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Abstract: Amphibians are among the most threatened vertebrates in the world due to habitat
destruction, emerging diseases, and climate change, and therefore, it is of critical importance to
identify the risk and conservation measures for their populations. In this work, we aimed to identify
the status of amphibian distribution in the province of Seville, in the south of Spain. We additionally
wanted to identify critical conservation areas and propose measures of conservation for the whole
community as well as specific taxa. To do this, we mapped the distribution of amphibians using our
own data and bibliography and translated it into a 10 x 10 km? UTM grid. Our work has allowed
us to identify several areas of importance for amphibians in the province and populations of some
species that need special attention.
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1. Introduction

Amphibians are among the most threatened vertebrates in the world
due to habitat destruction [1], emerging diseases such as chytridiomicois or ranavirus [2],
climate change [3], and pollution [4]. These risks could be more intense in Mediterranean
ecosystems due to the severe impact of the mentioned changes to climate and habitat, as
found in a recent study in the western Mediterranean [3]. In fact, more than a third of
global amphibian species are threatened and their genetic diversity loss is accelerating
extinction [4]. For this reason, the identification of conservation priorities regarding areas,
species, and populations is crucial, even at a local scale. The first stage in this strategy is to
provide comprehensive knowledge about the current distribution, allowing us to identify
the mentioned conservation priorities. Once this is achieved, necessary corrections and
other conservation actions can be undertaken.

Seville is a province of Spain located in the Andalusia region at the south of the Iberian
Peninsula (see Figure 1). It occupies 14,042 km? and is distributed among 185 10 x 10 km?
UTM squares—91 are fully included in the province and the rest are shared with other
provinces or fragmented by the change of geographic zones (29 and 30) that cross the
province from north to south. The weather is typical of the Mediterranean, with a mean
pluviometry of 576 mm and thermomediterranean and mesomediterranean bioclimatic
floors [5]. The province is crossed by two mountain ranges, the Sierra Morena in the
north and the Sierra Sur (part of the Betic Mountain Range) in the south, separated by the
Guadalquivir Valley. The medium altitude is 200 msnm, and the maximum altitude is in the
Betic mountains (Terril peak, 1128 msnm). In Sierra Morena, the lithology is predominantly
metamorphic, whereas, in Sierra Sur, it is limestone. The Guadalquivir Valley is an alluvial
plain highly anthropized by agricultural activity, although a small number of cleared forest
patches remain. In this area, there are several remarkable endorheic complexes, such as
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Lantejuela, Utrera, and Lebrija, Las Cabezas. Located near the Guadalquivir mouth is
Dofiana National Park, a valuable natural area of marshes, forests, coastal dunes, and
freshwater temporal lagoons. The north mountain range is mostly forested, with a mixture
of forest with scrub and cleared forest with livestock and hunting activity, whereas in the
south mountain range, we found a mixture of scrub and forest with crops. The main river
course, the Guadalquivir, has important tributaries at the ecological level, especially in
the right margin. It originates in the north mountain range (Sierra Morena) and has small
basins and marked seasonality. In the left margin, there are tributaries with greater flow
but a worse state of conservation.
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Figure 1. Location of Seville province in Spain.

The first work regarding amphibians in the province is from 1859; Erpetologia Hispalensis,
Catalogus Methodicus Reptilium et Amphibiorum was written by Antonio Machado Nufiez.
Later, some works such as those written by Pleguezuelos [6,7] greatly contributed to the
knowledge of the distribution of amphibians within the province. The SIARE platform
from the Spanish Herpetological Association maintains continuous updates, although
without data purification. Vries et al. [8] generated valuable data and comprehensive
distribution knowledge about amphibians within the limits of Sierra Norte de Sevilla
Natural Park. More recently, Rodriguez-Rodriguez et al. [9] updated the information
regarding the distribution of reptiles in the province, not including amphibians. Finally,
Salvador et al. [10] provided an overview of the distribution in Spain, but without detail at
the provincial level.

The aim of this work was to provide a detailed update of the distribution of amphibians
in the province of Seville, including species richness patterns around the territory, with the
objective of laying the foundation for the planning of present and future conservation.

2. Materials and Methods

To collect the data, we used two sources of information. First, we surveyed each
10 x 10 km? UTM square of the province, looking for water points as possible reproduction
areas in the two periods of maximum activity, autumn and spring. The survey period was
scheduled from 2015 to 2021, during nighttime hours and humid weather, to facilitate the
detectability of these organisms. As this study was based on distribution, only visual sur-
veys were implemented, excluding the manipulation of animals to avoid the unnecessary
risk of emergent disease transmissions between populations [11].
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Additionally, we have complemented this information with the data compiled from
the bibliography, including reports from SIARE [12] and Pleguezuelos et al. [7]. As SIARE
is a collaborative platform, we have revised the data for the detection of possible errors,
discarding those that we can consider evident.

All the information has been mapped using QGIS [13], and differencing was confirmed
by the authors and bibliographic data prior to 2015. We also calculated the species richness
for each 10 x 10 km? UTM and analyzed the total of these UTMs occupied by each species.
With this, we aimed to identify priority areas and species for conservation.

3. Results

Twelve species were detected in the province (Figure 2 and Table 1)—four urodeles
(Salamandra salamandra, Triturus pygmaeus, Lissotriton boscai, and Pleurodeles waltl) and eight
anurans (Epidalea calamita, Bufo spinosus, Discoglossus galganoi, Alytes cisternasii, Pelobates
cultripes, Pelodytes ibericus, Pelophylax perezi, and Hyla meridionalis). It is important to note
that Hyla molleri has been reported in some past sources, such as The Atlas and Red Book
of the Reptiles and Amphibians of Spain (Pleguezuelos et al., 2002), although no evidence
of this species was found in the province despite an intensive search in the suspected
historical areas.
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Figure 2. Amphibians detected in the province of Seville. (A) Epidalea calamita; (B) Bufo spinosus; (C) Pelobates cultripes;
(D) Alytes cisternasii; (E) Hyla meridionalis; (F) Pelodytes ibericus; (G) Discoglossus galganoi; (H) Pelophylax perezi; (I) Triturus
pygmaeus; (J) Pleurodeles waltl; (K) Salamandra salamandra; (L) Lissotriton boscai. Pictures by Rodriguez-Rodriguez, E.J.



Hydrobiology 2021, 1

42

Table 1. Breeding habitat and periods (inside Seville province) for the twelve detected species. Common names also

provided.

Species

Common Name

Typical Breeding Habitat

Breeding Period
(Study Area)

Alytes cisternassi

Iberian midwife toad

Streams

Autumn

Bufo spinosus

Spiny common toad

Streams and rafts

Spring

Epidalea calamita

Natterjack

Shallow puddles and ponds

Late winter and spring

Pelodytes ibericus

Iberian parsley frog

Shallow ponds, freshwater marshes

Winter

Discoglossus galganoi

Iberian painted frog

Shallow puddles and ponds

Spring

Pelobates cultripes

Western spadefoot

Ponds with long hydroperiod

Spring

Hyla merdionalis

Mediterranean tree frog

Ponds with long hydroperiod

Late winter/spring

Pelophylax perezi

Perez’s frog

Very general

Late spring/summer

Lissotriton boscai

Bosca’s newt

Stream pools and artificial pools

Spring

Triturus pygmaeus

Southern marbled newt

Stream pools and artificial pools

Spring

Pleurodeles waltl

Iberian ribbed newt

Ponds with long hydroperiod and pools

Spring

Salamandra salamandra

Fire salamander

Streams

Autumn

Distribution maps for each species (10 x 10 km? UTM squares) are provided in Figure 3,
and the total number of squares occupied by each species is in Figure 4. As can be observed,
the most distributed species in the province is Pelophylax perezi (184 squares), followed by
Pleurodeles waltl and Hyla meridionalis (with 128 and 109 squares, respectively). The species
with a narrower distribution are the newts, Triturus pygmaeus and Lissotriton boscai (40 and
42 squares respectively). We can also observe that Salamandra salamandra is restricted to
both mountain ranges (north and south).

Pelodytes ibericus

Discoglossus galganoi

Figure 3. Cont.

Pelobates cultripes
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Salamandra salamandra

Figure 3. Distribution map for the twelve amphibian species detected in Seville province. Note that Salamandra salamandra

presents two subspecies in this territory. Hydrography also shown in the maps. Red dots indicate confirmed by authors
new data (after 2015), and black dots bibliographical data prior to 2015.
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Regarding the species richness in each UTM square, the results are shown in Figure 5.
The areas with maximum values of richness are in the north and northwest of the province,
both areas of the Sierra Morena region, and coincide with Sierra Norte de Sevilla Natural
Park and several Natura 2000 network areas, noting, for example, Madrofalejo (Special
Conservation Areas, SAC) in the La Plata region. However, not with the maximum values,
but with an important number of species, we can find the south mountain range (Sierra
Sur in the Betic range) and the west of the province coincide with the periphery of Dofiana
National Park, some Natura 2000 areas, and other regional conservation areas. The lowest
values were found in the Guadalquivir Valley, an area covered by agricultural activities.

Species richness

[ N° species <3
[ 6>N° species »3
Bl 10>N° species»6
Bl MO species »10

0 10 20 30 40km
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Figure 5. Species richness by 10 x 10 km? UTM square.

4. Discussion

According to our results, Seville province maintains a rich community of amphibians
in some areas (compared with other regions in the south of Spain [14,15]), like both
mountain ranges (Sierra Morena and Sierra Sur) and the west of the province, whereas
the Guadalquivir Valley presents a degraded community of this group, with a reduced
number of species and abundance. Although it is possible that some species have been
not detected in these squares, considering that all of them were surveyed, it is clear that if
they are present, they must be in extremely low densities. This fact can be explained by the
agricultural historic transformation and recent intensification coinciding with the loss of
water breeding points. It is also important to remark that survey effort and knowledge in
these areas could be lower than in better preserved areas, but in any case, it is likely that
the diversity of amphibians in these agricultural landscapes has been heavily reduced, as
reported by Ruso et al. [16], especially if we compare it with the north of the province.

Regarding the identification of important areas for conservation, it seems that the
entire Sierra Morena region in the north, including Sierra Norte de Sevilla Natural Park (as
previously identified by Vries et al. [8]), and the La Plata region are the higher priorities.
However, we also found important areas with still acceptable amphibian communities
(compared with other regions of Seville and other provinces) [14,15], in the west of the
province, especially in Dofiana National Park and its periphery, and the south mountain
range (Sierra Sur).



Hydrobiology 2021, 1

45

We propose, in addition to preserving the identified important areas, to implement
measures to improve the health of amphibian communities in these areas where, currently,
they are more degraded. Measures like the protection of natural habitat patches and, especially,
water breeding points, are essential, as is the creation of new water points, like temporary
ponds not far from where populations are detected, in order to increase the resiliency of these
and increase expansion and colonization. To achieve this, a detailed breeding point mapping
of these areas is a basic preliminary task to develop an efficient strategy.

Finally, we can mention specific proposed measures for the lowest distributed species,
such as Triturus pygmaeus. In this case, the population in the north of the province is healthy,
not only regarding its distribution but also in abundance. However, the populations in
the west of the province are scattered and isolated, with low population densities and
involving a higher risk of genetic diversity loss [4]. This is a consequence of the agricultural
intensification and the direct destruction of breeding points in these areas [17], less abrupt
than the mountain ranges and, thus, more sensitive to human impacts. Additionally, all
known populations in this area have a high rate of reproductive failure, as breeding points
remain in an inadequate hydroperiod most years, reducing recruitment. Therefore, it is
crucial that these remaining sites are protected, like those present in the Doflana Norte
y Oeste SAC area and other Aljarafe localities. The creation of new artificial breeding
habitats with the capacity for retaining an adequate hydroperiod is also an important
measure to increase densities and encourage connectivity. On the other hand, Lissotriton
boscai has reduced distribution in the province, but it is still abundant where it is present.
Salamandra salamandra has two subspecies in the province—Salamandra salamandra morenica
and Salamandra salamandra longirostris. The first one is relatively well distributed in the
north of the province (north mountain range, Sierra Morena), but Salamandra salamandra
longirostris is very sensitive to extinction in the province. A few populations were detected
during our surveys, but with only regular annual breeding in one of them, the rest being
records of a few adult individuals observed in the road. These sensible populations are at
the north distributional border, and we consider it necessary to avoid the contraction of the
occupied area in order to improve the resilience of the entire subspecies population.

To summarize, our proposal for the conservation of amphibians in the province
includes the intensive protection of the priority areas mentioned, the improvement of
habitat in areas where amphibian communities are degraded, and intense vigilance and
recovery action of critical populations such as Triturus pygmaeus in the west and Salamandra
salamandra longirostris in the south. Of course, it is of critical importance to prevent
the spread of amphibian diseases, such as Chytridiomycosis (both the one produced by
Batrachochytrium dendrobatidis and the one produced by Batrachochytrium salamandrivorans)
or ranavirus [18,19].
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