
Abstract Correlations between environmental factors and the distribution of
amphibian and reptile species richness were investigated in a climate transition
area, Peneda-Gerês National Park (PNPG), in North-Western Portugal. Using
presence-data at a local-scale (1 · 1 km), Ecological-Niche Factor Analysis
(ENFA) identified a mixture of climatic (precipitation and number of days with
fog), topographical (altitude and relief) and habitat factors (number of water-
courses and water surfaces, the type of the largest water surface and tree diversity
cover), as accurate predictors of species occurrence. Three factors were common
for both taxonomic groups, and consistently presented a positive relation with
species occurrence: precipitation, number of water surfaces, and tree diversity
cover; suggesting a strong coincidence in the environmental correlates that
influence amphibian and reptile species richness. Distribution patterns of ob-
served and predicted species richness were compared using a Geographical
Information System. Overall, three high species richness areas were predicted in
common for both taxonomic groups and two additional areas for amphibians
only. These areas matched with the observed species richness but suggested larger
areas of high species richness. The location of the PNPG in a biogeographic
crossroad, between Euro-Siberian and Mediterranean provinces, emphasised
species richness of amphibians and reptiles and suggests a high priority conser-
vation status for this protected area. Most of Central-Northern Portugal is located
in a climatic transition area; therefore, increased species richness should be
expected for other areas. Local scale studies for other protected areas should be
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planned as a framework for the development of multi-scale conservation planning
by Portuguese authorities.
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Abbreviations
a.s.l. above sea level
EGV Ecogeographical variables
ENFA Ecological-Niche Factor Analysis
PNPG Peneda-Gerês National Park
UTM Universal Transverse of Mercator

Introduction

One of the main goals of conservation nowadays is the maintenance of biological
diversity (Myers et al. 2000). The socio-economic hardship and the increase of hu-
man population contribute for eroding biological diversity very rapidly in relation to
historical extinction rates (Wilson 1992). For instance, one of the most important
biodiversity hotspots in the world, the Mediterranean Basin, exhibits a high per-
centage of endemic species of several taxonomic groups, but is threatened by habitat
loss and by the collapse of the traditional agro-sylvo-pastoral system (Mittermeier
et al. 1998; Médail and Quézel 1999). This scenario is worrying from a conservation
viewpoint. Therefore, the identification and conservation of specific important areas
is urgently needed to reduce the loss of biological diversity at different levels.

Large biogeographic intersections, or biogeographic crossroads, constitute
potentially attractive areas for long-term conservation of biodiversity, as they allow
conserving evolutionary processes such as speciation and coevolution (Spector
2002). Most importantly, they constitute regions of rapid turnover (or high beta
diversity) of species and habitats, leading to exceptionally high levels of species
richness and creating the opportunity to meet goals of representativeness and
complementarity in protected-areas systems (Araújo et al. 2002). In the north-west
of the Iberian Peninsula there is a marked transition between the Euro-Siberian and
Mediterranean biogeographic provinces (Rivas-Martı́nez 1987). Correspondingly,
there is a clear transition between the Atlantic Mediterranean and the Continental
Mediterranean climates in the series of mountains in the northern border area be-
tween Portugal and Spain (Goday 1953). The consequences of this climate transition
on the geographical distribution of plants, invertebrates and vertebrates are
remarkable, as they allow the co-existence of typical species from southern and
northern Iberian Peninsula in a relatively small area, resulting in increased alpha,
beta and gamma species richness (Serra and Carvalho 1989; Pimenta and Santarém
1996; Maravalhas 2003; Soares et al. 2005). For instance, the amphibian and reptile
communities of North-Western Portugal are noticeably rich, leading to the inter-
national recognition of the area as important for the conservation of the herpe-
tofauna (Malkmus 2004; Mateo 2006).
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Biogeographical studies on species richness can be considered at various scales.
However, they are usually focused on broad scales, using grid sizes of 10 · 10 km or
larger (Araújo 1999; Kier and Barthlott 2001; Rensburg et al. 2002). These scales are
usually used for species distribution atlas, to relate species distribution areas with
environmental factors, or to analyse biological interactions at regional (Inger and
Voris 2001; Luoto et al. 2002), continental (Cumming 2000; Franklin et al. 2000;
Kier and Barthlott 2001; Rahbek and Graves 2001) and intercontinental levels
(Schall and Pianka 1978). However, relatively little attention has been given to
species richness patterns and the underlying environmental factors at smaller scales,
namely with grid sizes ranging from 500 · 500 m to 2 · 2 km. These scales are more
suitable for studying species richness in some taxonomic groups, such as beetles,
passerines, or small mammals (Okland et al. 1996; Rensburg et al. 2002; Gallego
et al. 2004), and plants (Heikkinen and Neuvonen 1997; Bullock et al. 2000).
Additionally, local scales are far more useful for land-use planning and management
decisions (Grand et al. 2004).

For conservation purposes, the study of the distribution patterns of species
richness in diverse habitats or regions and their ecological determinants are vital
steps for understanding the processes that affect the spatial distribution of biological
diversity as well as to predict the response of ecosystems to global changes (Stoms
and Estes 1993; Peterson et al. 2002). The recent advances in ecological modelling
techniques and their combination with Geographical Information Systems have
allowed the development of more robust and reliable models, relating biological
diversity and environmental factors (Jones et al. 1997). Thus, nowadays, they are
fundamental tools for the establishment of conservation strategies and evaluation of
management options.

This paper aims to evaluate the effects of climate transition on the distribution of
species richness at a local-scale. The Peneda-Gerês National Park, in the North-
Western fringe of Portugal, is a privileged area for studying this subject since it is
located in an area of transition between two biogeographic provinces. This transition
influences particularly the distribution of amphibians and reptiles, since these tax-
onomic groups are strongly dependent on environmental parameters, and usually
exhibit strong associations with climatic factors (Brito et al. 1999; Teixeira et al.
2001). Additionally, the small dispersal capability and relatively small home range
size of amphibians and reptiles, in relation with birds and large mammals, empha-
sises their usefulness for correlating environmental factors with species richness
distribution at a local scale. The main objectives of this study were to identify
correlations between environmental factors and the distribution of amphibian and
reptile species richness, and predict species richness within the study area for these
taxonomic groups.

Methods

Study area

The Peneda-Gerês National Park (PNPG) is included in the ‘‘Natura 2000’’ network
of European priority conservation areas. It covers an area of about 72,000 ha
(latitudes 41� 36¢ to 42� 07¢ N and longitudes 7� 44¢ to 8� 27¢ W) along the border with
Spain (Fig. 1). The PNPG consists of a series of complex mountains, Peneda, Soajo,
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Amarela and Gerês, delimited by deep river valleys, such as Lima, Homem, Gerês,
Cávado, and Beredo. The altitude ranges from 50 to 1,500 m a.s.l.. The predomi-
nantly Atlantic Mediterranean climate is characterised by high levels of precipitation
and drainage, with an average annual rainfall and soil drainage above 2,800 mm/year
and 2,000 mm/year, respectively (C.N.A. 1983). In the Continental Mediterranean
enclaves, located mostly on the south facing slopes of the mountains and in the low
altitude river valleys, average annual rainfall and soil drainage drops to 1,600 mm/
year and 1,100 mm/year, respectively (C.N.A. 1983). Additionally, the diversified
orientation of the relief and altitude variations provide a wide variety of micro-
climates. Correspondingly, deciduous oak-forests (Quercus robur and Q. pyrenaica)
and mixed deciduous and coniferous forests occupy most of the Atlantic Mediter-
ranean areas whereas ever-green oak forests (Q. suber) occupy the Continental
Mediterranean climatic-influenced areas. Pastures, with small bushes and low
arboreous cover occur in the high altitude plateaus (>1000 m), located in the
extreme North-Western (Castro Laboreiro) and North-Eastern (Mourela) regions of
the study area (Fig. 1).

Fig. 1 Study area, Peneda-Gerês National Park, and its location in Portugal
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Fieldwork and data collection

To determine the distribution of species, fieldwork was carried out from 1998 to 2002
for reptiles and from 2001 to 2003 for amphibians. The collection of data involved
360 man/days fieldwork for amphibians and 420 man/days fieldwork for reptiles,
approximately. Amphibian breeding sites were surveyed using dip-netting and egg
searching on water vegetation and margins, complemented with night searching for
calls. Reptiles were searched using visual encounter surveys. Both taxonomic groups
were also searched for in potential shelters, such as rocks and fallen logs. Published
data (Malkmus 1986a, 1986b, 2004) and ad-hoc observations (road-kills and live
specimens) collected by the authors and National Park staff were also recorded.

The geographic location of the amphibians and reptiles was inscribed in a
georeferenced database, using the UTM 1 · 1 km squares as reference grid (n = 814
squares) (Fig. 2). A total of 490 UTM squares were sampled, representing 60.2% of
the study area. The sampling was designed in order to cover the diversity of habitats,
climates, and topographical conditions available in the study area. A total of 13
amphibian and 20 reptile species were identified in the study area (Soares et al.
2005) (Table 1). In this study, species density, i.e. the number of species per 1 · 1 km
UTM square, was used as a measure of species richness.

Information on 18 ecogeographical variables (hereafter EGV) describing each 1 ·
1 km UTM square of the study area were gathered for the analyses (Table 2). Four
of the EGVs (ROCK, AGRI, WPAS, SHRU) were collected during the fieldwork,
and the remaining 14 EGVs were derived from governmental data bases and mili-
tary cartography.

Data analyses

Geographical Information Systems and ecological modelling techniques are increas-
ingly being used to model wildlife distributions, to identify suitable habitats and to
predict species potential distribution (e.g. Austin et al. 1996; Corsi et al. 1999; Teixeira
et al. 2001; Nally and Fleishman 2003). The majority of these methods are based on
presence-absence species’ data sets, and they make the intuitive assumption that the
presence of a species is an indicator of suitable habitat and its absence an indicator of
unsuitable habitat (Hirzel et al. 2004a). In this study, reliable absence data was not
available for certain species. For instance, some species were scarce (e.g. Hyla arbo-
rea), others had secretive habits (e.g. the fossorial Blanus cinereus), and others had
relatively short activity periods (e.g. Vipera seoanei) which affected their detectability.
Therefore, Ecological-Niche Factor Analysis (hereafter ENFA), a modelling tech-
nique that only employs presence data, (Hirzel et al. 2004b), was used to identify the
correlations between EGVs and distribution patterns of species richness and deter-
mine habitat suitability areas. ENFA has been used to determine habitat suitability
areas for several taxonomic groups, such as birds (Brotons et al. 2004), mammals
(Dettki et al. 2003), insects (Gallego et al. 2004) and plants (Zaniewski et al. 2002).

The ENFA principle is to compare the distributions of the EGVs between the
presence data set and the whole study area. The ENFA summarises several EGVs
into a few uncorrelated factors retaining most of the information. Therefore, this
type of analysis quantifies the niche occupied by a species comparing its distribution
in the ecological space (‘‘the species distribution’’) with the distribution of all
squares (‘‘the global distribution’’) (Hirzel et al. 2002).
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The outputs of the ENFA include factor scores and eigenvalues. The first factor,
called Marginality, is defined as the standardised difference between the species
mean and the global mean on all descriptors, i.e., it describes the direction in which
the species niche differs at most from the available conditions in the study area
(Hirzel et al. 2002). The coefficients of the scores matrix related to the marginality
factor indicate the correlation between each EGV and the factor. The marginality
coefficients range from –1.0 to +1.0 and positive values mean that the species
‘‘prefers’’ the high values of this EGV, while negative values mean that species
‘‘prefers’’ the low values (Hirzel et al. 2002).

Fig. 2 Patterns of species richness distribution (number of species per 1 · 1 km UTM square
represented by grey scale) in the Peneda-Gerês National Park: observed richness for amphibians (A)
and reptiles (C) and predicted richness for amphibians (B) and reptiles (D). The value 0 corresponds
to squares not surveyed. Predicted species richness was computed by Ecological-Niche Factor
Analysis (ENFA). The rare and introduced amphibians (n = 4) and reptiles (n = 5) which were not
analysed by ENFA are absent from the observed species richness maps to allow a direct comparison
between maps (see Methods section for details)

1092 Biodivers Conserv (2007) 16:1087–1102

123



Table 1 Taxonomic list of amphibians and reptiles occurring in the Peneda-Gerês National Park.
NUTM - Number of 1 · 1 km UTM squares with observed presence

Amphibian species NUTM Reptile species NUTM

Chioglossa lusitanica* 106 Emys orbicularis** 1
Salamandra salamandra 217 Mauremys leprosa** 3
Triturus boscai* 212 Blanus cinereus* 1
Triturus helveticus 10 Anguis fragilis 70
Triturus marmoratus 136 Chalcides bedriagai* 2
Alytes obstetricans 173 Chalcides striatus 75
Discoglossus galganoi* 6 Tarentola mauritanica** 3
Pelobates cultripes 4 Lacerta lepida 289
Hyla arborea 6 Lacerta schreiberi* 354
Bufo bufo 183 Podarcis bocagei* 307
Bufo calamita 71 Podarcis hispanica 162
Rana iberica* 272 Psammodromus algirus 150
Rana perezi 124 Elaphe scalaris 29

Coronella austriaca 54
Coronella girondica 65
Malpolon monspessulanus 86
Natrix maura 121
Natrix natrix 147
Vipera latastei 85
Vipera seoanei* 35

*Endemic species to the Iberian Peninsula. **Introduced species in the study area and excluded from
the analyses (Soares et al. 2005).

Table 2 Ecogeographical variables (EGVs) used to characterize the 814 1 · 1 km UTM squares of
the Peneda-Gerês National Park and to derive habitat suitability models

Category Variable Description (units) Code

Topographical Altitude Average altitude a.s.l.(m) ALTI
Relief Number of 50 m altitude isolines that

intersect the square
RELI

Orientation 0; 1–S, SW, SE; 2–E; 3–W; 4–N, NE, NW ORIE
Climatic Precipitation Average annual total precipitation (mm/year) PREC

Insolation Average annual insolation (h/year) INSO
Fog Average annual number fog days (days/year) FOG

Aquatic
habitat

Lotic systems Number of watercourses NWAT
Largest watercourse Width: 1-£1.5 m; 2- [1.5–4 m]; 3- [4–8 m]; 4-‡8 m LWAT
Lentic systems Number of water surfaces NWSU
Largest water surface 1- quarry; 2- spring or tank; 3- wells; 4-pond;

5- water dam
LWSU

Terrestrial
habitat

Soil type* 1- sand or clay; 2-xist; 3- granite SOIL
Stone wall* Available amount of stone walls (m) STON
Rock outcrops Area occupied by rock outcrops (%) ROCK
Agriculture areas* Area occupied by agriculture fields (%) AGRI
Wet pasture* Area occupied by wet herbaceous cropland (%) WPAS
Shrubs Area occupied by shrubs (%) SHRU
Shrubs diversity Inverse of Simpson’s Index for diversity of shrubs DSHR
Tree diversity Inverse of Simpson’s Index for diversity of trees DTRE

*EGVs excluded for the Ecological-Niche Factor Analysis because they were nearly-Boolean (see
Data analyses section for details)
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ENFA was developed using Biomapper 3.0 (Hirzel et al. 2004b), and followed the
procedures outlined by Hirzel et al. (2002). EGVs were previously tested for linear
association using the Pearson’s correlation coefficient (two-tailed) with the SPSS
software (LEAD Technologies 2003). The database with the observations of the
species and the EGVs were converted into Idrisi-formatted maps. EGVs were
checked for variability, and four variables (SOIL, STON, AGRI, WPAS) were re-
moved as they were nearly-boolean, i.e. they presented almost no variability
(Table 2). Then, EGVs were normalised using the Box-Cox algorithm, and factor
scores were computed using a factor analysis.

Ecological models were not developed for three reptiles (Emys orbicularis,
Mauremys leprosa, and Tarentola mauritanica) as they were most likely introduced
in the study area (Soares et al. 2005), thus not suitable for modelling species
richness.

In four amphibians (Triturus helveticus, Discoglossus galganoi, Pelobates cultripes,
and Hyla arborea) and two reptiles (Chalcides bedriagai and Blanus cinereus) the
models produced presented extremely large eigenvalues, precluding the use of
ENFA as a modelling technique. These species were scarce in the study area and
were detected in less than 10 UTM squares, each (Table 1). In these cases, small
sample size can affect the model computation, since there should never be more
EGVs than species records (Hirzel et al. 2004b). Despite several efforts made to
produce the models for these scarce species, namely by using fewer variables, no
habitat suitability models could be produced. Therefore, habitat suitability models
were derived for 70 and 88% of the amphibian and reptile species, respectively.

Predicted species richness

Habitat suitability maps for each species were derived using ENFA with the distance
geometric mean algorithm, following Brotons et al. (2004) and Hirzel and Arlettaz
(2003). This algorithm makes no assumption on the shape of the species distribution,
and takes into account the density of observation points in environmental space by
computing the geometric mean to all observation points. The habitat suitability maps
were presented in the form of a grid in which each square has a value ranging from 0
to 100, corresponding to no suitability and high habitat suitability, respectively. For
the reasons outlined in the previous section, habitat suitability maps were not
derived for the scarcer species.

The individual habitat suitability maps were then overlaid, by taxonomic group, in
Idrisi for Windows (Clark Labs 2003), and the result was a habitat suitability map for
species richness of amphibians and reptiles (Cumming 2000; Gioia and Piggott 2000)
Subsequently, a likelihood grid was defined for each species by adopting a cut-off
point at the likelihood value corresponding to the fifty percentile. This value was
defined arbitrarily based on visual assessment of the models, taking into account the
expectations regarding the field experience. The outcome is a map with the predicted
distribution of species richness for each taxonomic group.

To evaluate the accuracy of the predicted species richness models, a cross-tabu-
lation between observed and predicted values for amphibian and reptile species
richness was performed with a confusion matrix, using Idrisi for Windows. Each
column of the matrix represented the predicted species richness and each row rep-
resented the observed species richness. The number of squares within each class of
observed species richness was compared against the number of squares of each class
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of predicted species richness. In this study, 10 and 16 classes of predicted and of
observed species richness for amphibians and reptiles, respectively, were used.

Results

Environmental correlates for species richness

The ecogeographical variables (EGVs) that are mostly correlated with the occur-
rence of amphibian and reptile species according to the first factor (Marginality)
included topographic, climatic and habitat characteristics (Tables 3 and 4).

For amphibians, precipitation, number of watercourse and surfaces, and tree
diversity cover, were consistently positively correlated with species occurrence,
whereas number of days with fog was negatively related (Table 3). For reptiles,
precipitation, largest watercourse, number and largest water surfaces, and tree
diversity cover, were consistently positively correlated with species occurrence,
whereas insolation and area occupied by shrub were negatively related (Table 4).

Three EGVs related with species occurrence were common for both taxonomic
groups, and consistently presented a positive relation with species occurrence: pre-
cipitation, number of water surfaces, and tree diversity cover; suggesting a strong
coincidence in the environmental correlates that influence amphibian and reptile
species richness (Tables 3 and 4).

Predicted species richness

The distribution of the observed amphibian species richness showed one large area,
Gerês-Homem river valleys and Albergaria forest, and four smaller sites of high
richness (1) transition area between Peneda mountain and Castro Laboreiro plateau
(2) Ramiscal river valley (3) Lamalonga bogs, and (4) Covelães pit bogs and Beredo
river valley (Fig. 2A, see Fig. 1 for toponomy). The distribution of the predicted
amphibian species richness identified five large areas of high richness, which gen-
erally correspond to the areas where higher species richness was observed (Fig. 2B).
However, Ecological-Niche Factor Analysis (ENFA) suggested an area of high
species richness, Amarela mountain, that was not observed in the fieldwork and
failed to identify an area, Covelães pit bogs, in which it was observed high species
richness.

The distribution of the observed reptile species richness identified one large and
continuous area, located in the Homem-Gerês river valleys and Albergaria forest
(Fig. 2C). Two smaller areas of high species richness were also identified in the
transition area between Peneda mountain and Castro Laboreiro plateau, and
Covelães pit bogs and Beredo river valley. The distribution of the predicted reptile
species richness identified five large areas of high richness, which correspond to the
areas where generally higher number of species was observed (Fig. 2D). Two areas
of high species richness, Ramiscal river valley and Amarela mountain, were not
detected in the fieldwork but were also suggested by ENFA.

The high species richness areas predicted by ENFA were spatially common to
amphibian and reptile species (Figs. 2B and 2D). The cross-tabulation of predicted
against observed amphibian and reptile species richness showed a total of 12 and 6%
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correct classification rate, respectively, indicating a low correspondence between
squares with equal observed and predicted richness, and suggesting that observed
species richness was largely underestimated.

Discussion

This study showed that a mixture of environmental factors is the best predictor of
amphibian and reptile species occurrence at a local scale, in the Peneda-Gerês
National Park. These factors included (1) habitat variables, such as the number of
watercourses and water surfaces, the type of the largest water surface and tree
diversity cover (2) topographical variables, such as altitude and relief; and (3)
climatic variables, such as precipitation and number of days with fog.

Environmental factors, such as altitude, relief or precipitation, are widely known
to influence ecological processes in organisms (e.g. Brown and Lomolino 1998).
Several other studies, modelling the distribution of amphibians and reptiles, and
herpetofauna species richness, have identified these factors as significant for
explaining the observed distribution patterns (Brito et al. 1996; Sequeira et al. 2001;
Teixeira et al. 2001; Morales et al. 2002; Guisan and Hofer 2003).

The environmental factors related with water availability exhibited the highest
percentages of occurrence among the ecogeographical variables (EGVs) that
explained the distribution of individual species. Climatic factors, such as precipita-
tion, presented positive coefficients for all amphibians, whereas reptiles presented
positive or negative coefficients, according to the biogeographic traits of species.
Reptiles typical from the Euro-Siberian biogeographic province had positive coef-
ficients, e.g. Coronella austriaca, whereas characteristic species from the Mediter-
ranean biogeographic province had negative coefficients, e.g. Psammodromus
algirus. Habitat factors, such as the number of watercourses and water surfaces, also
presented positive coefficients for most species. Interestingly, the number of water
surfaces was the most frequent explanatory EGV for the distribution of both
taxonomic groups.

Topographical variables, such as altitude and relief, were also identified as very
important factors explaining the distribution of the species, particularly for the
reptiles. For instance, altitude presented positive or negative coefficients according
to the biogeographic traits of species. Typical Euro-Siberian species presented po-
sitive coefficients, e.g. Vipera seoanei, whereas typical Mediterranean species had
negative coefficients, e.g.Elaphe scalaris and Malpolon monspessulanus. Altitude is
usually correlated with climatic variables since it is known to influence, for instance
precipitation or evapotranspiration (C.N.A. 1983). Relief exhibited negative scores
for most of the species belonging to both taxonomic groups, which could be due to a
decrease in water availability in the areas of accentuated slope and higher avail-
ability of thermoregulation spots offered by the flat areas. However, Chioglossa
lusitanica and Vipera latastei stand as exceptions presenting positive scores in this
EGV, the former because it inhabits clear and oxygenated running streams
(Sequeira et al. 2001), and the latter because it inhabits rock outcrops with dense
bush cover (Brito and Crespo 2002).

Three ecogeographical variables – precipitation, number of water surfaces, and
tree diversity cover – were common for both taxonomic groups and consistently

1098 Biodivers Conserv (2007) 16:1087–1102

123



presented a positive relation with species occurrence. Therefore, this association
suggested a strong coincidence in the environmental correlates that influence
amphibian and reptile species occurrence and ultimately species richness. In fact,
high species richness areas for amphibians and reptiles were located in squares with
at least one to six water surfaces, at least one to four species of trees, and with
precipitation levels between 1,800 and 2,700 mm/year. The high number of water
surfaces should be related with water availability which favours the existence of
numerous amphibian breeding sites. High levels of tree cover correspond to diver-
sified lowland habitats that account for most of the autochthonous forests and
probably offer multiple microhabitats with numerous shelters (e.g. fallen logs) and
ample prey availability. Precipitation is related with both tree diversity cover
and water availability, thus it could be considered as the ultimate factor for high
levels of amphibian and reptile species richness in the study area.

The distribution patterns of observed species richness were quite similar in
amphibians and reptiles, and comprised one large area, Gerês-Homem river valleys
and Albergaria forest, and two smaller areas: Peneda mountain and Castro
Laboreiro plateau, and Covelães pit bogs/Beredo river valley. Two additional
smaller areas were identified for the amphibians: the Ramiscal river valley and the
Lamalonga bogs. The distribution patterns of predicted species richness were mostly
similar for both taxonomic groups and included five large and continuous areas.
These areas are mostly located along steep river valleys associated with marked
altitudinal changes where a climatic transition occurs. The lower river valleys present
a Mediterranean climate, whereas the high river valleys usually present an Atlantic
climate. Thus, river valleys act as corridors for Mediterranean and Euro-Siberian
species to attain high and low altitude areas, respectively, and allow the sympatric
coexistence of biogeographically distinct species. For instance, the Euro-Siberian
C. austriaca occurs in sympatry with the Mediterranean E. scalaris in the Gerês river
valley (Soares et al. 2005).

Local scales, such as the 1 · 1 km squares used in this study, proved to be suitable
for studying species richness patterns of amphibians and reptiles. This scale allowed
the discrimination of particular river valleys, such as the Gerês and Beredo, with
high species richness. Therefore, special attention should be given to riparian hab-
itats and ponds in mountain habitats in future conservation measures and manage-
ment in the National Park. The 1 · 1 km scale gives insights for important areas for
amphibians and reptiles that would be interesting to assess regarding other taxo-
nomic groups for future conservation planning at local-scale. However, at least three
constrains can arise when working at local scales. First, small sample size of species
presence can affect model production. Indeed, the scarcer species were excluded
from the analysis because the low number of observations precluded model devel-
opment. This may constitute a serious problem when the target species are exactly
the scarcer ones. Models for species with exceptionally low number of observations
have been developed using Ecological-Niche Factor Analysis, e.g. for the Iberian-
rare carnivore Martes martes (Álvares and Brito 2006). However, this species
restricts habitat selection to an extremely narrow range of habitat conditions,
enabling the use of ecological modelling techniques that use presence-only data.
However, for rare and/or secretive species but with wide-range and occurring in
different ecological conditions, models are extremely difficult to develop (Santos
et al. 2006). Second, when dealing with species richness, sub-sampling can strongly
affect classification rates. In this study, a high percentage of misclassification arose
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mainly because the squares with low number of observed species were systematically
classified by the model as having high number of species. Thus, ecological modelling
suggested that observed species richness was largely underestimated and that more
fieldwork would be needed to detected actual species richness in the study area.
Lastly, large-scale EGVs may affect the predictive capacity of models. For instance,
the amphibians are strongly dependent on the aquatic habitat type apart from the
general climatic, topographic and habitat variables usually considered in these types
of studies. The inadequate selection of variables can lead to failure in finding con-
sistent correlations between environmental factors and species diversity (Busack and
Jaksic 1982). Additionally, increasing the accuracy and resolution of environmental
variables allows their use as predictors for studies of several ranges of geographical
extents (Guisan and Hofer 2003). Thus, fine-scale EGVs, such as land-cover data
from remote sensing, are advisable for species or taxonomic groups with particular
biological characteristics.

Nowadays, it is broadly recognised that the identification and conservation of
specific important areas is a primordial measure to reduce the loss of biological
diversity at different levels. Biogeographic crossroads with increased beta diversity
are among the priority areas for conservation worldwide (Spector 2002). The geo-
graphic location of Peneda-Gerês National Park in the Iberian Peninsula, and the
high number of amphibians and reptiles species present in the area justify its value as
an important area for conservation. But, most of Central-Northern Portugal is
located in the transition area between the Atlantic Mediterranean and the Conti-
nental Mediterranean climates (Rivas-Martı́nez 1987). Therefore, increased species
richness should be expected for other mountain areas, such as Alvão or Estrela
mountains. Local scale studies for these protected areas, including also other taxo-
nomic groups, should be planned as a framework for the development of multi-scale
conservation planning by Portuguese authorities.
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Álvares F, Brito JC (2006) Habitat requirements and potential areas of occurrence for the Pine
Marten in North-western portugal: conservation implications. In: Santos-Reis M, Birks JD,
O’Doherty EC, Proulx G (eds), Martes in carnivore communities. Alpha Wildlife Publications,
Alberta, Canada, in press
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