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Species distribution modelling using GIS: identifying potentially suitable habitat for Iberolacerta
cyreni’s under future climatic scenarios
Abstract
Climate change threatens global biodiversity especially species with limited dispersal or
adaptive ability, like reptiles. The carpetane rock lizard (Iberolacerta cyreni) is a particularly
vulnerable endemic species found within the Iberian Peninsula. This project predicted the extent
of suitable habitat and Natura 2000 coverage for I. cyreni in future (2050 & 2070) climate scenarios
using a bioclimatic envelope species distribution modelling (SDM) approach in GIS. Results
showed an overall increase in suitable habitat, assuming unlimited dispersal, yet only one scenario
(2050 RCP 2.6) had suitable habitat still present in the original range, suggesting species will have
high pressure to disperse. Natura 2000 coverage decreased in all but one scenario ranging from
19.4% to 57.2%. SDMs can provide useful generalizations; however, climate-only analyses omit
several biotic factors that could influence species distribution and suitable habitat. Additionally, it
is essential to interpret maps conservatively and consider all assumptions involved in producing
them.

Introduction
Species Distribution Modelling
Species distribution modelling (SDM) is a technique that relates species occurrence data
with environmental parameters using species-environment relationships to gain ecological and
evolutionary insights. SDMs have been used extensively since the 1990’s with the introduction of
Geographical Information System (GIS) mapping, which allowed for faster and more effective
analysis of spatial data (Guisan & Thuiller, 2005). SDMs have been used to better understand
driving factors in species distribution, manage and protect species in protected areas, and assess or
predict species invasions and proliferations (Corsi, de Leeuw, & Skidmore, 2000; Guisan &
Thuiller, 2005). These models can also be used to predict future species distributions and suitable
habitat under potential future climate change conditions (Guisan & Thuiller, 2005; Richard G.

Pearson & Dawson, 2003). However, SDMs function under several assumptions that should be
considered including an equilibrium between species and their environments, and that
environmental factors can be accurately sampled and projected into the future (Elith & Leathwick,
2009). Regardless, climate SDMs can provide useful initial approximations, within limits, of how
species may react to climate change (Richard G. Pearson & Dawson, 2003). The resulting
information can be used to better manage protected area systems, such as Natura 2000, or to inform
efforts to prevent extinctions (Kati et al., 2014).
Natura 2000
Natura 2000 (N2k) is a transnational network of protected areas founded by the European
Union (EU) that closely aligns with the goals of the Convention of Biological Diversity (CBD)
(Kati et al., 2014). It is the largest network of protected areas in the world and covers about 17.9%
of EU land territory (Kati et al., 2014). The network contains about 27,000 sites financed through
EU initiatives (Kukkala et al., 2016). According to Kukkala et al. (2014), all vertebrate species’
distributions identified in EU nature legislation are covered at least partly by N2k. Additionally,
the N2k system has a strong EU legal framework and have strict policies for delisting a site,
suggesting N2k sites are likely to remain stable and persist into the future (European Commission,
2017; Hlad, Miklič, & Ogorelec, 2004). Although these sites are extensive, many sites are
predicted to lose climate suitability (Araújo et al., 2011). For these reasons, the N2k protected
areas system is an interesting group of sites to investigate how well future predictions of suitable
habitat might be protected.
Carpetane Rock Lizard (Iberolacerta cyreni)
Nearly 40% of reptile in Europe are classified as Threatened (19.4%), Critically
Endangered (4.3%), Endangered (7.9%), or Vulnerable (7.1%) (Cox & Temple, 2009). Reptiles
are considered the most vulnerable taxonomic group to climate change (Carey & Alexander, 2003;
Gibbons et al., 2000; Wake, 2007). Although habitat loss and fragmentation are the leading causes
for European reptile decline, climate change may have negative synergistic effects (Cox & Temple,
2009). Climate is thought to be a leading factor for reptile species distribution; major changes in
past reptile species distribution were caused by shifts in climatic conditions, though limited by
geographic barriers and life-history traits (Le Galliard et al., 2012). This is most likely due to the
limitation thermoregulation places on their physiology and behavior (Aguado & Braña, 2014).

Temperature and precipitation, in particular, are thought to be important for reptile performance
and survival (Guisan & Hofer, 2003; Le Galliard et al., 2012).
The carpetane rock lizard is an IUCN endangered, endemic reptile with a small range in
the central mountains of Spain (Figure 1) (Pérez-Mellado, Cheylan, & Martínez-Solano, 2009). It
is found in the Sierra de Bejar, Sierra de Gredos, La Serrota, and Sierra del Guadarrama occurring
in rocky, damp habitat at altitudes between 1,300 and 2,500 meters (Aguado & Braña, 2014; PérezMellado et al., 2009). These are protected, at least partly, by the N2k sites Sierra de Gredos
(Habitats Directive ES4110002) and Sierra de Gredos y Valle del Jerte (Habitats Directive
ES4320038). I. cyreni is mainly threated by habitat loss and fragmentation from the creation of ski
resorts and roads as well as climate change (IUCN, 2017; Pérez-Mellado et al., 2009). These rock
lizards are especially vulnerable to climate change because they: (1) live in the mountains and thus
cannot migrate to higher or colder places, (2) are cold-adapted ectotherms which means they have
narrow optimal temperatures, (3) live in the Iberian mountains which are predicted to experience
higher temperature changes and risks of drought (Carvalho, Brito, Crespo, & Possingham, 2010;
Ortega, Mencía, & Pérez-Mellado, 2016). Although adapted to the cold montane environment, I.
cyreni may not have the behavioral plasticity or evolutionary mechanisms to buffer the effects of
climate change (Aguado & Braña, 2014; Klaus Henle et al., 2008). Because I. cyreni is vulnerable
to climate change and is currently within coverage of N2k sites, it is a good model to give insight
into how lizards will respond to respond to climate change and whether N2k sites could effectively
protect their habitat.

Figure 1: Distribution of Iberolacerta cyreni
(IUCN, 2017)

Project Objectives
This project aims to: (1) identify potentially suitable habitat for I. cyreni under different
climatic scenarios using SDM in GIS, and (2) quantify how effectively N2k could protect I.
cyreni’s habitat. The first was achieved using a bioclimatic envelope approach where current
preferred climate variables were analyzed and then projected into future climatic models. The
second objective was analyzed using area of overlap between predicted suitable habitat in different
climate scenarios and the N2k protected area network. This study models potentially suitable
habitat, not species distribution and should not be interpreted as such. Although climate SDMs
have been used extensively to predict future species distributions, no study has modelled future
suitable habitat and N2k coverage of it for I. cyreni to my knowledge.

Methods
GIS data on current species distribution, climate scenarios (present and future), and N2k
sites were collected from the listed sites (Table 1). The future climatic data was divided into two
years, 2050 and 2070. Within each year, two scenarios were chosen: RCP 2.6 and 8.5. These were
chosen to represent “best case” and “worst case” scenarios of future bioclimatic conditions (Table
2) (Meinshausen et al., 2011). RCP 2.6 assumes that CO2 emissions peak between 2010-20,
meaning global mitigation techniques occur and are effective, while the RCP 8.5 scenario assumes
no mitigation targets and CO2 emissions continue to increase steadily (Riahi et al., 2011). Data for
N2k included SCI (Sites of Community Importance), SPA (Special Protection Areas), and SAC
(Special Areas of Conservation). SACs and SCI are both part of the Habitats Directive and overlap.
One set of these variables was deleted using the select feature in the attribute table to avoid
duplicates. All files were projected into WGS Mercator using geoprocessing and data tools.

The first step in developing a climate SDM is to create a bioclimatic envelope by
determining the species preferred range of environmental variables within the current distribution
(Figure 2, Part 1). Because I. cyreni is not well studied, climatic factors were chosen based on
parameters important more widely to reptiles and the lizard family: temperature and precipitation
(Le Galliard et al., 2012). The specific temperature and precipitation bioclimatic parameters used
in this project (Table 3) were chosen because previous SDM studies on reptiles used similar
parameters (Carvalho et al., 2010; Guisan & Hofer, 2003; Iverson, Prasad, Matthews, & Peters,
2008; Kearney & Porter, 2004; Raxworthy et al., 2003). Next, the preferred ranges of each
parameter were recorded using the “Clip” and “Statistics” feature on the current climatic data
within the original species distribution (Figure 2, Part 1; Table 3).
Raster Calculator was used on each individual parameter in future scenarios (2050 & 2070
each with RCP’s 2.6 & 8.5) and combined to identify all locations within the range of the species’
preferred climatic conditions from Table 3 (Figure 2, Part 1). Maps were created for each scenario.
Only Europe habitat area was considered because it is unlikely that I. cyreni could disperse farther
(Gibbon et al., 2000; Opermanis et al., 2012). An analysis of possibly suitable habitat for current
climate data was also calculated and mapped. This was done in order to get a better understanding
of how current species distribution compares to potential habitat using the bioclimatic data
technique. In addition, the overlap between the two scenarios within both 2050 and 2070 was
mapped. The area of overlap was calculated using the geoprocessing tool “Intersect” and then
“Calculate Geometry” in the attribute table. The overlap between Natura 2000 and the predicted
suitable habitats in each scenario for I. cyreni was isolated by using the “Clip” tool for each climate
scenario (Figure 2, Part 2). The area of overlap was then calculated using “Calculate Geometry”
in the attribute table.

Table 3: Bioclimatic parameters used to create the bioclimatic envelope
Bioclimatic parameters

Max

Min

Annual Mean Temperature

13.33 °C

8.04 °C

Max Temperature of Warmest Month 27.91 °C

21.34 °C

Min Temperature of Coldest Month

-1.39 °C

-4.88 °C

Annual Mean Precipitation

989 mm

351 mm

Precipitation of Driest Month

23 mm

12 mm

Figure 2: Workflow and tools used in GIS to complete the project

Results
I. cyreni’s current distribution covered an area of about 11,425 km2. Using the species
preferred environmental parameter ranges, maps of the predicted suitable habitat were generated
for each climatic scenario (Figures 3, 4, 6, 7). Additionally, analysis using the same environmental
parameter ranges was used to determine potential suitable habitat under current climate data
(Figure 9). The areas calculated using spatial analysis for each scenario and current suitable habitat
are listed in Table 4. Overall, the area of predicted suitable habitat increased compared to both
current species distribution and predicted current suitable habitat for all scenarios. Scenario 2050
RCP 2.6 is the only future climatic scenario in which there was still any suitable habitat within I.
cyreni’s current range. Between the two 2050 emission scenarios, the RCP 8.5 scenario had a more
restricted potential habitat than RCP 2.6 with a difference of 504,117 km2 (Figure 5). However,
there was an overlap of 235,430 km2 between the two scenarios. Similarly, the 2070 RCP 2.6
scenario predicted habitat was 99,590 km2 greater than that of the 2070 RCP 8.5 scenario though
the difference was less than the difference between scenarios in 2050. The overlap between 2070
RCP’s 2.6 and 8.5 was 201,278 km2 (Figure 8). The area covered by the 2050 RCP 2.6 was 397,320
km2 greater than the 2070 RCP 2.6 scenario; however, the difference between 2050 and 2070 RCP
8.5 scenarios was much smaller (7,207 km2) with the 2070 scenario having a slightly larger area
coverage. Additionally, the locations of suitable habitat predicted in both 2050 and 2070 RCP 8.5
scenarios had an overlap of 420,782 km2 (Figure 10). That is 80.3% of the 2050 RCP 8.5 scenario
and 79.2% of the 2070 RCP 8.5 scenario.
Table 4: Area coverage of predicted species suitable habitat in current and future climate
scenarios
Area (in km2)
Potential suitable habitat (current)

236,900 km2

2050
RCP 2.6

1,027,974

RCP 8.5

523,857

RCP 2.6

630,654

RCP 8.5

531,064

2070

To analyze how well N2k might protect I. cyreni’s habitat, N2k coverage was calculated
for each climate scenario (Table 5). Originally, N2k covered 8,107 km2 of I. cyreni’s current
distribution which is about 71%. The percent coverage by N2k of the predicted suitable habitat
was also calculated in Table 5 by dividing the N2k coverage by the areas listed in Table 4. N2k
had poor coverage of the potential current suitable habitat with only 25.7% coverage. Between
both 2050 and 2070 scenarios, there was better coverage in the RCP 2.6 scenarios with 88.7% in
2050 and 57.2% in 2070. Similarly, the RCP 8.5 had a better habitat coverage for both years with
38.1% in 2050 and 19.4% in 2070. For both RCP’s 2.6 and 8.5, 2070 climate scenario had a lower
suitable habitat coverage by N2k. Overall, the coverage of N2k decreased for future climatic
scenarios compared to an original 71% coverage of original I. cyreni’s distribution with the
exception of 2050 RCP 2.6.
Table 5: Area overlap between Natura 2000 sites and predicted species distribution in future
climate scenarios
Area (in km2)

Percentage of predicted
suitable habitat

Potential suitable habitat (current)

61,084

25.8%

RCP 2.6

911,948

88.7%

RCP 8.5

199,481

38.1%

RCP 2.6

360,785

57.2%

RCP 8.5

102,939

19.4%

2050

2070

Figure 3: Predicted suitable habitat for I. cyreni in 2050 RCP 2.6 scenario

Figure 4: Predicted suitable habitat for I. cyreni in 2050 RCP 8.5 scenario

Figure 5: Comparison of predicted suitable habitat for I. cyreni in 2050 scenarios (RCP 2.6 and 8.5)

Figure 6: Predicted suitable habitat for I. cyreni in 2070 RCP 2.6 scenario

Figure 7: Predicted suitable habitat for I. cyreni in 2050 RCP 8.5 scenario

Figure 8: Comparison of predicted suitable habitat for I. cyreni in 2070 scenarios (RCP 2.6 and 8.5)

Figure 9: Potential suitable habitat for I. cyreni in current climate using preferred climate parameters.

Figure 10: Comparison of predicted suitable habitat for I. cyreni in 2070 scenarios (RCP 2.6 and 8.5)

Discussion
The Iberian Peninsula is predicted to undergo rapid and extreme climate change with risks
of drought and high temperatures (Carvalho et al., 2010; Ortega et al., 2016). Combined with
intermediate mobility and habitat loss or land use change, climate change is expected to
dramatically effect reptiles, especially those with restricted ranges such as I. cyreni (Guisan &
Hofer, 2003; Le Galliard et al., 2012). Using SDM and a bioclimatic envelope approach, the
suitable habitat for I. cyreni was predicted for future climatic scenarios and the percent coverage
by Natura 2000 was calculated. In general, species distribution and habitat is predicted to contract
for most species in SDM future climate analyses; however, models for reptile species have found
mixed results (Carvalho et al., 2010). In this analysis there was an increase in suitable habitat both
compared to the original species distribution area and the modelled current suitable habitat.
Previous studies have shown that ectotherms benefit from warming temperatures (Araújo &
Guisan, 2006; Le Galliard et al., 2012). Under the assumption of unlimited dispersal, it isn’t
surprising that I. cyreni would us benefit from warming temperatures. Although I. cyreni could
adapt to increased temperature through evolutionary and behavioral mechanisms (Le Galliard et
al., 2012), precipitation did limit its range. The Iberian Peninsula is predicted to experience drier
conditions and drought which may explain the lack of modelled suitable habitat in I. cyreni’s
current range in most scenarios especially in the higher emission scenarios (RCP 8.5). It is also
interesting to note that the suitable habitat calculated using current climate change had a larger
area than the IUCN current range. Fragmentation and habitat loss or perhaps unaccounted biotic
interactions may account for the restricted range of the true species distribution. The increased
suitable habitat may bode well for I. cyreni, but when coupled with other non-climatic factors –
fragmentation, habitat degradation, human encroachment – this species is likely still threatened by
climate change.
According to Carvalho et al. (2010), the next decade is critical for the survival of reptiles
under climate change conditions which may explain why both 2050 and 2070 RCP 2.6 scenarios
predicted a larger area of suitable habitat than the RCP 8.5 scenarios. In the RCP 2.6 scenario,
emissions begin to drop after 2010-2020 (Meinshausen et al., 2011). The RCP 2.6 scenarios may
have larger suitable habitat due to less extreme changes in temperature and precipitation.
Conversely, RCP 8.5 scenarios had smaller areas of suitable habitat due to more extreme increases
in environmental parameters. It is possible 2050 and 2070 RCP 8.5 scenarios had similar areas

(Figure 10) because factors such drought and temperature limit but don’t vary largely between
years. Although these maps may be good estimates, they lack important information including
dispersal abilities. Additionally, restricting parameters push results toward the upper and lower
ends of suitable habitat which may not be representative of actual distribution as species tend to
be more densely found closer to mean preferred environmental parameter values (Austin &
Gaywood, 1994; Wilfried Thuiller, Brotons, Araujo, & Lavorel, 2004).
The overall loss of coverage by N2k implied that climate change may severely impact our
conservation efforts. N2k, like many other protected area systems, may be insufficient at
protecting future habitat. Though N2k currently has full representation of species listed in the
Habitats Directive (i.e. I. cyreni) (Araújo et al., 2011; Trochet & Schmeller, 2013), the range
coverage is less impressive (Kukkala et al., 2016; Maiorano et al., 2015). N2k only covers about
33.6% of the total vertebrate directive species’ ranges, but if sites were optimally selected could
cover up to 60.3% (Kukkala et al., 2016). According to Araújo et al. (2011), N2k is not any more
effective at retaining climate suitability for species than non-protected areas and most vertebrates
and plants in Europe are expected to lose suitable climate within protected areas. Several studies
point to the small size and dysconnectivity of sites as the main reasons for its ineffectiveness
(Davis et al. , 2014; Halpin, 1997; Lawton et al., 2010). Small sites can have edge effects, which
are especially harmful to reptiles (Martino, 2001). Creation of buffer zones could reduce edge
effects, prevent encroachment of destructive human activity, and better connect N2k sites
(Barzetti, 1993; Martino, 2001; Shafer, 1998). Connectivity of sites is also important to allow
species to move in response to climate change (Henle et al., 2008; Sinervo et al., 2010). N2k’s
connectedness varies with some being less connected than the average protected area site in
Europe (Mazaris et al., 2013).Thus, N2k site connectivity, size, and placement need to be
reexamined for the N2k system to become more efficient at protecting species in the future.
Although SDM for future climate scenarios may be useful approximations of suitable
habitat for planning reintroductions or relocating reserves (Thuiller et al., 2004), the models have
many assumptions which lead to uncertainty in results. First, climatic SDM assume that climate
data is complete and accurate. Because climatic data cannot be measured at all locations across
the globe, missing data is extrapolated using models which leads to uncertainty. Additionally,
predicting future climate data also has several assumptions and uncertainties. For example, the
RCP 8.5 scenarios are based on high population, moderate technology innovation, and little

energy use improvements, yet these are calculated using a less than perfect methodology (Riahi
et al., 2011). Improvements are necessary to better predict variables such as air pollution, land
use, and land use change to incorporate in models (Riahi et al., 2011). Species range maps and
polygons used in this project are another source of uncertainty. These range maps are usually
created at least in part using museum and natural history collections (Graham, 2001; Ponder,
Carter, Flemons, & Chapman, 2001) which can be incomplete or biased. Because range maps are
created using presence and absence data (Maréchaux, Rodrigues, & Charpentier, 2017),
sampling methodologies using in collecting current data on the species may also influence the
polygons. However, because of limited resources, money and time, certain areas of known
population habitation may be targeted in field sampling which can skew results (Corsi et al.,
2000). Maps created from current point and historical presence data are then generalized to make
a polygon which function more as a ‘extent of occurrence’ (Gaston & Fuller, 2009). Species
distribution polygons are also subject to errors of omission (Rodrigues, Akacakaya, et al., 2004;
Rondinini, Wilson, Boitani, Grantham, & Possingham, 2006) and especially commission
(Hurlbert & Jetz, 2007; Rodrigues, Andelman, et al., 2004). In addition, range maps do not
consider abundance or density of species and therefore assume all areas within the range map are
equally important to the species and for its conservation which is rarely the case (Maréchaux et
al., 2017). Thus, range maps of current species distribution should only be used to infer ranges at
coarsest levels with a critical eye and caution (Hurlbert & Jetz, 2007; Loiselle et al., 2003). Due
to these uncertainties, results from this project need to be interpreted conservatively.
Though holistically, it is possible for climate-only based models such as the one used in
this project to make broad predictions of the impact of climate change for species where climate
is a driving factor (Beerling, Huntley, & Bailey, 1995), it disregards several potentially important
biotic parameters that could influence habitat distribution. For instance, vegetation and
topography may play a role in predicting suitable habitat especially in the Iberian Peninsula
where vegetation is threatened and will likely undergo major species losses. Vegetation loss is
expected to have negative synergistic effects on amphibians and reptiles in the region (Carvalho
et al., 2010). Similarly, organisms (i.e. I. cyreni) residing in higher altitude and rock
environments may be influenced more by factors such as nutrient availability, water flows,
refuges, or solar radiation on a finer scale (Guisan & Hofer, 2003). Other biotic interactions such
as competition and predation (Guisan & Thuiller, 2005; Richard G. Pearson & Dawson, 2003),

population dynamics (Peng, 2000), soil type (Pearson & Dawson, 2003), species ability to adapt
(Elith & Leathwick, 2009), and physiology (Kearney & Porter, 2004) may also influence the
distribution of species. Dispersal is another important aspect to consider when determining
which suitable habitats may actually be inhabited by the species in future (A. J. Davis,
Jenkinson, Lawton, Shorrocks, & Wood, 1998).Though this project’s model does not include
dispersal in its models, several SDM studies have begun to incorporate this factor. However,
dispersal ability is unknown in several species including I. cyreni, and thus becomes difficult to
model (Le Galliard et al., 2012). One approach is to model suitable habitat or species
distributions using two extremes, zero or unlimited dispersal ability, to give the minimum and
maximum ranges (Guisan & Thuiller, 2005). Others have tried modelling habitat fragmentation
and dispersal events to better predict future species distribution (Iverson, Schwartz, & Prasad,
2004; Schwartz, Iverson, & Prasad, 2001). Therefore, models can be improved by including
several of these factors and how those factors will change in future climates as well (Elith &
Leathwick, 2009).
Additionally, SDM predictions can be improved by comparing several models and
statistical calculations. Several new mutli-approach modelling techniques for species predictions
have been developed including BIOdiveristy MODelling (BIOMOD) and Spatial Evaluator of
Climate Impacts on the Envelope of Species (SPECIES) model. BIOMOD computes 4 modelling
techniques for each species distribution prediction including: Generalized Linear Models (GLM),
Generalized Additive Models (GAM), Classification and Regression Tree analysis (CART) and
Artificial Neural Networks (ANN) (Thuiller, 2003). SPECIES uses ANN to create the
bioclimatic envelope using observed species distributions and environmental variables (climate,
soil type, etc.) while incorporating physiology to give a mechanistic basis as well (R. G. Pearson,
Dawson, Berry, & Harrison, 2002). It is important to choose the model that best represents the
species. Testing against historical data can be a good method to validate methods and determine
which most accurately predicts for the specific species (Raxworthy et al., 2003). Using several
methods prevents reliance on limited parameters and statistical analyses, however, models
should still be interpreted with caution.

Conclusion
Changes in species distribution and suitable habitat will likely to be affected by climate
change. The carpetane rock lizard, in particular, is predicted to be especially vulnerable to
changes in temperature and precipitation expected in the Iberian Peninsula. This project found an
overall increase in suitable habitat in future climates both in the “worst case” (RCP 8.5) and
“best case” (RCP 2.6) scenarios. Though suitable habitat may increase, actual distribution will be
impacted by other factors including dispersal which would limit its extent. The climatic model
used also assumes the five temperature and precipitation variables chosen are the only factors
determining I. cyreni’s suitable habitat and disregards biotic interactions. Ultimately, how much
and which parts of predicted suitable habitat may actually be inhabited by I. cyreni in the future
depends on its resilience, adaptive ability, and behavioral or physiological plasticity. In addition,
this project found a decrease in Natura 2000 coverage which implies that N2k will not be
effective at protecting future suitable habitat at least for this species. Policy makers need to focus
on site management, creating larger and more connected sites, to increase the network’s
resilience against climate change. Moreover, SDM has many limits and conservationists should
attempt to compare several models and statistical analyses to develop the most accurate
prediction. Regardless, climate-based SDM can provide useful generalizations of habitat and
distribution which can be used in conservation planning and species protection.

References
Aguado, S., & Braña, F. (2014). Thermoregulation in a cold-adapted species (Cyren’s Rock
Lizard, Iberolacerta cyreni ): influence of thermal environment and associated costs.
Canadian Journal of Zoology, 92, 955–964. https://doi.org/10.1139/cjz-2014-0096
Araújo, M. B., Alagador, D., Cabeza, M., Nogués-Bravo, D., & Thuiller, W. (2011). Climate
change threatens European conservation areas. Ecology Letters, 14(5), 484–492.
https://doi.org/10.1111/j.1461-0248.2011.01610.x
Araújo, M. B., & Guisan, A. (2006). Five (or so) challenges for species distribution modelling.
Journal of Biogeography, 33(10), 1677–1688. https://doi.org/10.1111/j.13652699.2006.01584.x
Austin, M. P., & Gaywood, M. J. (1994). Current problems of environmental gradients and
species response curves in relation to continuum theory. Journal of Vegetation Science,
5(4), 473–482.
Barzetti, V. (1993). Parques y progreso: Areas protegidas y desarrollo económico en America
Latina y el Caribe. Washington, DC.
Beerling, D. J., Huntley, B., & Bailey, J. P. (1995). Climate and the distribution of Fallopia
japonica: use of an introduced species to test the predictive capacity of response surfaces on
JSTOR. Journal of Vegetation Science, 6(2), 269–282. Retrieved from
http://www.jstor.org/stable/3236222?seq=1#page_scan_tab_contents
Carey, C., & Alexander, M. A. (2003). Climate change and amphibian declines: is there a link?
Diversity and Distributions, 9(2), 111–121. https://doi.org/10.1046/j.14724642.2003.00011.x
Carvalho, S. B., Brito, J. C., Crespo, E. J., & Possingham, H. (2010). From climate change
predictions to actions – conserving vulnerable animal groups in hotspots at a regional scale.
Global Change Biology, 16, 3257.
Corsi, F., de Leeuw, J., & Skidmore, A. K. (2000). Modeling Species Distribution with GIS. In
M. C. Pearl (Ed.), Research Techniques in Animal Ecology (pp. 389–413). New York:
Columbia University Press. https://doi.org/10.2307/3803113
Cox, N. a., & Temple, H. J. (2009). European red list of reptiles. Office for Official Publications
of the European Communities, Luxembourg. https://doi.org/10.2779/091372
Davis, A. J., Jenkinson, L. S., Lawton, J. H., Shorrocks, B., & Wood, S. (1998). Making

mistakes when predicting shifts in species range in response to global warming. Nature,
391(6669), 783–786. https://doi.org/10.1038/35842
Davis, M., Naumann, S., McFarland, K., Graf, A., & Evans, D. (2014). The ecological
effectiveness of the Natura 2000 Network. ETC/BD Report, (November 2014), 30.
https://doi.org/10.13140/RG.2.1.4358.9288
Elith, J., & Leathwick, J. R. (2009). Species distribution models: ecological explanation and
prediction across space and time. Annual Review of Ecology, Evolution, and Systematics,
40, 677–697. https://doi.org/10.1146/annurev.ecolsys.110308.120159
European Commission. (2017). Natura 2000. Retrieved April 6, 2018, from
https://www.rijksoverheid.nl/onderwerpen/natuur-en-biodiversiteit/natura-2000
Gaston, K. J., & Fuller, R. A. (2009). The sizes of species’ geographic ranges. Journal of
Applied Ecology, 46(1), 1–9. https://doi.org/10.1111/j.1365-2664.2008.01596.x
Gibbon, J. W., Scott, D. E., Ryan, T. J., Buhlmann, K. a., Tuberville, T. D., Metts, B. S., …
Winne, C. T. (2000). The global decline of reptiles, déjà vu amphibians. BioScience, 50(8),
653–666. https://doi.org/10.1641/0006-3568(2000)050[0653:TGDORD]2.0.CO;2
Gibbons, J. W., Scott, D. E., Ryan, T. J., Buhlmann, K. A., Tuberville, Tr. D., Metts, B. S., …
Winne, C. T. (2000). The global decline of reptiles , déjà vu amphibians. BioScience, 50(8),
653–666. https://doi.org/10.1641/0006-3568(2000)050[0653:TGDORD]2.0.C
Graham, C. H. (2001). Society for conservation biology factors influencing movement patterns
of Keel-Billed youcans in a fragmented tropical landscape southern Mexico. Society for
Conservation Biology, 15(6), 1789–1798.
Guisan, A., & Hofer, U. (2003). Predicting reptile distributions at the mesoscale: relation to
climate and topography. Journal of Biogeography, 30(8), 1233–1243.
https://doi.org/10.1046/j.1365-2699.2003.00914.x
Guisan, A., & Thuiller, W. (2005). Predicting species distribution: offering more than simple
habitat models. Ecology Letters, 8(9), 993–1009. https://doi.org/10.1111/j.14610248.2005.00792.x
Halpin, P. N. (1997). Global climate change and natural-area protection: management responses
and research directions. Ecological Applications, 7(3), 828–843.
Henle, K., Dick, D., Harpke, A., Kuhn, I., Schweiger, O., & Settele, J. (2008). Climate change
impacts on european amphibians and reptiles. In Convention on the Conservation of

European Wildlife and Natural Habitats (pp. 1–51).
Henle, K., Dick, D., Harpke, A., Kuhn, I., Schweizer, O., & Settele, J. (2008). Climate change
impacts on European amphibians and reptiles.
Hlad, B., Miklič, M. Š., & Ogorelec, B. (2004). Natura 2000: Final Report on the
Implementation of the Communication Strategy.
Hurlbert, A. H., & Jetz, W. (2007). Species richness, hotspots, and the scale dependence of range
maps in ecology and conservation. Proceedings of the National Academy of Sciences,
104(33), 13384–13389. https://doi.org/10.1073/pnas.0704469104
IUCN. (2017). IUCN Red List of Threatened Species. Retrieved February 10, 2018, from
www.iucnredlist.org
Iverson, L. R., Prasad, A. M., Matthews, S. N., & Peters, M. (2008). Estimating potential habitat
for 134 eastern US tree species under six climate scenarios. Forest Ecology and
Management, 254(3), 390–406. https://doi.org/10.1016/j.foreco.2007.07.023
Iverson, L. R., Schwartz, M. W., & Prasad, A. M. (2004). How fast and far might tree species
migrate in the Eastern United States due to climate? Global Ecology and Biogeography,
13(3), 209–219.
Kati, V., Hovardas, T., Dieterich, M., Ibisch, P. L., Mihok, B., & Selva, N. (2014). The challenge
of implementing the European network of protected areas Natura 2000. Conservation
Biology, 260–270. https://doi.org/10.1111/cobi.12366
Kearney, M., & Porter, W. P. (2004). Mapping the fundamental nich: Physiology, climate, and
the distribution of a nocturanal lizard. Ecology, 85(11), 3119–3131.
https://doi.org/10.1890/03-0820
Kukkala, A. S., Arponen, A., Maiorano, L., Moilanen, A., Thuiller, W., Toivonen, T., … Cabeza,
M. (2016). Matches and mismatches between national and EU-wide priorities: examining
the Natura 2000 network in vertebrate species conservation. Biological Conservation, 198,
193–201. https://doi.org/10.1016/j.biocon.2016.04.016
Lawton, J. H., Brotherton, P., Brown, V., Elphick, C., Fitter, A., Forshaw, J., & Haddow, R.
(2010). Making space for nature: a review of england’s wildlife sites and ecological
network. Defra.
Le Galliard, J. F., Massot, M., Baron, J.-P., & Clobert, J. (2012). Ecological effects of climate
change on European reptiles. Wildlife Conservation in a Changing Climate, 179–203.

https://doi.org/10.13140/RG.2.1.3523.0248
Loiselle, B. A., Howell, C. A., Graham, C. H., Goerck, J. M., Brooks, T., Smith, K. G., &
Williams, P. H. (2003). Avoiding pitfalls of using species distribution models in
conservation planning. Conservation Biology, 17(6), 1591–1600.
https://doi.org/10.1111/j.1523-1739.2003.00233.x
Maiorano, L., Amori, G., Montemaggiori, A., Rondinini, C., Santini, L., Saura, S., & Boitani, L.
(2015). On how much biodiversity is covered in Europe by national protected areas and by
the Natura 2000 network: Insights from terrestrial vertebrates. Conservation Biology, 29(4),
986–995. https://doi.org/10.1111/cobi.12535
Maréchaux, I., Rodrigues, A. S. L., & Charpentier, A. (2017). The value of coarse species range
maps to inform local biodiversity conservation in a global context. Ecography, 40(10),
1166–1176. https://doi.org/10.1111/ecog.02598
Martino, D. (2001). Buffer zones around protected areas: a brief literature review. Electronic
Green Journal, 1(15). Retrieved from
https://cloudfront.escholarship.org/dist/prd/content/qt02n4v17n/qt02n4v17n.pdf
Mazaris, A. D., Papanikolaou, A. D., Barbet-massin, M., Kallimanis, A. S., Jiguet, F., Schmeller,
D. S., & Pantis, J. D. (2013). Evaluating the connectivity of a protected areas’ network
under the prism of global change: the efficiency of the european natura 2000 network for
four birds of prey. PLoS ONE, 8(3), 1–10. https://doi.org/10.1371/journal.pone.0059640
Meinshausen, M., Smith, S. J., Calvin, K., Daniel, J. S., Kainuma, M. L. T., Lamarque, J., … van
Vuuren, D. P. P. (2011). The RCP greenhouse gas concentrations and their extensions from
1765 to 2300. Climatic Change, 109(1), 213–241. https://doi.org/10.1007/s10584-0110156-z
Opermanis, O., MacSharry, B., Aunins, A., & Sipkova, Z. (2012). Connectedness and
connectivity of the Natura 2000 network of protected areas across country borders in the
European Union. Biological Conservation, (153), 227–238.
https://doi.org/10.1016/j.biocon.2012.04.031
Ortega, Z., Mencía, A., & Pérez-Mellado, V. (2016). The peak of thermoregulation
effectiveness: Thermal biology of the Pyrenean rock lizard, Iberolacerta bonnali (Squamata,
Lacertidae). Journal of Thermal Biology, 56, 77–83.
https://doi.org/10.1016/j.jtherbio.2016.01.005

Pearson, R. G., & Dawson, T. P. (2003). Predicting the impacts of climate change on the
distribution of species: are bioclimate envelope models useful? Global Ecology and
Biogeography, 12(5), 361–371. https://doi.org/10.1046/j.1466-822X.2003.00042.x
Pearson, R. G., Dawson, T. P., Berry, P. M., & Harrison, P. A. (2002). SPECIES: a spatial
evaluation of climate impact on the envelope of species. Ecological Modelling, 154(3),
289–300. https://doi.org/10.1016/S0304-3800(02)00056-X
Peng, C. (2000). From static biogeographical model to dynamic global vegetation model: a
global perspective on modelling vegetation dynamics. Ecological Modelling, 135(1), 33–54.
https://doi.org/10.1016/S0304-3800(00)00348-3
Pérez-Mellado, V., Cheylan, M., & Martínez-Solano, I. (2009). Iberolacerta cyreni. The IUCN
Red List of Threatened Species 2009, e.T61514A12498292.
https://doi.org/http://dx.doi.org/10.2305/IUCN.UK.2009.RLTS.T61514A12498292.en
Ponder, W. F., Carter, G. A., Flemons, P., & Chapman, R. R. (2001). Evaluation of museum
collection data for use in biodiversity assessment. Conservation Biology, 15(3), 648–657.
https://doi.org/10.1046/j.1523-1739.2001.015003648.x
Raxworthy, C. J., Martinez-Meyer, E., Horning, N., Nussbaum, R. A., Schneider, G. E., OrtegaHuerta, M. A., & Peterson, A. T. (2003). Predicting distributions of known and unknown
reptile species in Madagascar. Nature, 426(6968), 837–841.
https://doi.org/10.1038/nature02205
Riahi, K., Rao, S., Krey, V., Cho, C., Chirkov, V., Fischer, G., … Rafaj, P. (2011). RCP 8.5-a
scenario of comparatively high greenhouse gas emissions. Climatic Change, 109(1), 33–57.
https://doi.org/10.1007/s10584-011-0149-y
Rodrigues, A. S. L., Akacakaya, R. H., Andelman, S. J., Bakarr, M. I., Boitani, L., Brooks, T.
M., … YAN, X. (2004). Global gap analysis: priority regions for expanding the global
protected-area network. BioScience, 54(12), 1092. https://doi.org/10.1641/00063568(2004)054[1092:GGAPRF]2.0.CO;2
Rodrigues, A. S. L., Andelman, S. J., Bakar, M. I., Boitani, L., Brooks, T. M., Cowling, R. M.,
… 1Center. (2004). Effectiveness of the global protected area network in representing
species diversity. Nature, 428(April), 9–12. https://doi.org/10.1038/nature02459.1.
Rondinini, C., Wilson, K. A., Boitani, L., Grantham, H., & Possingham, H. P. (2006). Tradeoffs
of different types of species occurrence data for use in systematic conservation planning.

Ecology Letters, 9(10), 1136–1145. https://doi.org/10.1111/j.1461-0248.2006.00970.x
Schwartz, M. W., Iverson, L. R., & Prasad, A. M. (2001). Predicting the potential future
distribution of four tree species in Ohio using current habitat availability and climatic
forcing. Ecosystems, 4(6), 568–581. https://doi.org/10.1007/s10021-001-0030-3
Shafer, C. L. (1998). US National Park buffer zones: Historical, scientific, social, and legal
aspects. Environmental Management, 23(1), 49–73. https://doi.org/10.1007/s002679900167
Sinervo, B., Méndez-de-la-Cruz, F., Miles, D. B., Heulin, B., Bastiaans, E., Cruz, M. V.-S., …
Jack W. Jr., S. (2010). Erosion of lizard diversity by climate change and altered thermical
niches. Science, 328, 894–899. https://doi.org/10.1126/science.1184695
Thuiller, W. (2003). BIOMOD: optimising predictions of species distributions and projecting
potential future shift under global change. Global Change Biology, 9, 1353–1362.
https://doi.org/10. 1046/j. 1365-2486. 2003. 00666. x
Thuiller, W., Brotons, L., Araujo, M. B., & Lavorel, S. (2004). Effects of restricting
environmental range of data to project current and future species distributions. Ecography,
27, 167–172.
Trochet, A., & Schmeller, D. S. (2013). Effectiveness of the Natura 2000 network to cover
threatened species. Nature Conservation, (4), 35–53.
https://doi.org/10.3897/natureconservation.4.3626
Wake, D. B. (2007). Climate change implicated in amphibian and lizard declines. Proceedings of
the National Academy of Sciences, 104(20), 8201–8202.
https://doi.org/10.1073/pnas.0702506104

