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A B S T R A C T

Species distribution modelling can possibly be improved through the preferential use of explanatory variables 
that reflect the natural history characteristics of the species being modelled. Red- and yellow-bellied toads (genus 
Bombina) engage in an intricate mosaic distribution across Europe. Analysing new atlas data on these species’ 
mutual distribution in Hungary with principal coordinate analysis we identified their differential ecological 
preferences as forested, hilly and mountainous for B. variegata and open lowland for B. bombina. These locally 
operating parameters we consider to be good proxies for the essential species difference which resides in 
breeding in ephemeral puddles at early succession (B. variegata) versus large permanent and later succession 
ponds (B. bombina). With two-species distribution modelling – in which the presence of one species is contrasted 
with the presence of the counterpart species – we obtained excellent model fit (AUC) for climate and elevation / 
land cover datasets alike (AUC=0.98 versus 0.95). For both models fit values dropped upon transference to 
surrounding countries, yet the latter model kept significantly higher predictive power (AUC=0.91) than the 
climate model (AUC=0.79). Swapping elevation for ‘hilliness’ as suggested in the literature had a significant 
negative effect on model performance. We conclude that an informed parameter selection enhances model 
transferability, therewith improving our understanding of species-habitat associations.

Introduction

Species distribution models (SDMs) are numerical tools that combine 
observations of species occurrence or abundance with environmental 
estimates, with the goals to describe distributions across landscapes and 
to better understand the relationships of species and their environment 
(Thuiller et al., 2004; Wiens & Graham, 2005; Elith & Leathwick, 2009; 
Peterson et al., 2011). In the last decades, interest in SDM has greatly 
increased, with applications in fields wide apart as biogeography, sys
tematics, ecology, evolution and conservation (Graham et al., 2004; 
Kozak & Wiens, 2006; Rodríguez et al., 2007; Pasanis et al., 2024). 
Whereas some SDM exercises include many candidate explanatory 
variables, motivated by their ready availability and a belief that the 
modelling procedure will identify those that are important, others have 
argued for the use of only those that are ecologically relevant to the 
target species (Ashcroft, French & Chisholm, 2011; Brodie et al., 2020; 
Sillero et al., 2021; Naas et al., 2024), so that the suitability estimated by 

the model reflects the species’ biology (Austin, 2002; Peterson & 
Nakazawa, 2008; Da Re et al., 2024). As was noted early on, the variable 
selection process and the inferences will probably improve if model 
building is based upon knowledge and insight (Mac Nally, 2002; Dor
mann, 2007), but unfortunately this premise is rarely assessed 
(Petitpierre et al., 2017; Regos et al., 2019; Lee-Yaw et al., 2022). While 
testing SDM forecasts is problematic because of the absence of reference 
data, ‘hindcasted’ models may be open for evaluation e.g., by paly
nology and for groups with extensive (sub)fossil data. A more promising 
avenue of research though is the spatial calibration of contemporary 
SDMs, with models built in one region and predictions evaluated in 
other regions (Blois et al., 2013).

We here present a case study on model transferability to which we 
use publicly available data on the distribution of two competing toad 
species (the red-bellied Bombina bombina and the yellow-bellied 
B. variegata) in central Europe. Aim of the study is to test if explana
tory variables selected on the basis of insight and knowledge (Arntzen, 
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2025 preprint) yield better SDMs than parameters without this 
perceived quality. Models are derived with data for the centrally located 
country Hungary (Herpterkep, 2025) and applied to neighbouring 
countries. The unusual mosaic species distribution of European Bombina 
toads, reminiscent of the yin-yan symbol (Fig. 1, Graphical abstract), 
provides ample opportunity for the critical evaluation of transferred 
models.

Material and methods

Research area and species distribution data

The area of research is central Europe with the focus on Hungary. 
Species distribution data from an atlas about to be published 
(Herpterkep, 2025) were used to construct a two-species distribution 
model (TSDM, see below). The dataset contains observations made be
tween 2011 and 2024. Independent data for testing TSDM performance 
were taken from the literature (Dufresnes et al., 2021) over the sector of 
Bombina species range overlap, bounded by the 14–28 eastern longitude 
and 43–51 northern latitude coordinates. Records not considered are 
duplications, interspecific hybrids and species syntopic occurrences at 
the pixel scale (see below). Excluded for model evaluation were records 
for Ukraine and Moldavia for which countries Corine land cover data are 
not available and Hungary for which the data may not be independent.

Environmental data

Environmental data considered as candidate explanatory variables to 
the reciprocal distribution of B. bombina and B. variegata were 19 climate 
variables (bio01–19, Hijmans et al., 2005, see also Busby, 1991 and 
Booth, 2018) extracted from the WorldClim global climate database v.2 
(available at Https://www.worldclim.org/data/index.html). For brief 

variable descriptions see Supplementary Materials 1. For elevation we 
used the Copernicus digital elevation model (European Space Agency, 
2024 available at Https://doi.org/10.5069/G9028PQB). ’Hilliness’ is 
the standard deviation of elevation derived with a 9 × 9-pixelwide (ca. 
0.7 ha) filter. Vegetation data were from the Corine land cover database 
of the European Environment Agency (Https://land.copernicus.eu/pa 
n-european/corine-land-cover, in particular Https://doi.org/10.2909/ 
71fc9d1b-479f-4da1-aa66–662a2fff2cf7) (Büttner et al., 2021). Data 
were grouped in three layers as forestation (Corine classes 2, 3 and 4), 
shrub (class 5) and herbaceous (classes 6 and 7). The nominal resolution 
of the data is 30 arc-seconds for climate, 30 m for elevation and 10 m for 
land cover. An a priori distinction was made between variables that 
operate locally such as elevation, hilliness and land cover and those that 
take effect at larger spatial scale (i.e., the climate variables). To identify 
and subsequently reduce collinearity among the environmental vari
ables, a half-matrix of the pairwise absolute Spearman correlation co
efficients (rS) was subjected to clustering using the unweighted pair 
group with arithmetic mean method in Primer 7 (Clarke & Gorley, 
2015). Variables were retained using criteria of partial independence at | 
rS|<0.8 (Dormann et al., 2013; De Marco & Corrêa Nóbrega, 2018) and 
were selected in alphanumerical order (Supplementary Materials 1).

Canonical analysis of principal coordinates

The biological - environmental data set was analysed by Canonical 
Analysis of Principal coordinates (CAP) with Primer 7 and Permanova+

software, following the manuals (Anderson, Gorley & Clarke, 2008; 
Clarke & Gorley, 2015). Aim of the analysis is to find axes through the 
multivariate cloud of points that are best at discriminating the various 
groups of species occurrences. Groups considered were B. bombina (N =
2310 randomly reduced to N = 400 to keep the analytical workload in 
check), B. variegata (N = 329) and records for four well-delimited 

Fig. 1. Distribution of Bombina species over central Europe. Panel left (A) – range maps for the red-bellied toad Bombina bombina (in red) and the yellow-bellied toad 
B. variegata (in yellow) after Arntzen (1978) and Szymura (1993); see Zacho et al. (2025) for a review. Animal pictures are from Boulenger (1897) with B. bombina 
top right and B. variegata bottom left (see also Fig. 5). Panel right (B) – the species distribution over Hungary from atlas data (Herpterkep, 2025) shown by a Dirichlet 
tessellation. Areas at distances of ca. 10 km or more from a recorded locality are grey shaded. Neighbouring countries are P – Poland, U – Ukraine, R – Romania, S – 
Serbia, C – Croatia, Sn – Slovenia, A – Austria, CR – Czech Republic and Sk – Slovakia. Bombina variegata areas in Hungary are, in clockwise order V – Visegrád 
mountains, M – Mátra mountains, AK – Aggtelek karst, Z – Zemplén mountains, Me – Mecsek mountains, B – Bakony mountains and W1–3 in the west of the country. 
KCR is a B. variegata enclave at the Kraków - Chrzanów ridge in southern Poland (Michałowski, 1961). Two white-shaded area in the north of Hungary – Börzsöny 
mountains to the west and Bükk mountains to the east – are ‘empty enclaves’ (EE), i.e., areas where experts would predict the occurrence of B. variegata but so far 
none were found (details see text). Lines indicate the centre positions of clinal B. bombina – B. variegata hybrid zones at K – karst area at the Slovakian – Hungarian 
border (Gollmann, Roth & Hödl, 1988), Kr – Kraków (Szymura & Barton, 1986), Pr – Przemyśl (Pr, Szymura & Barton, 1991), T – Transcarpathian (Dufresnes et al., 
2021), St – Stryi (Yanchukov et al., 2006) and Pe – Pešćenica (MacCallum et al., 1998). Dots indicate hybrid belts in mosaic hybrid zones at Ch – Chernivtsi 
(Dufresnes et al., 2021) and A – Aphadia (Vines et al., 2003). Numbers indicate elevation at the species border, at the centre of the cline and at the hybrid belt, 
respectively. Other Bombina-hybrid zones known from the literature are not evaluated for sparse sampling or the absence of genetic data.
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B. variegata enclaves, namely the Bakony (N = 21), Mátra (N = 36), 
Mecsek (N = 70) and Visegrád mountains (N = 1) (see Fig. 1A). Nineteen 
records that together describe a fifth well-documented B. variegata 
enclave at the Kraków-Chrzanóv Ridge (KCR) in southern Poland are 
from Michałowski (1961). The Hungarian Börzsöny and Bükk mountains 
where B. variegata has not been observed but that in experts’ opinion (JV 
and KH) provide suitable habitat were included in the analysis by 50 
randomly selected data points, for a posteriori consideration.

Two-species distribution modelling

As was noted early on, the ecological amplitude of B. variegata is 
wider in allopatry than in parapatry (von Méhély, 1905; Mertens, 1928) 
so that its ecological attributes will be incompletely sampled (for ex
amples in Bombina see Boyer et al., 2021 and Dufresnes et al., 2021). We 
therefore resorted to two-species distribution models in which the 
presence of one species is contrasted with the presence of the counter
part species (see Arntzen, 2023a). Models were derived with stepwise 
logistic regression analysis in SPSS v.30 (IBM Corp., 2024). Parameter 
selection was in the forward stepwise mode under criteria of entry 
(Pin=0.05) and removal of terms (Pout=0.10) under the likelihood ratio 
criterion, while applying a weighing procedure that sets the number of 
records for species at par. Spatial models were analysed and visualized 
with ILWIS v.3.8.6 (ILWIS, 2019). The fit of the model to the underlying 
data was assessed by the Area Under the Curve (AUC) statistic, as the 
other statistical evaluations done with SPSS 30. Considering the possi
bility that hilliness (elevation relief) better captures the overall habitat 
differentiation of B. bombina and B. variegata than elevation, models 
were rerun accordingly.

Results

The Hungarian atlas data show that the distribution of B. bombina 
and B. variegata is strongly parapatric, confirming earlier re
constructions (Fig. 1). Four areas are resolved where B. variegata oc
currences are now confirmed to be isolated from the continuous range 
by the counterpart species (i.e., enclaves), namely at the Bakony, Mátra, 
Mecsek and Visegrád mountains. Elevations coinciding with the mutual 
range border vary from 168 to 409 m. At another five Hungarian areas 
that form part of the main B. variegata range, elevations at the range 
border vary from 196 to 431 m. Finally, data from the hybrid zone 
literature for neighbouring countries show species transitions at eleva
tions varying from 115 to 450 m (Fig. 1B). For the Kraków transect the 
elevation coinciding with the centre of the hybrid zone is 210 m, in line 
with an average elevation of 290 m at the range border at the adjacent 
KCR enclave. At the ‘empty enclaves’ (i.e., without B. variegata) 
B. bombina records range up to 574 m in the Bükk mountains (Dely, 
1966) and up to 747 m at Börzsöny. High-elevation occurrences of 
B. bombina in the nearby presence of B. variegata are found in Mátra 
(localities at 510 m and 650 m Szabó, 1959) and the Zemplén mountains 
(510–600 m).

Environmental parameters selected for analysis were six climatic 
variables and the locally operating variables elevation, forestation and 
herbaceous vegetation cover (Supplementary Materials 1). Canonical 
analysis of principal coordinates separates the two species to which the 
contributing parameters are forestation, elevation and three precipita
tion parameters (bio12, bio14 and bio15) that are positively associated 
with B. variegata versus five temperature parameters and herbaceous 
vegetation cover that are positively associated with B. bombina (Fig. 2). 
Records for the KCR-enclave fall in two groups inside the B. variegata and 
B. bombina clusters, respectively. The four Hungarian B. variegata en
claves group together along the forestation and elevation axes adjacent 
to continuous B. variegata. Finally, the two empty enclaves are in part 
projected along the real enclaves and for another part within the 
B. bombina cluster.

The TSDM for climatic variables is P=(1/(1+exp 

(4.194*bio01–4.471*bio05–1.008*bio06+0.432*bio08+0.0167*bio12
+0.179*bio15+44.719))) and has a fit of AUC=0.983. The TSDM for 
local parameters is P=(1/(1+exp(0.00842*elevation+5.761*forestation- 
0.659*herbaceous-4.744))) with a model fit of AUC=0.954. For 95 % 
confidence intervals of the estimates see Fig. 3. Although the AUC curves 
are significantly different (ΔAUC=−0.029, Delong test z = 7.405, 
P < 0.0001), the projected species distributions are similar across Hungary, 
with as a notable exception the modelled occurrence of B. variegata at Lake 
Balaton (Fig. 4). Evaluated against the reference data set of species pres
ences outside Hungary (Supplementary Materials 2), model fit is moderate 

Fig. 2. Habitat differentiation of European Bombina species. Top panel (A) – 
bivariate plot of scores on the first and second axis analyses of a Canonical 
Analysis of Principal coordinates (CAP) with 12 selected environmental vari
ables (see Supplementary Materials 1) and various groups of Bombina-toads. 
Continuous range results are summarized by data density plots with B. variegata 
in blue and B. bombina in red, with increments of 0.2. Data for B. variegata 
enclaves are summarized by steel grey convex outline polygons and coded as: B 
– Bakony forest, KCR – the Kraków - Chrzanów ridge (in two sections), M – 
Mátra mountains, Me – Mecsek mountains and by a white dot for V – Visegrád 
mountains. Data for two ‘empty enclaves’ (EE, details see text) are pooled and 
yet consist of two, widely separated components associated with B. variegata 
and B. bombina, respectively. Bottom panel (B) – arrows obtained by CAP 
indicate the impact (by length relative to the maximum shown by the partial 
circle) and the association with (by orientation) of the listed parameters, as 
positively correlated with B. variegata records (blue shaded surface) and 
B. bombina (red shaded surface). Numbers refer to bioclimatic variables in 
which 1–8 are temperature related and 12–15 are precipitation related (for 
brief descriptions see Supplementary Materials 1). E – elevation, H – herbaceous 
and F – forestation. Both panels are rotated by c. 30 degrees clockwise so that 
the horizontal axis is in direction of the parameter elevation that is traditionally 
used to capture the different ecologies of the species (von Méhély, 1905; 
Mertens, 1928; Arntzen, 1978).
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for the climate parameters (AUC=0.792) and high for the local parameters 
(AUC=0.912), with model fit values that dropped by ΔAUC=0.191 (z =
6.320, P < 0.0001) and by ΔAUC=0.042 (z = 2.107, P < 0.05). The model 
with all 12 variables available for selection (representing a traditional 
research design) incorporates elevation, forestation and eight climate var
iables and performed well in Hungary (AUC=0.987) and less so abroad 
(AUC=0.801), also representing a significand drop in model fit 
(ΔAUC=0.186, z = 6.061, P < 0.0001). Finally, models were re-estimated 
with hilliness instead of elevation as a locally operating variable to which 
AUC model fit significantly dropped, in descriptive mode (from 
AUC=0.954 to 0.942, ΔAUC=0.012, z = 7.151, P < 0.0001) as well is in 
transference mode (from AUC=0.912 to 0.842, ΔAUC=0.070, P < 0.0001) 
(Fig. 3).

Discussion

The fire-bellied toads B. bombina and B. variegata are distributed over 
several distinct and mutually exclusive areas across Europe. At the 
interface of their essentially parapatric distributions the species engage 
in a long and winding contact zone where they also hybridize (Szymura, 
1993) (Fig. 1). Distributions cover mountainous and forested areas for 
B. variegata versus open lowlands for B. bombina (Arntzen, 2025 pre
print). The principal difference between the species, however, resides 
not in landscape affiliation, but in breeding habitats that are typically 
ephemeral and successional small water bodies for B. variegata (Boualit 
et al., 2019) versus large and more permanent, mid- and late succes
sional ponds for B. bombina (Fig. 5). These aquatic habitats place 
opposing demands on the tadpoles (Werner & Anholt, 1993), namely 
rapid growth and development where desiccation looms versus cryptic 
behaviour to avoid invertebrate predators. Developmental, morpho
logical and behavioural differences between the tadpoles (Rafińska, 
1991; Vorndran et al., 2002) match established patterns in specialized 
anuran species along the aquatic permanence gradient (Relyea, 2001; 
Nürnberger et al., 2016). Accordingly, forestation and elevation (with 
hilliness as a possible substitute) are essential proxy parameters because 
obtaining blanket coverage of aquatic breeding habitats and to deter
mine the stage of succession they are in, would involve an enormous 
effort. The critical issue here addressed is the relative performance in 
SDM of the locally operating landscape proxies versus the large-scale 
operating climate variables. The species’ intricate distribution mosaic 
is uniquely suited to test the usefulness of different types of data for 
SDM, because the species mosaic covers source and test areas alike. 
Using atlas data from the centrally located country Hungary we here 
extract the species’ ecological profiles with CAP, and we construct 
TSDMs that are subsequently tested for transferability with data from 
surrounding countries.

The CAP-profiles are highly discriminatory with B. bombina associ
ated to open lowland and higher temperatures and B. variegata associ
ated with forested hills and mountains with higher precipitation (Fig. 2). 
It is remarkable that the parameter with the largest impact on the sep
aration of species with CAP is forestation and not, as traditionally 
recognized, elevation (von Méhely, 1905; Mertens, 1928; Arntzen, 
1978). Four Hungarian B. variegata enclaves take similar positions in the 

Fig. 3. Fit of two-species distribution models for Bombina bombina and 
B. variegata from Hungarian atlas data (left – descriptive) and to reference data 
from abroad (right – upon spatial transference, see Supplementary Materials 2) 
described by the Area Under the Curve (AUC) statistic. Parameter sets from 
which the models are derived are climate (C), locally operating (L), or locally 
operating with hilliness taking the place of elevation (L-H). Vertical bars 
encompass the 95 % confidence interval. Model fit values are significantly 
different among data sets (see main text), except those connected by an inter
rupted line (P < 0.05).

Fig. 4. Two-species distribution models for Bombina bombina - B. variegata derived from Hungarian atlas data, with predicted areas of occurrence running from deep 
red to deep blue. Intermediate probabilities of species occurrence are in orange and green (0.2 < P < 0.8; see colour legend). An anomalous prediction of B. variegata 
at Lake Balaton is shown by an arrow. Note that, while model fits from six climate variables (left, A) versus three local parameters (right, B, smoothened for pre
sentation purposes) are similar, the transferability of the ‘climate’ model is inferior to that of the ‘local’ model. The reference data with which the models are tested 
are shown in Supplementary Materials 2.
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bivariate plot and are more associated with elevation and forestation 
than with precipitation. The Polish KCR enclave contains more than the 
typical B. variegata habitat, possibly due to the inclusion of B. bombina – 
B. variegata hybrid populations along its fringes, or to a biased species 
identification from toad belly colouration characteristics where genetic 
data are yet unavailable (Michałowski, 1961). The position of the two 
‘empty enclaves’ Börszöny and Bükk mountains in the CAP-plot suggests 
that prime B. variegata habitat is locally occupied by B. bombina, but also 
that the experts overestimated the ecological amplitude of B. variegata, 
as shown by the inclusion of B. bombina habitat, presumably repre
senting the foothills and possibly high-altitude plateaus rather than the 
mountain tops. If pond types differ from those in (other) enclaves has not 
yet been studied. Also, paleontological data do not help to understand 
the wide distribution. The Bükk mountains are karstic, with fossil-rich 
caves that support the presence of fire-bellied toads in the Pleistocene, 
but not what species (Jánossy, 1979) whereas the Börzsöny mountains 
have a volcanic origin and do not provide relevant information.

The TSDMs from climate data and from local variables both neatly 
describe the Bombina species mosaic in Hungary (Figs. 3 and 4). How
ever, the climate model is poorly transferable, whereas the model from 
the locally operating variables elevation and land cover performs well 
upon transference. Our results support the claim against the widespread 
practice of modelling with just climate data (Thuiller et al., 2004; Araújo 
& Rahbek, 2006; Dormann, 2007; Da Re et al., 2024; see e.g. Mi et al., 
2024, Papežík et al., 2025). For climate-only models on European 
Bombina see Boyer et al. (2021). While climate data are often selected as 
the most informative in SDM, this may be due to alternatives such as 
land cover data not being considered (Bradie & Leung, 2017).

The inclusion of edaphic variables in model building has shown to be 
worthwhile in plants (Beauregard & De Blois, 2014) and fossorial lizards 

(Rowland, Webb & Vanderduys, 2018) to which, however, the relatively 
low spatial resolution as in the ISRIC SoilGrids 2.0 database 
(Https://www.isric.org/explore/soilgrids) and ESDA European soil 
database v2.0 (Https://esdac.jrc.ec.europa.eu) is a drawback. We found 
this line of research demanding due to incomplete coverage, compli
cated data structures and lack of standardization (Arntzen, Canestrelli & 
Martínez-Solano, 2020). Conversely, standardized land cover and 
elevation data are readily available at high resolution, such as from the 
Corine and DEM databases here employed and otherwise from the ESA 
WorldCover project (Https://esa-worldcover.org/en).

A weak tendency has been noted for a decline in SDM fit upon 
transference (Arntzen, 2006; Randin et al., 2006; Duncan, Cassey & 
Blackburn, 2009; Rousseau & Betts, 2022; see Barbosa, Real & Vargas, 
2009 for a counter example). However, the prime question is not how 
transferable the models are, but what explanatory parameters yield the 
best predictions as to improve our understanding of species-habitat as
sociations. For European Bombina species these happen to be elevation 
and forestation, in line with knowledge and insights gathered earlier 
(Arntzen, 1978, 1996, 2025 preprint). Model fit is generally high which 
may be a consequence of the use of TSDM that is performed by con
trasting species presences, so without inferred and difficult-to-justify 
absence data. The ’biotic noise’ that is generally seen as a bias and a 
handicap in SDM (Elith & Leathwick, 2009; Anderson, 2012; Sillero 
et al., 2021), is here turned to an advantage by focussing on the differ
ences between parapatric species which is, however, at the expense of 
modelling results at the species’ distribution edges in allopatry (Arntzen, 
2023a).

The European fire-bellied toads serve as an intriguing example but 
are not a one-off. Other pairs of European amphibians in which elevation 
and forestation are paramount in explaining a parapatric species 

Fig. 5. Habitats and imagery of European fire-bellied toads. Top row – breeding localities with to the left (A) the lake Külső-tó at Tihany peninsula, Hungary as 
typical for Bombina bombina and to the right (B) temporary car track puddles in the Mátra mountains, Hungary as typical for B. variegata. Photos by JV. Bottom row – 
left (C), calling B. bombina male from Siemianówka, Poland and right (D) an amplexed pair of B. variegata at the Saint Dionysios monastery, near Litochoro, Greece. 
Photo courtesy Sergé Bogaerts.
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distribution are the newts Lissotriton montandoni – L. vulgaris (Babik 
et al., 2005; Antunes et al., 2023) and Triturus cristatus – T. marmoratus 
(Arntzen, 2023b). It is, however, the compounded, yin-and-yang sym
bol-like distribution of European Bombina species that allows a critical 
test of model transferability and evaluation of parameter performance.

Although the TSDM of European fire-bellied toads from local vari
ables performs well, it must be realized that the variables are local 
indeed. The elevation at which Bombina species are separated in the 
TSDM is 220 m, but this is an omnibus value. Confined local models will 
identify other critical elevations, with elevation presumably fine-tuned 
somewhere within the 115–450 m range (Fig. 1B). Local model adjust
ments from forestation and other land uses may similarly apply (Bugter 
et al., 1997; MacCallum et al., 1998; Arntzen, 2025 preprint). While 
there is just an indirect mechanistic relationship with the species’ 
differentiated niches, elevation and forestation are useful proxy vari
ables that go a long way in capturing the more terrestrial mode of life of 
B. variegata, a species that preferentially breeds in small ephemeral 
ponds, as different from the more aquatic B. bombina that seeks to breed 
in larger and more permanent stagnant water bodies (Fig. 5). These 
habitats are especially found in rolling, hilly and mountainous terrain 
for B. variegata versus flat areas for B. bombina. This basic habitat 
distinction was thought to perhaps be better captured by hilliness than 
by elevation (Arntzen 1996; Bugter et al., 1997), but this notion is not 
supported by the present study. More research is needed to address this 
issue. The bottom-line messages are that even SDMs with near-perfect fit 
may perform poorly when applied outside areas for which they were 
designed and that an informed parameters selection enhanced model 
transferability, therewith strengthening our understanding of 
species-habitat associations.
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