritfected future climatic conditions show that
many species face major range shifts and a suisbthneat of eventual extinction in Europe, and in
some cases of global extinction (Thuiller 2003,ujwat al. 2006).

Amphibians and reptiles are particularly suitab@leh groups to compare n terms of climate
change senstivity. Because temperature and mmiafi@ct multiple aspects of amphibian and reptile
biology (Heatwole 1976, Duellman & Trueb 1986, Bitamlv 1987, Angilletta et al 2002), they
should be extremely vulnerable to the effectsiofatic change and thus excellent indicators for im-
pacts on biodiversity (Blaustein et al. 2001, Caeplexander 2003) With few exceptions, they
share very low dispersal capacity (Fog 1993, Blaust al. 1994, Settele et al. 1996, Semlitsci3200
Smith & Green 2005, Jehle & Sinsch 2007) and tane fimited scope to track climate change by
dspersal. However, in response to drying climaiethe Carbon (290-333 Mio. years ago) reptiles
ewolved from their amphibian progenitors a rangadafptations for coping with water scarcity, espe-
cilly eggs with eggshells, scaled skin with lipidlshe epidermal layer, and the excretion of a®a
an adaptation aganst evaporation (Lilywhite & esbn 1982, Bradshaw 1987, Packard & Packard
1988). In contrast, all amphibians criically degpen water availability and humid environments for
most of their life (Duelman & Trueb 1986). As axsequence, amphibians show their greatest diver-
sity ih wet tropical regions (Duellman 1999) wiilet and dry regions are particularly rich in tewhs
reptile species diversity (Pianka 1986). One mag firedict that reptiles in general should be kess
senstive to climate change than amphibians andediterranean and Temperate regions, may even
benefit from ft.

However a simple analysis of the direct impactsliofate change on a species may be mislead-
ing and it is important to recognise the complesttgffects of climate change on different aspetts
the biology of the animal and its environment. Sofrteese effects may counteract each other, others
may act synergistically. These factors may inc{@kent SEH-CC, comm. by lett.):

«  Behavioural changes and other such adaptatiotisnigies change,
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« Effects of predator, prey, and competior species,
«  Opportuntties for non-native species,

+ Dsease: prevalence, impact, and spread, and snpacither species that may help carry, spread
or act as a reservor for disease,

« Effects on the habtats — these may be expecttbio

»  Micro-climatic effects: though the ‘gross climat&anges will affect the ‘climate space’, impacts
may largely occur at the micro-clmate level Clesnm use of habitat and landscape features
(e.g., moving from southem to northern aspectsjiffarence in vegetation height or structure,
perhaps due to change in plant communities ordifenanagement regimes (e.g., removal of
trees, change in grazing regimes) may exacer babeéigate the impacts of cimate change,

«  The underlying geology, or other such factors, mmpact on the ability or scope for animals to
change environment (different pH, different watgemtion abilities, etc); physical features may
alter the effects of clmate (proximity to the dpabange in the Gulf Stream, features that sheker
from prevailing winds), effect of coastal erosiansea level rise, and the presence of physical
barriers may affect the ability to disperse andatkalability of space to move into. The physical
structure of the land will therefore provide mangt &aried impacts and effects.

While these aspects are important, even the ldkect effects have not yet been reviewed in
depth and tt is impossble to model all of thegeeets for species at a krge scale and as such the
analyses in this paper are simplfied. Nonethebesgide range of factors would need to be constlere
when considering the impacts on species at diffgreographic scales and may mplicate conserva-
tion policies and management practices.

In this report, we first assess the relationshgis/een climatic factors and phenology, demo-
graphic changes, and habitat dependency of Eurapegaimbians and reptiles that ultimately trans kte
into different viability of populations sand shiftsspecies range. In this assessment we focusron t
perature and water availability. We further evaduhe evidence that the current ranges of amphibian
and reptiles in Europe are Imted by climatic éestand assess the knowlkedge about adaptive re-
sponses to climatic factors. We review evidencieEbeopean amphbians and reptiles are already af-
fected by clmate change. We then dewvelop and aeahew climate envelope models for all Euro-
pean species with a sufficiently broad distributiBased on the combined evidence from these as-
sessments, we finally derive recommendations éctmservation of European amphibians and rep-
tiles in the face of climate change, acceptinguiitertainty of the modelling and the need for a sim
plified analysis to address the issues at a hygt le

2 SENSITIVITY OF AMPHIBIANS AND REPTILES TO CLIMATIC FACTORS

Because many facets of the biology and ecologynphéians and reptiles are tightly related to
temperature and moisture, their phenology, dembgrand habitat choice is sensitive to climatic
factors (Duelman & Trueb 1986, Bradshaw 1987, Reita et al. 2002). This dependency should ul-
timately translate into a latitudinal and altitwlidistrbution that is strongly influenced by amil
change wih climatic conditions — an assumptioh ihgenerally made in models that predict climate
change impacts on organisms (Davis et al 1998high is rarely assessed when more than a few
species are modelled at the same time. In thigoiseate evaluate the differential sensitivity of -am
phibians and reptiles to clmate change in regpetiese aspects of their life.

2.1 Phenology

Shifts in the timing of species’ life cycles hawaeb noted in locations from around the globe for
all major groups of animak and plants (Parmesaole 2003, Root et al. 2003). Changes in phenol-
ogy are likely to mpact the reproductive succdsadiduals and hence the dynamics and persis-
tence of populations, the structure and divergipoohmunities, and the functioning of entire ecesys
tems.

In reptiles and amphibians the timing of the sealsastivities hibernation, aestivation, and breed-
ing are tightly related to climatic conditions (elBeading 1998, Tryjanowski et al. 2003, Chadwick
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al 2006, Malkmus 2008). This is particularly pranced at higher latitudes with their distinct sea-
sonal difference between summer and winter temypexsatin Europe, amphbians and reptiles hiber-
nate during winter except in the Mediterranean Zoneeptiles the exceptions are only thermaly fa
vourable habitats (Malkmus 2004) and the warmes péithe Mediterranean (see Béhme et al. 1981-
1999, Fritz (2001, 2005), and Joger & Stimpel (R pecies specific data). Increased risks asso-
ciated with climate change are posed by fixed ematmgs rhythms of hbernation and feeding that can
lead to depletion of energy stores in mild wintard concomitantly to reduced survival and/or repro-
duction and as a consequence to a decline in pigmuiaze as suggested by Reading (2007) for the
common toadBufo bufg. In the laboratory, Jergensen (1986) showed anaobffect forB. bufg.
Other studies alo showed that spermatogenes@valadion are governed by endogenous rhythms in
amphibians (e.g., van Oordt 1960, Juszczyk & Zaoveski 1965). However, these endogenous
rhythms usually are not fixed, rather they are fnatiby environmental factors, including in the
common toad (e.g., Reading 1998). Of the 17 angphibpecies, for which Blaustein et al (2003)
evaluated long-term studies, approx. 50% showedsref earlier breeding as a response to increased
temperatures. In contrast, almost all long-terdissuof European species found such a trend (see
section 3 for details). The reason for the vamesimong species still remains unclear but may-bere
Iatefl to the degree of climate change that toaeplathe study locations and statistical powehef
analyses.

A further risk that increases with climate charggeeduced snow cover in winter that could lead
to higher mortality during cold spells. In amphilsiathe critical thermal limits decreases withléhe
tude of the most northern occurrence (Brattstroé8)1But only few species of reptiles and amphibi-
ans are freeze-tolerant, e.g. the viviparous ligaodtoca vivipara (Voituron et al. 2002), the Sibe-
rian newt Galamandrella keyserlingi( Kuzmin & Maslova 2003), eggs of some North Acami tur-
tles (Kenneth et al 1988), and the North Amenigand frog Rana sylvatica(Layne & First 1991) —
see Layne & Lee (1995) for adaptations of frogsutwive freezing and Spellerberg (1973, 1976) for
critical thermal limits in reptiles (including Eypean species). Uksch et al. (1999) reviewed atitic
thermal minmum temperatures for tadpoles, butdiide contains no European species. While it is
known that cold winters can affect negatively tevsal of aduk frogs (e.g., edible frogR- escu-
lenta, pool frog —R. lessonaeAnholt et al 2003) and mass mortality n hibeuta followed by
population declines have been observed, e.g. fmeri& wood frog K. amurensis (Kuzmin &
Maslova 2003) and Dybowsky's frog.(dybowsk)i (Maslova 2000), data on the effects of reduced
snow cover are largely lacking due to study degijisulties. However, an unusual sharp decline of
the adder\(ipera berul occurred throughout Germany in winter 2002/2@0& umably caused by an
unusually warm but extremely wet winter forcing #makes to hibernate at shallow depth and kte
deep frosts (Podloucky et al. 2005).

As an additional risk, climate change increaseslikbdéness of late frosts in Central Europe
(Hanninen 1991, Walther et al. 2002), which careiatal consequences for early breeding amphibi-
ans (Costanzo & Lee 1997) and hibemating rep@pswhn killed by late frost have been observed for
agile frog R. dalmating the grass frogR. temporaria (Henle, unpubl, Gamer SEH-CC, comm. by
letter, Podloucky SHE-CC, pers. comm.), the many R . arvalig, and the palmate newIrturus
helveticu} (Podloucky, pers. comm.). Likewse, reptiles thate active early in the year in fine warm
weather but found dead durihg a sudden period ldfweather, or specimens trapped in late snow
have been repeatedly discovered, e.g., the samd {iacerta agili3, Z. vivipara(Spelelrberg 1976,
Henle 1998), smooth snakedfonella austriach (Spellerberg 1976), and berus(Bschoff 1972),
and amphibans, e.®. amurensigKuzmin & Maslova 2003) an&. dalmatina(Henke unpubl.),
trapped in late snow or have been recorded buttacade available to quantify this risk.

Like hibernation aestivation may be affected bgnalie change with extended droughts forcing
prolonged aestivation. Aestivation occurs in amighband reptiles living in regions characterized b
hot and dry summers, primarily in arid and semioides (Heatwole 1976, Duellman & Trueb 1986,
Bradshaw 1987). European species do not fullyvagstbut adult and subadult amphibians may be
inactive during stressful xeric summer conditiohadreone et al. 1990, Jakob et al. 2003b, see also
Grossenbacher & Thiesmeier 1999, 2003 for Europeatteles). Most reptile species in Medierra-
nean climates only shift their daily activity t@tbooler parts of the day and snakes may even leecom
nocturnal (Henle 1989; snub-nosed vipéf. 4atasteiBrito 2003; this alkso applies to most other Euro-
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pean species: Bohme 1981-1999, Fritz 2001, 20Q&r &L Stuimpel 2005). Moreover, amphibians
and reptiles are well adapted to survive long dera aestivation (Duellman & Trueb 1986, Brad-
shaw 1987, Ultsch 1989, Warburg 1997).

The phenology of breeding also is usually tightiated to climatic factors. Egg deposition in
reptiles of the Temperate Zone may start a momtierem years with a warm compared to a cold
spring (e.g.L. agilis: Olsson & Shine 1997). Even in Mediterranean ggeaveather conditions may
shift hatching time by a month (e.g., Schrebberéeg lizard L. schreiberi Marco & Perez-Mellado
1998). Rainfall is especially important for thetiation of breeding in amphibians (Blaustein et al.
2001, Carey et al. 2003). In Mediterranean hab#altglt anphibians enter temporary ponds predomi-
nantly n autumn after the onset of rains (Diazi&ara 1992, Cvetkovic et al. 1996, Kyriakopoulou-
Sklavounou 2000, Jakob et al. 2003a) but in Tertgoeegions both rainfall and temperature are im-
portant (reviewed for Central European speciestintii&r 1996) and low temperatures may inhibit
clutch deposttion (e.g., yellow-bellied toaddembina variegataNiekisch 1995). For montane spe-
cies it 5 debatable whether initiation of breedinglriven more by the timing of snowmelt than by
temperature (see Corn 2003 versus Blaustein20Gi). Rainfall can also synchronize egg deposition
in reptiles in arid and semiarid regions (HenleQE3@&nd lead to an increased activity (Henle 1990b)

Amphibian species differ in their flexibility regiing onset and duration of larval development
(e.g., Diaz-Paniagua 1988, 1992, Jakob et al Z¥¥Bako Table 1). In Medierranean regions, the
earliest breeders show the largest interannuadhilifyi in the onset and duration of the larvalssea
(Diaz-Paniagua 1992) but later-breeding speciesstilighow considerable variability. In the study
of Jakob et al. (2003), for example, not only thie early breeding species, the Iberian spadefaxtl to
(Pelobates cultripgsandthe common parsley froff elodytes punctatiisbut also the late breeding
Mediterranean tree frogyla meridionali$ andPerez’ frog R. pere3i were flexible in the onset and
duration of krval occurrence. In contrast, theliear newt(T. mamoratus T. helveticusand the
natterjack toadg. calamitg, all late breeding species, showed low inter-ahwar ability (Jakob et
al 2003a). Concomtantly, the former group hadogenconstant breeding success. For carmnivorous
larvae (in Europe only newts). Kuzmin & Mescher€l§87) and Jakob et al (2003a) argued that the
synchronisation with prey availability or diversiiyakes a change of breeding time nearly impossible.
However, long-term studies n the UK show an edblieeding of newts in response to ncreased tem-
peratures (Beebee 1995).

Flexibilty may also differ intraspecifically (c.Table 1). Although some of these opposing ob-
servations may be due to different degrees of teaype increases, phenological flexibility may also
difer strikingly within the same region as obsenby Kuhn (1994, 2001) fd8. bufo In comparison
to populations breeding n stable permanent pontich showed the typically low flexbilty in
breeding time, popuktions from a dynamic floodplystem exhibited a very pronounced intra- and
interannual variability.

In Medierranean regions an inter-annually fixetl &éarly onset of reproduction in temporary
ponds might be a compromise between the enviroaneoistraints affecting breeding adults (fat
storage after the xeric summer period before egaglaand the survival of larvae that is mainly af-
fected by the length of the hydroperiod (Pechmah @989, Jakob et al 2003a). In drought yehes, t
hydroperiod may be too short to allow completiometamorphosis and no reproduction may occur
when flooding is delayed (Jakob et al 2003a). Matk (2006) reported that during the extreme
drought of 2004/2005 in Portugal, which was thetrexiseme one within the last 50 years, most spe-
cies of the Alentejo region were unable to comditeal development in temporary water bodies.
Complete failure of metamorphosis due to earlyngrgf ponds in extreme drought years (1991-1993
in Poland) has even been observed in pristne faf€entral Europe (Jedrzejewska et al. 2003gn As
consequence population size may exhibit dramatitutitions (Pechman et al 1989, Semiltsch 2003).
Longevity and iteroparity, which can differ consaldy among and within amphibian species (e.g.
Moravec 1993, Kuhn 1994; reviewed in Grossenba&hBhiesmeier 1999, 2003 for most European
urodeles; see Gunther 1996 for Central Europeahibiaps), should lower the demographic conse-
guences of a year with total reproductive failarbarsh environments (Stearns 1976).

While intra- and interspecific differences in phegaal shifts of breeding among species are
still insufficiently understood, they are likely differ among species and consequently change com-
petitive larval interactions (reviewed by Alford2®and Semlitsch 2003) and predator-prey relation-
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ships (reviewed by Alford 1999; see Heusser €2 for studies on Central European species) and
thus most likely will have major consequences nmmuniky compostion. As a more subtle effect,
larval development may proceed more rapidly, wilamorphosis occurring at smaller size (Reading
& Clarke 1999, Jakab et al. 2002), which reducegisal to sexual maturity, adult size, and thus fe-
cundity (Semlitsch et al. 1988). Ultimately the$imate dependent phenological changes will trans-
late nto changed bbcal and regional abundancepemsistence of species.

In summary, there is strong evidence that chamgpseinology can have major impacts on sur-
vival and reproductive success and hence the dgaaand persistence of populations. Postive effects
of changes in phenology seem to have not been dntexhso far for European amphibians or rep-
tiles but this may be due to a lack of attentiorith\iéspect to phenology, amphibians and reptiles
should be equally at risk in regions with a reduliediness of snow cover but longer spells with
temperatures well below freezing and in region$ witreased likeliness of late severe frosts. High-
risk regions for amphibians are further regions,wibich the probability of droughts will increase
with climate change. In contrast, for reptileshef latter regions clmate change should pose osks
for species that do not aestivate.

22 Demographic effects

Effects of climate change may also become mamifeitte population and metapopulation level,
which ultmately may result in changes in distribatpatterns. Predicted increases in temperatures
usually should benefit growth in reptiles but mayeheither positive or negative effects on growth i
amphibians. Modfied growth rates usually will tsbate into changes in fecundity, because in many
species of reptiles and amphbians fecundity #ipely correlated with female body size (e.g., tRea
ing 1986, Henle 1988, Kuhn 1994, King 2000).

In reptiles growth is temperature dependent (Angr&82) and is reduced or ceases during the
cooler parts of the year. This is the case evemost Mediterranean climates but species-specific di
ferences exist and diurnal species are more liedpntinue growth throughout the cooler partef t
year than nocturnal species (Henle 1988, 199Gz¢bB8hme 1981-1999, Joger & Stiimpel 2005, and
Fritz 2001, 2005 for species specific data on Eaopecies). Regions, in which future temperatures
will exceed species-specific thermal limits font (reviewed by Porter & Gates 1969, Huey 1982),
may be an exception. However, many species redp@ndessive heat by shifting their activiy to the
cooler parts of a day or season, and snakes maypbegeme nocturnal (e.g., Brito 2003; see Bohme
1981-1999, Joger & Stiimpel 2005, and Fritz 20005206r species specific data on European spe-
ces). The extent of these shifts differs amongiepeand overall activity may not be reduced (Brad
shaw 1987, Henle 1989). To predict whether inccetsaperatures will negatively impact reptiles,
these species specific shifts in activity needet@dxounted for. Such quanttative analyses stitin
to be done and summarized for European species.

For amphbians, increased temperatures may hdwee pibstive or negative effects on growth.
Lillyw hite et al (1973) suggested that growthasinetamorphic amphibians is temperature depend-
ent (but few studies on natural populations ardaila). Therefore, they should benefit from pre-
dicted increases in temperature during the actiasan unless temperature surpasses critical thermal
limits (see Brattstrom 1963, 1968 and Claussen/{1f@r data on critical thermal limis — primarily
for North American species). However, there magdgative impacts of increased temperature on hi-
bernating amphibians, since the metabolic ratebeithiigher in warm winters than in cold winters and
consequently the energy reserves will be utilisedermapidly. Moreover, following mild winters,
feeding may be reduced by endogenous physiolatigédms. Such an endogenous rhythm for feed-
ing has been shown fBr. bufoby preventing individuals from hibernating in leory studies (Jor-
gensen 1986). Less energy reserves in body candttiemale toads on emergence from hibernation
and reduced feeding can act synergistically toecaudec line of female survival rates and bodydfize
females breeding for the first time, which wil deto reduced reproductive output and ukimately
population decline. Reading (2007) suggested thetbevays as explanatory mechanisms for the de-
cline of a population d8. bufoin southern England. To know whether such prosesstanore gener-
ally in amphibians, it is important to balance kigbenergy needs due to a warmer winter against the
gains due to a shorter hibernation period andsosaly earlier feeding after the earlier repromuct
Such assessments are currently not available. tHeiltame negative processes could operate in rep-
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tiles, snce hibernation may also be energeticiiypanding for reptiles and sometimes leads to high
mortality (e.g., Greogory 198RJksch 1989, Prior & Shilton 1996), this possiliipparently has not
yet been considered in the clmate change context.

In any case, such negative effects of increasegettures should affect only species, h which
the length of hibernation and the inttiation ofdig are determined primarily by endogenous
rhythms. In amphibians, reproduction has an enagerhythm but this rhythm usually s modified
by external environmental factors (van Oordt 198Be same applies for the reproductive cycle of
male lizards (Fischer 1974). The tendency of maayd and snake species to be active during mild
winter days (e.g. Henle 1998, Malkmus 2004, 2068; Bohme 1981-1999, Joger & Stiimpel 2005,
and Friz 2001, 2005 for species specific datawogean species) also argues against endogenously
fixed rhythms of hibemation for the majprty ofptde species. In addition, shifts in the breeding
phenology in response to increased temperaturedisas/ed in many amphibian and reptile species
of the Temperate Zone (see previous section),cailhteract these negative effects and could even
override them. Finally, these negative effectsdcopkrate only in the Temperate Zone (ie., Central
and Northern Europe) and montane regions, beceng@la@ans do not hibernate n lower altitudes in
southern Europe (e.g., Diaz-Paniagua 1992, Jakab 2002, see ako Grossenbacher & Thiesmeier
1981-2005 for European urodeles).

Temperature may also exert effects upon embryaniedldevelopment and survival and thus on
reproductive success. Temperature strongly actesesmnbryonic and krval development in am-
phibians and reptiles (e.g., Rykena 198i&sch et al 1999Andrews et al 1999) but the effects may
differ within and between amphibians and reptileseptiles of more northern latitudes and higher
akitudes primarily positive effects of increaseohperatures are expected because the risk thae-the
riod wih temperatures sutable for embryonic depeient and successful hatching are too short and
the risk that hatching takes place too late foerues to gain sufficient energy stores for sudoess
hibemation will be reduced (Bauwens 1981, Rchadf®, Arribas & Galan 2005). For example, in
coastal Sweden the oviposition dates .oagilis) shited between years depending on weather (bask-
ing opportunities)Early clutches were larger than later clutches, Higller hatching success, and
tended to have higher post-hatching survival ri@sson & Shine 1997). Also offspring from early
clutches were larger than later hatchlings, wincteptiles often transktes into a survival adwpata
(e.g., Henle 1990a) and may explain the highertpaishing survival. Similarly, hatchlings of green
lizards (. viridis) that developed in cool summers at the Northenit bf their distribution are
smaller, lighter, and less lively and have bwanteri survival than those that developed in warmer,
sunnier summers (Elbing 2000).

In amphibians, the likely effects of increased terajures on reproductive success and larval de-
velopment are more complex than in reptiles ankl jpos tive and negative effects may prevail. Tem-
perature determines larval body size, rate of dpuednt, and the length of the larval period, which
turn are drectly related to survival and reprostecsuccess (e.g., Reques & Tegpdo 1995, Jakdb et a
2002; reviewed by Ultsch et al. 1999). At extrerfesations and latitudes amphibians should gener-
ally benefit from increased temperatures like leptbecause temperatures that prevent metamorpho-
sis may be a factor Imiting the geographic rarigespecies (Smith-Gill & Berven 1979) and the risk
that larvae fail to metamorphose before winter giadPfliger 1883) is reduced. At less extreme lati
tudes and altitudes an increased temperature maayopposing effects on larval development. Larval
period is generally longer and amphibian larvaegareerally larger when raised at low temperature
(e.g. Reques & Tejedo 1995, Jakob et al. 1992chJies al. 1999). For example, in years, in which
breeding took place earlier 1 bufolonger larval developmental times have been oéddReading
& Clark 1999). Slower differentiation rates (Ultsethal 1999) and larval food availability may be t
reason for the lbonger developmental times. Algadfa food basis of tadpoles of most species (Du-
ellman & Trueb 1986) and algal growth depends oslsioe and day-length (Reynolds 19328-
sides sbwer develbpment, there may be increasedlityavhen breeding earlier, as observed for ex-
ample nT. mamoratudarvae (Martens 1984) but notBn bufo(Reading & Clarke 1999). Even with
increased mortality, a longer developmental timg nad bea disadvantage because the larger body
size at metamorphosis translates into higher salntdvsexual maturity and larger aduk size and the
latter in turn increases fecundity (e.g., Semliestcdl. 1988, Kuhn 1994, Reading 1986, 2007).
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Athough increased temperatures due to climategehaften will be beneficial for reproductive
output and egg develbpment in reptiles, there risayte negative effects. In species from hotter env
ronments, soil temperature may be shifted beyaadifiper limit of tolerance for egg development
but this should be a prablem only in regions, inclvihemperatures become hot throughout the year
(i.e., not in Europe) or in species, in which tighnof oviposition is endogenously fixed. Litle is
known about endogenous circannual rhythms in esptidnderwood 1992). Although in a few species
studied in the laboratory there is an indicatioarobndogenous rhythm (Underwood 1992), most spe-
cies are flexble and the timing of oviposition odpes with weather conditions (elg. agilis. Olsson
& Shine 1997green lizard +. viridis: Elbing 2001). Whether soils may also becomerpéot egg
development under decreasing summer rainfall Hagehbeen assessed. Species with parchment-like
eggshells would be those that could be affectattypgoils and this risk will be higher at the seuth
margin of the range of such species.

Another negative effect may be caused by the tatyerdependency of sex determination,
which occurs within some but not all reptile linesge.g. turtles (Janzen 1994, Ewert et al. 20ab) a
geckos (Ciofi & Swingland 199T;arentola Hielen 1992). Temperature dependent sex detdiomna
is nat known in amphibians. In most cases, a pogyance of males is produced at high temperatures
and females at low temperatures (Hielen 1992, dah3@4, Ewert et al 2005) and this may have
negative effects on the popuktion, if clmate gesshiits the incubation temperature to male produc
ing kevels. Based on a recent model to predictatéx Booth (2006) concluded that sex ratios well b
fairly robust to moderate global warming as longeggs experience substantial daily cyclic fluctua-
tions in incubation temperatures, which is usudiéy case, so that embryos are exposed to tempera-
tures that inhibit embryonic development for pathe day.

Besides temperature ranfall can also be an impodeterminant of population processes. In
northern regions, an increase in rainfal, as aégefor Northern Europe (IPCC 2007), may reduce
the number of days suitable for activity of reptdend thus may have negative effects on their growt
and/or reproduction. For example, in cool and wetrser, the development of eggs of the pond ter-
rapin Emys orbiculariy s retarded at the northern Iimt of ther ramgeorthern Germany and em-
bryos die latest during winter (Schneeweiss &9B). In xeric regions, reduced rainfall, as jtedi
for Mediterranean Europe (IPCC 2007), may alsoaeduowth rates both in amphibians and reptiles,
since food availability (arthropods for the majodf species; plants n turtles and some desertii}
is primarily driven by ranfall in xeric environmian(Heatwole 1976, Abts 1988 adshaw 1987).
Though we know no study on European Mediterranpaties, a reduced growth rate and /or repro-
duction has been observed in the slow wakmg(is fragilig, L. agilis, and Z. vivipam in western
Europeduring the dry summer of 1976 (Patterson 1983p&tah & Creemers 1988). Effects on
growth should be exacerbated for amphibians byctegéewer rain days, since their activity requrres
sufficient moisture.

Amphibians breeding in temporary ponds, the mada of breeding sites in many Mediterranean
regions (Diaz-Paniagua 1990, Semlitsch 2003, Mak2@06), may further be impacted by a shorten-
ing of the hydroperiod of breeding sites and thisld lead to complete reproductive failure in dry
years (e.g. Pechmann et al 1989, Semlisch 2683vialkmus 2006 for Portuguese speckes). In line
with these ideas, a positive correlation betweerialain spring and abundance of amphibians has
been documented for example in Mediterranean Frglateb et al. 2003a) and in similar North
American habitats (Pechman et al. 1989, Semlitsah #996). However, results of studies from kess
xeric regions are nconsistent. For example Jeshsdp et al. (2003) found a positive effect of-rain
fall during the census and the previous year orhéniam abundanced( bufo, R. arvalis, R. tempo-
raria) in Poland, whereas Meyer et al. (1998) obsereedffiect for three populations Bf. tempo-
raria in Switzerland. For a tree frobiyla arbored population growth rate was negatively affected by
rainfall with a tme lag of two years (Pellet et 2006). Pellet et al. (2006) assumed that raingall
duced larval food availability. These differencésws that one must be cautious when predicting
likely effects of modified rainfall due to clmatéange.

Dipersal is a key to understand and predict thenpal of species to track shiting clmatic
space. It is also key to the dynamics of genetiersity in time and space (Gaggiotti & Couvet 2004)
and, therefore, to the potential of species to tagiapetically to envronmental challenges (Barton &
Whitlock 1997, Hewitt & Nichols 2005). In many arais, dspersal behaviour 5 plastic and sensitive
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to environmental cues (Ferriere et al. 2000, Qlalteal. 2001, Hofmann et al. 2005). However, sur-
prisingly little is known about whether and hownaals with plastic dispersal respond to climate
change and how climate-related change in dispaebalviour might cascade to the level of population
persistence and species distribution. Massot €2@).8) discovered @&. viviparaa relationship be-
tween temperature and juvenile dispersal. It wasgy negatively correlated with the temperatare i
June and positively correlated with the temperatuugust, i.e., uvenile dispersal decreased with
higher prenatal temperature and increased wilehgbstnatal temperature. Although it is unclear to
which extent these postive and negative effeaistecact each other, temperature increase may thus
interfere with the functional ntegrity of metapdgtions.

Though little is understood about the climatic dtbok that favour dispersal due to the difficul-
ties to observe it, studies on breeding migratior@mphibians (see Gunther 1996 for Central Euro-
pean species) suggest that they may be triggeredatoy and moist conditions (after rainfall). Cur-
sorial observations indicate the same for repile®ric environments (Henle unpubl.). Therefdne, t
expected reduction in rainfall and rainy days inditéeranean regions and h summer in Central
Europe should have negative effects on reptileseapdcially amphibians, since they may desiccate
rapidly (e.g., Henle 2006).

Even if dispersal s not negatively affected bgnalic conditions, most amphibians and reptiles
have limited scope to track climate change by disfheApart from marne species, rafting (¢dgule
1998), and passive dispersal faciltated by hunfaigs, Henle & Klaver 1986, Hemmer et al. 1981)
amphibians and reptiles have a very low dispemabaty (Fog 1993, Settele et al. 1996, Smith &
Green 2005, Jehle & Sinsch 2007, Semlitsch 20G8a e of thumb 400 m to < 2 km are frequently
mentioned for amphbians (e.g., Blab 1986, Sernli&i03). A recent review of 90 species confirmed
that most species migrate < 2 km, though rare cdsedgration distances > 10 km have been ob-
served (Smith & Green 2005; see ako Jehle & Sia80f for Central European species). Species
commensally with man, prominent in the trait irelanimals, or targeted for re-introduction programs
are the most likely ones to profi from passiveelisal facilitated by humans (intentional and w@mnt
tional). In Europe these are especially the walkgégTarentola mauritanich(e.g., Bruekers 2006),
the Italian wall lizardPodarcis sicula(Henke & Klaver 1986), the wall lizard®( muralig (Schulte
2008), water frogs (subgengelophylaxof the genuskang, and freshwater turtle€ [ orbicularis
and the introduced North American slider tur@eachemys scrip)a (Fritz 2001, Di Cerbo & Di
Tizio 2006).

2 3 Dependency on humid habitats

Whereas reptiles have developed an amazing raraggapfations for coping with water scarcity
(Lilywhite & Maderson 1982, Bradshaw 1987, Pacl&réackard 1988) and thrive well in hat cli-
mates (Pianka 1986), all amphibians critically deljpen humid environments for most of their life
(Duellman & Trueb 1986, Warburg 1997) and have thighest diversity in the humid tropics (Du-
ellman 1999). Notwithstanding, also a consideraolmber of reptile species s aguatic or semi-
aquatic, naticeably among turtles and snakes. topLthis applies to all turtles except of the fami
Testudnidae and all snakes of the geéxasix (Bohme 1999Fritz 2001, 2005). In addition, the Cy-
clde blunt-nosed vipeM@crovipera schweizérifeeds predominantly on birds visiting open water
for drinking (Nielson et al. 1999) and schreiberilives predominantly along the margin of rivers
(Brito et al. 1996) though it does not drectly e on open watdr.urther species may be found in
humid habitats, for examplg, viviparaandV. berus but nether depend on nor prefer them (Ginther
1996). While reptiles usually do not requre aguitbitats for reproduction, rain may facilitate) eg
deposition by softening the soil (e.B., muralis Schmidt-Loske 1995) and trigger egg deposition
(e.g., in the Australian geckdehyra variegataHenle, unpubl) ohatching of eggs (Kenneth et al.
1993). Also, neither too wet nor too dry soils arprecondition for embryonic development, espe-
cilly in species with a parchment-like eggshedbard & Packard 1988) and soil moisture may also
be important for successful releasing of young\dparous species, suchasvivipara, V. berusand
I\/. u)rsi nii that are bom wrapped in the transparent memp&mebrnja-Isailovic SEH-CC, comm. by
€tt.).

In contrast to reptiles, only few amphibian speti@ge developed physiological or behavioural
adaptations that allow them to live in xeric hatbiauch as long-term dormancy within impermeable
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cocoons or dehydration tolerance combined withstimeetion of a body coating having low perme-
ability (Tyler 1989, Hillman 1980, Kobelt & Linserain 1992). Ancther adaptation is the accumula-
tion of urea in the body fluids, which enables samghbians to tolerate soil with low water poten-
tial, e.g.Scaphiopus spgJergensen 1997). None of the European specesvbived such special
adaptations to highly xeric envronments. They@wdesiccation by staying in water or at the edge of
sempermanent water bodies and hide during thartdsr cover (Gamer SHE-CC, comm. by lett.). A
few species, e.g. the green toBd \iridig andB. calamita(see Zavadil & Prikryl 2003), can live in
comparably xeric habitats if renydration opportiesitare available. Therefore, amphibians in xeric
regions are restricted to moist refugial habitBtaeliman 1999), e.g., golden striped salamanders
(Chioglossa lusitanicain Portugal (Alexandrino et al 2007).

Aquatic habtats are essential for many Europegphimans because of their reproduction.
Though amphibians have evolved an amazing diveskitgproductive strategies (Crump 1974, Du-
ellman & Trueb 1986), most temperate and Mediteamarspecies, including most European species,
require open sources of water for reproductibime main strategy is spawning of eggs into water,
from which aquatic lrvae hatch. The aquatic peasis with metamorphoss to terrestrial juvenikes.
Only few European amphbians evolved a reprodustiaegy that makes them independent of open
water. Exceptions are the direct development efligaring salamanders [Alpine salaman8etat
mandra atrd, Lanza's salamandet(lanzd, golden Alpine salamandé®. aurorag, Lycian sala-
mander Kertensiella luschapj some popuktions &. salamandraand imperial cave salamander
(Speleomantes imperialis sarrabuseng¢isanza & Leo 2001, Lanza et al. 2006, Snhdacal. 2006)]
and the deposition of eggs in humid, usually suxtelan envronments by cave salamanders of the
genusSpeleomante@robably most taxa except of the subs peBidagperialis sarrabusensikanza
etal. 2006, Sindaco et al. 2008pung cave salamanders develop directly from teggs without an
aquatic phase (Lanza et al. 2006, Sindaco et @) 20

Cool microhabtats, in addition to moist environtseare essential for several amphibian spe-
cies, throughout ther life because they suffocatder higher temperatures (Boone et al. 2003). For
example, 24 °C is closs to the critical maximumperature forSpeleomantes spgreviewed by
Lanza 1999, Lanza et al. 2006). Similarly, larviathe olm Proteus anguinysrequire temperatures
between 8-18°C for successful devebpment and thenreoptimum at approx. 11°C (Durand & De-
lay 1980).

As wetland habitats disappear under climate champhibians and aquatic and semiaquatic
reptile species will suffer declines (Gibbons e2@D0). Therefore, species should become threatened
by climate change particularly in regions, in whicdter and humid habitats are akeady scarce and in
which temporary ponds are a major breeding hdbitatmphibians. In Europe, this willbe especially
the case in countries bordering the Mediterranean(&g., Diaz-Paniagua 1990, Blondel & Aronson
1999, Rabou et al. 2007) that are expected to keedoier. This conforms to model predictions for
anurans of the Iberian Peninsula (Araujo et al6260e also section 3).

24 Latitudind and altitudinal distribution

Climate envelope models to predict future likeltighutions under different climate change sce-
narios assume that the altitudinal and latitudistfb ution of species is primarily limited byrokitic
factors. Evidence in support of such assumptionsesdrom four different sources: @ documented
historical changes in distribution, b) shifts ititedlinal distribution with latitude, c) shifts mabitat
use along latitudinal distrbutional gradients, dpdh limited ability of exothermal organisms te be
come independent of environmental temperaturesle\ahiostantial evidence has been amassed of the
geographical expansion of the northern and upfaligins of popultions of many different taxa in
Britain and elsewhere (e.g., Hickling et al. 2086) the thermal tolerance of amphbians for ow
temperatures increases wih lattude (Brattstrof8)l%evidence of retreating southern and downhill
limits has proved more elusive (Thomas et al. 2005 may be because evidence has been sought at
inappropriate scales; where populations are sgad&gersed, substantial losses of fine scake and
habitat occupancy may occur before any changéddsra\at coarse resolution.

For European amphibians or reptiles recent ranffs shat clearly can be attributed to global
warming have not yet been documented, which mayplained their limited active dispersal poten-
tial — see above) and several species may notdmtlgltemperature limited at the southern margin o
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their distribution (see below). However, theretisrg) evidence for warm-adapted Central European
reptile species that they historically extendeth&arnorth during the maximum post-glacial warming
(during the Middle Ages) than ther current nomhiamnit (Béhme 1979).

Shifts in altitudinal distribution with latitude car in many organisms and vegetation types (e.g.,
Rosenzweig 1995, Cabrera 1996, Morison & More@@fi) and are a traditional indicator for infer-
ring a climatic limitation of the range of speci€sich shifts are also clearly evident in many Eeaiop
amphibians and reptile species (e.g., Meliadou &umbis 1997, Araujo et al. 2008). While most
species are restricted to lower altitudes in thrtham part of ther distribution and reach highler
tudes with decreasing latitude, n Europe manyispetill occur at bw altitudes in the southerrt pa
of their distribution (see Béhme 1981-1999, Fril®P, 2005, Grossenbacher & Thiesmeier 2001,
2005, and Joger & Stumpel 2005 for species speaficriptive summaries). This suggests that a gen-
eral distributional limitation by hot temperatucasnot be assumed for them. For example, the lower
akitudinal limit increases for the liza#d viviparatowards the south but in the Pannonian regian it i
found again at low altitudes - though this is mafically differently adapted evolutionary sigrdit
unit (B6hme 1978). In contrast, the liz&dsiculaoccurs at sea level even at the southern margin of
its distribution (Henke & Klaver 1986). At the esrst Adriatic coast it is still spreading south a@nd
has been successfully introduced to North AfridausT it 5 more likely limited by geographic barsie
(particularly the Mediterranean Sea) than by héghperatures. This renders clmate envelope model
predictions that the species will suffer range ideckven under unlimited dispersal (Araujo et al.
2006) questionable. A careful analysss, for whjobcges there may be such a limitation and for which
nat, is urgently requred to better assess thabilily of climate envelope modek and to bettedjot
the likely impacts of clmate change at the southeargin of distribution.

For many species, it is welkknown that their kabitiche shifts lattudinally with narrower
niches at the northemn limit of the distributiordamoader niches at the centre of their distributio
(Kuhnelt 1965), a relationship that became knowrKi@snelt's principle (Bbhme 1978). Central
European lizard species also follow Kihnelt's ppiec (Bbhme 1978) and require more open,
warmer, and drier habitats in the northern patheir distribution but thrive well or even prefesrde
vegetation further south [e.d., agilis: Martens et al 1997; see Bohme et al 1981-1988ek&xrip-
tive species specific data that indicate simili@ti@ships for other widespread species). Thihéar
supports the hypothesis that ther northern digiob is climatically limited.

Apart from the marine leatherback turigefmochelys coriacgareptiles and amphibians pri-
marily depend on external heat sources for actanty physiological processes. Lethal lower thermal
limits have been identified for several speciesjuding some European species (e.g., Rihmekorf
1958, Spellerberg 1973, 1976, Voituron et al 26@2min & Masbva 2003). In general, the lattu-
dinal distribution seems to be mainly imited bybeyponic thermal tolerance (Wells 2007) respec-
tively the availability of thermally favoured micsites for egg development in reptiles 4gilis: Stri-
jposch 1987, green lizards dcerta sensu strenuo): Rykena 1987, orbicularis: Meeske 1997,
Schneeweis et al. 199But extinctions of established populations at morthatitudes may also occur
in harsh winters (e.gR. sicula Henle & Klaver, 1986, Henle & Fritz 200V; berus Podlocky et al.
2005). Similarly, the altitudinal distribution amghibians is often Iimited by the availability eh-
porarily ice-free ponds, wih an altitudinal linoft European species at about 2500 m (Wells 2097). |
reptiles, the alttudinal limits are probably detéred by temperature and, n humid sails, oxygen co
straints (Navas 2002).

Lethal maximum temperatures also have been detsdrfin many amphibian and reptile spe-
cies (reviewed by Brattstrom 1968, Duellman & Trd&86, Pianka 1986, Ultsch et al 1999; no
overview for European species is known to us). @&mtiadpoles generally have high critical thermal
maximum temperatures (> 36°C, even in species forthern latitudes) and rapidly acclimatize
(Ultsch et al. 1999). Thus, it is unlikely that ttistribution of anurans & limited by too hot wate
temperatures, even under strong climate changeevdowearly breeding amphibian species (B.g.,
sylvaticg are less tolerant to high temperatures than bamding ones (Bachmann 1969) and this
may contribute to the southern limit of their disttion. Also, some urodeles have bw critical ther
mal maxima (e.g., cave salamanders, gSpgteomantedanza et al 2006) and their distribution
may well be limited by the availability of cool mahabitats. However, the availability of cool micro
habitats may coincide more with the availabilityegfensve subterranean habitats rather thardietitu
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itself. Moreover, many reptiles and amphibiand #héfr activity to the cooler parts of a day aisam
and snakes and amphibians are able to shit thieityato the night (Pianka 1986, Bradshaw 1987,
see Bohme 1981-1999, Grossenbacher & Thiesmeid;, PB®@3, Fritz 2001, 2005, and Joger &
Stimpel 2005 for European species). Thus, it kangehains unclear to which extent high tempera-
tures limit amphibian and reptile species at thhaon limit of their distribution. In fact, we kimoof

no study that systematically analysed this forNorghern Hemisphere species.

In conclusion, while there is very strong evideti@d most European amphibians and reptile
species are climatically limited at the cooler ehther distribution, this is less clear for thanmer
end, wih the best evidence available for urod&les predicting the likely impacts of climate chang
on amphibians and reptiles with climate envelopéaisp this means that the range extension pre-
dicted for many species at the northern distribatiimit are more reliable — i realistic dispérisa
assumed — than range contraction at the southein(ee section 1ll). Notwithstanding, abictic
changes or different community compostion causedlinate change may render habitats in the
north unsuitable even if suitable temperaturesrq&garner SEH-CC, comm. by lett.).

25 Evolutionary response

Empirical evidence suggests that evolution is mesge to climate variation (Bone & Farres
2001) and for a wide range of taxa, including atmphs and reptiles, thermal performance varies
within species’ geographic ranges, suggestingdpatitic variation in critical traits and localizag-
lution in response to climate factors (Conover &adie 1995, Gilchrist et al. 2004). For example th
frogR . temporarisshows temperature adaptation of larval, but nenabryonic, development to lati-
tude in Sweden (Laugen et al 2003) and there @erwe that populations from higher altitudes de-
velop faster than lowland populations (Angelier &galier 1968). Likewise, the lzail. vivipara
shows different thermal adaptations and accompgusyifits in altitudinal distribution the Boreal and
Alpine compared to the Pannonian biogeographiomgd@ohme 1978).

Adaptive evolution in response to climate changeeds on genetic variation. While numerous
studies on the genetic variability of presumablytra genetic markers have been undertaken in many
organisms, including reptiles and amphibians, amd @or inferences on adaptive potential, conserva-
tion based inferences from such studies are iogyitiand even can be misleading (Lynch 1996). To
evaluate the scope for adaptive responses knowddadge hertability of quantitative genetic trags
essential (Falconer 1989). Heritability measureggdnetic component in trait variability. The teerit
bility of quantitative traits that are responsmelimate change remains poorly understood for abtu
populations of amphibians and reptiles. In ondneffew studies, Laugen et al. (2003) demonstrated
heritability of embryonic survival, growth, and é&pment, and hatching sizeRn temporariaand
differential adaptation to the temperature regifndne parent populations. Also, populations of the
North American frogR. sylvaticahave undergone localized evolution in thermaraplee and devel-
opment rate in response to akered temperatureinvtetlands (Skelly & Freidenburg 2000, Freiden-
burg & Skelly 2004).

Adaptation to climate change may be rapid. Laborattudies of insects show changes in ther-
mal tolerance after as few as 10 generations (&@@8). Preliminary assessments for a population of
the Australian geckGehyra variegatahat underwent major adaptive change in growt @dy
size, and sexual maturity n response to anthreopoaly driven changes in food availabilty wihen
few decades (i.e, afew generations) (Henle, 188Qapubl) ndicates that in reptiles localized-ev
lution can proceed fast as well.

The speed of adaptive change depends on theaelééterential and heritability of the traits.
Variability of quantitative genetic traits is irdgnamic equilbrium between drift and mutation o o
site and selection as an opposing force. At loecale population sizes, drift and mutation may be
the dominating evolutionary factors and populatimay become fixed for inferior variants of a tratt,
whereas at high effective population sizes a satestutation balance will develop (Lynch 1996).

Extrapolating fromDrosophilg the only species for which the different processfeselection,
mutation, and drift have been quantfied, LynchO@)Ssuggested that the speed of adaptive change
reaches a maximum at an effective population $i26@ individuals. The effective populationN
size usually is smaller than the census populaize (N) because not all individuals contribute
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equally to the number of offspring. For naturalydapons mean emprical estimates of the ratio of
NN are around 0.1, although they can reach 0.baitecction for fluctuation of N (Frankham 1995,
Vucetich et al. 1997). In amphibians, empiricgN\Nratios range from 0.03 to 0.65 for frogsafa
spp), toads Bufo spp), and newtsT(iturus spp) (Hoffman et al 2004, Jehle et al. 2005, Brede &
Beebee 2006, Schmeller & Merild 2007). To datgstonishingly small number of studies on the ef-
fective population sizes of reptiles have been ooted (Hranitz & Braid 2000). Estimates range from
0.42-0.81 wih a significant negative correlatiathyopulation size. These figures suggest thatpop
lation sizes of 1,750-20,000 should have the highaential to adapt to climate change for amphibi-
ans and of 1,250-2,500 for reptiles, ie., figuhed may be reached only in large intact high-tyali
habitats (compare e.g., Glnther 1996).

2 6 Interaction of climate change with disease

Pounds et al. (2006), Wake (2007), 8udch et al. (2007) strongly argued for a link leeio
climate change, recent epidemic outbreaks of tteidtiungusB atracho chytrium dendrobatidignd
global extinctions of amphibian populatioBs.dendrobatidi€aused mass mortality and dramatic de-
clines n varibus amphibians in many parts of tleedBerger et al 1999). K now also present in
at least nne European countries and made respofailamphibian declines in Spain and Switzer-
land (Bosch et al. 2007, Gamer et al. 2005). Poabdil. (2006), Wake (2007), aBdsch (2007)
suggested that increasing temperatures sincesthgelrs may have benefited the epidemic outbreaks
of B. dendrobatidisn twoways, by stressing individuals leading ysfdnctioning of the immune sys-
tem and by reaching the temperature optimum dutigus (17-25°C: Berger et al. 2004). Whereas in
the Temperate Zone and in montane areas waterrtamps in many breeding ponds are likely to get
cbser to this optimum, in Mediterranean Europepesatures in temporary water bodies, ie. the pre-
ferred breeding sites for the majority of speaiai often exceed not only this optimum but wilkal
exceed the lethal maximum 8Br dendrobatidigit 30°C, which should clear amphbian larvae eirth
infections (Berger et al. 2004). However, mortatiyised bys. dendrobatidisecently has been ob-
served in Mediterranean locations at which the ggeg thermal limit s exceeded (Gamer SEH-CC,
comm. by lett.). This suggests that the interadtietween climate change and the prevalend of
dendrobatidisepidemics s a potentially very serious threatumpean amphibians, especially from
montane areas and the Temperate Zone. Surprisingfg can be even positive indirect effects, as
suggested by Bosch & Rincon (2008). More researalgently needed to better understand the inter-
actions between climate change in Europe and ffeeedfiial susceptibility of amphibians B> den-
drobatidis.

Other pathogens threatening Europe’s amphibiansberasfit from clmate change. For exam-
ple, Ranavirus continues to extend its reach WJ#¢Cunningham et al 1996) and mortality usually
occurs in the summer months and is associatedwatiming temperatures (Garner SEH-CC, comm.
by lett.).

3. EVIDENCE FOR EXISTING IMPACTS OF CLIMATE CHANGE ON EUROPEAN
AMPHIBIANS AND REPTILES

The main evidence for existing impacts of climaienge stems from long-term phenological
monitoring studies. For European amphibians omiy lfeng-term phonological studies exist and we
found no published one for reptiles, though sons sumon.ckff.si). We include in our assessment
only studies that span more than 15 years, wihdhgest bridging the last 150 years (Terhivuo
1988). Aimost all of these studies show a trenchtdw/earlier breeding (Table 1), concomiantly with
warmer temperatures in winter and early springapkar to be associated wih increased tempera-
tures in winter and early spring (e.g. Trypnownetkal 2003). Reading (1998) reported Babufo
did not show a change towards earlier breeddogvever, the relationship was almost significard a
signficantly more early breeding years occurreitiénperiod 1989-1998 compared to 1980-1988 (
5.8;a < 0.05). Also, more recent data showed a stailtisignificant trend (Reading 2007). Though
R. temporariadid not show a trend towards earlier breedingastudy of Beebee (1995), this can be
explained because breeding time was strongly abeckivith winter maximum temperature but this
parameter dd not change significantly during tie/@ars of study. Notably, in warmer parts of the
UK, the species has been observed to ovipositaggsly in December and January. These clutches
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are either unfertilized or do not hatch, as tentpees are usually too cold for embryonic develop-
ment, or sudden cold snaps kill the clutch (Gapes. comm.).

Table 1 Trends towards earlier breeding times of Europegrhévians within recent decades. 1: see
text for discussion.

Country Spedes Breeding Temperature References
earlier? increase?
UK Triturus cristatus Yes Springtme Beebee 1995
Triturus helveticus Yes Springtime Beebee 1995
Triturus vulgaris Yes Springtime Beebee 1995
Bufo bufo No* Reading 1998
Bufo bufo Yes Annual, Reading 2007
winter, spring
Bufo calamita Yes Springtime Beebee 1995
Rana esculenta No No, forwinter Beebee 1995
Rana temporaria Yes Springtime Beebee 1995
Rana temporaria Yes Scott et al 2008
Finland Rana temporaria Yes Spring Terhivuo 1988
Poland Bufo bufo Yes Winter & ear- Tryjanowski et al. 2003
Rana temporaria Yes ly spring

Very few long-term studies are availble that calddument responses of demography to cli-
mate change in European amphibians or reptiles iiReé2007) observed that increased annual tem-
peratures in southern England since 1983 havepseaiteled by a decline in the body condition of
female common toad8 ( bufg, annual survival, and population size. He furttiscovered a relation-
ship between the occurrence of mild winters areldaation in female body size, resulting in fewer
eggs being laid annually. He explained these oaens with depletion of energy resources due to an
endogenously fixed rhythm of hibernation and feedis observed by Jergensen (1986) under labora-
tory conditions. However, under natural condtioasdogenous rhythms are modified by climatic
variables (van Oordt 1960, Readng 1998). Readingladke (1999) further reported a significant
positive correlation between the duration of ttipdde stage and tadpole mortality with spring tem-
perature.

In mountain populations &. viviparain Southern France Chamaillé et al. (2006) obdeanen-
crease in daily maximum temperatures in Augushdutie last 18 years and in yearling snout-vent-
length. As a result, aduk female body size ing@anarkedly, and, as fecundity is strongly depdnden
on female body size, clutch size and total reprtadRioutput also increased. For one population
where capture-recapture data were avaiable, sutvliival was positively related to May temperature.
All fitness components investigated therefore nedpd positively to the increase in temperaturey suc
that it might be concluded that the common lizaasl Iheen advantaged by the shift in temperature.
Chamaillé et. al (2006) contrasted these shamt-tesults wih the long-term habitat-based preicti
that these populations located close to mounta@m oo the southern margin of the species range
should be unable to cope wih the akeration of thabitat. To achieve a better prediction of a spe
cies’ persistence, one will probably need to combath habitat and individual-based approaches.

Evidence for impacts of increased frequency of aterextremes was provided by Jedrzejewska
et al. (2003) in Poand. They compared amphibiamddnce from 1992-1994 with surveys for the
same regon between 1955 and 1998 and observerratidr decrease in amphibian abundance in
1993. The years 1991-1993 were the three driess yeaecent decades for their study area, with
spring-summer precpitation 35% lower than the -lemgn average. Similarly, Piha et al. (2007) ob-
served a severe decline in the number of egg elstdéposited iy . temporariain a Finish study site
after a major summer drought in 2002.
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4., MODELLING EXPECTED RANGE SHIFTS
4.1 Predicted climatic change in Europe

The IPCC (2007) summarizes the expected climatogds for Europe: Annual mean tempera-
tures in Europe are likely to increase more tharglbbal mean. The warming in Northern Europe is
likely to be largest in winter and that in the Medanean area largest in summer. The lowest winter
temperatures are likely to increase more than geexanter temperature in Northern Europe, and the
highest summer temperatures are likely to increasre than average summer temperature in South-
erm and Central Europe. Annual prec pitation iy \likely to increase in most of Northern Europe and
decrease n most of the Mediterranean area. Im&é&hirope, precipitation is likely to increase in
winter but decrease in summer. Extremes of dadgipitation are very likely to increase in Northern
Europe. The annual number of precipitation dayery lkely to decrease in the Mediterranean area.
The risk of summer drought is likely to increaseCentral Europe and in the Mediterranean area.
Changes n precipitation may vary substantiallyedatively small horizontal scales, particularly in
areas of complex topography. Detail of these N@nm are sensitive to changes in the atmospheric
crculation with respect to the driving global miodie one, an increase in westerly fow from the At
lantic Ocean (caused by a large increase in the-south pressure gradient) s accompanied by in-
creases of up to 70% in annual precipitation dwerScandinavian mountains. In the other, witfelitt|
change in the average pressure pattern, the iraseasthe range of 0-20%. The duration of thewsno
season is very likely to shorten in all of Eurcgwel snow depth is likely to decrease in at least ofo
Europe.

The progcted rate of global mean warming (IPC7R@8ceeds by at least one order of magni-
tude the rate of gbbal warming during the mosidrégrge magnitude events of the Quatermary pe-
riod. Seasonal temperature extremes are projeciadrease even more markedly, with annual mini-
mum temperature increases of 6-18°C projectedéatr@l and Eastern Europe and annual maximum
temperature increases of 6-12°C projected for @math of approx. 50° N. Annual preciptation is
projected to increase in the north but to decrieaee south, with greatest changes n the summer i
the south (June-July-August precpitation projedtedecrease by >40% south of 40° N) and in the
winter in the north (December-January-Februaryigitation projected to increase by 20-50% north
of 40° N). Such changes can be placed n contespimparing them to the present spatial gradients or
to past climatic changes. During the Quaternaryogeal period, the difference in global mean tem-
perature between glacial and interglacial stagesngparable in magnitude to the upper end of the
range of possible global mean warming projectethbylPCC n their Fourth Assessment Report,
whilst at the lower end of this range the warmegutts in conditions at least as warm as any during
the past two milion years.

4 2 Species distribution modelling

A detailed description of the modelling approachiven in Aralijo et al. (2006). Species distri-
bution data were based on kias of Amphibians and Reptiles of Eur¢@asc et al 1997) covering
143 amphibian and reptile species. Because of likebrrect models when occurrences are too low,
35 species that have less than 20 records wetelercand 42 amphibian and 66 reptile species re-
mained. Species distribution data were based dhkarBUniversal Transverse Mercator (UTM) grid
and covered Europe except most of the Eastern Bamopountries where recording effort was less
uniform and intensive.

A set of climatic variables was used to relate epatistribution data to climatic conditions. Cli-
matic variables were chosen to reflect two prinpeoperties of the climate — temperature and water —
that have known roles in imposing constrants ugmphbian species distributions as a result of
widely shared physiological limitations (reviewedsiection 2). Monthly, interpolated climate data,
orignally provided at a 10' grid resolution (Netvaé 2000, Michell et al. 2004), were aggregéted
the UTM grid and comprised mean values of fiveediffit climate parameters for the period 1961-
1991: annual temperature (°C), mean temperatuieeafoldest month (°C), mean temperature of the
warmest month (°C), mean annual summed prec pitétiom), and mean sum of precipitation be-
tween July and September (mm).
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Species dstributions across Europe were modedied generalised linear models (GLM). De-
tails on model parameterization are provided byillEhy(2003). Models were calibrated on a 70%
random sample of the observed data and predictoary evaluated on the remaning 30% of the
data. Agreements between observed species presertabsences and projected distributions were
evaluated by the area under curve (AUC) of theireceperating characteristic (ROC) curve and
Cohen’s Kappa. Thresholds for calculating presebsence projections were obtained by a maximiz-
ing Kappa approach (Manel et al. 2001).

The resulting ecological niche modek were thefegred to four different climate-change sce-
narios for 2050 on a 10 grid. The scenarios werdRCC SRES climate-change scenarios Al, A2,
B1, and B2 (IPCC 2007) based on the coupled AtnamspDcean General Circulation Model
HadCM3 (Hadley Centre for Climate Prediction andéech’'s General Circulation Model) averaged
for the period of 2020-2050. These scenarios tefléferent assumptions about demographic
changes, socio-economic, and technological developiiNakicenovic & Swart 2000) and range
from fossil-fuel intensive to alternative futuresolving rapid adoption of new technologies whie
differing n ther consequences on future climatioditions.

Itis mportant to notice that both modelled cureend future species distributions data cannot be
interpreted as actual distributions. They reprehentlistributions of suitable climate space fecss
at a ‘macro-level. Actual dstribution wil be affted by many factors (e.g. availabilty of habitat
suitability of habitats following climate changeodpgy, micro-climatic variation, presence of food,
impact of compettors, etc) (Gent, SEH-CC, comnietny). This is also highly relted to the topic o
dspersal since new suitable climate spaces have teached by the species. We initially made two
extreme assumptions about dispersal: unlimitededigp such that the entire projected climate space
denotes the actual future distribution; and noelssgd, in which the future distribution resukanrthe
overlap between current and future niche spacenGhat for most terrestrial amphibians and reptile
dspersal s bw (between years in a range of alHamdred meters to a few kilometers (see section
2.2), the latter assumption is the more realste especially given the relatively short time qubfor
projections and the rather course resolution oi@erid (ca 10 x 16 kA In addition, natural barri-
ers (mountains, sea, rivers etc.) and currentslefdiabitat fragmentation (Amler 1999, Jaeger 2002
Baier et al. 2006) may reduce or totally impedeaiheady low dispersal ability making the assump-
tion of no dispersal realistic. While unlimited plissal allows the identification of suitable arfeas
human-aided dispersal, human-aided dispersalighlytsensiive political issue that, if considered
needs to be carefully evaluated on a case-by-egagusing all available information, not only mod-
eling (see discussion in chapter V). Thereforedavact consider the “unlimited dispersal’ scenarios
in this report. Model results willbe made avaiealak such case-by-case assessments on request.

To assess the impact of climate change on partigpédgies we assigned them to five classes ac-
cording to relative changes in their range siZenQeaction or ncreasing range), 1 (decreasedeetw
0-25%), 2 (decrease between 25-50%), 3 (decretsedne50-75%), 4 (decrease between 75-100%).
Category 1 corresponds to just below a 1% annuaéase, a decrease that in several biodiversity
policies is used as a threshold between unfaveballeconservation status (e.g., the reporting guide
lines of the European Habitats Drective. Below, suemarize the results of the climate envelope
models. Maps on current and predicted future deitdinate space under the assumptions of no dis-
persal respectively full dispersal are availalenfthe authors upon request.

4 3 Expected distributional changes
4.3.1 Overall richness — Am phibians

As expected by their Imied tolerance to low terapees, the current richness of amphibian
species is lowest n the northern parts of Eur§ger{dinavia), the UK, and the mountains (Pyrenees,
Alps, Carpathians) whie their preference for mo@tditions generates hotspots of amphibian rich-
ness in Central Europe, Western France, and Norliasdy (Fig. 1a). Projected changes in the course
of climate change indicate that even under a mmirobange scenario (B1) losses of suitable climate
space will be severe (Fig. 2a). Greater lbssesphibian species will occur predominantly in warm
and dry areas (see Araujo et al. 2006) in SoutBerope, especially n Spain, Westem France, and
Italy, which are projected to get disproportionateghrmer and dryer during summer (Fig. 2a). The
areas of severe losses will increase with higheldeof climate change (Fig. 2b). These changds wil
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determine future species rchness. Besides effac®outhern Europe, also the Central European hot-
spots of amphibian richness will be seriously afé¢Fig. 1b,c).
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Fig. 1 Amphibian species richness according to mod-
elled species distributions for a) current conastjab)
minimum future climate change (B1), and ¢c) maximum
change (Al) under the assumption of no dispersaé N
the much lighter shading in b) and c), especially i
Southem Europe showing reduced future species rich
ness.

4.3.2 Overall richness - Reptiles

As expected by their adaptations to hot and digatéis, reptiles have their highest species num-
bers in Southem Europe, continuously decreasitigivigher latitudes (Fig. 3a). Projected losses are
ako highest in areas with high temperatures afdr mauctions in preciptation (see Araujo et al.
2006) and predominate in Spain, Italy, the Balkad, Greece (Fig. 4a,b). Assuming no dispersal abil-
ity, climate change is predicted to lead to a garécrease in species richness, which wil erede e
pecially severely current hotspots of reptile diver(Fig 3b, ¢). However, these results have tmbe
terpreted with caution, since considerations @ twice to drought of reptiles in Northern Africa-re
der possible that the range contractions at thenvday edge of the European gradient are due to in-
complete niche descriptions.
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Fig. 2. Projected losses of amphibian species for a) mimirfuture climate change enaio B1)
and b) maximum chanoe (scenario ,

4.3.3 Single species

When looking at shgle species and assuming nerdalpthere are two reptile species that will
loose more that 75% of their current range (Fiegisgalgyroides Algyroides fitzingeri and Tyrrhe-
nian wall lizard -P odarcis tiliguerta Table 3; see Annex for maps) and this will bedbge even
when assuming full dispersal Both species areneicde Corsica and Sardnia and their future suit-
able climate space is projected to virtually disapp

Table 2 Number of amphibian and reptile species per speamge loss class for four different cli-
mate change scenarios (Al, A2, B2, B1) under thanastions of no dispersal abilty.

Loss Alno A2no B2no B1 no
Amphibians

0 1(2%) 1 (2%) 0 (0%) 1 (2%)
>0-25% 23 (55%) 28 (67%) 26 (62%) 25 (60%)
25-50% 15 (36%) 11 (26%) 14 (33%) 14 (33%)
50-75% 3 (7%) 2 (5%) 2 (5%) 2 (5%)
75-100% 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Reptiles

0 1(2%) 1 (2%) 0 (0%) 0 (0%)
>0-25% 35 (63%) 37 (56%) 37 (56%) 41 (62%)
25-50% 20 (30%) 19 (29%) 19 (29%) 15 (23%)
50-75% 7 (11%) 7 (11%) 8 (12%) 8 (12%)
75-100% 3 (5%) 2 (3%) 2 (3%) 2 (3%)

As second most vulnerable species, a group of &mghibians and eight reptiles emerges that
will loose between 50 and 75% (Tab. 3) but thezenainor differences among scenarios and one of
the reptile species will fall even into the higheatiegory under the strongest climate change socenar
(AL) (see ANNEX for maps). This group is charaststiby species endemic to Spain (including the
French Pyrenees) except of the European leaf-ieakbdPhyllodactylus europaeugyhich occurs
primarily on islands in the Tyrrhenian Sea, andtiyggerheadCaretta caretta which is a marine tur-
tle. The resuls fo€. carettamust be interpreted with caution since the speaieges well outside the
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Mediterranean but these data were not availabistiermine its climate envelope. Between 11-15
amphibian and 15-20 reptile species wil loose @%%f their ranges; fdR . arvalisand the common
chameleon@hamaelo chamaelepthis is the case regardless of the climate chsogeeario or dis-
persal abily.
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Fig. 3. Reptile species richness according
to modelled species distributions for a)
current conditions, b) minmum future
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change (Al) under the assumption of no
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in b) and c), especilly in Southem
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Fig. 4. Projected losses of reptile species for @) mininfutore climate change (scenario Bl)
b) maximum change (scenario Al).
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Table 2 Number of amphibian and reptile species per speailge loss class for four diferent cli-
mate change scenarios (Al, A2, B2, B1) under thanastions of no dispersal abilty.

Loss Alno A2no B2no B1no
Amphibians

0 1(2%) 1 (2%) 0 (0%) 1 (2%)
>0-25% 23 (55%) 28 (67%) 26 (62%) 25 (60%)
25-50% 15 (36%) 11 (26%) 14 (33%) 14 (33%)
50-75% 3 (7%) 2 (5%) 2 (5%) 2 (5%)
75-100% 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Reptiles

0 1(2%) 1 (2%) 0 (0%) 0 (0%)
>0-25% 35 (53%) 37 (56%) 37 (56%) 41 (62%)
25-50% 20 (30%) 19 (29%) 19 (29%) 15 (23%)
50-75% 7 (11%) 7 (11%) 8 (12%) 8 (12%)
75-100% 3 (5%) 2 (3%) 2 (3%) 2 (3%)

Table 3. Amphibian and reptile species falling into theltesg threat categories for four different cli-
mate change scenarios (Al, A2, B2, B1) under thanastions of no dispersal abilty.

Loss Alno A2no B2no B1no
Amphibians
Euproctus asper  Euproctus asper  Euproctus asper  Euproctus asper
Alytes cistemasii  Alytes cisternasii  Alytes cisternasii  Alytes cisternasii
Discoglossus galga-

50-75% noi
75-100% - — — —
Reptiles
Caretta caretta Caretta caretta Caretta caretta Caretta caretta
Phyllodactylus euro-P hyllodactylus euro-Phyllodactylus euro-
paeus paeus paeus

Lacerta schreiberi Lacerta schreiberi Lacerta schreiberi Lacerta schreiberi
Lacerta monticola Lacerta monticola Lacerta monticola Lacerta monticola
Podarcis bocagei Podarcis bocagei Podarcis bocagei Podarcis bocagei
Chalcides ocellatus Chalcides ocellatus Chalcides ocellatus Chalcides ocellatus

Vipera ursinii Vipera ursinii Vipera ursinii Vipera ursinii
50-75% Vipera seoanei Vipera seoanei Vipera seoanei
75-100% Phyllodactylus euro-

paeus Algyroides fit-

zingeri Algyroides fitzinger Algyroides fitzingeri Algyroides fitzingeri

Podarcistiliguerta Podarcistiliguerta Podarcis tiliguerta Podarcis tiliguerta

A third group of seemingly little affected speaiati loose no more than 25% of their ranges un-
der minimum climate change. This corresponds t#<dnge loss per year, which stillwill lead to a
bad conservation status in the prediction perictDofears. The majority of amphibian (55-67%) and
reptile species (53-62%) fall into this categorglfT2). This may be a consequence of amphibians and
reptiles having limited ability to cope with lownperatures but a much wider reaction range to highe
temperatures. Consequently, warming can be exptectelbeneficial and cause expansion of the po-
tential range. On the other hand, increasing dtaugly represent an important threat to species per-
sistence, especially n regions that are alreadgruhydrological stress. This may explain why the
species identified as most vulnerable to climasagé (i.e. group one and two) come from Spain or
Mediterranean islands. These most vulnerable spamenot only restricted to areas of ncreasirg hy
drological stress but are highly endemic with geiiteall range sizes, which magnifies negative effect
of climate change. Moreover, only one reptile gsdhe Balkan green lizaid. grilineata), and one
amphibian species, the Italian agile frBg (ataste) are predicted to retain its range despite climate
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change. In conclusion, it & likely that the moatdpean amphibians and reptiles will be negatively
affected and could serve as a suitable indicatdinohte change impacts on biodiversity.

5. CONSERVATION IMPLICATIONS

5.1 Sensitive species

Climate envelope modelling (Araujo et al 2006s tstudy) and the assessment of the climate
senstivity of amphibians and reptiles clearly stibat climate change impacts will considerably dif-
fer among species and regions. Although the cliclaege literature and the different adaptations to
hot and dry climates suggest that amphbians slsoiffier more than reptiles, cimate envelop models
indicate that both groups are distrbuted similadyoss the sensitivity classes. Here we intetinete
resuks of modelling and the review of biologicalis that make amphbians and reptiles sensdive t
climate change. We identify those species and nedimat are likely to suffer most and compile @& lis
of species that should receive priority becauglesif sensitivity o climate change.

Modelling predicts thasland endemic reptile species may become the most serious lyciegha
ones because their current climate space vrtdsigppears. Unfortunately, both distribution daiz a
climate data do nat have a sufficient resolutioalkmv the construction of climate envelope models
for most endemic iskand taxa. Additionally, it arcularly dificuk to evaluate for endemic isthn
taxa whether they are primarily limited by clmdiactors or by the geographic barrier of the sea. D
spite these caveats, the following endemic or emdemic island species should be regarded as likely
highly sensitive species: the lizarisfitzingeriandPodarcis tiliguerta both endemic to Corsica and
Sardinia, and the geckdyllodactylus europaepgrhich s found mainly on these two islands but oc
curs also on the mainland. Climate envelope madefstify them as most sensitive speci€be
Bedriaga’s rock lizardArchaeolacerta bedriaga which has a too narrow range for modelling on
Corsica and Sardnia, needs to be added. We fuatitethe Hierro Giant lizar d>@llotia simony)
from the Canary Islands to this group, becausasian extremely narrow range on steep sbpes and is
threatened by landslides. Wih an increased ligsdirof extreme events, the risk of landsldes will
likely also increase. Some island endemic taxa expgrience considerable range retraction on flat
islands due to sea levelrise. Sea level riseesigiied to be approx. 0.5 m n the Mediterrangidhe
year 2100 (IPCC 2007). This primarily concerns aricidizard “subspecies”, many of which occur
on shgle small island, but currently no overviexsgts on the height of slands with endemic taxa.

Next to island endemicsn phibians and reptiles from dry Mediterranean regions are likely
to suffer most. This applies especially to spet@® Spain, but Southern France, Italy, and Greece
will also bose relatively high numbers of speciEise threats probably will be largest for those am-
phibian species that depend on temporary wateebecause, in addtion to the clmatic factors in-
cluded in modelling, the risk that their breeditgssdry out before they metamorphose will increase
and because pressures exerted by climate changjigparéenposed on the steady decrease of the num-
ber of temporary aquatic habitats that occurredaunen-sustainable land use over the last dedades
Mediterranean countries (Serrano 1996, Blondel &#on 1999, Papayannis & Salathé 1999, Scoc-
cianti 2001). In addiion to the species listethi second highest threat category in Table 3,-semi
aquatic reptiles (turtles and snakes of the g&faugx) may also become affected by these habitat
changes. However, like most water frog taxa (suisfealophylaxof the genufRang in Medierra-
nean Europe, they are able to use permanent vodiesbsuch as rivers, as reproductive and summer
habitats, and the climate envelope models do essiy them into the most affected categories. On
the other hand, the allocation of the reptile g®eeito the second highest threat category in Table
by climate change models should be regarded ampraly, because currently few evidence exists
that reptiles are indeed limited by hot temperataredrought at the hot-dry edge of their range (se
chapter 2.4). Of the species falling into this gat in table 3, the best biological evidence osse
tivity exists forL. schreiberibecause of its dependence on humid riverine tab@ases-by-case as-
sessments (s@odarcis siculan chapter 2.4), which are beyond the scope sfdfaidy, are needed to
allow separation of those species that probabframethose that probably are not limited by clienat
factors at the southern margin of their distributio

Onesea turtle species, C. caretta is ako included in the second highest threaigoaly by cli-
mate envelope models. For this species, it isylita&t the result is due to incomplete niche descri
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tion because neither distribution data nor clindate were available at a sufficient resolutiomfiost

if its tropical distribution area. However, inundat of nesting beaches will occur for all sea &urtl
species by sea level rise. Whether this will becemrmajor threat or not will depend on the geoldgy o
current nesting beaches and adpcent regionsadbiigil of adequate coastal habitat above futuee se
leve) and human coastal management (barrieretadtess to shifting and new nesting locations).
Countries that have breeding populations of seledushould make such assessments for their coast-
lines.

For montane species neither assessment of biological traitsmmolelling provides a uniform
picture. Some species, suctBastra are predicted to be little affected, whereasrsfieeg., the Pyre-
nean mountain brook salamandeugroctus aspeyis likely to suffer considerably. Sevehaéditer-
ranean amphibian species limited to cool and maist microhahbitats have too narrow distribution
ranges for the development of clmate envelop mepdsipecially cave salamandespeleomantes
spp), some mountain brook sabmand@&soctus spp.)andP roteus anguinusWhether they will
suffer will primarily depend on the hydrolbgy arsseciated changes in mosture of their microhabi-
tat. Since hydrology is likely change in Meditean areas and because of the dependence of these
species on cool and moist microhabitats, we indle® in the list of sensitive species (Tab. 4e On
further speciesilytes muletensiss included in Table 4, because it has a weryow distribution
and depends on aquatic habitats that are very likely further impacted by humandseer water re-
sources (Podloucky, pers. comm.).

In Centra and Northern Europe, early breeding amphibian, i.e., primarily browogé Rana
arvalis, R. dalmatina, R. tempora)iandB. bufo,may be placed at increasing risk dukate fr osts,
less snow cover, and warmer winter temperatureswih concomitant energy depletion in winter and
the risk of freezing of spawn or adults. Furtheduced snow cover will pose additional risks tdall
bernating amphibian and reptile in northern ladtudpecies (see e.g., Podioucky et al 2008.foe-
rus) but in generalthe magnitude of this risk id stiknown. Since the species of Central and North-
emn Europe tend to have awide distrbution anddsz climate envelope models did not classify any
of these species into the two highest risk categionie do not include any of these species n Hable

Table 4. Amphibian and reptile species that are likeyifbes most by climate change and should re-
celve priority in management and policy

Species Comments
Amphibia
Speleomantes spp. Temperature and moisture sensitive; some sp e@esland endemics
Proteus anguinus Dependence on cool habitats and hy drology of castesms
Euproctus spp. Dependence on cool and moist microhabitéts; clineateslope model folE. asper
Alytes cisternasii Dependence on temporary water bodies, climate epeah odels
Alytes muletensis Threatened by water scarcity
Discoglossus galganoi  Dependence on temporary water bodies, climate epeghodels
Reptilia
Phyllodactylus europaeusSecond highest threat class in modelling; primasiyCorsica and Sardinia
Algyroides fitzingeri Endemic to Corsica & Sardinia; highest threat classiodelling
Archaeolacerta Endemic to Corsica & Sardinig; climate space disapp
bedriagae
Lacerta monticola Climate envelope models
Lacerta schreiberi Climate envelope models; dependence on humid hsbita
Gallotia simonyi Very narrow range, threatened by increasing ridkard slides
Podarcis bocagei Climate envelope models
Podarcis tiliguerta Endemic to Corsica & Sardinia; highest threat ciassiodelling
Chalcides ocellatus Climate envelope models
Vipera seoanei Climate envelope models

Vipera ursinii Climate envelope models
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52 M anagement and policy recommendations
5.2.1 Protective measurements

To be clear about the conservation implicationsraegls to be clear about the conservation ob-
jectives (Gent, SEH-CC, comm. by lett.). Withie turrent climate window we can start to consider
‘favourable levels’ for species of amphbians aaptites (e.g., devebping the concept of favougabl
conservation status’ that underpins the EU Halbatctive). Much of this would focus on ensuring
robust populations within the current and recesiohic distribution of the species. It is posstide
visualize and even to start to quantify such leueing parameters that describe population sttess,
tent of habitat, range, and future prospects. @iiaange adds a new level of complexity to this bu
reflection on ‘favourable levels’ may help provaéramework for assessing targeted outcomes in a
changing climate. It may also help guide the degr@ehich ‘in stu’ conservation in the current geo
graphical range should be attempted versus ‘exrag¢asures including range changes or conserva-
tion of a genetic resource n captivity.

In any case, management needs will differ amongespand regions since they will differ in
their senstivity respectively degree of likely igts of climate change. Habitats too will varyheit
response to climate change, and the opportundieménaging these to retain comparable ‘micro-
climates’ to allow the persistence of amphibianptile in different lcalities may also vary. @th
factors, such as the presence of competior spauiether likely response to climate change, afl
fect the way in which climate change affects amghiband reptiles. Management strategies and pol-
icy decisions need to account for these differendésrecommend that species-specific climate
change mitigation plans are developed for those species that are likedyifier most. These species
are listed in Table 4. Although we did not inchegely breeding amphbians of Central and Northern
Europe into Table 4 (see section 5.1), we recomrtiatccountries from these regions akko develop
climate change mitigation plans for these spegies.EU and the countries that share high responsi-
bilities for these species (Schmeller et al. 2&uld share in the development of these mitigation
plans. Beyond these species-specific miigatiomsaae following general management strategies are
recommended.

Spedesare lik ely to disappear from some regons. This should not be considered as a justifica-
tion to reduce the protective level for these sgeiti these regions. Notw thstanding, the onlychan
to retain these species in these regions is ant@rary adaptation to the new climatic conditions.
Small populations have limited scope for such agaphifts but populations with a size of 1250 and
1750 individuals i reptiles and amphibians, retyedg, or larger may have the potential for rapid
adaptive shifts (see section 2.5). While large [abjoms are generally particularly valuable from a
conservation perspective, they are especially rapbfor adaptation to climate changecommen-
dation: Large populations in large tracts of high qudigpitat should receive very stringent protec-
tion and the highest attention by management alieypadditionally, restoration activities shouléb
focussed on those habitats, which could bring ot of sensitive species close to the size indi-
cated above. This strategy will be affective alsorégions, which may not become completely un-
suitable for the species.

Inregions, which will remain climatically suitable, local and regional extinctions nevertheless
may occur unless affected species can dis per@naites. First, this means that species may be los
from protected sitesRecommendation: countries should assess whether protected aewsT Cli-
matically sutable for target species. Priorities duch assessment should consider the sensitivity
the species to climate change, the national refyiitgsa country has for the protection of a spsci
(Schmeéller et al. 2008), and, in the context ofBBne Convention, whether the species is listed on
its Annexes. Gaps in current or likely future repreativity of species should be reduced using sys-
tematic approaches to reserve site selection (Margu Pressey 2000). However, species conserva-
tion needs to look beyond the constraints of ptetieareas and, among others, need to consider re-
gional connectivity (Gent SEH-CC, comm. by lefthis is especially so when addressing conserva-
tion measures to mitigate for clmate change.

Species will not be able to track geographicatsinif climate space unless they dasperse to
new suitable stes. A denser network of ponds has been requesteahiphibians of Mediterranean
climatic zones relative to more temperate regierg ,( Blaustein et al. 2001, Jakob et al 2003a) be-
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cause of the unpredictabilty of and reductioramnfalls, coupled with amphibian dependence on hu-
mid habitats, superimposed on an increased lbsagmentation of favourable terrestrial corridors.
However, this s misleading because amphibiand regptiles - of the Temperate Zone also have low
dispersal power and therefore also require dertg®rks of sutable habitats (Fog 1993, Setteld et a
1996, Semlitsch 2003, Smith & Green 2005, Jehlen&ch 2007). With an active dispersal in the
range of usually < 1 km in urodeles (Smith & Gr2efb, Jehle & Sinsch 2007) and lizards (Settele et
al 1996), and usually < 2 km but up to severabkdires in snakes (Settele et al. 1996) and anurans
(e.g., Fog 1993, Settele et al. 1996, Smih & G2é8B, Jehle & Sinsch 2007), the density of suatabl
habitats must remain high in all landscapes andviiwe landscape must be made permeable (i.e.
suitable) for the dispersal of amphibians and lespRecommendation: we have to facilitate natural
range shifts by redoubling effort to maintain astoee large-scale connectiviy in all affected oegi

in Europe (Hunter et al. 1988, Hannah et al. 286&)to avoid carbon management solutions that will
reduce the suitability and permeability of the t@ape (e.g., biofuel production by the conversfon o
native vegetation into fuel farms: Cook & Beyea@0@therwise, species with low dispersal capac-
ity, such as most reptiles and amphibians, willboable to track any geographical change in adimat
space. Semlitsch (2003) argued that a naturatderisit keast 0.5- 1 suitable ponds per lsressen-

tial for broad-scale maintenance of pond breedimghdoians.

5.2.2 Assisted dispersal

With global climate change looming large in thelpubsyche, a debate on assisted dispersal has
started (Hunter 2007, McLachlan et al. 2007) aeddikcussion is particularly relevant for reptiles
and amphibians with their low dispersal power. #issi dispersal usually is defined as the intertiona
introduction of species to climatically favour abileas outside ther 2@entury geographic range as a
proactive measure to combat biodiversity bss inyatk change (Mueller & Hellmann 2008).

Deciding whether undertaking a particular assistdghization project should be undertaken is
patently complex. Akhough various guidelines fa translocation of species exist (e.g., ANL 1982,
http //www.kew.org/conservation/RSGguidelines.hinm)the face of climate change new problems
surfaced that need addressing. Hunter (2007) steggibsit three major issues must be carefully con-
sidered:

1) Candidate species: Assisted dispersal showdrsadered only for species with low dispersal
(amost all reptiles and amphibians) and there teistonfidence that climate change s the primary
threat (Thomas et al. 2004). For European ampisitaiad reptiles, currently habitat destructioniis st
the man threat (e.g., Henle & Streit 1990). Wemamend that climate change should not only be the
primary threat but the predicted loss of range rbessubstantial and that a normative policy discus-
sion of acceptable thresholds for substantialag ex.

2) Candidate sites: The amount of disturbanceanhdidate site must be considered. The discus-
sion is still on-going but may probably settle tésswith intermediate disturbance (Hunter 2007).
Also, connected sites that have experienced sperige shifts in the past are more acceptable than
islands. Only sites within the long-term biogeobiapange should be considered. Research on inva-
sive species clearly shows that the worst caseimvapecies are those that have been brought to ar
eas far outside this range (see ako Mueller &nhdeth 2008). Species rich systems are often regarded
as less likely to be disrupted by a transloc atiam ta species poor ecosystem but this issud isostil
troversal.

Beyond drect interactions wih the species preseifie translocation site and resulting ecosys-
tem effects, indirect effects due to inadvertambduction of diseases have to be carefully coreildde
This is particularly relevant for anurans, with ajon concern of an inadvertent spreading of the chy
trd fungal parasit®atrachochytiium dendrobatidiwith translocations of anurar8. dendrobatidis
can cause high mortality in some anurans so haitribduction to novel sites could be a majorszata
trophe for resident species (Berger et al. 1999) réptiles, spread of disease has not yet rectiieed
same concem except for translocation programepifieg tortoisesopherus polyphemudecause
of the spreading of arespratory disease and@e$arus (Boarman 2002). However, other diseases,
such as parapox virus in lizards of the gelnaiserta andPodarcis need also be considered (Gent
SEH-CC, comm. by lett.). Nevertheless, treatmeaksng all possible pathogens into account, quar-
antine, and pre-lease monitoring are essentigtdos locations of any species. These should follow
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standards for captive and re-introduction progréms deal with pathogens and parasites (Garner
SEH-CC, comm. by lett.).

3) Feasibility: Costs and translocation techniauast be considered. The translocation technol-
ogy is still far from being perfect (Fischer & Lexmayer 2000) and a range of research questions
still need to be answered (McLachlan et al. 2007).

Isknd endemics need additional considerations.eRdemic subspecies, translocations are in-
adequate because subspecies evolved in respahsaitique biotic and abiotic environment on each
island. These conditions cannot be recreated abthiey place so the subspecies will be lost #iii-c
not cope or adapt to climate change. However, gibulations of the species may become isolated
on land masses that become islands due to seaidevahd can form the basis for evolutionary path-
ways to lead to new subspecies. Therefore, we reemahthat policy and management should secure
that these evolutionary processes can continuewly formed islands. For endemic species assisted
dspersal also will not be a real solution bec#éfusgalso evolved n response to the unique conditi
of their Island(s). Thus, they also will be degihitlost if they cannot survive climate changetwairt
current island(s). However, in contrast to subgge@n ethical evaluation should be made whether
assisted translocation may be justified even saréimslocated population will soon be no more the
same as the original species.

In conclusion, since no assisted dispersal progriirbe free of risk and because robust predic-
tors of invasion rsk have proven elusive (Levih@le 2003), great care must be taken before and
when adopting an assisted dispersal program. @yrigrere are no specific regulations to govem th
actions envisioned n assisted dispersal but somgpg are already beginning to move species
(McLachlan et al. 2007Recommendation: Policy should limit unsupervised translocationd ee-
quire thorough risk analyses and impact assessoredase-by-case basis. Such regulations should
adapt existing guidelines on translocations (ef.the IUCN: http://www.kew.org/conservation/
RS Gguidelines.htmthat were developed before climate change cate torefront.

5.2.3 Monitoring

Sihce differences among species and probably eiiin species exist in their phenological re-
sponse to climate change and this can have caalsidenfluence on the sensitivity of a species to
climate change, we recommend an intensificatiophanological monitoring. For amphibians and
reptiles, the EuMon databas e (eumon.ckff.si) pesviah overview of programs in Europe that moni-
tor the phenology of amphibians and reptiles. Tild@h database contains several but not all moni-
toring programs started nationally or subnatiorfakyfulfilment of the reporting requirements fbiet
EU Habitats Directive. All these activities coulehge as a starting base for the development of a
European wide program. Such a monitoring prograualdhnclude the montoring of pressures, such
as climate change and habitat alteration, thatimmagct the conservation status of species (Henry et
al 2008) Recommendation: We recommend that a workshop is organized tteimepresentatives of
these monitoring programs to discuss and designjsint efforts and that start-up money is made
available for the coordination and integrationxaéing programs.

5.2.4 Research

There are still a number of major knowledge gapherlkely effects of climate change on rep-
tiles and amphbians (and on other organsms). fdmspers the design of better policies and man-
agement strategies. Therefore, we recommend thiz¢fuesearch is intiated on the potential impact
of climate change and on sutable adaptation atigation strategies. The following research topics
should receive high priority:

« potential impact of sea level rise on endemic dstaa and nesting populations of sea turtles po-
tentially to allow a better understanding of whisidemic island taxa are likely to suffer from
climate change and how these impacts can be ratigat

« assessment of the likely degree of reduction ahpeent wetlinds and rivers in regions predicted
to become drier by the combined effects of clintiiange, land use change, and changing de-
mands on water resources, how these pressuresagfiphibians and reptiles, and how these ef-
fects can be mitigated;
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« hydrological changes in Mediterranean regions libse the potential to affect amphibians de-
pending on cool moist microhabitats and to use stuthies as a basis for the design of mitigation
strategies;

« relationships of the biology of species with am@orow range for the development of climate
change models with climatic factors as a basisdtate likely impacts of climate change;

« improved understanding of the extent to which §seare (or are not) limited by temperature (or
other clmatic factors) at the southern margrher tdistribution;

« develbpment of more complex but still generic modélimpacts of climate change that address a
wide range of factors (including indirect effecsyiven localities so that conservation measures
can be adapted;

« identification of a set of amphibian and reptiledgs as indicator for clmate change and the de-
velbpment of long-term monitorng schemes for tisgmeies.

»  better capacity to improve the permeability of thedscape for reptiles and amphibians (and
other organisms with low dispersal capacity) uritler constraints of conflicthg land use de-
mands;

« evolutionary adaptation of amphibians and reptdeshanging climates and how the potential of
such adaptations can be realized.

Further important knowledge gaps that require nmesearch are identified in sections 2 and
5.2.2. Finally, ourecommendation of overridingimportance is research that fosters the willingness
and ability of politicians, institutions, and sdgito reduce the emission of green house gaseswvith
compromising the conservation of amphibians antdles@and ther habtats. Wihout that, we will not
be able to make major progress in the consenatbiodiversity in a changing world.
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ANNEX: Changes in suitable climatic niche for 2050 faoo igvoups of most vulnerable species
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Discoglossus galganoi

® gain
loss
® remain
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Euproctus asper

® gain
loss
® remain
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Algyroides fitzingeri

® gain
loss
remain
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Caretta caretta

® gain
loss
® remain
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Chalcides ocellatus

® gain
loss
® remain
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Lacerta monticola

® gain
loss
® remain




T-PVS/nf (2008) 11 rev. - 46 -

Lacerta schreiberi

® gain
loss
® remain
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Phyllodactylus
europaeus

® gain
loss
® remain
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Podarcis bocagei

® gain
loss
® remain
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Podarcis tiliguerta

® gain
loss
remain
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Vipera seoanei

® gain
loss
® remain
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Vipera ursini
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