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Abstract

A comparison between different groups of organisms in the Iberian Peninsula was
made to establish and analyse the high endemism areas and patterns of endemism
within this territory. The analysis was based on distribution maps of endemic species
of the following groups: monocotiledons (Monocotyledoneae), amphibians (Amphi-
bia) & reptiles (Reptilia), springtails (Hexapoda, Collembola), weevils (Coleoptera,
Curculionoidea) and butterflies & moths (Lepidoptera, Papilionoidea and Noctuidae).
Distribution data were taken from published records and from the database ‘Endemi-
ca’ that was built for this project. Geographic distributions for each group were repre-
sented using UTM maps with a 100 km grid. The areas with a highest concentration of
endemic species generally fit to mountain areas. However, each group has its own
density pattern of endemic species, and that of amphibians and reptiles is the most
distinct when compared with the rest. Relevant areas with a high concentration of en-
demic species include the Western Pyrenees, Cantabrian Mountains, Macizo Galaico,
Sistema Central and Cordillera Penibética, among which Sierra Nevada is of special
interest.
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Introduction

The species of restricted distribution or endemic species play an important
role as components of bidiversity. Together with the study of speciation, evo-
lution and coevolution, there is a growing concern towards the study of such
species (CROUAU-ROY, 1989; WILSON, 1988, 1990).

The importance of the areas of high endemicity goes beyond the mere inte-
rest for conservation purposes, since they are also valuable far the study of
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general biogeographic patterns. Islands or isolated territories show little diffe-
rences among distribution ranges, species richness and endemicity areas,
whereas in continental areas the differences among these type of areas can be
important (CASE & CODY, 1987; AXELIUS, 1991; HARTE & KINZIG, 1997).

Patterns of species richness together with geographic patterns of endemicity
are necessary for the design of conservation policies in nature (PIMM et al.,
1995; GUEGEN et al., 1998; REID, 1998; OBERDORFF et al., in press). The loss
of endemic species is closely related with global ecosystem alteration and with
the biodiversity crisis (OBERDORFF et al., 1999). A net loss of endemic species
can be predicted as a result of the global biodiversity crisis, and this results in
a renewed interest in detecting areas with particular endemicity richness or
high endemic areas (geographic zones with a high number of endemic
species), usually termed hot spots (CRISCI ef al. 1991, PLATNICK, 1991; Ha-
ROLD & Mool, 1994; MORRONE 1994; MORRONE & CRISCI, 1995). The
conservation of areas with high concentration of rare endemic species should
be considered a priority for nature conservation policies (SAMWAYS, 1995).

Contrary to the general belief, endemic species and highly endemic areas are
poorly known in Western Europe (DEHARVENG, 1996). The reason is that the
great majority of observations are related to birds and mammals (BIBBY ef al.,
1992). Two of the European books on nature conservation (UICN, 1983;
COLLINS & WELLS, 1987) highlight the importance of endemic species. BIBBY
et al. (1992) stress the development of distribution patterns of endemic species
in taxa different from birds, as a priority for the conservation of the European
natural environment.

The current knowledge of the fauna in the Iberian Peninsula, and particular-
ly of the endemic species, is far from being adequate. A compilation of Iberian
fauna (project ‘Fauna Ibérica’) started just ten years ago, with a delay of al-
most a century when compared with other European countries (RAMOS, 1990).
At present the thoroughly studied groups are just a few, and with the exception
of amphibians and reptiles, there is little detailed information on the species
distribution. Also, the birds (Aves) are a group with a well known distribution,
but their contribution to the overall number of endemic animals is irrelevant.
The necessity for updating our knowledge of the Iberian fauna is shown by the
fact that in the last 17 years (1980-1995) a total of 2000 new animal species
have been described in Iberia and the Balearic Islands (ESTEBAN & SANCHIZ,
1997). Besides, these species were described throughout the Iberian and Balea-
ric land, stating that the lack of knowledge is a widespread phenomenon that is
not limited to a handful of unexplored areas (MARTIN & GURREA, 1999). The
number of recently described species represents the 3 % of the total Iberian
fauna known to date. New descriptions are still being published, and in fact
there is a tendency towards a growth of the number of species described each
year (ESTEBAN & SANCHIS 1997). As a principle, all these new species should
be considered endemic as a result of the poor knowledge of the Iberian fauna
compared with other European countries. Therefore, it is difficult to think of a
wider distribution of these new species outside the Iberian Peninsula.
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Given the importance of the Iberian Peninsula as a stepping stone for the
spread of Northern African and Subsaharian species into Europe and vice
versa, and its importance for the overall biodiversity in Europe, we consider
the study of Iberian endemic species a priority. It is also relevant to pinpoint
the areas where major concentrations of such endemic species occur.

The objective of this paper is to compare the density patterns of endemic
species from several groups in which the distribution of endemic species is
reasonably well known. As a result ot the study, the high endemic areas and
endemicity patterns in the Iberian Peninsula are described, serving as a base
for future biogeography studies and conservation policies.

Material and Methods

The study was carried out with five groups of organisms from which distri-
bution maps of endemic species (i.e. those restricted to the Iberian Peninsula)
were available or were produced by our team. The studied groups and data
sources are the following:

* Springtails (Collembola), weevils (Curculionoidea) and butterflies (Papi-
lionoidea) were taken from the database ‘Endemica’ that was produced for the
High Endemism Areas (HEA) European project. This database includes infor-
mation regarding endemic species from South Western Europe coming from
several sources (published material, collections). For each of the groups and
geographic areas considered in this study the database comprises:

- 813 springtail records taken from bibliography (378 references, i.e. the
total of the known references regarding Iberian Collembola) and from the
samplings carried out for this project.

- The data on weevils consist of 4569 records taken from published papers,
museum collections and new field data collected specifically for this
study.

. In the case of endemic butterflies the number of records was 1398, coming
from 272 published references, museum collections and new samplings.

* Monocotiledon plant data come from the Distribution Atlas published by
MORENO SAIZ & SAINZ OLLERO (1992).

* Amphibians and reptiles were taken from PLEGUEZUELOS (1997). The
number of species in this work is larger than that in SALVADOR (1998),
because in the latter a subspecific status is given to some of the taxa consi-
dered at the species level in the former.

* Noctuid moths (Noctuidae) data come from the maps published in CALLE
(1986). We also took into account the taxonomic corrections that appeared in
BUSTILLO, ARROYO & YELA (1986). Species described posteriorly to these two
works were not included in our study.
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In the analysis data from Amphibia, Reptilia, Collembola, Curculionoidea,
Noctuidae and Papilionoidea where added to obtain a model of all the studied
groups and compare them with data from the monocotiledon plants. The addi-
tion of the studied groups is termed ‘animals’ (Animalia) in this paper.

All the geographic distributions were represented using the UTM (Universal
Transverse Mercator) projection with 100 x 100 km squares. UTM is regarded
as the most convenient coordinate system for the study of distribution areas
(e.g. PERRING & WALTER, 1962). We have considered as ‘endemic species’ all
the taxa at the species level that are exclusively present in the Iberian Peninsu-
la (including the Pyrenees) and/or Balearic Islands. A map was produced with
the number of endemic species present in each square for each group consi-
dered.

The Iberian Peninsula is on the Westernmost limit of the Palaeartic area and
in the South-West corner of continental Europe. It is separated from Africa by
a gap of 15 km in its narrowest point. Its surface area is 0,58 x 10° km® The
relief is acute with several mountain areas surpassing 2500 or 3000 m of alti-
tude. Most of the Peninsula has a typical mediterranean climate, but the Wes-
tern part of the Northern half has an atlantic type climate. From the geological
point of view it lies in the Euroasiatic plate, in the contact zone with the Afri-
can plate. This has caused important geological activity, with emerging lands,
foldings, etc. A summary of all these events can be found in JONG (1997) and
the literature cited therein. During the ice age, glaciations have affected the
Peninsula in an important way. The main mountain ranges are parallel to the
equator, the opposite situation to what happens in other European Mediterra-
nean peninsulas. This fact has undoubtedly played an important role in the
spread of animal or plant populations during glacial periods. A summary of
these ideas can be found in ZAGWIIN (1992). The different glaciations and in-
terglacial periods have produced repeated cycles of isolation and sympatry
resulting in the formation of a large number of endemic species. The geogra-
phic situation of the Iberian Peninsula and Balearic Islands in the corridor

“between two continents, together with a complex geology and history have
resulted in a high species richness and high percentage of endemic taxa.

Results

The levels of endemicity are very variable among different groups (Table 1).
They vary between 507 endemic species from a total of 1500 in the Curculio-
noidea (35.0% of endemicity), to just 39 species from a toal of 937 in Papilio-
noidea and Noctuidae (4.2%). Collembola with 32.3% and Amphibia & Repti-
lia with 28.2% have also high values, whereas monocotiledons have an inter-
mediate value (18.1%).

There are also differences in the width of the distribution ranges in the diffe-
rent groups (Table 1). Springtails and weevils show a strong percentage of mi-
croendemisms and therefore the average of occupation of squares per endemic
species is very low. Butterflies and moths have intermediate values of occupa-
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tion and are very close to monocotiledons. Finally, amphibians and reptiles
with an average occupation of 20 squares have endemic species with generally
widespread distribution ranges.

Table 1. Total number of species, number of Iberian endemic species, percentage of endemi-
city, and average size range in the study area, for each of the taxonomic groups considered.
Range sizes were measured as the percentage of 100 x 100 km squares occupied per
species, averaged for each taxon.

Taxon Number of |Number of Iberian| Percentage of| Average range

Iberian species| endemic species endemicity size
Monocotyledons 1072 194 18.1 8.55
Animals 3223 797 24,7 2.77
Springtails 715 231 323 1.62
Weevils 1500 507 35.0 2.19
Lepidopterans 937 39 4.2 8.97
1‘:;%‘;‘;““5 & 7 20 282 18.75

Table 2. Relationships among the patterns of endemicity of the animal and plant groups consi-
dered. The data used for calculations are the number of endemic species per 100 x 100 km
square, for each taxon (r= Pearson correlation coefficient).

Monocotiledons | Animals | Amphibians | Springtails| Weevils
& reptiles
Animals r=0.880
(p<0.001)
Amphibians & r=0.642 r=0.498
reptiles (p<0.001) (p<0.001)
Springtails r=0.453 r=0.701 r=0.215
(p<0.001) (<0.001) | (p=0.014)
Weevils R=0.622 R=0.857 r=0.275 =0.466
(p<0.001) (<0.001) | (p=0.002) | (p<0.001)
Lepidopterans r=0.475 r=0.628 r=0.080 | r=0.417 r=0.538
(p<0.001) (<0.001) | (p=0.209) | (p<0.001) | (p<0.001)

The density of endemic species is shown in Figure 1. The areas with highest
density of endemic monocotiledons are the Northern corniche (Galicia, the
Cantabrian Mountains and the Western Pyrenees), the Sistema Central (includ-
ing the Serra da Estrela, Ayllén and contacting with the Western Pyrenees
through the northern part of the Sistema Ibérico) and the Sierras Penibéticas
(Sierra Nevada and the oriental sierras with a drier climate).






High endemism areas in the Iberian Peninsula 53

Regarding the ‘animals’ overall, Northern Iberia shows an important con-
centration of endemisms. The central sector of this area emerges as the most
relevant, with several squares in the Oriental Pyrenees with the highest
densities. The second area regarding the number of endemic species is the
Central Iberia. The Southern area loses importance for this group. More in de-
tail, the areas of highest concentration of endemic species for amphibians and
reptiles occur in the Western half of the Peninsula, particularly in the North
West. Endemic springtails concentrate in the centre of the Iberian Peninsula,
the Cantabrian Mountains and the Western Pyrenees. The centre of the Iberian
Peninsula is highlighted as the most important area for endemic weevils,
followed by the North West area, in a pattern that roughly follows the peninsu-
lar Hercinian Arc, and the South East including the Sierra Nevada. For the
studied Lepidoptera the areas with higher endemic density are in the Sistema
Ibérico and Eastern Sistema Central, and in the central core of Sierra Nevada.

Table 2 shows the correlations between the absolute numbers of endemic
species in each of the 106 UTM squares (100 x 100). The correlations are
significant for most groups and only the lepidoptera and amphibians & reptiles
are not significantly correlated. The highest correlations were obtained
between ‘animals’ and monocotiledons, and between ‘animals’ and weevils,
probably because the weight of the latter group is important for the overall
pattern. The reason is the very high number of weevil endemic species: almost
two thirds of the total number of endemic ‘animals’ of the study are weevils
(see Table 1). The lowest correlations were obtained between amphibians &
reptiles and the insect groups, showing that the distribution pattern of endemic
herpetofauna differs from that of insects at least as far as the studied groups
are concerned.

Discussion

The cryterion of endemism adapted in this study (Iberian endemic species)
allows.for the inclusion of some species with a relatively wide distribution,
which in some cases are even split into isolated subspecies. Example of this
are the butterfly Aricia morronensis RIBBE, 1910 (Lepidoptera, Lycaenidae),
together with several amphibian or reptile species while this definition of en-
demism may result in a corse resolution ithas the advantage of providing an
objective selection of endemic taxa that is consistent with the fact that the Ibe-
rian Peninsula is a biogeographic unit, as suggested by e.g. MORENO SAIZ &
SAINZ OLLERO (1992) and PLEGUEZUELOS (1997).

We can make several remarks concerning the reliability of the data used.
Data coming from previously published monographs and atlases are thorough
in the case of monocotiledons and amphibians and reptiles. In the case of
Noctuidae the coverage is far from being complete, and there are areas in the
Iberian Peninsula with little or no information. In the cases where the distribu-
tion was obtained with the aid of the ‘Endemica’ database, we can say that the
compilation of published records is exhaustive, but the level <‘)f knowledge is
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different in the three groups. While the level of knowledge on butterfly distri-
bution may be judged as relatively complete (see GARCIA-BARROS, GARCIA-
PEREIRA & MUNGUIRA, 2000), this seems not to be the case for the weevils,
and even less for springtails.

Amphibians and reptiles were considered together for the analyses due to
the low number of endemic species of these two groups. The density of ende-
mic species per square was roughly similar for the two taxa (r=0.620, p<0.001,
n=106), and thus no information is added by treating them separatedly. The
same is true for butterflies and noctuids (correlation: r=0.525; p<0.001;
n=106).

The scale used to draw the maps and analyse data (100 x 100 km squares)
makes'it easy to draw general conclusions on patterns of endemism. However,
it has also some drawbacks due to the large size of the grid. First of all it
groups those species that are not sympatric, particularly in areas where several
species live in adjacent but distinct areas like the Pyrenees, the Cantabrian
Mountains or the Sistema Central. As a consequence small areas that are rele-
vant for their endemic fauna, loose importance with the comparison. An
example of the latter is the Sierra Nevada that has a high altitude, many ende-
mic species, but a small size (compared with the 100 x 100 km grid), having
sympatric species without addition to the adjacent squares. The problem of the
scale has been addressed to by GARCIA-BARROS, GARCIA-PEREIRA & MUN-
GUIRA (2000), with the conclusion that only a relatively large grid size may be
suitable to draw general conclusions in biogeography research in the Iberian
Peninsula.

The areas with major concentration of endemic species are generally coinci-
dent with mountain areas, but each taxonomic group has different areas with
maximum and minimum densities. The reason has probably something to do
with different dispersal abilities, and also with different aspects of biogeogra-
phic history for each group.

“"Regarding the Lepidoptera, the areas of maximum endemism do not exactly
match with the areas of maximum species richness that were pointed out in the
maps from MARTIN & GURREA (1990). Butterfly richness reaches a maximum
value in the Pyrenees and gradually decreases towards the South West follow-
ing mountain ranges and to reach a minimum value in the lowlands far away
from the Pyrenees. On the other hand rich areas for endemic Lepidoptera can
also be found in Eastern Iberia, and in the mountains, but in this case the most
important areas are Sierra Nevada followed by the Sistema Ibérico and the
Pyrenees. The relative importance of these biodiversity important three moun-
tain chains changes therefore in our analysis.

Our results seem to indicate that the areas of high endemicity in the Iberian
Peninsula are concentrated in mountain areas in agreement with the European
pattern (BALLETTO, 1995), but that each taxonomic group follows a different
pattern related to its different ecology or dispersal ability, characteristics that
are different in the studied groups. This is in agreement with the idea that the
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role of history is relevant to explain biogeography patterns (MARTIN &
GURREA, 1990; DENNIS et al., 1998).

The policy of creating Nature Reserves on mountain areas is consistent with
our results of a maximum density of endemic species in such areas. Neverthe-
less, it is important to stress that the Iberian Peninsula has many mountain
areas with a large number of endemic species, particularly microendemisms,
and some of them are not included in the actual network of protected areas. It
is therefore necessary to create new reserves to provide protection for as many
endemic species as possible. Creating new reserves to protect endemic species
has proved to be a necessary approach when dealing with insect conservation
in the European Mediterranean countries (MUNGUIRA, 1995).

For the Iberian Peninsula, it is still necessary to provide new information
concerning the distribution and taxonomy of those groups of organisms in
which there are still gaps in our detailed knowledge (eg. noctuid moths, wee-
vils or springtails). This will indeed favour a more efficient implementation of
the present European Union policy towards the conservation of biodiversity.
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