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KURZFASSUNG

Amphibien- und Reptiliennachweise im Nationalpark Peneda-Gerés (PNPG, im Nordwesten Portugals) wur-
den auf Karten unter Verwendung von 2 x 2 km grolen UTM-Rastereinheiten graphisch dargestellt. Dreizehn Am-
phibien- und zwanzig Reptilienformen wurden beobachtet, einschlieBlich von vier bzw. fiinf iberischen Amphibien-
bzw. Reptilienendemiten. In beiden taxonomischen Gruppen wurden je drei unterschiedliche Vorkommenstypen
identifiziert: Arten mit ausgedehnter Verbreitung in diesem Gebiet, auf Gebieten mit bestimmten Umweltcharak-
teristiken beschrénkte Arten und solche mit geringer oder fragmentierter Verbreitung. Die Hierarchische Clusterana-
lyse gruppierte die Arten nach ihren Verbreitungsmustern im PNPG. Drei Gebiete mit hohem Artenreichtum konn-
ten fiir Amphibien, Reptilien und die Herpetofauna insgesamt festgestellt werden. Diese Gebieten waren allen taxo-
nomischen Gruppen gemeinsam und entsprachen weitgehend dem Ubergangsbereich vom euro-sibirischen zum
Mittelmeerklima, was den Kontakt zwischen unterschiedlichen biogeographischen Artengruppen ermdoglicht. Bei
den Amphibien waren diese Gebiete kleiner und fielen mit den speziellen Lebensraumen zusammen, in denen die
seltenen Arten anzutreffen waren. Die komplexe Orographie des Nationalparks Peneda Gerés (PNPG) mit engen
Talern und steilen Héangen schafft mit ihren kleinrdumigen Umweltbedingungen Vorraussetzungen fiir jede Gruppe
und ermdglicht einen hohen Artenreichtum, ndmlich 77% bzw. 74% der Gesamtzahl von Amphibien bzw.
Reptilienarten Kontinentalportugals. Der Status eines biogeographischen Kreuzungspunktes macht den PNPG auf
nationaler Ebene zu einem vorrangigen Zielgebiet fiir den Schutz der Amphibien und Reptilien.

ABSTRACT

Records of the amphibians and reptiles of Peneda-Gerés National Park (PNPG, northwest Portugal) were
plotted on maps using the 2 x 2 km squares of the UTM grid system. Thirteen amphibian and twenty reptile taxa
were observed, including four and five Iberian endemics, for amphibians and reptiles, respectively. In both taxo-
nomic groups, three distinct categories of species were identified: species widely distributed in the area, species
restricted to areas with particular environmental characteristics, and species with small and fragmented distribu-
tion. Species were grouped using Hierarchical Cluster Analysis according to their distribution patterns in PNPG
(widespread vs. restricted). Three high species richness areas, which were common across the taxonomic groups,
were identified for the amphibians, reptiles and herpetofauna. These areas broadly correspond to the transition
between the Euro-Siberian and Mediterranean climates, which allow the contact between distinct biogeographical
groups of species. For the amphibians these areas were smaller and corresponded to particular habitats where the
scarcer species were located. The complex orography of the PNPG, with narrow valleys and steep slopes creating
micro-environmental conditions for each group, enables high levels of species diversity: 77% and 74% of the total
number of amphibians and reptiles of continental Portugal, respectively. The biogeographic crossroad status of the
PNPG renders it as priority for the conservation of amphibian and reptiles, at a national scale.
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INTRODUCTION

Biogeographic crossroads are con-
sidered priority areas for biodiversity con-
servation due to the rapid spatial turnover
of species, resulting in high beta species
richness (SPECTOR 2002). Recent evi-
dence suggests that the ecological hetero-
geneity and strong differing selection
pressures in ecotones may stimulate rapid

evolutionary changes in populations, driv-
ing evolution and speciation at the edges
of habitats (SMITH et al. 1997; SCHNEIDER
et al. 1999). Thus, biogeographic cross-
roads may be selected as conservation pri-
ority areas to allow the maintenance of the
evolutionary processes of speciation and
co-evolution.
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In the northwest Iberian Peninsula
there is a marked transition between the
Euro-Siberian and Mediterranean biogeo-
graphic provinces (RIVAS-MARTINEZ 1987).
Particularly, the series of mountains in the
northern border area between Portugal and
Spain are influenced by a clear transition be-
tween the Atlantic Mediterranean and Con-
tinental Mediterranean climates (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 southern and northern Iberian species in a
relatively small area, resulting in increased
alpha and beta species richness (SERRA &
CARVALHO 1989; GopINHO et al. 1999;
PIMENTA & SANTAREM 1996; MARAVALHAS
2003; MALKMUS 2004). In 1971 the empiric
importance of this biogeographic crossroad
has led to the establishment of the only
Portuguese National Park, Peneda-Gerés
National Park (PNPG), and currently the
area belongs to the “Natura 2000” network
of European priority conservation areas.

The amphibian and reptile communi-
ties of the northwestern Iberian Peninsula,
and particularly of the PNPG, are noticeably

rich (GoDpINHO et al. 1999), granting the
international recognition of this area as pri-
ority for the conservation of the herpetofau-
na, both in Portugal and Spain (CORBETT
1989; ARAUIO 1999; GALAN 1999; MATEO
2002). Although, the PNPG has been visit-
ed by naturalists since the late 19th century
(MOLLER 1894a, 1894b; NOBRE 1903; FER-
REIRA & SEABRA 1911) and more recently by
contemporary authors (ALMACA 1972, 1974;
ALMACA et al. 1976; CAETANO et al. 1979;
MALKMUS 1986a, 1986b, 1987), there is no
detailed survey of the herpetofauna. Many
of the pioneering works do not present dis-
tribution maps, or in other cases the scale of
the work is improper for conservation man-
agement of species and communities.

This study aimed to collect systematic
information about the spatial distribution of
amphibians and reptiles in the PNPG, as-
semble it in a georeferenced database using
a Geographic Information System, establish
biogeographical relationships between the
species, and identify high species diversity
areas in PNPG. These data constitute a
framework for the PNPG to outline conser-
vation strategies for these taxonomic
groups.

MATERIALS AND METHODS

Study area

The Peneda-Gerés National Park
(PNPQG) covers an area of about 72000 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 is a series of com-
plex mountains, with altitudes ranging from
50 to 1500 m a.s.l. The predominant At-
lantic climate is characterized by high levels
of precipitation and drainage, with an aver-
age annual rainfall and soil drainage above
2800 mm/year and 2000 mm/year, respec-
tively (C. N. A. 1983). In the Mediterranean
enclaves of the south facing slopes of the
mountains and in the low altitude river val-
leys, average annual rainfall and soil drain-
age drops to 1600 mm/year and 1100 mm/
year, respectively (C. N. A. 1983). Addition-
ally, the diversified orientation of the relief
and altitude variations provide a wide vari-
ety of microclimates. Correspondingly, de-

ciduous oak-forests (Quercus robur and Qu.
pyrenaica) and mixed deciduous and coni-
ferous forests occupy most of the Atlantic
areas whereas evergreen oak forests (Qu.
suber) occupy the areas influenced by
Mediterranean climate. Major shrubs in-
clude heath (Erica sp.), furze (Ulex sp.) and
brooms (Cytisus sp.) (SERRA & CARVALHO
1989).

Field work and data analysis

Field work was performed between
1998 and 2003. Amphibian breeding sites
were surveyed using dip-netting and egg
search on water vegetation and margins,
complemented with night search for calls
(HEYER et al. 1994; GENT & GIBSON 1986).
Reptiles were searched using visual en-
counter surveys (TELLERIA 1986). Both taxo-
nomic groups were also searched in poten-
tial shelters, such as rocks and fallen logs.
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Fig. 1: Study area. Peneda-Gerés National Park (41°36” - 42°07° N; 7°44° - 8°27’ W), Portugal.
Abb. 1: Untersuchungsgebiet Nationalpark Peneda-Gerés (41°36° - 42°07° N; 7°44° - 8°27° W), Portugal.

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
in the database.

The study area was surveyed using the
240 UTM 2 x 2 km squares as a reference
grid (fig. 1). However, the geographic loca-
tion of the amphibians and reptiles was re-
corded at a 1 x 1 km UTM scale, using the
Portuguese military cartography (1:25000)
and inscribed in a georeferenced database.
The observed distributions of the species, as
well as the species richness maps for
amphibians, reptiles and the whole herpeto-
fauna were displayed using a Geographic
Information System (ArcView® 3.2).

Hierarchical Cluster Analysis (HCA)
was performed (SPSS® 11.0) to identify sim-
ilar distribution patterns by means of the be-
tween-groups linkage cluster method and

Jaccard’s measure as the variable analyzed.
Species with less than three locations (Pelo-
bates cultripes, Blanus cinereus, Chalcides
bedriagai) and probably introduced species
(Emys orbicularis, Mauremys leprosa) were
not considered in the analysis. Jaccard’s
index, also known as the similarity ratio,
takes the form J = 100 C / (A+B-C), in
which A represents the number of squares
occupied by species a, B the number of
squares occupied by all species other than a,
and C the number of squares occupied by all
species (REAL et al. 1992). This index ex-
cludes joint absences from consideration,
and gives equal weight to matches and no-
matches. Jaccard’s index is considered as
one of the most appropriate to apply to bina-
ry data and herpetological and biogeograph-
ical studies (BIRkS 1987; PoLLs 1986; REAL
et al. 1992).
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Fig. 2a: Distribution of the amphibian species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 1.
Abb. 2a: Verbreitung der Amphibienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 1.
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Fig. 2b: Distribution of the amphibian species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 2.
Abb. 2b: Verbreitung der Amphibienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 2.
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RESULTS AND DISCUSSION

The data collected comprised 1068
records from 13 amphibian species and 1397
records from 20 reptile species (table 1).

Three distinct groups of amphibian
species were identified according to their
distribution range in PNPG: (1) species
widely distributed (Salamandra salaman-
dra, Triturus boscai, Triturus marmoratus,
Alytes obstetricans, Bufo bufo, Rana iberi-
ca, Rana perezi); (2) species widespread in
PNPG, however restricted to areas with par-
ticular environmental characteristics, (Chio-
glossa lusitanica, Bufo calamita); and (3)
species with small and fragmented distribu-
tion (Triturus helveticus, Discoglossus gal-
ganoi, Pelobates cultripes, Hyla arborea)
(figs. 2a - 2¢).

Chioglossa lusitanica, a northwest
Iberian endemic (TEIXEIRA et al. 2001), was
present in clear running water streams, and
eventually, in ditches next to water springs,
both with reasonable vegetation cover in the
margins, and in steep slope areas. In the
areas where the streams are sandier and the
relief less accentuated, Ch. lusitanica was
found only near large rock agglomerates
that formed a microhabitat with little cas-
cades, shadow and high humidity levels. At
the opposite, B. calamita occurred mostly in
plain and open areas, with loose soil, find-
ing particular adequate conditions in the
plateaus of the study area. This species
breeds in shallow temporary ponds which
are relatively common in the plateaus.

Triturus helveticus was detected in ten
sites. This newt breeds in a wide variety of
still or occasionally slow running waters,
including tanks, ponds, and streams. It in-
habited a wide variety of habitats near its
breeding sites, such as woodlands, pastures,
and bushy areas. The fragmented distribu-
tion of this species in the study area appears
to reflect the species distribution in
Portugal, where it is located in the south-
western limit of its geographic range (GASC
et al. 1997).

Discoglossus galganoi is an endemic
species of the occidental half of the Iberian
Peninsula (Gasc et al. 1997). This toad was
observed in five locations, occurring in wet
areas with dense herbaceous cover (with
several species of low herbaceous plants

and Juncus sp.), which are uncommon in the
study area. Field surveys focused on this
species might increase the currently known
range.

Pelobates cultripes was detected only
in the extreme eastern part of the study area,
where suitable habitats for the species
occur, such as sandy soils. This toad breeds
in temporary ponds in open areas, using the
sandy soils for hiding. The Mediterranean
climate of the extreme east of PNPG should
also enhance the occurrence of P. cultripes,
as its distribution in the Iberian Peninsula
follows areas of the Mediterranean type
(PLEGUEZUELOS et al. 2002).

Hyla arborea was observed in five
locations, corresponding to three ponds
(Marinho lagoons, Coveldes pond and Salas
dam), of small peat bogs with dense aquatic
vegetation, and dense herbaceous or bush
cover, in the surrounding habitat. In the
study area, other apparently suitable sites
for this species included man-made struc-
tures, namely for agriculture water supply,
or cattle pasture. PINO et al. (1993) also
recorded this species from one site located
in the bordering area between Galiza
(Spain) and central PNPG. The eastern part
of PNPG may represent a regional range
limit for this species.

Fig. 2c¢: Distribution of the amphibian species
in the Peneda-Gerés National Park
ata2x 2 km UTM grid. Part 3.

ADbb. 2c: Verbreitung der Amphibienarten

im Peneda-Gerés Nationalpark
(2 x 2 km UTM-Raster). Teil 3.
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Table 1: Amphibian and reptile species present in the Peneda-Gerés National Park. Number and percentage of
2 x 2 km UTM squares in which the species were detected, and frequency classes (< 20% - scarce; 20-39% - inter-
mediate; > 39% - abundant). * - Species endemic to the Iberian Peninsula.

Tab 1: Die Amphibien- und Reptilienarten im Peneda-Gerés Nationalpark. Anzahl und prozentueller Anteil
der 2 x 2 km UTM-Rasterfelder, in denen die Arten gefunden wurden und klassifizierte Héufigkeit des Vorkom-
mens (< 20% - selten; 20-39% - durchschnittlich ; > 39% - zahlreich). * - Iberische Endemiten.

Number of 2x2 km

Relative number of Hiufigkeit

Species UTM squares 2x2 km UTM squares
with records with records (%) Frequency
AMPHIBIA Urodela
*Chioglossa lusitanica BOCAGE, 1864 91 37.9 Intermediate
Salamandra salamandra (LINNAEUS, 1758) 150 62.5 Abundant
*Triturus boscai (LATASTE, 1879) 142 59.1 Abundant
Triturus helveticus (RAZOUMOWSKY, 1789) 9 3.7 Scarce
Triturus marmoratus (LATREILLE, 1800) 104 433 Abundant
AMPHIBIA Anura
Alytes obstetricans (LAURENTI, 1768) 116 48.3 Abundant
*Discoglossus galganoi CAPULA et al., 1985 5 2.0 Scarce
Pelobates cultripes (CUVIER, 1829) 2 0.8 Scarce
Hyla arborea (LINNAEUS, 1758) 5 2.0 Scarce
Bufo bufo (LINNAEUS, 1758) 107 44.5 Abundant
Bufo calamita LAURENTI, 1768 58 24.1 Intermediate
*Rana iberica BOULENGER, 1879 177 73.7 Abundant
Rana perezi SEOANE, 1885 102 425 Abundant
REPTILIA Testudines
Emys orbicularis (LINNAEUS, 1758) 1 0.4 Scarce
Mauremys leprosa (SCHWEIGGER, 1812) 3 1.2 Scarce
REPTILIA Squamata
*Blanus cinereus (VANDELLI, 1797) 1 0.4 Scarce
Anguis fragilis LINNAEUS, 1758 54 22.5 Intermediate
*Chalcides bedriagai (BoscA, 1880) 2 0.8 Scarce
Chalcides striatus (CUVIER, 1829) 57 23.7 Intermediate
Tarentola mauritanica (LINNAEUS, 1758) 3 1.2 Scarce
Lacerta lepida DAUDIN, 1802 172 71.6 Abundant
*Lacerta schreiberi BEDRIAGA, 1878 216 90 Abundant
*Podarcis bocagei (SEOANE, 1884) 196 81.6 Abundant
Podarcis hispanica (STEINDACHNER, 1870) 111 46.2 Abundant
Psammodromus algirus (LINNAEUS, 1758) 96 40 Abundant
Elaphe scalaris (ScHINZ, 1822) 23 9.5 Scarce
Coronella austriaca LAURENTI, 1768 44 18.3 Scarce
Coronella girondica (DAUDIN, 1803) 49 20.4 Intermediate
Malpolon monspessulanus (HERMANN, 1804) 72 30 Intermediate
Natrix maura (LINNAEUS, 1758) 100 41.6 Abundant
Natrix natrix (LINNAEUS, 1758) 115 47.9 Abundant
Vipera latastei BoscA, 1878 56 233 Intermediate
*Vipera seoanei LATASTE, 1879 26 10.8 Scarce

Concerning their distributional range
in PNPG, three groups of reptile species
were identified: (1) species widely distrib-
uted (Anguis fragilis, Chalcides striatus,
Lacerta lepida, Lacerta schreiberi, Pod-
arcis bocagei, Podarcis hispanica, Coro-
nella girondica, Malpolon monspessulanus,
Natrix maura, Natrix natrix); (2) species
widespread in PNPG, however restricted to
areas with particular environmental charac-
teristics (Psammodromus algirus, Elaphe
scalaris, Coronella austriaca, Vipera la-

tastei, Vipera seoanei); and (3) species with
small and fragmented distribution (Emys or-
bicularis, Mauremys leprosa, Blanus cine-
reus, Chalcides bedriagai, and Tarentola
mauritanica) (figs. 3a - 3d).
Psammodromus algirus and Elaphe
scalaris were located in the lower courses of
the rivers Vez and Cavado, in the south ori-
entated slopes of Gerés and Peneda moun-
tains, and in Lima and Gerés river valleys.
These species follow the Mediterranean cli-
mate, thus in the PNPG they occurred main-
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Fig. 3a: Distribution of the reptile species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 1.
Abb. 3a: Verbreitung der Reptilienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 1.
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Fig. 3b: Distribution of the reptile species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 2.
Abb. 3b: Verbreitung der Reptilienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 2.
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ly in dry areas with elevated solar radiation,
such as bushland, pinewoods, open areas
with shrubs, rocky areas and also in arid
areas with dense bush cover. Both species
occur mainly at low altitudes, but P. algirus
can be found up to 1000 m a.s.1..

Coronella austriaca and Vipera seo-
anei occurred more frequently in high alti-
tude areas with high levels of humidity, the
first in rocky and bushy habitats, while the
latter in wet meadows with dense bush veg-
etation cover (ferns and brooms, Erica sp.,
Genista sp.). The geographic range of these
species covers the Euro-Siberian climatic
region (GAsc et al. 1997; BrITO & CRESPO
2002; PLEGUEZUELOS et al. 2002), thus in the
PNPG they are on the southwestern limit of
their distribution area, and occur only in the
areas that present the above characteristics.
Although V. seoanei distribution in PNPG
appears to reveal two isolated populations,
these are connected in the neighboring
Spanish territory (Baixa Limia) (BALADO et
al. 1995).

Vipera latastei occurred in the central
area of Gerés mountain and also in Soajo,
Amarela and Peneda mountains. Although
with a widespread distribution in the PNPG,
it was found only in particular habitats, such
as dry, rocky areas, covered or surrounded
by open vegetation, usually in south-faced
slopes. It was also found in English-oak
(Quercus robur) and pine forests (Pinus
sp.). The PNPG corresponds to the north-
western limits of its distribution area,
although some small populations can be
found in the Xurés mountain, Galicia
(BriTO & CRESPO 2002; PLEGUEZUELOS et
al. 2002). No syntopic populations of V.
latastei and V. seoanei were found, however
there are two areas of potential sympatry,
the Beredo river valley and the northern
slopes of Soajo and Peneda mountains
(BriTO & CRESPO 2002).

Emys orbicularis was detected in the
Peneda river, near the bridge next to the
Monastery of N.* Sr* da Peneda (UTM
29TNG6447) by a fisherman of a near town
(Castro Laboreiro) and photographed by a
Nature Guard of PNPG. Mauremys leprosa
was detected in Gerés river, near Vidoeiro
camping (UTM 29TNG7021 and UTM
29TNG6916), and also in Céavado river
(UTM 29TNG8220). During the field work

it was neither possible to find further isolat-
ed individuals nor stable populations of both
species. These terrapins are frequently held
in captivity and the observations of these
species were made near tourist zones of the
study area, and therefore these individuals
were most likely accidental or deliberate
introductions.

The Mediterranean thermophilic char-
acter of the distribution of M. leprosa, pre-
sumably, does not allow the occurrence of
natural populations of this species in the
PNPG. Regarding E. orbicularis, there are,
however, historical references of its pres-
ence in the study area (Cavado river basin),
namely in Caldo river (DA SiLva 1985),
Pincaes/Cabril (ANONYMOUS 1744), as well
as in nearby areas, such as low Cavado river
(Barcelos and Vila Verde counties) and
Minho and Témega river basins (GALAN
1999; ALVARES 2001). Probably, the species
may have gone extinct or suffered an ex-
treme reduction in the population size in
these historical areas, as observed in nearby
regions in Spain (VELO et al. 2004). An
intensive and directed field methodology
should be applied to allow better conclu-
sions about the population size and conser-
vation status of the terrapin populations in
the study area.

Blanus cinereus and Tarentola mauri-
tanica are known only from one and three
locations, respectively, restricted to the south
slope of Gerés mountain. Blanus cinereus,
an Iberian endemic, presents cryptic and fos-
sorial habits and inhabits underground exca-
vated galleries, which can complicate its
detection. In the PNPG, T. mauritanica was
located in stone houses and boxes for bee-
breeding, where it can find shelter and prey.
The PNPG is located at the northwestern
limit of the distribution area of both species
(PLEGUEZUELOS et al. 2002); therefore, pop-
ulations are probably residual and isolated.
In the case of T. mauritanica, human intro-
duction might be suspected. However there
are other suitable areas presenting Medi-
terranean microclimates such as the south
facing slopes of Gerés and Peneda moun-
tains, and the Lima river valley. These areas
present a thermophilic vegetation cover
(Quercus suber and Qu. ilex) with high in-
solation levels (C.N.A. 1983). Further field
surveys in these areas are needed to clarify if
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Fig. 3c: Distribution of the reptile species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 3.
Abb. 3c: Verbreitung der Reptilienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 3.
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Fig. 3d: Distribution of the reptile species in the Peneda-Gerés National Park at a 2 x 2 km UTM grid. Part 4.
Abb. 3d: Verbreitung der Reptilienarten im Peneda-Gerés Nationalpark (2 x 2 km UTM-Raster). Teil 4.

there are other populations of these two
species.

Chalcides bedriagai, an Iberian
endemic, was documented from two loca-
tions in the study area by MALKMUS (1986a)
during the 1980’s: the south slope of Ama-
rela mountain, near the village Vilarinho das
Furnas (UTM 29TNG6526), and also in
Gerés mountain, near the cemetery of Pitdes
das Junias (UTM 29TNG8732). Despite the
field work, the species was not detected dur-
ing the surveys. This species generally oc-
curs in sandy or soft soils that are uncom-
mon in the study area. Focused field sur-
veys should be used to evaluate the status of
the species in this area.

Three additional species were refer-
enced for the PNPG, during the late 19th and
earlier 20th century: Pleurodeles waltl
(MICHAHELLES, 1830) (MOLLER 1894a) and
Acanthodactylus erythrurus (SCHINZ, 1833)
(FERREIRA & SEABRA 1911) in the Gerés
mountain, and Psammodromus hispanicus
FiTzINGER, 1826 in the Mourela plateau
(NoOBRE 1903). These records are perhaps
due to incorrect identification. In the
Iberian Peninsula, P. waltl and A. erythrurus
are restricted to very dry and arid Medi-
terranean habitats (PLEGUEZUELOS et al.
2002), which do not occur in the PNPG. A
similar explanation could be attributed to P
hispanicus although its known distribution

range is closer to the study area (PLEGUEZU-
ELOS et al. 2002).

Hierarchical Cluster analysis grouped
amphibians in two major groups of species
related with range and pattern of the distri-
bution area in the PNPG: (1) the generalized
and widespread species and (2) the special-
ized species of restricted distribution, Hyla
arborea, Triturus helveticus, and Disco-
glossus galganoi (fig. 4). Differences in the
availability of suitable habitats for each
species, allowed for distinction within the
clusters. The first group contains three
species; which were placed in somewhat dif-
ferentiated positions. Chioglossa lusitanica
because it occurred in streams with running
water that are more abundant in areas with
rather accentuated relief, B. bufo because,
although it occupies a wide variety of habi-
tats, the vast majority of observations corre-
spond to dor (dead on road) adult specimens,
which may have caused bias in the
detectability of the species; and B. calamita
which occurred mostly in plain open areas.
Moreover, this type of analysis highlighted
the rarity level of the species, since the
amphibians included in the group of special-
ized species of restricted distribution are
classified as “scarce” regarding their rarity
level (table 1).

As in the amphibians, HCA clustered
the reptile species in two groups according
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Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 23
Labal Num +-----———- F————— o ———— o ————— o ——— +
S.szalamandra 7 :’7

R.iberica 9 —

T.boscai 10

T.marmoratus 12 A —_

A.cbhstetricans 4

R.perezi a8

B_bufao 5

C.lusitanica 1

B.calamita [

H.arborea 3

T.helvaticus 11 r

D.galganci 2

Fig. 4: Amphibian distributional relationships in the Peneda-Gerés National Park. Hierarchical Cluster Analysis
(Average Linkage - Between Groups) using Jaccard’s similarity index (see methods section for details).

ADbb. 4: Die Beziehungen der Amphibienarten hinsichtlich ihrer Verbreitungsmuster im Peneda-Gerés National-
park. Hierarchische Cluster Analyse (Average Linkage - Between Groups) unter Anwendung von
Jaccards Ahnlichkeitsmaf.

to the availability of suitable habitats (fig. 5):  in somewhat differentiated positions because
(1) generalized and widespread species, P of particular habitat requirements: Coronella
bocagei through C. striatus, and (2) special-  austriaca which occupies rocky habitats in
ized species of restricted distribution. With-  high altitude areas, Vipera seoanei and
in the first group, three species were placed  Chalcides striatus, which occur in wet

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +--------- - t-——————— +-———————= +--—————— +
F.bocagel 4 :,7

L.schreiberi 9

L.lepida 10 ——

N.natrix 6 }—

P.hispanica 3

N. maura 7

P.algirus 5

M.monspessulanus 8 _’»
V.latastei 2

C.girendieca 13

A.fragilis 15

C.austriaca 14

V.zecanei 1

C.striatus 12 |
E.scalaris 11

T mauritanica 16 |

Fig. 5: Reptile distributional relationships in the Peneda-Gerés National Park. Hierarchical Cluster Analysis
(Average Linkage - Between Groups) using Jaccard’s similarity index (see methods section for details).

Abb. 5: Die Beziehungen der Reptilienarten hinsichtlich ihrer Verbreitungsmuster im Peneda-Gerés Nationalpark.
Hierarchische Cluster Analyse (Average Linkage - Between Groups) unter Anwendung von
Jaccards Ahnlichkeitsmalf.
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meadows in high altitude areas (the former
species), and both low and high altitude
areas (the latter species). The cluster of the
specialized species contains Elaphe scalaris
and Tarentola mauritanica which are re-
stricted to the areas characterized by Medi-
terranean climate.

In the amphibians, the HCA clustered
species chiefly according to the number of
grid cells occupied, i.e. the size of the distri-
bution area, whereas for reptiles it seemed
to cluster species also somewhat according
to their habitat requirements. A clustering
method that combined information about
the range of the distribution area and the
ecogeographical factors of the study area
would certainly produce results less biased
by the number of locations.

Three high species richness areas were
identified for the amphibians, reptiles and
whole herpetofauna (figs. 6a - 6¢), and these
areas are commonly shared by the taxonom-
ic groups: (1) Gerés river valley and
Albergaria forest, (2) the transition area
between Gerés mountain and Mourela
plateau, and (3) the transition area between
Peneda mountain and Castro Laboreiro pla-
teau. These territories broadly correspond to
the transition zone between the Euro-Si-
berian and Mediterranean climates, which
allow the contact between distinct biogeo-
graphical groups of species. The first area,
Gerés river and Albergaria forest, neighbor
the Spanish Torneiros valley, which was also
identified as one of the richest of Galicia as
for the reptiles (BALADO et al. 1995). For the
amphibians, however, these high species
richness areas are smaller and correspond to
particular habitats - Marinho lagoons,
Coveldes pond and Salas dam — where the
scarcer amphibians were located (fig. 6).

The complex orography of the PNPG,
with narrow valleys and steep slopes creat-
ing micro-environmental conditions for
each group of species, enables high levels of
species diversity. The number of amphibian

Figs. 6a — 6¢: Species richness in the Peneda-Gerés
National Park at a 2 x 2 km UTM scale.

a - amphibians, b - reptiles, ¢ — amphibians and rep-
tiles. Grey scale represents the number of species.
Abb. 6a — 6¢: Artenreichtum im Peneda-Gerés
Nationalpark (2 x 2 km UTM-Raster).

a - Amphibien, b - Reptilien, c — Amphibien und
Reptilien. Die Grauskala gibt die Artenanzahl an.
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and reptile species inventoried represents
76.5% and 74.4%, respectively, of the total
number of species occurring in continental
Portugal (GoDINHO et al. 1999). The bio-

geographic crossroad status of the Peneda-
Gerés National Park renders it as priority for
the conservation of amphibian and reptiles,
at a national scale.

ACKNOWLEDGEMENTS

We thank Eduardo CRESPO, Antonio REBELO,
Gisela Mo¢o, Sara RoQuE, Francisco NETO, Henrique
CARVALHO, Joana FERREIRA, Nuno NEGROES, Ana Isa-
bel CataLAo, Otto HaNz, Gongalo COSTA, José ALVA-
RES and all the National Park staff of the Gerés delega-
tion for ad-hoc records, and Rudolf MaLkMmus, (Wies-

thal) for literature and data records. Field work was
financed by Instituto de Conservagdo da Natureza
(PNPG/ICN) and Plano Operacional do Ambiente. J. C.
BRriTO Was supported by a post-doctoral grant (SFRH/
BPD/11542/2002) from Fundagdo para a Ciéncia e
Tecnologia (FCT).

REFERENCES

ALMACA, C. (1972): Elementos sobre a activi-
dade sazonaria dos répteis e anfibios do Parque
Nacional da Peneda-Gerés.- Boletim da Liga Protecgao
da Natureza, Lisboag 22: 1-15.

ALMACA, C. (1974): Parque Nacional da Peneda-
Gerés - Anfibios e Répteis.- Gazeta Mobil, Lisboa;
188: 1-6.

ALMACA, C. & COLLARES-PEREIRA, M. J. &
CRESPO, E. G. & MAGALHAES, C. & MASCARENHAS, M.
J. (1976): Sur I’écologie des reptilies et amphibiens du
Parc National de Peneda-Gerés.- Boletim da Sociedade
Portuguesa de Ciéncias Naturais, Lisboa; 16: 5-19.

ALVARES, F. (2001): A herpetofauna do Parque
Nacional da Peneda-Gerés. Contribuigdo para a sua
inventariagdo e conservagdo.- Folha Herpetologica /
Sociedade Portuguesa de Herpetologia, Lisboa; 15: 2-3.

ANONYMOUS (1744): Manuscrito da Casa de Pin-
caes. Tradugdo de Antonio Martinho BAPTISTA. 20 pp.

ARAUIO, M. B. (1999): Distribution patterns of
biodiversity and the design of a representative reserve
network in Portugal.- Diversity & Distributions,
Oxford, Berlin, Vienna; 5: 151-163.

BaLADO, R. & Bas, S. & GALAN, P. (1995):
Anfibios e réptiles; pp. 65-170. In: Sociedade Galega de
Histéria Natural, Consello da Cultura Galega (ed.):
Atlas de vertebrados de Galicia: Peixes, anfibios, rép-
tiles e mamiferos. Santiago de Compostela.

Birks, H. J. (1987): Recent methodological
developments in quantitative descriptive biogeography.
Ann. Zool. Fennici, Helsinki; 24: 165-178.

Brito, J. C. & Crespo, E. G. (2002): Distrib-
utional analysis of two vipers (Vipera latastei and V.
seoanei) in a potential area of sympatry in the North-
western Iberian Peninsula; pp. 129-138. In: SCHUETT,
G. W. & HOGGREN, M. & DouGLAS, M. E. & GREENE,
H. W. (Eds.): Biology of the vipers. Eagle Mountain,
LC (Eagle Mountain Publishing).

C. N. A. (1983): Atlas do ambiente. Lisboa
(Direcgdo Geral do Ambiente. Ministério do Ambiente
e dos Recursos Naturais).

CAETANO, M. H. & COELHO, M. M. & ALMACA,
C. & COLLARES-PEREIRA, M. J. (1979): Notes sur I’eco-
logie des amphibiens et reptiles du Parc National de
Peneda-Gerés (Portugal).- Arquivos do Museu Bocage,
Lisboa; 7 (2): 9-22.

CoRBETT, K. (1989): Conservation of European rep-
tiles & amphibians. London (Cristopher Helm), 274 pp.

DA Sirva, D. (1985): Entre Homem e Cavado
em meados do Séc. XVIII. Memoérias Paroquiais.
Braga (Edigdo Fac-Simulada); 222 pp.

FERREIRA, J. B. & SEABRA, A. F. (1911): Cata-
logue sytématique des vertébrés du Portugal. III-IV.
Reptiles et Amphibiens.- Bull. Soc. Portugaise Sci.
Nat., Lisboa; 5 (3): 97-128.

GALAN, P. (1999): Conservacion de la herpeto-
fauna gallega. Situacion actual de los anfibios y reptiles
de Galicia. Servicio de Publicacions da Universidade
da Corufa, A Coruiia; Monografia 72, 286 pp.

GAsC, J.-P. & CABELA, A. & CRNOBRNJA-ISAILO-
viC, J. & DOLMEN, D. & GROSSENBACHER, K. & HAFF-
NER, P. & LESCURE, P. & MARTENS, H. & MARTINEZ
Rica, J. P. & MAuUrIN, H. & OLIVEIRA, M. E. & SOFIA-
Nipou, T. S. & VEITH, M. & ZUIDERWIK, A. (Eds.)
(1997): Atlas of amphibians and reptiles in Europe.
Paris (Societas Europaea Herpetologica & Muséum
National d’Histoire Naturelle), 494 pp.

GENT, A. H. & GiBsoN, S. D. (Eds.) (1986):
Herpetofauna worker’s manual. Peterborough (Joint
Nature Conservation Committee - JINCC), 152 pp.

Gopay, S. R. (1953): Apreciacion sintética de
los grados de vegetacion de la Sierra de Gerés. A flora
e a vegetagdo da Serra do Gerés. Simposio da I Re-
unido de Botanica Peninsular, Instituto de Alta Cultura,
Lisboa, July 1948, pp. 449-480.

GODINHO, R. & TEIXEIRA, J. & REBELO, R. & SE-
GURADO, P. & LOUREIRO, A. & ALVARES, F. & GOMES,
N. & CARDOSO, P. & CAMILO-ALVES, C. & BRrito, J. C.
(1999): Atlas of the continental portuguese herpetofau-
na: an assemblage of published and new data.- Revista
Espaiola de Herpetologia, Salamanca, Barcelona; 13:
61-82.

HEYER, W. R. & DONNELLY, M. A. & McDIAR-
MID, R. W. & HAvek, L. C. & FOSTER, M. S. (1994):
Measuring and monitoring biological diversity.
Standard methods for Amphibians. London (Smith-
sonian Institution Press), xix + 364 pp.

MALKMUS, R. (1986a): Herpetologische Beob-
achtungen im Nationalpark Peneda-Gerés / Portugal.-
Herpetofauna, Weinstadt; 8 (45): 18-25.

MALKMUS, R. (1986b): Zur Verbreitung der Am-
phibien und Reptilien im Parque Nacional da Peneda-
Gerés.- Nachrichten des Naturwissenschaftlichen Mu-
seums der Stadt Aschaffenburg, Aschaffenburg; 94: 37-
87.



170 C. SoAREs & F. ALvAREs & A.LourelRO & N. SILLERO & J. W. ARNTZEN & J. C. BRITO

MALKMUS, R. (1987): Streifziige durch den Na-
tionalpark Peneda-Gerés in Portugal.- Natur und Mu-
seum, Frankfurt/M.; 117 (2): 33-46.

MALKMUS, R. (2004): Amphibians and reptiles
of Portugal, Madeira and the Azores-Archipelago.
Ruggell (Gantner Verlag K.G.), 448 pp.

MARAVALHAS, E. (Ed.) (2003): As borboletas de
Portugal. Porto (Vento Norte), 455 pp.

MATEO, J. A. (2002): Areas importantes para la
herpetofauna espafiola; pp. 485-500. In: PLEGUEZUE-
LOS, J. M. & MARQUEZ, M. & LizaNna, M. (Eds.): Atlas
y Livro Rojo de los anfibios y reptiles de Espaina. Ma-
drid (Direccion General de Conservacion de la Natura-
leza - Asociacion Herpetologica Espafiola).

MOLLER, A. F. (1894a): Notas sobre a fauna da
Serra do Soajo.- Ann. Sci. Nat. Zool., Coimbra; 1: 42-45.

MOLLER, A. F. (1894b): Uma excursdo a Serra de
S.Gregorio.- Ann. Sci. Nat., Zool, Coimbra; 1: 145-150.

NOBRE, A. (1903): Vertebrados de Portugal. - An-
nuario da Academia Polytechnica do Porto, Coimbra;
Separata do Annuario de 1903.

PIMENTA, M. & SANTAREM, L. (1996): Atlas das
aves nidificantes no Parque Nacional da Peneda-Gerés.
Lisboa (P. N. Peneda-Gerés / ICN), 318 pp..

PmNo, J. J. & CARBALLO, C. & PINO, R. & LOPEZ,
C. (1993): Resultados de la prospeccion herpetological
en islas Cies, Foio Castano-Trevinca y Xurés-
Laboreiro.- Unpublished report, 79 pp.

PLEGUEZUELOS, J. M. & MARQUEZ, R. &
Lizana, M. (Eds.) (2002): Atlas y Livro Rojo de los
anfibios y reptiles de Espafia. Madrid (Direccion
General de Conservacion de la Naturaleza - Asociacion
Herpetologica Espaiiola), 587 pp.

PoLLs, M. (1986): Sobre un método de construc-
cion de comunidades coroldgicas em zoogeografia,
basado en datos cualitativos de las areas de las espe-
cies.- Ecologia Mediterranea, Marseille; 12 (3/4): 1-8.

REAL, R. & VARGAS, J. M. & GUERRERO, J. C.
(1992): Analisis biogeografico de clasificacion de

DATE OF SUBMISSION: January 1st, 2005

areas y de especies.- Monografias de Herpetologia,
Madrid; 2: 73-84.

Rivas-MARTINEZ, S. (1987): Nociones sobre
fitosociologia, biogeografia y bioclimatologia; pp. 19-
45. In: PEINDA M. & Rivas-MARTINEZ, S. (Eds.): La
vegetacion de Espafia. Madrid (Universidad de Alcalan
de Henares).

SCHNEIDER, C. J. & SmiTH T. B. & LARISON, B.
& Moritz, C. (1999): A test of alternative models of
diversification in tropical rainforests: ecological gradi-
ents vs. rainforest refugia.- Proc. Natn. Acad. Sci.
U.S.A., Washington, DC; 96: 13869-13873.

SERRA, M. G. & CARVALHO, M. L. (1989): A
flora e a vegetagdo do Parque Nacional da Peneda-
Gerés. Contribui¢do para o Plano de Ordenamento
desta Area Protegida. Lisboa (S.N.P.R.C.N. - Servigo
Nacional de Parques, Reservas e Conservagdo da Na-
tureza), 78 pp.

SmiTH, T. B. & WAYNE, R. K. & GERMAN, D. J.
& BRUFORD, M. W. (1997): A role for ecotones in gen-
erating rainforest biodiversity.- Science, Washington,
DC; 276: 1855-1857.

SPECTOR, S. (2002): Biogeographic crossroads
as priority areas for biodiversity conservation.- Con-
servation Biology, Boston; 16: 1480-1487.

TEIXEIRA, J. & FERRAND, N. & ARNTZEN, J. W.
(2001): Biogeography of the golden-striped salaman-
der Chioglossa lusitanica: a field survey and a spatial
modelling approach.- Ecography, Oxford; 24: 618-624.

TELLERIA, J.L. (1986): Manual para el censo de
los vertebrados terrestres. Madrid (Editorial Raices),
278 pp.

VELO, G. & AYRES, C. & CORDERO, A. (2004):
Variabilidad genética en poblaciones peninsulares de
Emys orbicularis mediante el uso de microsatélites.
VIII Congreso Luso-Espaiiol de Herpetologia, Malaga,
13-17 July 2004, Abstract book page 55. Associacion
Herpetologica Espaiiola.

Corresponding editor: Heinz Grillitsch

AUTHORS: Claudia SoAREs, Centro de Investigagdo em Biodiversidade e Recursos Genéticos da

Universidade do Porto (CIBIO/UP), Campus Agrario de Vairdo, 4485-661 Vairdo, and Departamento de Zoologia
e Antropologia, Faculdade de Ciéncias, Universidade do Porto, Praga Gomes Teixeira, 4050 Porto, Portugal;
Francisco ALVARES, Centro de Investigacdo em Biodiversidade e Recursos Genéticos da Universidade do Porto
(CIBIO/UP), Campus Agrario de Vairdo, 4485-661 Vairdo, and Centro de Biologia Ambiental, Faculdade de
Ciéncias da Universidade de Lisboa, 1749-016 Lisboa, Portugal; Armando LOUREIRO, Parque Nacional da Peneda-
Gerés, Quinta das Parretas, 4700 Braga, Portugal; Neftali SILLERO, Centro de Investigacdo em Biodiversidade e
Recursos Genéticos da Universidade do Porto (CIBIO/UP), Campus Agrario de Vairdo, 4485-661 Vairdo, Portugal;
Jan W. ARNTZEN, Department of Vertebrates, National Museum of Natural History/Naturalis, P.O. Box 9517, 2300
RA Leiden, The Netherlands; José C. BriTo, Centro de Investigagdo em Biodiversidade e Recursos Genéticos da
Universidade do Porto (CIBIO/UP), Campus Agrario de Vairdo, 4485-661 Vairdo, Portugal.



