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THE SECOND BOTANICAL CONFERENCE IN MENORCA

The 2nd Botanical Conference in Menorca was held in Es Mercadal from the 26th
to the 30th of April 2011. Conferences sealed mainly with flora preservation on
Mediterranean islands. Mediterranean basin, considered a biodiversity hot spot,
shelters island systems to be highlighted for their biogeographical interest, as
they constitute lands where features such as geographical isolation and special
environmental conditions have fostered speciation processes and favoured the
presence of many endemic taxa. In the Mediterranean scope, the islands share
main threats and drawbacks related to flora preservation. Therefore, we, the
organisers of the Conference, are convinced that one of the best ways to widen
our knowledge and improve initiatives of preservation is the exchange and
learning of experiences and outcomes obtained in other regions with similar
situations.

Since 2009 the Island Council of Menorca has been developing the LIFE+
RENEIX project (http://lifereneix.cime.es), designed to recover areas on the
island where flora is threatened. Given the relevance of several LIFE NATURA
projects that have already devoted their efforts to the flora preservation, one of
the points to be highlighted throughout this event is the networking scheduled
in LIFE projects with similar goals, as well as the conception of future projects
that can work together following the same line.
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FOREWORD

Two years ago the team lead by Pere Fraga organized the very successful
meeting Islands ¢ Plants: preservation and understanding of flora on
Mediterranean islands (April 26-30, 2011), supported by the Consell Insular
de Menorca, Institut Menorqui d’Estudis and Universitat de les Illes Balears
and sponsored by a number of GO (from local to European) an NGOs. The
hospitality and meeting possibilities offered by the Minorcan team of botanists
and institutions resulted in a number of interchanges, new projects and
rich development of new ideas. But perhaps the major contribution of the
Islands & Plants meeting has been a new and significant advance of scientific
knowledge on plant diversity as well as on modern and useful management and
conservation tools in a 21¥-century style: putting together, face to face (or side
by side), scientific researchers and managers to work in collaboration (this is
not the current and expected style, at least not in the Mediterranean countries!).
The result is shown in the current book as providential so as not to lose the
consistent contributions presented by the participants. On the contrary, I am
convinced that this book will be soon considered as a stepping stone in the
study of islands’ biodiversity at international level.

Among the main values of this volume, readers should note the truly wide
coverage of geographic origin of authors, employed methodologies, institution
profiles as well as scientific and technical points of view. Biological diversity
studied from truly human diversity open to debate (far from monolithic school
and self-satisfied meetings). This is also a merit of the organizing team to have
obtained the participation of scientists of such excellence.

The current state of knowledge of plant diversity of Mediterranean islands
is summarized by contributing authors in the chapters of this book, but it is
also, in part, the result of more than two centuries of botanical exploration.
I am convinced that our predecessors deserve our sincere homage. Among
tens of honorable names, let me personalize Pius Font Quer (1988-1964),
an outstanding Catalan botanist who began his first botanical expedition to
Minorca in Spring 1911, exactly 100 years before the Minorca meeting in Es
Mercadal (in Spring 2011), just now, when we commemorate the 50" anniversary
of his death. Font Quer is considered the modern promoter of botanical
exploration of the W. Mediterranean Islands (Menorca, Eivissa, Formentera and

15
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surrounding islets, cf. Font Quer 1916, 1918 and many other contributions).
He and his collaborators are authors of noticeable chorological findings and
contributed greatly to the modern concepts of Balearic Biogeography, and laid
the foundation for the future progress of botanical study of Mediterranean
islands. But, as demonstrated by the participants, the botanical knowledge of
these islands is far from complete: new species are still being discovered each
year (both after new extensive and intensive field exploration and after new
experimental research), thus underlining the need to continue supporting
plant research in the region. In addition to the intrinsic value of the island’s
biodiversity, they constitute, as a whole, a precious and irreplaceable biological
laboratory, where significant new contributions to science are to be expected.

Diversity is also the physical characteristic of the territories studied,
especially in size: thousands of islands, from the biggest (Sicily >25.000 km?) to
the small islets (< 5 ha), but also diversity of the deep biological sense of what
happened and is still happening in wildlife in the Mediterranean islands. One of
the main ideas emerging from the introductory paper by Prof. ].A. Rossell6 and
from many of the collected scientific contributions is the extremely complex
combination of both biogeographic isolation and communication events, giving
to islands and islets both the role of refuge and of passing corridor, depending on
each one: particular biogeographic history, topography, geology, climate events,
sea level fluctuations, long distance dispersal, locally co-evolved mutualisms,
microhabitat diversity or genetic mutations occurrence. Long episodes of
colonizations/extinctions, introgressions favoring local populations against
wide distribution ancestors, as well as local island extinctions due to invasions
of foreign genotypes. Hybridization and new ploidy levels in progressive series
but also in regressive reverse lines. All this very rich and complex network
of ecological and genetic interactions has led to the present day’s ecological,
phylogenetic, taxonomic, and genetic diversity of Mediterranean island plants,
with a very high number of endemic species and subspecies which substantially
contributed to the Mediterranean Hotspot of Biodiversity.

But, as exposed in the paper by Prof. E Médail, the future of the biotic
originality of Mediterranean islands is now closely dependent on human
population pressures. Centuries of human occupation modelled landscapes,
plant communities and populations’ genetic structure and spatial distribution,
mainly by traditional, slow-pace, building, agriculture and livestock pressures,
resulting in balanced bio-diverse units, built and preserved at human size.

16
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However, in the present a set of threats affecting Mediterranean islands
plant diversity are repeatedly (and worryingly) reported, at increasingly fast
rates. Several contributions of this book coincide with the identification of
disproportionate tourism and development-derived pressures (road and
building construction, overpopulation, etc. ) as the main threat at present,
irrespective of the political/administrative adscription of each island, whereas
western, central or eastern Mediterranean, small islet or big island. Decline or
loss of habitat quantity or quality is the main driver of increased fragility of
our island’s flora as IUCN established criteria clearly stated. New research on
Conservation Biology and commitment to reinforce Protection tools (in situ
and ex situ) are urgently needed.

These threats are curiously widely shared by all the Mediterranean Islands and
contribute to make them as a whole, also in this field, a true unit. A set of fragile
biological pearls constituting a precious and unique collar. But Mediterranean
islands are, even more, an important ensemble of men and women, populations,
cultures, languages, also the result of the fortunate combination of isolation and
communication for centuries. In words of our poet and singer Miquel Marti i
Pol and Lluis Llach, these islands (and by extension, Mediterranean countries)
are united by “a bridge of blue sea” (“un pont de mar blava”) through which
both plant and human diversity have been passing during millennia. Now it’s
our turn to be engaged in their preservation for the next generations.

Cesar Blanché
Universitat de Barcelona

Font Quer, P. 1916. Sobre la Clematis cirrhosa L. de Menorca. Butlleti de la Institucié Catalana
d’Historia Natural, 16: 87-90

Font Quer, P. 1918. Exploraci6 botanica d’Eivissa i Formentera. Butlleti de la Institucié Catalana
d’Historia Natural, 18: 101

BioC-GReB, Equip de Recerca en Biologia de la Conservacié de plantes de I'Institut de Recerca
de la Biodiversitat (IRBio) de la Universitat de Barcelona.

Laboratori de Botanica, Facultat de Farmacia. Av. Joan XXIII s/n, E-08028, Catalonia.

e-mail: cesarblanche@ub.edu
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A PERSPECTIVE OF PLANT MICROEVOLUTION IN THE WESTERN
MEDITERRANEAN ISLANDS AS ASSESSED BY MOLECULAR
MARKERS

Josep A. Rossello
Jardi Botanic, Universitat de Valencia, ¢/ Quart 80, E-46008, Valencia, Spain
Marimurtra Bot. Garden, Carl Faust Fdn., PO Box 112, E-17300 Blanes, Catalonia,
Spain. rossello@uv.es

Abstract

Insular systems provide a series of natural laboratories where general
hypotheses on evolution, biogeography, ecology and conservation can be
conceived and assessed. However, a general hypothesis exploring to what
extent the different contrasts between continental and oceanic islands have left
significant footprints at various levels of the molecular and genetic structure of
phylogenetically related plant endemics remains to be assessed. In particular,
there is a need to use model systems to undertake a comparative study of the
genetic mechanisms underlying the processes that give rise to plant endemics
in oceanic and continental islands. In the Mediterranean basin, the general
prediction that island endemic plants often have a reduced genetic variation
relative to common, widely distributed species does not seem consistent with
current results. At odds with expectations, particularly the Balearic Islands
(and possibly continental islands in general), apparently contain a preserve of
both nuclear and organellar genetic diversity, not only in the species widely
distributed in the Mediterranean but also in narrowly distributed ones. On
the whole, these results might be reflecting complex evolutionary histories, in
contrast to the hypotheses of insular colonization assuming demographic and
genetic bottlenecks due to founder events, which are frequently suggested to
explain the origin and evolution of many oceanic island plants.

Keywords: continental islands, microevolution, genetic diversity, cpDNA,
Balearic Islands

BIOLOGICAL TYPES OF ISLANDS

Even though islands represent only ca. 5% of the earth’s surface, they are
considered one of the most important ecosystems of the world; indeed, they
host a significant proportion of global biodiversity, amounting to between
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1/6 and 1/4 of total vascular plant species known on earth (Suda et al., 2003;
Kreft et al., 2008; Kier et al., 2009). Furthermore, islands and archipelagos are
outstanding biological systems because many of the species they harbour have
narrow distributions and high endemicity levels (Whittaker and Ferndndez-
Palacios, 2007). Vascular plant endemic richness has been inferred to be ca.
9.5 times higher on islands than on mainland areas (Kier et al., 2009), and 20
of the 34 biodiversity hotspots defined by Myers et al. (2000) [and updates in
http://www.biodiversityhotspots.org] are islands or have a remarkable insular
component.

Far from being a by-product of only stochastic events, the special features
of insular biodiversity apportionment are largely a consequence of the twofold
evolutionary role undertaken by non-exclusive processes favouring that
some islands have become both (i) refugia (fostering the accumulation of
paleoendemics) and (ii) active speciation grounds (triggering the generation
of neoendemics). As discrete, internally quantifiable, numerous, and
biologically very diverse geographical units, insular systems constitute a series
of natural laboratories where hypotheses of general importance in evolution,
biogeography, ecology and conservation can be developed, and corroborated
or falsified. All these research areas have benefited from the application of
molecular markers to (i) circumscribe the origins of the ancestors of insular
organisms, (ii) estimate the minimum number of colonisations required, (iii)
infer both the inter-insular post-colonizing dispersal patterns, and the within-
island evolution/dispersal dynamics, and (iv) identify back-colonisations of the
mainland from insular propagules (for instance, among many other references,
Baldwin et al., 1990; Sang et al., 1994; Sheely & Meagher, 1996; Kim et al., 1996;
Stuessy & Ono, 1998).

However, various important aspects on evolutionary biology related to
patterns and processes of plant divergence and micro-speciation on islands
(see below) have not been addressed previously within a comparative and
conceptually unifying framework including study cases from both oceanic and
continental islands. The contrasts between differentiation and evolutionary
processes in both island types is of paramount importance to find out whether
the evolutionary paradigms that have usually been derived from oceanic island
organisms (though also applied to continental islands) have followed similar
paths or, on the contrary, there are differential components contingent upon
the biological type of the considered island or archipelago.

The different geological origins of islands have important biological
consequences. For instance, continental islands derive from the tectonic
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fragmentation of continental plates; therefore, they present a subset of the flora
that already existed when the separation took place, whereas the component
derived from long distance dispersal is not known. By contrast, oceanic islands
are the product of volcanic activity; originally devoid of life, they become
populated by long-distance dispersal through oceanic barriers (Stuessy, 2007;
Whittaker & Fernandez-Palacios, 2007; Grant, 1998; Crawford & Stuessy, 1997).
Traditionally, continental islands have been considered living museums, where
the remnants of ancestral floristic elements that represent the autochthonous
flora of the mainland to which they were once attached have thrived. By
contrast, oceanic islands are viewed as paradigmatic centres of origin of new
biodiversity, as they offer a high abundance of niches available for colonization
after their emergence (Losos & Ricklefs, 2009; Mansion et al., 2008; Whittaker
et al., 2008; Whittaker & Ferndndez-Palacios, 2007).

CONTINENTAL ISLANDS OCEANIC ISLANDS
They have been attached to the They have always been islands.
continents at some past stage of their
genesis. In the Western
Mediterranean, most major islands
have not had contact with the
mainland since the end of the
Messinian (5.3 Ma)
Marine transgressions and | Volcanic activity can dramatically
regressions have largely conditioned | and suddenly shift the distribution
the  geographic  distribution of | ranges of organisms, and/or
biodiversity. provoke their extinction.
They are less rugged geographically, | They have rugged geographic
and therefore we might expect a | features modelled by volcanism
higher inter-population genetic | that may represent important

cohesion barriers to gene flow.

Their biota are taxonomically | Their biota are taxonomically
harmonic disharmonic

Low ratio of species per genus High ratio of species per genus

Adaptive radiation processes are
linked to active speciation processes.

Adaptive radiation has not been Adaptive radiation processes are

compellingly documented as a linked to active speciation

phenomenon linked to insular | processes.

speciation

Derived woody endemic taxa are only | High proportion of woody endemic

anecdotal taxa whose closest mainland
congeners are  predominantly
herbaceous

Table 1. Basic differential characteristics between the two fundamental types of islands.
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CONTINENTAL ISLANDS IN THE WESTERN MEDITERRANEAN

The Balearic Islands, Corsica and Sardinia are the largest islands in the
western Mediterranean basin, and they have been classified within the ten most
biodiverse Mediterranean islands (Médail & Quézel, 1997), featuring ca. 5000
species of vascular plants that include some 360 endemics (Contandriopoulos,
1990; Mariotti, 1990; Alomar et al., 1997). Especially in the Mediterranean
basin, where roughly half of the native species are endemics (Médail & Quézel,
1997; Thompson, 1999), endemic plants are paramount to resolve the origins
and evolution of the regional floras (Major, 1988). A high proportion of
Mediterranean endemic plants occur on islands; consequently, these ecosystems
play a central role on the research about spatio-temporal biodiversity dynamics
in the region.

Because of their high diversity, floristic and biogeographic studies abound
for the Balearic- Corsican-Sardinian flora, and they have revealed floristic links
with nearby mainland areas like the Pyrenees, the Alps, Provence, Liguria,
Calabria-Sicily, and North Africa (Contandriopoulos, 1962; Contandriopoulos
& Cardona, 1984; Mus, 1992). Mediterranean palacogeography reveals that
the current position and extension of the Balearic, Corsican and Sardinian
archipelagos has undergone dramatic changes throughout their tectonic
evolution. Nevertheless, the most salient features of the geological history
of these territories are well-known and, therefore, they can offer a temporal
reference for framing any evolutionary study in the Western Mediterranean.
Compelling evidence exists that microplates have played a fundamental role
in the tectonic evolution of the Western Mediterranean, and that Corsica and
Sardinia (along with other minor fragments of continental origin), shaped
the core of the largest microplate in the region (Robertson & Grasso, 1995).
In the late Oligocene (between 30 and 25 Mya) the Corsican-Sardinian-
Minorcan microplate began to detach from the South of France and the NE of
the Iberian Peninsula to drift eastwards ca. 30° counter clockwise, reaching its
current position some 18-16 Mya (Speranza et al., 2002). During this period,
the Minorcan part of the plate came into contact with the other Balearic
territories (which were at the time linked to continental landmasses of the
area that currently makes up the Iberian Peninsula), detaching itself from the
main Corsican-Sardinian block. In the Messinian (ca. 5.96-5.33 Mya), and
throughout the subsequent glacial maximal in the Pleistocene, the Corsican-
Sardinian archipelago was linked to the western part of the Italian Peninsula
(Toscana), whilst the Balearic Islands were connected among them (Hsii et al.,
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1977; Bocquet et al., 1978, Contandriopoulos, 1981, 1990; Contandriopoulos &
Cardona, 1984; Robertson & Grasso, 1995).

MICROEVOLUTION OF WESTERN MEDITERRANEAN INSULAR
ENDEMICS

The general patterns that might explain microevolutionary processes
underlying plant endemization on Western Mediterranean islands have not
been explored until now. Such absence of data is most surprising in an enclave
where the endemicity rate on major islands far outnumbers a minimum of
10%. Only recently, a critical review about caryological evolution on the
Balearic endemic component has been tackled (Rosselld & Castro, 2008),
revealing that (1) the origin of the islands (continental or oceanic) is not an
accurate predictor of the proportion of polyploid component in the flora, (2)
there are no apparent unifying processes that explain the evolution of ploidy
levels on insular endemics, and (3) the levels of autochthonous polyploidy (i.e.,
developed in situ) on continental islands are higher than on oceanic islands,
where the percentage of polyploidy evolution on insularity conditions is
comparatively low (Stuessy & Crawford, 1988). Nevertheless, other important
caryotypic aspects that might be linked to the patterns and processes of insular
endemization have not been analyzed as of now.

On the one hand, the examination of nuclear DNA contents (1C values) in
Macaronesian endemics revealed a narrow variation range (Suda et al., 2003;
Suda et al., 2005), with most sampled endemics featuring very low nuclear
DNA contents (under 1.40 pg), with no endemic species found to have a high
1C value (i.e., above 14.01 pg). These results have motivated the hypothesis
that genome miniaturization may carry an evolutionary advantage under the
selective pressure conditions that prevail on oceanic insular systems (Suda
et al., 2005). In fact, Suda et al. (2003) and Suda et al. (2005) propose that
rapid speciation episodes linked to adaptive radiation are much more likely
on angiosperms with minimal nuclear DNA contents. It is not known to
what extent similar selective pressures have acted on the endemic component
of continental islands, and its comparison with the Macaronesian endemic
element eventually would allow us to establish unifying statements bearing on
the general abundance of species with small genomes on insular systems. On
the other hand, there is a glaring void of data on the eventual relationship of
insular speciation and differentiation with changes in deep genomic levels (i.e.,
in the composition and structure of repeated DNA). Among the sequences of
highly repeated DNA in the eukaryotic genome, the most important ones are (i)
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tandem-repeated DNA (aka satellite DNA), and (ii) dispersedly-repeated DNA,
encompassing a variety of mobile genetic elements and sequences derived from
retro-transposition. These two types of sequences are arranged in tandem on
coincident regions with heterochromatin, especially in centromeric and sub-
telomeric zones (Ugarkovic & Plohl, 2002). Satellite DNA is characterized by
an unusual and non-uniform evolution, tuned by rapid evolutionary changes
and concerted evolution mechanisms among closely related species that give
rise to a high within-species molecular homogeneity (Pons & Gillespie, 2004).
As aresult, there is great intra-population homogeneity for population-specific
mutations, but a considerable inter-population differentiation (on the whole,
mutations occur at a rate far lower than their diffusion rate within the genome/
population, thereby fostering a relatively fast replacement of variants within a
given satellite DNA family in a population; Ugarkovic & Plohl, 2002). Satellite
DNA studies in oceanic island animals from different phyla have revealed the
utility of this technique to characterize adaptive radiation and diversification
processes on oceanic islands (Pons et al., 2002; Pons & Gillespie, 2003; Pons
& Gillespie, 2004). However, despite the fact that the evolutionary patterns of
satellite DNA have been analyzed in angiosperms from complex evolutionary
landscapes (but only in continents; cf. Suarez-Santiago et al., 2007), there is no
previous study associating the genomic dynamics of this DNA with speciation
and diversification phenomena on insularity conditions. Furthermore, the
applications of molecular techniques to the study of the evolution of insular
organisms in the Mediterranean region are relatively meagre, even though
island ecosystems have a recognized importance for the general diversity
contents of the area. The numerous Mediterranean islands make up one
of the most important centres of plant diversity in this area, with a high
proportion of endemicity and being genetically isolated (Médail & Quézel,
1997; Médail & Diadema, 2009). The proportion of endemics on the major
islands (the Balearic Archipelago, Sardinia, Cyprus, Corsica, Crete, Sicily)
ranges between 10-12% (Médail, 2008); consequently, these ecosystems should
have a central importance in the research of the space-time dynamics of this
region’s biodiversity. However, molecular studies focused on plant species from
Mediterranean islands are relatively scarce, though they have experienced an
upward surge recently (Hurtrez-Bousses, 1996; Aftre & Thompson, 1997; Aftre
et al., 1997; Sales et al., 2001; Widén et al., 2002; Bittkau & Comes, 2005; Lopez
de Heredia et al., 2005; Edh et al., 2007; Mansion et al., 2008; Salvo et al., 2008;
Falchi et al., 2009; Rosselld et al., 2009).The few currently available studies
suggest that plant endemics from Mediterranean islands (1) have conspicuous
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genetic diversity levels, which are also highly structured (Aftfre & Thompson,
1997; Bittkau & Comes, 2005; Lopez de Heredia et al., 2005; Edh et al., 2007;
Falchi et al., 2009), indicating that (2) gene flow is scarce, even within species
with a high dispersal capacity, thereby highlighting a predominant role of drift
on the observed diversity patterns (Widén et al., 2002; Bittkau & Comes, 2005;
Edh et al., 2007).

Wolfe et al. (1987) contend that the variation rates in the chloroplast
genome are significantly lower than those in nuclear DNA, thereby providing
polymorphism levels inadequate for micro-evolutionary intra-specific studies
in stenochorous taxa. However, the results so far available suggest otherwise,
and highlight the scarce general applicability of that contention. Hence, in our
study of the narrowly distributed Balearic endemic Senecio rodriguezii (Molins
et al., 2009) we detected seven haplotypes, a similar number to that found in
congeners like S. halleri (seven; Bettin et al., 2007) and S. leucanthemifolius
var. casablancae (five; Coleman & Abbott, 2003) or in related species widely
distributed throughout the Mediterranean basin, such as S. gallicus, S. glaucus,
and S. leucanthemifolius (five; Comes & Abbott, 1999). Analogously, the results
obtained in the Balearic-Corsican-Sardinian endemic Thymus herba-barona
(Molins et al., 2011) also indicate remarkably high genetic diversity levels,
either at the species or population-level. The number of cpDNA haplotypes
detected (17) is similar to those found in species widely distributed in the
Mediterranean, like Cistus creticus in Corsica and Sardinia (16 haplotypes;
Falchi et al., 2009). Therefore, the general prediction that island endemic plants
often have a reduced genetic variation relative to common, widely distributed
species (Frankham, 1997) does not seem consistent in the light of our results.
In addition, similar results of cpDNA genetic diversity have been obtained in
other species whose distribution is confined to the Western Balearic islands
(Molins, Mayol & Rossell6, unpubl. data), and in other species from continental
islands (Taiwan; Chiang and Schaal, 2006; and references therein).

At odds with expectations, particularly the Balearic Islands (and possibly
continental islands in general), apparently contain a preserve of both nuclear
and organellar genetic diversity, not only in the species widely distributed in
the Mediterranean (Quercus sp. pl.; Lopez de Heredia et al., 2005), but also
in narrowly distributed ones (our results, and also Sales et al., 2001). On the
whole, these results might be reflecting complex evolutionary histories, in
contrast to the hypotheses of insular colonization assuming demographic and
genetic bottlenecks due to founder events, which are frequently suggested to
explain the origin and evolution of many oceanic island plants.
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These previous results coincide with expectations for populations of species
in southern glacial refugia, where prolonged isolation in a scenario of small
enclaves adequate for survival would have brought about low levels of inter-
population gene flow (Hewitt, 2001; Petit et al., 2003; Hampe & Petit, 2005;
Thompson, 2005), thereby giving rise to exceptionally high levels of genetic
diversity at the regional level. Significant genetic structuring has been reported
for other Mediterranean island endemics, such as Brassica cretica (Fst=0.628 and
1.000; nuclear and chloroplastic microsatellites, respectively; Edh et al., 2007),
Brassica insularis (Gst=0.107; allozymes; Hurtrez-Bousses, 1996), Cyclamen
creticum (Gst=0.170; allozymes; Affre & Thompson, 1997), the Nigella arvensis
complex (Fst=0.814; cpDNA; Bittkau & Comes, 2005), or Centaurea horrida
(Rst=0.158; nuclear microsatellites; Mameli et al., 2008).

Theoretical predictions suggest that significant population divergence
should be expected in species with isolated populations and restricted dispersal
capacity, as these features lead to reduced inter-population gene flow, thereby
fostering a predominance of drift. Indeed, diverse empirical studies on insular
species from the Aegean do suggest that genetic drift would be one of the main
evolutionary forces to explain the high plant diversity in this area (Widén et
al., 2002; Bittkau & Comes, 2005; Edh et al., 2007). Our results are consistent
with this hypothesis, as the genetic differentiation values are significantly high,
indicating the absence of overall genetic diversity patterns and structuring at
the considered scale. Besides, many of the haplotypes found were restricted
to a single population or a narrow geographical area, suggesting low (if any)
gene flow levels, even at an extremely local scale. On the whole, the levels of
variability and differentiation detected bolster the overlap of diverse historical
events (both more and less recent) is conducive to a progressive fragmentation
of the distribution areas of insular species, in some cases since the Oligocene
(some 25-30 Mya). All of this evidence suggests that genetic drift may have
acted as one of the main evolutionary forces conditioning the genetic variation
patterns and structuring of species endemic to continental islands.
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INTRODUCTION

The French historicist Fernand Braudel wrote: “What is the Mediterranean?
One thousand things at a time. Not just one landscape but innumerable
landscapes. Not just one sea, but a succession of seas. Not just one civilization,
but many civilizations stacked on top of one another. The Mediterranean is a
very old crossroads. For millennia, everything has converged upon it” (Braudel,
1985). This quotation explains why deciphering the relationships between
humans and landscapes is altogether a difficult and fascinating endeavor due
to the fact that the Mediterranean Basin has always been a crossroads for not
only human societies, but also for wildlife, which makes it exceptionally rich
and diverse (Blondel, 2006; Blondel et al., 2010). The long human history in the
Mediterranean resulted in a mosaic of cultural landscapes, each of which added
or superimposed its biological and cultural characteristics to the effects of
previous ones. These societies have impacted biota and ecosystems everywhere
in the basin for so long that it has been occasionally claimed that some kind of
‘coevolution” has shaped the interactions between these ecosystems and humans
(di Castri, 1981). If human impact has, on average, been far from beneficial
to biodiversity, at times it resulted in a significant improvement of biological
diversity at various scales from populations to landscapes.

THE ESTABLISHMENT OF TRADITIONAL LAND USE SYSTEMS:
WHAT EFFECTS ARE HAD ON BIODIVERSITY?

The first prerequisite for humans to establish themselves as sustainable
populations is to manage a friendly living space. To do so, innumerable
systems have been devised everywhere in the basin for capturing and managing
resources. Some of the systems which had the most prominent effects on
ecosystems include forest management (wood-cutting and coppicing, charcoal
processing), controlled burning, plant and animal domestication, livestock
husbandry, water management and terracing. Wood cutting and the use of fire
have been among the most important forces shaping Mediterranean landscapes
over the course of the last ten millennia. Fires have always been a key disturbance
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event in the Mediterranean (Naveh, 1974; Dubar et al., 1995) but rural peoples
carefully attended to and controlled them so that they greatly contributed to
the maintenance of a high turnover of habitats and their associated plant and
animal communities and ecosystems (Vazquez et al., 2006).

Thestruggle forwater hasbeenavital themein the historyofall Mediterranean
peoples, and ingenious systems for collecting and storing rainwater went
unchanged for millennia. A great many of them, some dating back to at least
the Chalcolithic period 4,500 to 5,000 years ago, were designed to carry water
diverted from floods to fill city and farm reservoirs and for irrigating cultivated
fields. Terracing is among the most widespread and sometimes spectacular
achievements of rural societies. This has always been a time-consuming and
tedious but necessary activity in the mountainous areas of the Mediterranean
Basin. Cultivated terraces were both a means of fighting erosion and water-saving
devices for preventing run-off. Hand-built stone terraces permitted cultivation
on slopes that ranged in inclination from 20-75% (Lepart & Debussche, 1992).
Until the early twentieth century, terrace cultivation remained a hallmark that
indelibly shaped Mediterranean landscapes, from mountainsides to valley
bottoms. On these terraces, a wide range of legumes were cultivated, along
with several Mediterranean trees such as olive trees and carob trees which were
once planted extensively as a forage and fodder tree in association with various
sylvo-pastoral systems.

The nature and intensity of landscape design by peoples of the Mediterranean
Basin varied considerably from one region to the next, and from one historical
period to the next, particularly with demographic and socioeconomic
conditions, so that any generalization is quite difficult. Landscape management
resulted in the shaping of agro-sylvo-pastoral cultural landscapes among
which the two most well-known are the Sylva-saltus-ager triad and the dehesa-
montado system in the Iberian peninsula and some Mediterranean islands. In
the dehesa (in Spain) and montado (in Portugal) systems, as well as in similar
systems called Pascolo arbolato practiced in Sardinia and other Mediterranean
islands, many of the same basic advantages were provided, but the systems
differed in the spatial organization of three main activities—cultivation,
grazing, and harvesting of forest products. The design of the two systems
resulted in a quite different distribution of habitat patches within landscapes:
The Sylva-saltus-ager triad typically produced coarse-grained patchwork with
clear-cut habitat patches, whereas a fine-grained patchwork was produced by
the dehesa-montado system with different consequences to the distribution of
various components of biological diversity (see Blondel et al., 2010).
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Besides but in association with landscape management, the domestication
of plant and animal species had many consequences on biological diversity.
Domestication began about 10,000 years ago in the eastern part of the
Mediterranean Basin and around two millennia later in the western part.
The Mediterranean plant world linked to agricultural practices was divided
by Zohary (1973) into two parts, the ‘segetal’ (anthropogenic) and the ‘non-
segetal’ (“primary plants”). With many plant species that were domesticated,
adaptive intraspecific variation occurred over millennia as a response to
human-induced selection and with habitat changes. This process resulted in
the differentiation of many local ecotypes with region-specific characters. A
great variety of plant ecotypes have been selected over the centuries. Examples
include hundreds of varieties of olive, almond, wheat, and grape, which have
been selected intensively by humans. All these varieties have also added to
the biological diversity of the Mediterranean. As argued by Diamond (2002),
human influence on populations undoubtedly constituted a significant selective
factor in their evolution through the process of domestication. For example, the
olive tree, the most emblematic plant species across Mediterranean cultures,
currently constitutes a complex of many wild forms (Olea oleaster), as well as
weedy types and many cultivars classified as O. europaea var. europaea (Terral
et al., 2004). Today, more than 600 local cultivars of the olive tree occur in the
basin (Breton et al., 2006).

The remarkable combination of protein-rich pulses and cereals that were
domesticated in Neolithic farming villages of the Fertile Crescent in the Near
East, along with domesticated sheep, goats, cattle and pigs, have certainly
facilitated the rapid spread of herding and farming economies (Diamond &
Bellwood, 2003). Races of wild cattle have been domesticated from Pleistocene
aurochs (Bos primigenius) since more than 6,000 years ago (Pfeffer, 1973). Other
domesticated mammals of importance were horses (Equus ferus/caballus) and
donkeys, although the domesticated animals of paramount importance for
Mediterranean peoples, and which have had the most widespread impact on
Mediterranean ecosystems through grazing and browsing, are sheep and goats.
On the whole, a large number of gene pools have been selected in domesticated
animals over millennia by traditional pastoralists, with region-specific
characteristics that adapted them to local environmental conditions. The long-
term human-induced selection processes have resulted in the development
of more than 145 varieties of domesticated bovids and 49 varieties of sheep
(Georgoudis, 1995).
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HUMAN-RELATED UPS AND DOWNS IN BIODIVERSITY

It would be out of the scope of this chapter to describe in detail the historical
rise and fall in biodiversity on the scale of the Mediterranean Basin (see.
e.g. Blondel & Médail, 2007) but some trends are worth mentioning. Two
contrasting theories, one pessimistic and the other optimistic, have been
proposed to interpret the relationships between humans and ecosystems
in the Mediterranean Basin. The ‘Ruined Landscape’ or ‘Lost Eden theory;
argues that human-caused deforestation and overgrazing resulted in an
endless degradation and desertification of Mediterranean landscapes and
their associated wildlife. Advocates of this theory (e.g. Attenborough, 1987;
McNeil, 1992; Naveh & Dan, 1973; Thirgood, 1981) argue that ten millennia
or so of forest destruction and resource depletion best explain the interaction
of humans and Mediterranean forests. A second school of thought challenges
this view and argues that an imaginary past does not acknowledge real human
contribution to the maintenance, diversity, and even the improvement of
Mediterranean landscapes since the last glacial period (e.g. Grove & Rackham,
2001). There is certainly some truth in these two viewpoints, but the point
of interest is trying to investigate how Mediterranean systems responded to
human-induced disturbance events and what their patterns of resilience might
be, understood as the amount of time required for a total recovery of the system
following a disturbance event. The problem is to understand how living systems
have accommodated both the intrinsic variability of Mediterranean bioclimates
and the long-term influences of human activity. The continuous redesign of
landscapes and habitats has had profound consequences on the distribution,
dynamics, and turnover of species and communities.

Diversity losses in the distant past

Human impact has exerted sustained direct effects on Mediterranean
ecosystems for a very long time, possibly as many as 50,000 years ago or so.
The first significant impact of humans, well before the Neolithic revolution
and the establishment of permanent settlements, was their probable role in the
extinction of a number of large mammals at the end of glacial times, including
on islands. Indeed, the number of large mammals that occurred in most of
Western Europe dropped from 37 species to 18 between the late Pleistocene
and the present (Petit-Maire & Vrielynck, 2005). Even if the overkill hypothesis
suggested by Martin (1984) to explain the sudden disappearance of so many
species of large mammals in the Northern Hemisphere at the end of the
Pleistocene is still in debate (e.g., Owen-Smith, 1987; Brook & Bowman, 2004),
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there is much evidence of the direct responsibility of humans in the extinction
of the ‘megafauna’ of Mediterranean islands (e.g. Alcover et al., 1981). These
insular mammal faunas, which included strange mammal assemblages with
dwarf hippos and elephants the size of pigs, as well as many endemic species,
were doomed to extinction in the course of the past millennia as a result of
direct and indirect human impact. One well documented example is that of
Myotragus in Menorca (Bover, & Alcover, 2003).

A true ‘revolution’ in the relationships between humans and biodiversity
began about 10,000 years ago, when hunters in the Near and Middle East
began to produce their own food supply, thus laying the foundations for
the domestication of plants and animals (Vavilov, 1992; Zeder, 2008). Then
human pressure became more and more severe, resulting in massive forest
destruction, as demonstrated by many palaeobotanical, archaeological, and
historical records. Quézel & Médail (2003) estimated that no more than 15%
of the ‘potential’ Mediterranean forest vegetation remains today. Indeed, pollen
diagrams show that large-scale Neolithic deforestation in many parts of the
Mediterranean basin coincided with the steady expansion of grain culture as
a result of human demographic expansion (Triat-Laval, 1979). Then, from the
middle ages and until the end of the eighteenth century, the deciduous downy
oak (Quercus humilis) and the evergreen holm oak (Q. ilex) were intensively
used to make charcoal for glassworks and metallurgy. Since the Iron Age,
charcoal has been the main source of energy in the Mediterranean area, as
testified by the great abundance of ancient charcoal production sites, up to 40
sites per hectare, that are still visible in many woodlands.

Human-related variation of biodiversity in historical times

All habitats and landscapes in the Mediterranean region, except some remote
mountainous and steep cliff areas, have been to various extent managed and
transformed by humans. Although some of these tremendous changes have
sometimes had beneficial consequences on biodiversity as already mentioned,
most of them have resulted in serious threats and decline of biological diversity.
Forests, wetlands, and coastal habitats together with their associated wildlife
have been and continue to be most affected by human impact. Changes of
anthropogenic origin have had many impacts on the distribution and abundance
of populations, making a large number of them decline while some others
are in fact increasing. However, for many plants, some groups of vertebrates,
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and most groups of invertebrates, micro-organisms and fungi, there is much
uncertainty regarding their status. It is very difficult to have a precise idea of
the number of plants that are threatened in the Mediterranean but some trends
are quite obvious. For example, in countries of the southern shores of the sea
there is still a process of ongoing degradation with as much as 25% of the flora
being considered as threatened. The unique flora of Mediterranean islands is on
the whole seriously threatened, especially the endemic species: on large islands,
the percentage of taxa that are threatened ranges from 2% in Corsica to 11%
in Crete (Delanoé et al., 1996). Many other examples of decline of biodiversity
could be cited (see e.g., Blondel & Médail, 2009). After the mass extinction of
the large mammal megafauna at the end of glacial times discussed above, the
combination of habitat changes and direct persecution has doomed to extinction
many other species of large mammals, especially in North Africa. Freshwater
fish are perhaps the most interesting group of Mediterranean vertebrates, but
also one of the less known and the most threatened with more than 500 species,
50% of them being endemic. As much as 40% of all fish species and 60% of
the endemic species in the Mediterranean are vulnerable to extinction and at
least eleven of them are already extinct (Smith & Darwall, 2006). Most threats
stem from the degradation of water, both in quality (pollution, eutrophication),
and quantity (huge amounts of freshwater are pumped for domestic use and
irrigation). Reptiles and amphibians have not suffered serious extinction events
in recent times but most populations of amphibians and many populations of
reptiles are declining everywhere in the Mediterranean. For birds, the main
problem is not so much extinction per se, but many changes in the composition
and structure of bird assemblages. Many species that were formerly widespread
everywhere in the basin are now limited to small, localized populations, many
of them threatened, mostly as a consequence of habitat loss, pollution, and
decrease of genetic diversity. For example, most large insectivorous birds such
as the lesser kestrel and most species of shrikes are strongly declining as a result
of food shortage resulting from intensification of agriculture and urban sprawl.

However, for many groups of Mediterranean plants and animals, the main
consequences of human-induced large scale deforestation, wetland drainage
and traditional landscape design and management have not been so much a
decrease in overall species richness at a regional scale asin creating a tremendous
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proportional advantage for species adapted to open habitats, drylands and
shrublands at the expense of forest dwelling species (Blondel et al. 2010).

The current trends of habitat changes as a result of human impact vary
markedlyacross the regions of the basin (Mazzoleni et al., 2004). On the northern
bank of the sea, the ongoing collapse of most traditional land-use systems and
rural depopulation completely destructured traditional cultural landscapes
as they were replaced by industrial-style agriculture and modern activities
such as mass tourism. These changes have had many consequences on several
components of biodiversity at the landscape scale (Blondel & Médail, 2007). In
contrast, in North Africa and most of the eastern part of the Mediterranean,
pressures on natural habitats by humans and livestock are still strongly on the
increase, destroying soils and ecosystems and resulting in intense erosion.
The impact of on-going woodland clearance, followed by overgrazing in these
countries results in high rates of soil erosion and in an increasing clearing of
arid steppe rangeland, which is a major cause of desertification in North Africa
and the Near East.

On the other hand, changes in the distribution of species and local extinction
events were partly compensated for by intraspecific and interspecific adaptive
differentiation in response to human induced habitat changes (Zohary &
Feinbrun, 1966-86).

WHY AND HOW ARE MEDITERRANEAN ECOSYSTEMS RESISTANT
TO DISTURBANCE AND RESILIENT?

Variation in biodiversity in relation to human societies is not necessarily
synonymous with degradation. There is some evidence, including comments
by Roman writers such as Polinus and Virgilus, that landscape management
has often been achieved using empirical knowledge and observation with
the intent of making it more resistant and resilient to human-induced
disturbance events. Wise management of fields for sustainable services was
maintained through a variety of cultural institutions, as indicated by Roman
authors, who repeatedly mentioned the need for regular fertilization through
application of wood ash, animal manure, or green manure to fields (Dupouey
et al., 2002). The fine balance achieved by humans among woodlots, pastoral
grasslands, scrublands, and open spaces reserved for cultivation resulted in a
mosaic that greatly contributed to the biological diversity of Mediterranean
landscapes. Grazing, even heavy grazing, is not necessarily a monolithic threat
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to biodiversity in Mediterranean habitats. The high degree of resilience of
Mediterranean matorral shrublands, especially in the presence of a balanced
load of grazers and browsers, domesticated or wild, can result in a dynamic
coexistence of living systems that are characterized by stability, diversity, and
productivity (Etienne ef al., 1989). For example, comparing two small islands
off the large island of Crete, one heavily grazed by the Cretan wild goat (Capra
aegagrus cretica) and the other ungrazed, Papageorgiou (1979) demonstrated
that plant species diversity was much higher in the former than in the latter.
Other experiments have shown that population densities of gazelles in Israel
with ca. 15 individuals/km? not only allowed for optimal harvesting of animals
each year but also resulted in a significant increase in plant species diversity of
the grazed rangelands (Kaplan, 1992). The main conclusion of these studies is
that moderate grazing intensity has the potential to maximize species diversity
and optimize ecosystem productivity. Seligman and Perevolotsky (1994)
obtained similar results in their review of both sheep and cattle grazing systems
in the eastern Mediterranean, where pastures have been grazed by domestic
ruminants continuously for more than 5,000 years.

What are the mechanisms underlying the surprisingly high resilience and
resistance of Mediterranean ecosystems to long-lasting human pressure? Is
it possible to demonstrate some kind of “coevolution” between humans and
natural systems that could result in sustainable ecosystem function and a
balance between extinction and immigration or differentiation of biota? It has
been suggested that the high resistance of Mediterranean ecosystems to invaders
and their resilience after disturbance could be a result of the long history of
close interactions between humans and ecosystems (Blondel et al., 2010; di
Castri, 1990; Thompson, 2005). Indeed, this situation contrasts sharply with
those of most other regions in the world, including the other Mediterranean-
type ecosystems of California, Chile, South Africa and Australia. One possible
explanation for this property of Mediterranean ecosystems is that they have
already been subjected to continuous disturbance of fluctuating regimes and
intensity over many millennia. Thousands of spontaneous colonization events
may have made the ecosystems of the basin progressively more resistant, with
‘old invaders’ preventing or slowing the entry of potential ‘new invaders’ (Drake
et al., 1989). Information from archaeological and historical records, as well as
observations of modern habitat responses to disturbance events such as range
fires, indicate that Mediterranean ecosystems resist heavy human impacts well
in the sense that they regenerate quickly after abandonment or degradation.
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CONCLUSION

In the long run, one cannot dismiss the heavy and long lasting tribute paid
by several components of biodiversity to the many aspects of human action
everywhere in the Mediterranean basin. However, the endless redesign of
Mediterranean landscapes through traditional land use systems probably
benefited several components of biological diversity. Gomez-Campo (1985),
Pons & Quézel (1985), and Seligman & Perevolotsky (1994), among others,
have argued that the highest species diversities in the Mediterranean Basin
are found in areas that have experienced frequent but moderate disturbance,
giving support to the diversity-disturbance hypothesis advocated by Huston
(1994). Understanding the persistence of biological diversity and sustainable
ecosystem function across so many centuries, without irreparable damage,
would necessitate considering the feedback mechanisms that keep ecosystems
running. Positive and negative feedback cycles involving humans and
operating for long periods at local or regional levels do indeed operate in the
Mediterranean (see, e.g. Blondel et al. 2010). The highest biological diversity in
Mediterranean ecosystems probably never occurred in woodlands, even in the
pristine ones, but rather in the various agro-sylvopastoral systems. As human
pressures on Mediterranean landscapes intensified in later periods, especially
when disturbance regimes such as burning, wood-cutting, and tilling reached
some threshold values, diversity declined and ecosystems followed new
trajectories, leading to alternative stable states that are characterized either by
highly productive industrial-style agriculture or heavily degraded ecosystems
such as badlands.

After more than 10,000 years of cohabitation between humans and
nature, most Mediterranean ecosystems are so inextricably linked to human
interventions that the future of biological diversity cannot be disconnected
from that of human affairs. The greatest challenge for the decades to come is
to promote sustainable development through the development of appropriate
tools for integrating environmental issues and development.
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Abstract

The Mediterranean Basin is one of the world’s richest places in terms of animal
and plant diversity. The Mediterranean is particularly noted for the diversity of
its plants — about 25,000 species are native to the region and more than half of
these are endemic. This has led to the Mediterranean being recognized as one
of the Global Biodiversity Hotspots (Mittermeier et al., 2004).

The IUCN Species Survival Commission has identified plant conservation
and red listing as a regional priority for action and has already assessed the
conservation status of 200 endemic plant species and 500 freshwater plant
species.

IUCN’s ongoing work on plant conservation in the Mediterranean includes
the following projects:

- The IUCN Mediterranean Biodiversity assessment initiative

- The Mediterranean Plant Red List: Assessing the status of steno-endemic
plants

- Important plant areas of the south and east Mediterranean region

- In situ conservation projects

Keywords: IUCN, Red List, plant, conservation, IPA

TUCN - SSC

The Species Survival Commission (SSC) was established by the IUCN,
International Union for Conservation of Nature, in 1949. Since that time, the
SSC has grown into a global, science-based network of thousands of volunteer
experts, working together towards achieving the vision of “A just world that
values and conserves nature through positive action to reduce the loss of
diversity of life on earth”.

The major role of the SSC is to:

- Provide information to the IUCN and the rest of the world on the
conservation of species and on the inherent value of species in terms of
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ecosystem health and functioning, the provision of ecosystem services and the
provision of support to human livelihood.

- Promote the conservation of species, thereby leading to measurable
reductions in the loss of biodiversity.

Collectively, SSC members form a highly-regarded and influential network
of species experts that is able to influence conservation outcomes at all levels,
particularly international, through engaging with each other and collaborating
in both the IUCN’s and SSC’s name.

The SSC undertakes assessments of the status of species, develops species
conservation action plans and strategies, prepares technical guidelines and
formulates IUCN policy statements. The Commission delivers and promotes
this technical knowledge, advice and policy guidance to those who can influence
the implementation of conservation action around the world.

The strength behind the SSC is a worldwide network of volunteer experts
who offer their time and expertise to build a scientific and practical foundation
for the effective delivery of conservation. The thousands of volunteer experts
are organized into Specialist Groups (SGs), Red List Authorities (RLAs) and
Task Forces (TFs) arranged taxonomically, thematically and/or regionally, and
convened by the SSC in response to pressing conservation issues.

The overriding goal of the Commission is:

“The species extinction crisis and massive loss of biodiversity are
universally adopted as a shared responsibility and addressed by all sectors
of society taking positive conservation action and avoiding negative impacts
worldwide”.

Main strategic objectives:

1. Assessing and monitoring biodiversity. To assess and monitor
biodiversity and inform the world about the status and trends of biodiversity,
especially at the species level, thus providing measures for the health of our one
and only biosphere;

2. Analyzing the threats to biodiversity. To analyze and communicate
the threats to biodiversity and disseminate information on appropriate global
conservation actions;

3. Facilitating and undertaking conservation action. To facilitate and
undertake actions for providing biodiversity-based solutions for halting
biodiversity decline and catalyze measures to manage biodiversity sustainably
and prevent species’ extinctions both in terms of policy changes and actions on
the ground;

4. Convening expertise for biodiversity conservation. To provide a forum
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for gathering and integrating the knowledge and experience of the world’s
leading experts on species science and management, and promoting the active
involvement of subsequent generations of species conservationists.

The Mediterranean Islands Plant Specialist Group is one of the 25 SSC’s
Plant Specialist Groups. It was formed in 1995 and it currently includes some
thirty members. Its objectives are:

- To evaluate and monitor changes in Mediterranean island plant diversity;

- To establish, co-ordinate and implement conservation Action Plans;

- To promote sustainable conservation of plants and their habitats among
decision makers and the public.

IUCN CENTER FOR MEDITERRANEAN COOPERATION

The IUCN Center for Mediterranean Cooperation was established in Malaga
in October 2001.

The objectives, which reflect the significant areas of work that the IUCN
Center for Mediterranean Cooperation will fulfill in order to achieve its goal,
are:

1. Making knowledge, information and experience available regarding the
conservation and management of Mediterranean biodiversity and natural
resources for sustainable-use and rehabilitation efforts.

2. Strengthening and supporting IUCN members and Commissions in
the region to mainstream social, economic and environmental dimensions in
policy-making, management, and the conservation of biodiversity and natural
resources.

3. Promoting, both globally and regionally, Mediterranean policies on
conservation and sustainable development, and supporting mechanisms for
their implementation.

THE IUCN MEDITERRANEAN BIODIVERSITY ASSESSMENT
INITIATIVE

Background

Knowledge of the Mediterranean region biodiversity is heterogeneous at a
national level, sometimes restricted to species lists, occasionally also including
spatial distribution. Data is dispersed, and there is no regional summary, nor
internationally recognized baseline for easily assessing which plants listed
as endemic or on national red lists are in fact truly threatened. Taxonomic
expertise is often lacking, and there may be disagreements on nomenclature and
classification, especially for the lower taxonomic groups. Protection measures
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for large mammals and birds tend to be adequate, but where biodiversity
hotspots for flora, and other groups, have been identified there is as yet little
explicit linkage to regional and national policies, beyond the limited species
lists under the Habitats Directive and Barcelona Convention.

Action

The IUCN Mediterranean Biodiversity Assessment Initiative aims to produce
an analysis of a wide range of species at a regional level. In addition, occurrence
of threatened species is a key criterion in the identification of key biodiversity
areas through combining spatial data on all vertebrate and plant species, hence
moving away from “Important Bird Areas” or “Important Plant Areas” towards
a more holistic approach to biodiversity conservation.

IUCN’s role

IUCN has already begun the assessment of Mediterranean reptile,
amphibian, shark and freshwater fish species. This has demonstrated not only
the willingness of the scientific community, the vast majority of whom act in
this process as volunteers, to contribute to the assessments, but the degree
to which the conservation community considers a Regional Red List as an
essential regional tool for guiding and assessing nature conservation priorities
and progress.

The initiative seeks to mobilize existing knowledge on species status that
may be dispersed or unpublished, and ensure that it is made available for
conservation purposes. The key role of IUCN is to coordinate the process
ensuring full participation of all appropriate experts, validate the quality of
the information, ensuring results of the highest scientific quality, and free of
potential individual interests of participating scientists.

Objectives

1. Assess regional species status for the major taxonomic groups

2. Support the assessment process and the production of national Red Lists
to guide conservation decision-making and monitoring at a national level.

The objective is to compile the data and the species assessments that form
the basis of the Mediterranean Red List for the major taxonomic groups. The
ITUCN will manage the work being done among the diftferent Specialist Groups
and coordinate the incoming data to ensure that assessments are completed to
standard and within the timeframe. Once a preliminary assessment has been
completed and compiled, a workshop will be organized to validate the results.
Finally the coordinator (assisted by a consultant, appropriate Red List Authority
or Commission specialist group chair) will go through each of the assessments
made and the feedback from the workshop to derive a final compilation of
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assessments that will provide the final outputs of the assessment process and
the basis for the reports and information dissemination.

Results of Phase I of the project

Thirteen taxonomic groups (amphibians, cetaceans, crabs, crayfish,
dragonflies, mammals, molluscs, aquatic plants, freshwater fish, marine fish,
sharks and rays, reptiles, marine vegetation), have been evaluated.

Goals of Phase II of the project

The specific outputs of Phase II are:

- Conservation status of 1,500 priority plant species assessed

- Conservation status of 400 Mediterranean butterflies assessed

- Conservation status of 450 Mediterranean saproxylic beetles assessed

- Conservation status of 70 Mediterranean dung beetles assessed

- Conservation status of ca. 200 Mediterranean anthozoan species assessed

- Important Freshwater Areas (IFWA) in the Mediterranean region identified,
priorities defined and site-based pilot projects identified

- Information made available to decision-makers and stakeholders

MEDITERRANEAN PLANT RED LIST: ASSESSING THE STATUS OF
STENO-ENDEMIC PLANTS

Project objectives and outputs

The Mediterranean region is home to around 25,000 plant species;
approximately half of them are endemic to this biogeographic region. The
endemic species are mainly — but not exclusively — concentrated on islands,
peninsulas, rocky cliffs and mountains.

To date, very few plant species have been assessed using the IUCN Red
List categories. A great effort has to be made to have a better idea on their
vulnerability, the threats they are facing and the conservation actions that
should be undertaken to protect them.

The most vulnerable endemic plants are the restricted-range endemics
(steno-endemics), as their area of occupancy is small and they might be
pushed to extinction by any major disturbance. In addition, when the number
of individuals in a population falls below a certain threshold, the species loses
genetic diversity which reduces its ability to adapt to change (for instance
climate change) and therefore further increases its extinction risk. The project
will therefore consider them a priority.

Even with a focus on only steno-endemics, the task is considerable. The initial
list of possibly threatened Mediterranean plants to be assessed will probably
contain 3,000 to 4,000 species. This preliminary list must first be established

55



TUCN plant conservation programmes in the Mediterranean

and then will need further prioritization before Red List assessments can begin.

Priority will be given to high altitude plants and to selected low altitude
groups of taxa.

The main objective of this project is to assess the conservation status of
about 1,500 restricted-range endemic plants, selected among the most likely to
be threatened.

The production of Red Lists is not a goal per se, but they can be used to define
conservation priorities, for example: lists of legally protected species, a basis
for species recovery action plans, helping to define Important Plant Areas and
protected areas. Where possible, provisions will be made within this project to
encourage, support and provide training for scientists within those countries
where the development of national red lists for plants is priority.

Methodology

Geographical scope of the project

The Mediterranean region and the plant species associated with it are
notoriously difficult to define in an absolute fashion. For the purposes of this
project, a working definition of the Mediterranean biogeographic region will
be used to provide a starting point. The definition chosen is that of Médail &
Quezel (1997); it includes all the strictly Mediterranean mountains that have
a Mediterranean bioclimate (e.g. the Atlas and Taurus mountains) but only
the Mediterranean part of the northernmost sub-Mediterranean mountains
(Maritime Alps, Pyrenees, Balkan mountains, Rhodopes).

Collecting the already Red List assessed taxa

Many Mediterranean plants have already been assessed, using different
methodologies. Few of them fulfill the standards of the IUCN Red List
assessments and are therefore not included in the IUCN Red List database.
In many cases, the assessments were made using out of date or national/local
criteria, but the species already considered as “threatened” in these lists, and
being steno-endemics, should be reassessed using the IUCN Red List criteria
(IUCN, 2001).

The list of already assessed taxa will be established on the basis of:

- The IUCN Red List database

- Existing national or sub-national red lists (excluding non-Mediterranean
taxa)

- Scientific publications

The outcome will be a list of:
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- Already assessed Mediterranean taxa (corresponding to the IUCN Red List
standards)

- Potentially threatened (or rare) taxa that should be reassessed using [UCN
Red List standards)

Production of a Mediterranean steno-endemics list

The taxonomic information available on Mediterranean plant taxa is
rather good, but dispersed in many floras and publications. It is therefore not
possible to issue a list of Mediterranean steno-endemics without significant
bibliographical work and without consulting experts. At a first stage, an agreed
and quantitative definition of what is a steno-endemic has to be agreed upon by
compiling bibliographical information and consultation of experts.

The outcome will be a list of Mediterranean steno-endemics.

Production of a list of steno-endemics to be RL assessed

The preliminary list of steno-endemics will be cross-referenced with the lists
of already assessed Mediterranean taxa and potentially threatened taxa.

The outcome will be a list of steno-endemics that have to be RL assessed.

Preliminary assessment

All the listed steno-endemic taxa will be assessed using a “RapidList”
procedure. This simple initial classification will allow selecting all taxa that are
“possibly threatened”. This preliminary assessment will be done with national
and regional experts, in sub-regional workshops. The exact geography of the
sub-regional workshops will depend on the species being assessed. For each
taxon considered as “possibly threatened” the need for data collection in the
field will be evaluated.

Outcome: A list of possibly threatened steno-endemic taxa, with indication
of the ecosystems in which they grow and their altitudinal range

Full IUCN assessment

All taxa considered as possibly threatened and belonging to high-altitude or
lowland selected groups will have a full IUCN assessment. The number of taxa
to be assessed is estimated to be about 1,500.

The information needed for the Red List assessment could be estimated as
follows:

- For 500 taxa, the information needed is sufficient to make the assessment on
a desk-based procedure. In many cases, the basis will be an existing assessment,
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but not in English (cf Red Books for Cyprus and Greece).

- For 500 taxa, there is a need to collect additional information or to update
it in the field.

- For 500 taxa, there is almost no information and therefore the need for an
in-depth survey in the field.

This assessment will be made by national experts.

- Training will be provided by the [UCN. Much of the plant population data
that will be used to make assessments will be held at national level.

- During training, the process of allocating the assessment of regional (multi-
country) Mediterranean endemics will be discussed and completed.

- Single country endemics should be assessed at a national level, by convening
national workshops or meetings.

The assessments will be validated by the scientific advisor of the sub-project
and finally the Red List regional authority.

Outcomes: A full Red List assessment of 1,500 Mediterranean high altitude
endemics.

Analysis and final report

The data collected during the assessments will be analyzed and will be
included in a final report:

- Analysis of the main threats

- Analysis of the habitat types with threatened steno-endemics

- Analysis of the already taken conservation measures (protected areas, ex
situ and in situ conservation measures)

- Mapping of sites with threatened plants

- Recommendations for conservation actions

IMPORTANT PLANT AREAS OF THE SOUTH AND EAST
MEDITERRANEAN REGION

This project, involving the IUCN, Plantlife and WWF and supported by
the French Development Agency was conceived to support the creation of
an Ecosystem Profile for the Mediterranean region by the Critical Ecosystem
Partnership Fund (CEPF). The Goal was to ensure that plant priorities were
included in the Profile document which outlines biodiversity priorities in the
region.

Important Plant Areas (IPA) are internationally important sites for wild
plants and fungi, identified at a national level using standard criteria (Plantlife
International, 2004). Initially developed to address the lack of focus on
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conserving plant diversity, IPAs provide a framework to assess the effectiveness
of conservation activities for plants and target sites for future action. They
support existing conservation programs such as protected area networks and
the CBD Global Strategy for Plant Conservation.

The Mediterranean is an undisputed global biodiversity hotspot solely
because of its huge plant diversity. Around 10% of the world’s vascular plants
(25,000) are found in the Mediterranean Basin on less than 2% of the Earth’s
surface and half of these species are found nowhere else on Earth. However,
precise data on the distribution and status of plants are frequently insufficient,
out of date or absent, particularly in the south and east of the region. This fact
potentially results in the haphazard application of conservation action.

This project describes a rapid assessment of Important Plant Areas in the
south and east Mediterranean; a project designed to provide the ‘wild plant
perspective’ for the regional investment strategy of the Critical Ecosystem
Partnership Fund. The project has involved botanical teams from Algeria,
Egypt, Israel, Jordan, Lebanon, Libya, Morocco, Palestine, Tunisia, Syria and
Albania.

207 IPAs have been identified in the project countries bringing the total
IPAs in the region to 888. Threatened and restricted species and habitats
present on these sites have been recorded along with the threats affecting them.
All Mediterranean habitats are represented: forest, maquis, garrigue, pasture,
wetland, coastal and the transition to the desert zone. 40% of IPAs identified
coincide with key biodiversity areas in the region; sites important for other taxa
(mammals, birds, freshwater fish and amphibians).

75% of IPAs contain locally endemic species found only within one country;
60% contain very restricted species. ‘Mega endemic sites’ containing over 20
very restricted species can be found in Algeria, Morocco, Lebanon, Syria and
Libya. Overgrazing of pastoral lands is the most significant threat to the IPAs
affecting 67% of sites. Deforestation (largely due to collecting firewood), tourism
development, intensification of arable farming and unsustainable collection of
plants affect over one third of the analyzed IPAs.

The level of official protection for IPAs varies across the project countries
from 0 to 80%. Though official protection of sites can be a helpful measure of
conservation, evidence of management plans leading to biodiversity friendly
land management is a better measure. Evidence of management plans for IPAs
in the region is minimal.

A unique product of this project is the first preliminary list of restricted
range plant species for North Africa and the Middle East, which found that
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1,195 species occur within less than 5,000 km?and around 50% of these occur
over less than 100 km? Understanding the level of threat to these species will
help target actions against biodiversity loss. IPAs are not an optional extra and
neither is their conservation. They support the livelihoods of many people and
provide undervalued services such as water and flood control, carbon capture,
the prevention of desertification and a reservoir of genetic species and diversity;
all critically important for the Mediterranean region.

10 recommendations have been developed to help direct the conservation of
wild plants in the Mediterranean:

IPA conservation

Recognize Important Plant Areas as internationally significant priority sites
for conservation in local, national and regional environmental policies and
plans.

Target Important Plant Areas as priority sites for conservation action in
the Mediterranean region. This will ensure that direct conservation action on
priority plant sites can begin now, alongside the continued efforts to improve
data.

Incorporate IPAs (where appropriate) into protected area networks.

Update management plans for protected areas that contain IPAs to take
account of new plant data and ensure effective implementation. To develop and
implement management plans for IPAs where they do not exist (starting with
top priority sites).

Ensure that Environment Impact Assessments are undertaken on
development projects that affect IPAs and ensure that their recommendations
are enforced and monitored.

Target IPAs for the implementation of sustainable forest management and
agri-environment schemes and projects.

Encourage communities whose livelihoods depend on plant resources
to participate in IPA conservation planning activities (e.g. medicinal plant
collectors, promoters of nature tourism, hunters, mountain guides).

IPA data

‘Ground-truth’ the plant species and habitat data associated with IPAs
through fieldwork (starting with priority IPAs named in this report) and ensure
that IPA plant features are properly mapped.

Invest in the provision of comprehensive and updated information on plant
and habitats species in the south and east Mediterranean, building on the work

60



Islands and plants: preservation and understanding of flora on Mediterranean islands

carried out in this project. This should include:

- A definitive list of restricted range, endemic plant taxa for the Mediterranean
with accurate data on their distribution, size and importance to the local
community.

- A regional IUCN Red List for the Mediterranean (begin by focusing on
restricted range species that are endemic to the region).

- National IUCN Red Lists for vascular plants for all south and east
Mediterranean countries.

- A list of Mediterranean habitats and threatened habitats.

Enable the data associated with IPAs to be filed electronically (such as on the
IPA database) so it can be easily updated via the web.

Successful implementation of all this, in the second part of the project, will
secure a sustainable future for the environment and inhabitants of this unique
region; failure will result in both to a loss of natural resources and little or no
resilience when faced with profound changes in climate.

IN SITU CONSERVATION PROJECTS

The Mediterranean Islands Plant Specialist Group is working on several
in situ conservation projects related to threatened taxa listed in The Top 50
Mediterranean Island Plants (Montmollin and Strahm, 2005).

In Corsica, on Biscutella rotgesii Foucaud, with the Conservatoire botanique
de Corse, I'Université de Corse and I'Office de lenvironnement de Corse. This
species is threatened by road building, invasive species, fire and overgrazing.
The conservation measures taken are: legal protection, microreserves, ex situ
conservation.

On the Balearic Islands, on Naufraga balearica Constance & Cannon, with
the Universitat de les Illes Balears and the Jardi Botanic de Soller. This species
is threatened by drought, competition with other plants and overgrazing. The
conservation measures taken are: management of goat herds, microreserves
and ex situ conservation.

Also on the Baleraric Islands, on Apium bermejoi 1. L. Llorens, with the
same partners and the Consell Insular de Menorca. This species is threatened
by drought, competition with other plants and caterpillars. The conservation
measures taken are: reintroduction in new sites, watering, microreserves and
ex situ conservation.

In Sicily, on Calendula maritima Guss., with the Botanical Institute of
Palermo, the Instituto di genetica vegetale of Palermo, the Conservatoire
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botanique national de Brest, with the support of the Institut Klorane. This species
is threatened by development and waste disposal. The conservation measures
taken are: microreserves, ex situ conservation and population reinforcement.
Also in Sicily, on Pleurotus nebrodensis (Inzenga) Quélet, with the Botanical
Institute of Palermo, the Park of Mts Madonie and the Community of Mts
Madonie. This species is threatened by overcollection. The conservation
measures taken are: legal protection and cultivation in order to alleviate

collection in the wild.
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Abstract

Plant conservation inventories in Spain have experienced a paramount
increase for the last three decades, not only those related to basic knowledge of
endangered plants, but also on conservation tools and protection strategies. One
of the key projects in this recent development is the Atlas de Flora Amenazada
project (known by its Spanish acronym: AFA). Since its inception in 2000, this
collaborative work among Spanish botanists has produced some important
conservation tools. In the first part of this article, we present some relevant
results and give some clues to explain the success of the AFA project.

As a result of AFA and several equally important regional initiatives,
the amount and quality of data in relation to Spanish plant conservation is
extraordinary. From our point of view, we, scientists and managers, need to
step down, and rethink these inventories and try to find how we can use them
to identify present and future trends in plant biodiversity. We review some
monitoring variables for this purpose in the second part of the paper. We
consider some of the most popular monitoring variables (area of occupancy,
threat category and population size) to identify its advantages and drawbacks
in the implementation of future monitoring programs. At the end of the article,
we present a list of possible general recommendations derived from these
analyses.

Keywords: Atlas, hollow curve, monitoring, population viability analysis, Red
Data Book, Spanish plant conservation, threat analysis.

INTRODUCTION

The last 30 years have been the most successful period for Spanish
biodiversity conservation (Morillo & Goémez-Campo, 2000). Nevertheless,
during this time, threats to habitat and species populations have also been
produced at an unprecedented pace and scale. In true meaning, the country
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can be considered a broad conservation experiment; on the one hand, inside
its boundaries an important amount of European nature is maintained. Habitat
diversity is at its highest in the Continent, with Spanish habitat unique to the
world, and Spanish flora constitutes an original biogeographical array with
high rates of endemic species, important relict species and finally, species
whose Spanish populations constitute the limit of their range distribution.
On the other hand, Spain has undergone a serious and rapid change in land
use, economics and social awareness, all during this period. More specifically,
urbanization and transport infrastructures have produced drastic changes in
the landscape and altered composition and population dynamics of habitat and
species.

In our point of view, this melting-pot has been fundamental to nurture some
very interesting and innovative plant conservation initiatives.

To name just a few, an extensive network of local but comprehensive
botanic gardens now covers all biogeographical zones of Andalusia territory
(AA.VV,, 2005). Pioneering work in Valencia has produced a large network
of small protected areas specifically devoted to plant conservation, known as
microreserves, now extended in several regions of Spain and other European
countries (Laguna et al., 2004). The Canary Islands and Aragon are leading
regions in the development of sound and useful Recovery Plans for threatened
plants in their areas (Marrero Gomez et al., 2003; Alcantara et al., 2007).

One example of these novelties in plant conservation action is the Spanish
Atlas of Threatened Flora (hereinafter called “AFA project”). Since its inception,
this work has represented a continuous effort to inventory and report the
conservation status of the Spanish flora.

Inventories are at the core of any conservation strategy. They inform us
about the species in need and also about what we need to do to protect them.
Inventory activities require large investment of time and resources at the start,
becoming increasingly useful and profitable with time. As more and more areas
and species are covered with these inventory activities, it is required to adapt
them to new situations, improve their use, and make them more cost-effective
(Lughadha et al., 2005; Baillie et al., 2008).

The objectives of this work are twofold: firstly, we summarize here some
results of the AFA project. Framing the project in the Spanish conservation
context, we briefly describe its inceptions and rationale. Then, we present some
of the most relevant results derived from different actions contributing to the
AFA project. And finally, we give some ideas about key aspects explaining its
implementation and results across Spain. In the second part of the article, we
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examine some of the postulates of present plant inventories and how they can
be used to improve future monitoring techniques. Future monitoring programs
need to rapidly and precisely report any changes in biodiversity trends, and the
information and expertise derived from current inventories can be employed
to save time and resources when future monitoring programs take shape.

AFA PROJECT: TEN YEARS OF RESULTS

In December 1995, a group of 20 conservation botanists came together in
the Cordoba Botanic Garden to promote the new IUCN Spanish committee.
Several issues were addressed; the creation of the flora commission within the
IUCN Spanish committee, the launching of a plant conservation bulletin, etc.
The meeting ended with a general understanding that a new list of threatened
plant species was urgently needed in Spain (see Conservacion Vegetal 1, 1996).
The last list had been published 11 years earlier, in 1984, so there was a need to
update information contained in this antiquated list. Moreover, certain results
derived from several plant conservation inventory projects from different parts
of Spain made this task urgent.

Eventually a Spanish flora commission within the IUCN Spanish committee
was formally set up and the first meeting of the new Flora Commission was held
in CAlbufera de Valencia in July 1999 under the auspices of the Government
of Valencia. From this meeting a steering committee was formed with one
objective: to produce the new Spanish plant Red list (see Conservacion Vegetal
5,2000).

By that time, the Biodiversity agency of the Spanish Ministry of Environment
was ready to help and promote plant inventories because they were also
launching a new general Spanish biodiversity inventory, involving vertebrates,
invertebrates and plants. This inventory was also a requirement from the
implementation of a new Spanish biodiversity conservation legal framework,
and closely related to the development of some of the protocols of the
Convention of Biological Diversity (CBD). Spain was part of the CBD by
ratification since the end of 1993. It was not surprising that the Flora Commission
of Spanish UICN committee and the Biodiversity agency of the Spanish
Environmental Ministry found common grounds, and the latter organized in
February 2000 another meeting in Miraflores (Madrid). The final draft of the new
list was approved, and a few months later the 2000 Red List of Spanish Vascular
Flora was published (AA.VV,, 2000). In addition, the Spanish Ministry took the
opportunity in Miraflores to present to the botanist community the need for a
larger project involving field conservation inventories and the production of
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red data books. Rapidly, botanists and managers agreed on the advantage of the
upcoming new plant red lists to develop a more ambitious project. This way, the
foundations of the AFA project were laid.

During the following years an extensive survey involving many of the most
threatened plants in Spain was carried out. Results came afterwards, and three
years later, in 2003, the first red data book containing 478 taxa was published
(Banares et al., 2003; Bafares et al., 2004). Those plants were amongst the
top list priorities in Spanish plant conservation, comprising mostly Critically
Endangered and Endangered plants according to UICN categories. In 2007 a
new volume with 35 new taxa came to light, and those taxa were studied during
a two-year (2005 and 2006) campaign (Bafares et al., 2007). A new volume
with 53 taxa appeared in 2008, corresponding to plants studied during the
previous year (Banares ef al., 2008). The last one has been published recently,
and it includes 57 plants surveyed in 2008 and 2009 (Banares et al., 2010).

THE AFA PROJECT AS A MODEL INVENTORY

Several conservation works came to light under the umbrella of the AFA
project, most importantly, but not exclusively, red data books. The four
mentioned red data books were structured following standards widely used
in conservation inventories. Therefore, a red data sheet for each plant showed
short depictions about current taxonomy, biology and habitats preferences,
demography (including data about life span, recruitment, reproduction, etc.),
reported on potential threats and finally conservation measures (active or
passive). However, it was the population approach that made this work more
innovative. So, for the first time in Spanish plant conservation, the unit of
inventory was the population and not the species. Accordingly, populations
were mapped and size recorded explicitly for the project. In addition, main
threats were reported for each of them. All the information, associated with
both species and population, has been recorded in an extended database.

The precise survey methods for the AFA project have been described
elsewhere (see for example Moreno et al., 2003). As of May 2011, AFA database
contains 609 field reports covering 623 taxa, the difference consisting in extinct
plants in Spain with no current location. There are 4649 areas surveyed and
3179 populations confirmed, the difference is made up of populations with
more than one location and problematic locations (not found populations,
misplaced references, mistaken areas, etc.). The inventory includes 32,966
referenced UTM 1x1 square km, with 5,812 of them representing a confirmed
presence of a species.
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Before red data books, a field handbook was elaborated for the field data
gathering of AFA project (Iriondo, 2011). Thus, since the beginning of the
project, a group of botanists from different disciplines (floristic, taxonomist,
plant ecologist, plant conservation managers) worked together to elaborate an
operation manual or basic field work protocol. This handbook set the guidelines
to perform censuses and tallies, mapping, demography and threat analyses and
field forms and database management. A draft was presented and approved for
all AFA participants before the first field campaigns and the final document was
ready to use by all regional teams at the time of field prospecting.

We may also consider red data listing as a dire product of the AFA project.
We have shown already that the elaboration of the 2000 red data list was closely
related to it. The 2000 red data list provided a well-accepted threatened plant
ranking among the plant conservationist community, useful to provide the
plant selection for work in field survey. 100 botanists coming from universities,
botanic gardens, national parks, regional conservation agencies, freelance
professionals, etc. produced the list in less than six months. 1,800 Spanish taxa
were evaluated with the 1994 UICN criteria (Mace, 1994) and 1,414 appeared
in the final approved list (Laguna & Moreno, 2000).

The next list will be published 8 years later, in 2008 (Moreno, 2008). We
may think of two main reasons for the production of this new IUCN threat
classification. On the one hand, not only the AFA project but several active
conservation projects promoted by regional governments in Spain had produced
quality data for several plants since the 2000 list. On the other hand, a new UICN
cataloging system appeared in 2001. This involved not only new categories, but
also changes in some thresholds in the IUCN criteria and subcriteria (IUCN,
2001). Consequently, in order to update data and classification, all plants should
be reassessed following new IUCN rules. In a similar procedure to the previous
2000 red data list, 71 authors and 107 collaborators elaborated a new list: the
2008 red data list. Table 1 summarizes the main results from the two lists, and
changes have been significant. For example, 197 new species were included and
40 old species were excluded in the 2008 list from the 2000 red data list. In total,
there were 654 category changes from 2000 to 2008.

Finally, the AFA project produced a detailed and original survey for a group
of selected plants across Spain, the so-called demographic AFA. A demographic
study was set up and taxa were monitored every year for six consecutive years.
In all, 37 species were selected and, 20 field teams sampled 65 populations and
more than 13,000 individuals during this 6 year period. Using demographic
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modeling tools (Caswell, 2001), this monitoring allowed a detailed demographic
analysis (Iriondo et al., 2009).

Threat category 2000 RL 2008 RL
EX, EW o RE 21 25
CR 164 308
EN 244 278
VU 720 610
NT - 172
DD 265 133
LC - 45

Table 1. Distribution of IUCN threat categories (according to 1994 and 2001 criteria,
respectively) among taxa in 2000 Red List and 2008 Red List in Spain.

AFA PROJECT: ORGANIZATION AND REASONS FOR SUCCESS

The organization of such a project was a true challenge for the Spanish
botanist community. Never before had anyone tried to gather and update
detailed information on such a large array of species during such a short period
of time.

The whole Spanish territory was divided into five zones to be able to cope with
the bulk of species and deadlines of the project: Central zone, Andalusia zone,
Atlantic zone, Canaries zone and Mediterranean zone. Regions were delimited
following two criteria, a region should be under a similar biogeographical
settings and the number of species per region should be not very different. The
only exception was the Canary Islands region, where more species than in any
other territory were selected due to its insularity. Hence, the Canary regional
teams supported an extra work load.

In total, 36 regional field teams were set up. A regional coordinator was
established for each region or zone (see Fig. 1). These five coordinators formed
the scientific steering committee of the project. In addition to them, another
working group was set up to produce the above mentioned field work handbook
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and solve specific methodological problems during field campaigns. Finally, a
management team (TRAGSA group) was also established, in charge of diverse
tasks such as organization of meetings, license procedures, database design and
management, data flow, image and promotion, social awareness, publication
editing and coordination, etc.

Figure 1. Flow chart of the Spanish Atlas de Flora Amenazada project.

Ten years from the start of the project may be enough, not only to describe
key aspects of the organization and settings of the AFA project, but to try to
shed light on some of the reasons explaining this long-running project.

From our point of view, there are two factors that have contributed to the
success of this monitoring project: historical and scientific. Among the first,
perhaps the most relevant is the building up of a solid Spanish plant community
during previous years, probably starting in the 1960s (Dominguez Lozano et
al., 2001). Most of them derived from Academia, where plant taxonomy and
floristic disciplines were still appreciated in the curricula and research skills at
the moment of AFA inceptions and certainly more than they are today.
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Another important reason is the upheaval of a small but hard working (and
brave) group of plant conservation managers in Spain. Their influence areas
were located in some regional conservation agencies across Spain. We should
to be grateful that Spain is a member of the EU in order to explain why those
plant conservation managers were so important. EU provided some legal and
funding help during the 90s to start up a whole new conservation structure in
Spain. As a result, a powerful network of regional conservation agencies was
established, which in turn gave way to the arrival of new professionals (young
botanists were among them) to the Spanish conservation arena (Moreno Saiz
et al.,2003).

Completing this picture was the embracing of the Spanish government of
wider International conservation initiatives, the most important being the
Convention of Biological Diversity. As a consequence, a sound and modern
Spanish plant conservation legal framework was ready to be implemented at
the start of the AFA project.

We can envisage some scientific or methodological reasons as well with
regard to AFA development. Thus, one key aspect is the production of a well-
accepted, easy to use field work methodology (see above). It was not an easy
task if we consider the amount of plants and people involved in the AFA project.

Relevant to the work was the availability of a plethora of different kinds of
floristic works produced during the previous years. In this way, local and regional
floristic catalogues, databases and phytosociological efforts covering extended
areas in Spain had been produced in former decades. The detailed information
provided was of paramount importance for the rapid implementation of the
project. Certainly without this base knowledge the compilation for AFA project
would have been very different and the results never the same.

Finally, the expertise and skill provided by some basic reference taxonomic
works also contributed to the success of the project. The role of Flora Europea
first, and most importantly the continued effort of Flora iberica should be
stressed. Several regional floras also contributed directly to provide basic
taxonomic and floristic information for the project. Taxonomy work should be
at the front line of the conservation strategy and from this point of view those
projects produce, as with Flora Iberica, a comprehensive taxonomical work that
with healthy tensions are translated to the conservation world.

THEORETICAL UNDERPINNINGS OF BIODIVERSITY INVENTORIES
AFA project may be considered an example of classic inventories: it
gathers in a particular time frame as much information of a pool of species
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as possible. However, can all these efforts and resources inform us about key
biodiversity aspects? As we have shown, AFA project has been operating for
ten years, and usually inventories may extent for longer periods of time. So,
at least theoretically, they contain information about the evolution in time of
biodiversity.

But it is not clear how all this information can show us simple patterns
in biodiversity. In other words, are inventories really capable of measuring
biodiversity losses and gains?

Another important aspect is to know if inventories or surveys are useful to
assess how effective in halting biodiversity losses present conservation strategies
really are. Sooner or later, conservation measures will produce results, but it is
not clear how future inventories will record them.

Finally, and particularly relevant, is to know if inventories will be sensitive
enough to the several impacts and threats to plant biodiversity. Can we use
present inventory techniques as early warning systems of future changes?

In order to shed light on these questions, we need to explore the quality and
the quantity of data that a standard inventory usually produces. We may think
of at least three main variables that most of the present biodiversity inventories
usually consider:

- Overall, they record the presence of the species, most commonly measuring
the area of occupancy. The way this variable is measured varies, but it usually
employs a cartographic grid with a specific scale closely related to the survey
effort. Atlases frequently employ a 10x10 square km grid (UTMs in Europe) on
a regular basis, but more recently a reduced scale has been used: 1x1 square km
grid.

- Inventories offer data related to not only the presence but the abundance of
the plant. The way this information is collected is even more diverse. It usually
consists of very simple information: a plant is rare, common, etc., it can use
cover indexes as well, and in some particular cases, more often performed for
animals, census data are also recorded.

- Finally, conservation status isan important piece of information. Inventories
report threats and conservation measures for populations or species, and it is
also frequent that a threat category is assigned based on this information.

AREA OF OCCUPANCY

Frequently, area of occupancy, or range size, has been one of the most and
primarily recorded variable for plants. Early in the last century, Willis and Jule
(1922) showed one consistent biogeography pattern related to this variable.
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The frequency of rare species is always larger than the frequency of common
species for a particular biota. In other words, it is easier to find rare plants than
common ones in any performed inventory no matter scale or species involved.

Willis gave a name to this frequency shape curve: hollow curve (Willis,
1922). The hollow curve is similar to the normal curve but with an asymmetry
towards the left side, approaching to a lognormal function. So, we say that it is
skewed to the left. Skewness is then a measure of the asymmetry of a curve, or
its departure for a normal towards a lognormal curve. One of its consequences
is that the mean and median no longer coincide (Fig. 2).

Figure 2. Hollow curve of the area frequency distribution in a model inventory. X axis
represents the size of the area occupied. It is usually expressed using a grid system, for
example km?, UTMs or other. Y axis refers to the number of species in each area size class.
In essence, the curve represents a histogram of the area size.

Therefore, it seems appropriate to explore how this curve behaves for some
readily available examples of threatened plant inventories. We have been using
data from three known inventories for this in a recent study (Dominguez et
al., 2012). These are the Protea Atlas in South Africa, the California Natural
Diversity Database (CNDDB) of rare plants and the already described AFA
project. Protea Atlas reports the presence of all South African taxa in the
Proteaceae family as it is the result of extensive campaigns of field prospecting
involving volunteering and staff capabilities. The sample unit is a 1x1 minute
grid (approximately 1.5 X 1.8 km?, Rebelo, 1991). In the case of CNDDB,
rare plant data are collected by volunteers, environmental agencies and plant
research facilities across California. They record population areas in different
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formats, but eventually a specific area polygon can be assigned to each reported
population. As we have seen, AFA project records plant populations, but in this
case using a 1 km? grid (UTM system).

Fig. 3 presents area frequency distributions (or hollow curves) for the
three inventories. As expected, the curve shape is similar for all, but particular
differences exist. The value of skewness is one of them for South African
distribution, which indicates the most left skewed distribution of all, followed
by California and then Spanish data. Another result is range, or data span,
being also larger in Proteas, then Spain and finally CNDDB, which possesses
the narrowest data range.

After these results, in the same study we performed a minimum sample
analysis to find out how differences among the three selected inventories may
effect a future monitoring program using just a portion of each biota. Results
reported that, proportionally, we need less sample effort for CNDDB, then
Spain and finally, for Proteas.

Range and inventory size were important parameters related to precision in
the analyzed inventories. CNDDB inventory has a small range (because only
rare plants are surveyed) but the size is fairly large (more than 1,100 taxa).
Both characteristics make this survey the most suitable to start a monitoring
program. AFA project is derived from a small range as well (only considering
the most threatened plants), but, on the contrary, this survey possesses fewer
total records: 250 plants, producing more variation, therefore losing some
precision. Protea Atlas represent inventories difficult to monitor because of the
large range covered (common and rare proteas) and again its relative small size
(only Proteacae species, 422 in total).

Lessons learned

From this study we can conclude that skewness, or in other words, the shape
of the relation between area of occupancy and species numbers, is related
to scope and scale of the inventory (which plants and how much and where
they are surveyed). But skewness per se does not affect the precision of the
future monitoring program. Precision is associated to sources of variation.
Large inventories, in terms of species numbers and time span of the survey,
produce more precise outputs because some sources of variation are reduced.
So, they seem better qualified to start a monitoring program able to report
biodiversity changes as soon as they occur. However, we should be aware of the
fact that more absolute efforts will be needed when monitoring, because large
inventories involve more species or populations.
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Sources of variation are several. For example they can come from the nature
of the inventory itself (type of taxonomical group or scope). Thus, variation
arises in wide spectrum inventories (including narrow and wide spread taxa)
or inventories that consider a broad array of habitat types or include diverse
locations. Finally, other sources of variation arise when inventory is poorly
performed (less personnel) or not fully implemented (low surveying time per
population or species).

Figure 3. Area frequency distribution for (a) South Africa protea species, (b) for rare
plants in California and (c) for Spanish AFA endangered plants. X axis represents an
area of minute by minute cells (approx. 1.7 km?) of species range distribution for South
African proteas, km? of range area for Californian plants, and UTMs squares of 1 km? for
Spanish species. Figures modified from Dominguez et al. (2012).
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MONITORING THREAT CATEGORY CHANGES

IUCN categories have been in force since the seventies (Holdgate, 1999).
Several works have shown the need to use the conservation information
provided by these powerful systems (Possingham et al., 2002; Keith et al., 2004;
Rodrigues et al., 2006). But in spite of this plea, and some methodological
drawbacks, few examples of threat category monitoring exist (Butchart et al.,
2004). Plants have been targeted recently to study threat category changes in
Iberian Spain and Western Australia (Dominguez et al., 2013). We may focus
on some examples of this study, to describe the main causes of threat category
change and in which direction and at what pace those changes occur.

For example, Tetratheca paynterae (Tremendraceae family) has changed
from EN category in 2000 to CR in 2008 in Western Australia. The reason for
this upgrading is related to conservation concern because of increasing decline
in their area, extent and quality of habitat due to a particular threat: mining.
Another example considering a Spanish case; Androsace halleri (Primulaceae)
has been downgrading from EN to VU during the same period of time. This
downgrading has been related to increasing knowledge derived from better
survey efforts that have produced new population findings and an overall better
information of the population sizes and limits.

Fig. 4 shows results for both territories in relation to causes of category
changes. Both charts depict similar proportions in the underlying cause of
category movement. So, a threat category change along this time is not frequent
in both territories. It is even more noticeable that low proportion of true
conservation changes across both sets of threatened plants occurred during
these 8 years. Only 12 species out of 432 in Western Australia (2.8%) and 89
out of 1,040 Spanish endangered plants (8.5%) have moved from one category
of threat to another that reflects genuine changes in their conservation status.

They also maintain similar proportions in two other classes. Thus, shares
of species that have experienced no change, and species with changes due
to knowledge were also alike. Nevertheless, the proportion of WA taxa of
‘no-change’ species during this period represents up to 65% of the 432 total
threatened species considered; whereas in Spain, with more species under the
IUCN system, a slightly more dynamic assessment has been developed (just
43.4% species experienced no change).

75



Plant conservation inventories, what we have now and what we need for the future

Spanish threatened plants WA threatened plants

Taxonomy; 12

Taxonomy; 41 New; 17

Conservation; Criteria; O

12
Conservation;
89

No change; 452

No change; 283

Figure 4. Spanish and Western Australia threatened plants distribution according to
reasons for change in IUCN categories since 2000. Data from Dominguez et al. (2012).

In relation to pace of movement in categories, the same paper showed again
similar trends in both regions; during this period upgrading was dominant
among species that had moved through the category ranking (Table 2). Most of
the reasons produce positive movement and only changes due to criteria revision
in Spain and taxonomic revisions in Australia (mainly due to redetermination
of herbarium specimens and new assignments to hybrids or previously thought
independent species) produce negative or downgrading movements.

In Spain we are fortunate because red list comparison can move further
backwards in time. This is possible because red data lists exist for 1984, 2000,
and 2008. Hence, considering only mainland Spain plants (excluding Canary
Islands), 1,104 plants in 1984, 953 plants in 2000, and 1,116 plants in 2008 were
tracked in a previous work (see Dominguez, coord., 2008), summarizing 1,892
recorded taxa.

This example is useful to show that a part of the “no movement” section
represents what we can call “recalcitrant species”. Those that are unable to go
turther in the conservation ladder have been in the uppermost category since the
beginning of the assessments and and still are due to no positive conservation
effect. Thus during this time, 20 plants have been in the highest category across
the whole period of assessment (1.06% of the total). It is needless to say that
they are in the utmost need for conservation action. Derived from the same
analysis, another important result is the proportion of flora with continuous
upgrading (i.e. more sensitive to change): 34 taxa have been upgraded in the
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three assessments. Of the plants considered, 389 (around 20%) have been
common to the three lists during those years.

Western Australia Spain

Reason Mean Std Dev Mean Std Dev

Knowledge 0.5 2.6 1.3 1.6
Conservation 0.7 1.1 1.6 1

Criteria 0 0 -0.9 0.5
Taxonomy -0.2 3.2 0.3 2.3
New 3.2 1 3.3 0.8
Total 0.9 1.3 0.6 1.4

Table 2. Average UICN movement according to reason for each territory. One unit
represents a single positive movement, for example from EN to CR.

Lessons learned

Threat category is an important variable to use in a monitoring program,
because it is very sensitive to change across time. Although changes are less
numerous when short periods of time or only plants in the upper categories are
considered, with regards to longer time spans, superior to 10 years and about
plants in the lowest threat categories, movements are frequent.

Contrary to what it may seem, it is expected that most changes would not be
related to true conservation reasons. However, when real conservation reasons
are responsible for explaining those changes, they will usually be related to
increasing conservation awareness.

Then increasing knowledge will probably be the most popular reason for
changes in the status of the plants when category movements are monitored.
Changes in taxonomy concepts or changes in IUCN criteria classification are
also common motives to produce movements in threatened lists. Reporting
and monitoring this kind of movements is also very useful from a monitoring
perspective. To some extend, the “better knowledge” output is a guarantee; it
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shows that monitoring is working and it is able to discover new findings in
the real conservation status of surveyed plants. In addition, recording higher
knowledge about plants, not only will produce better conservation assessments
in the near future, but a better comprehensive plant conservation strategy in
the long term, assuring that the truly most endangered plants receive the best
conservation measures.

Finally, the precautionary principle may explain why so few true
conservation movements are produced when short comparison times are
considered. Thus, in spite of active measures taken to protect plants, inertia
may exist not to downgrade them until very clear signs of recovery are shown.

DEMOGRAPHIC VARIABLES

Monitoring has been closely related to counting individuals along time,
in other words, producing censuses with a repeating methodology year after
year (Hutchings, 1991; Schemske et al., 1994). Somehow, it was a general
understanding that as much meticulous and time-demanding a census was,
much more accurate the monitoring would be and much more information
it would contain. At this moment, structured population censuses are among
the most detailed of all. They provide tools for calculating several demographic
parameters, being the finite rate of increase or lambda parameter one of them
(Caswell, 2001). Fig. 5 shows average lambda values and standard deviation for
the above mentioned demographic AFA project. Although an overall tendency
to slight negative growth may be inferred, the intra and inter year variations
preclude a precise trend. So, one may conclude that there is not a clear departure
for demographic stasis, and it is difficult to translate these demographic results
to clear conservation recommendations. Although a short period of monitoring
partially explains this lack of definition in trend lines, this is not the only cause,
as some examples of structured population monitoring during more extended
periods of time also appear.

Vella pseudocytisus subp. paui is an endemic and threatened species in Spain,
forming part of the group of plants originally selected for the demographic
AFA. It has been continuously monitored since then, and now ten years of
continuous monitoring can be analyzed for two independent populations.
Again, departure from stasis or no demographic change (lambda = 1) seems not
to be significant during this time (Dominguez et al., 2011a, Fig. 6). Oscillation
around equilibrium is predominant and only one population, and just for some
years, departs significantly from stasis. As a consequence, perturbation has to
be strong in order to produce a significant departure from standard conditions
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and a clear negative demographic trend (see for more details Dominguez et al.,
2011b).

These results may contribute to explain why demographic analyses
(criterion E in IUCN threat classification system) are scarcely used in IUCN
assessment for plants in Spain. 10 out of 37 species with available demographic
data have been qualified using the E criterion in the demographic AFA project.
Considering the whole 2008 Red Data List (with more than 1,198 plants), 11
species use criterion E. In conclusion, although demographic analysis is not
usually available for UICN assessments, when it is so, there is no guarantee to
produce useful results for threat category assignments.

Figure 5. Average and standard deviation of finite rate of increase (lambda) values for
the AFA populations per transition years. 65 populations were monitored during six
consecutive years. Figure from Iriondo et al. (2009). If lambda values are equal to one,
the population is stable, if lambda values are higher than one, the population experience
positive demographic growth, and if lambda values are below one, the population

decreases.

79



Plant conservation inventories, what we have now and what we need for the future

Figure 6. Finite rate of increase for two populations of Vella pseudocytisus subsp. paui.
Average and confidence interval values are derived from bootstrapping of the sampled
individuals in both populations. Modified from Dominguez et al. (2011a)

Lessons learned

Most of the demographic AFA plant populations experience stable
demographic dynamics. These results may include broad variation or not, but
on average, dynamics do not oscillate too much from equilibrium.

It is very difficult to detect departure from standard demographic conditions
for plants with very stable population dynamics. It may be said that only strong
perturbations seem to alter demographic dynamics enough to make a classic
monitoring program useful.

In our opinion, there are at least two factors playing against the extended
use of demographic data for conservation assessments of plants. The difficulty
to obtain such information is widely accepted to be one of them (Morris &
Doak, 2002). The second factor is related to definition of clear trends. As AFA
monitoring and other works (Dominguez et al., 2011b) seem to indicate, even
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when demographic data is ready to be used, there are difficulties to expose a
particular conservation pattern.

So, demographic variables are not recommended for a useful monitoring
program, they are difficult to monitor and as we have shown, at least for some
cases, they seem not to have the ability to detect changes of conservation
interest.

CONCLUSIONS: INVENTORIES FOR THE FUTURE

In spite of the fact that more resources than ever are now dedicated to
monitoring and specially surveying, with the available tools that we have at
hand, it is difficult to gain a clear sign in plant biodiversity trends. Explanations
to this lack of monitoring patterns are complex, and often several factors add
up to produce non-satisfactory patterns. We can list some of them:

Span of monitoring programs: It is almost a general claim that monitoring
times are often too short to be informative. Some monitoring variables are not
very sensitive for particular time spans but they become useful if monitoring
time increases. For example, there might not be many threat category changes
for 5-10 year period but they increase for longer periods, 20 or more years.
In relation to demographic variables, it is important to bear in mind that
plants may be a particularly resistant taxonomy group in relation to the usual
periods of monitored times for this variable type. Longevity is a common trait,
and there are also other biological properties contributing to this lack of dire
response towards changes such as seed and corm dormancy, very low persistent
seedling survival, negative growth or clone growth. Therefore, other time scales,
different than human time scales, are required to clearly ascertain demographic
trends affecting plants. In general, monitoring times are in close relation to the
variables chosen, and it is highly recommended that previous to any action, we
should have a strong understanding of the expected time of response of those
variables.

Non-informative monitored variables: Some monitoring variables are not
very informative or even redundant for plants; this may be the case of variables
associated to certain demographic changes if our results are confirmed in the
future. They may require more time and resources, but their results can be
even less significant than those produced by other monitoring variables with
less intensive prospecting. So, in addition to exploring response time, there is
a need to study how methods and techniques to collect data are used when
demographic variables are selected for the monitoring program. If results are
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not satisfactory, switching towards other more informative variables may be a
more feasible alternative. A clue to effectively identify those variables is to pay
attention to factors that are closely related to what is causing plant biodiversity
change. Therefore, using surrogate monitoring such as those related to land use
changes, over-collecting, urbanization rates, etc., often yield a better indicator
of change.

Biases affecting variation: There are different sorts of biases producing
unexpected sources of variation. We can identify bias in space derived from
the fact that some territories are over-recorded. This bias may be explained due
to proximity of research centers, expected promising lands to plant discovery
(mountains, hot spots) or better accessibility, incrementing variation of the low
prospecting sites. Bias in time responds to the effect of availability of resources
and funding for monitoring surveys, and produces an accumulation of records
in good years of monitoring and a scarcity in years when prospecting has been
less intensive. Finally, a taxonomic bias should be mentioned. Some particular
taxonomic groups are intensively surveyed whereas others are less prone to
monitoring. For example Gimnosperm and Magnolidae (usually because they
are trees or they are notorious) have more opportunities to be surveyed than,
for example, Polygonaceae or Plumbaginaceae (groups that represent plants
related to aquatic environments or particularly difficult taxonomic taxa).

Identifying and reducing biases should be a prior condition for monitoring
programs, and present inventories contain useful information to do both.
For example, they may provide targeted areas in under-recorded territories, a
solution to rapidly reduce the bias related to space.

Current inventories are equally useful to detect new sources of variation. If
this new variation turns out to be informative, we can always incorporate it as a
new monitoring variable. For example, we may find out that low inventory effort
is a new source of variation in our program. Usually, this variation is linked to
some particular habitat types: managed forests, aquatic environments, habitats
related to coastal locations exposed to rapid changes due to human activities:
sand dunes, maritime scrublands, etc. So, we may target these habitats to gain
insight of possible new changes. In short, one possible way to cope with bias
and variation is focusing on a section or part of the biota: most threatened
plants, bioindicators, plants associated to habitats subject to change, etc. They
will provide a rapid assessment of the biodiversity status. To sum up, we have
the ability to identify more informative habitats or plants using information
gathered in present inventories.
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Lack of baselines: We have not reached a clear baseline in knowledge yet.
This is related to both taxonomy and survey efforts. The effect of taxonomy
in biodiversity pattern is complex but clear (Agapow & Sluys, 2005; Knapp
et al., 2005; Dominguez Lozano et al., 2007). It is related to species concept,
taxonomists™ attitudes and taxonomic effort. In addition, increasing survey
effort is still effective in producing new findings about the true status of flora;
this is also true for territories theoretically well explored and with long tradition
of field surveys (Ertter, 2000). As results of these two factors, not only we can
still expect new species and new population discoveries, but movements in
boundaries and status of already known populations as well. Although this
can be considered a real merit of good inventory campaigns, it comes as a
drawback: there is a lack of clear baselines or past trends to compare with. One
possible solution is to incorporate knowledge as another monitoring variable
in our system, taking into account the effect of increasing knowledge in the
general monitoring trend.

Inventory scope: The scope of classic surveying or inventory has usually
been too broad (many species) and extensive (large mapping zones). They
produce enormous sets of data, but they also have attached extra variation and
bias loads. As a consequence, identification of trends is blurred. In general, a
more focused monitoring program should be recommended. Of course this
does not mean that we leave out massive inventories, but produce different
levels of future monitoring according to needs (Philippi et al., 2001; Marsh
and Trenham, 2008). So in simple terms, more informative sites or species will
carry a first level, more intensive, monitoring scheme, and successive groups of
plants or sites will require less, secondary level, monitoring.
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Abstract

We reviewed the data on the diversity (number of native taxa) and the number
of Balearic endemics published since the last check-list. Differences may be
attributed to discordant taxonomic criteria, uncertain reports, misapplication
of some names, misidentifications of herbarium material and unequal floristic
knowledge of the different main islands of the Archipelago. The native flora
has 1,551 taxa, of which 140 are endemics. We shall discuss some aspects of
biogeography and biology of the endemic flora. The number of threatened taxa
in the Balearic Islands is 180 (11.6% of all native taxa). The greatest threats
to the native flora are direct and indirect results of human activities followed
by the overgrazing of goats. The list of protected species should be revised
considering that 55.5% of the threatened species, and that almost half (46.1%)
of the threatened endemic taxa, are not under legal protection.

Keywords: Balearic Islands, native flora, endemism, Mediterranean region

INTRODUCTION

The Balearic Islands, located at the western part of the Mediterranean Sea,
consist of 5 main islands and about 100 small islets. Despite its small size (c.
5,000 km?), the Archipelago does not present a unique flora, since the diversity
of environments (salt-marshes, rock-crevices, mountain gullies, temporary
ponds, woodlands, scrubs, maritime sands, small islets, etc.) and the significant
differences between islands makes for a quite variable composition. This
Archipelago has attracted the attention of botanists for more than 4 centuries;
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however the first serious attempts to develop floristic inventories date back
from the late 19" century. Although studies on the diversity of vascular plants
are numerous, at present there is not a modern and updated review of the flora
of the Archipelago. The aim of our study is to update the basic information of
the Balearic flora and to examine some characteristics of the endemic and the
endangered taxa.

MATERIAL AND METHODS

The area under study encompasses the Balearic Islands. Following the
criteria established by Pla et al. (1992) and Rita & Payeras (2006), we provide
data for 6 islands: the Eastern Balearic Islands (Mallorca, Menorca, Cabrera
and Dragonera) and the Western Balearic Islands (Eivissa and Formentera). In
order to obtain a list of the Archipelago’s native taxa (vascular plants) we have
used as our main source the catalogue of Pla et al. (1992). This information has
been updated with the information published in recent scientific publications.
Taxa reported as present but considered doubtful, unlikely to be found on
the Balearic Islands, or within a specific island of the Archipelago, have been
revised where possible. In our survey, taxa of uncertain systematic value have
been excluded and the doubtful reports have been considered invalid if no
corroborating voucher specimen or other proof could be found. In addition,
sterile hybrids, as several nothospecies of the genus Asplenium, Ophrys, etc.,
were not considered for purposes of calculating parameters related to the
reproductive biology or conservation status. We have considered the endemic
species (or subspecies) whose populations occur entirely within the limits of
the Balearic Archipelago. For chorological classification, we have followed the
criteria of Bolos et al. (2005). The classification of the endemic taxa according
to its life form, ecological preferences, pollination mode and seed-dispersal
strategy were determined on the basis of published reports, or inferred from
plant, flower and fruit morphology, as well as from our field observations.

RESULTS

Diversity: number of taxa

In the past two decades different amounts regarding how many taxa were
comprised in the flora of the Balearic Islands have been published (Table 1).
The lowest number is about 1,300 species (Bolos, 1997) and the highest is 2,230
(Travesset, 1999). Between these two extremes, there are different approaches
concerning the number of taxa constituting the Balearic flora. Our data
indicate a remarkable decrease in the number of native taxa regarding the most
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recent studies (Table 1, 2). Differences among these studies may be attributed
to various causes, but are mainly due to: 1) discordant taxonomic criteria: The
different catalogues of floristic works do not employ the same nomenclature
or classification system for many species (the same entity may occur in these
different works as a species, a subspecies, a variety, or a synonym); 2) uncertain
reports (usually outdated literature references) without voucher specimens;
3) misapplication of some names; 4) misidentification of existing herbarium
material and 5) unequal floristic knowledge of the different main islands of the
Archipelago.

Taxa % endemics
Pla et al. (1992)* 1,650 10.4
Rivas-Martinez et al. (1992) c. 1,500 3
Bolos (1997) c. 1,300 3.4
Médail & Verlaque (1997) 1,500 12
Travesset (1999) 2,230 7
Rita & Payeras (2006) 1,729 10.0
Rossellé & Castro (2008) c. 1,500 8.1
Present study** 1,551 9.0

Table 1. Number of plant taxa and % of endemic taxa in the Balearic Islands; *sterile
hybrids not included; **sterile hybrids and doubtful taxa not included.

Ma Me Ca Dr Ei Fo

Pla et al. (1992)* 1443 979 381 106 880 534
Rita & Payeras (2006) 1445 1157 488 335 921 593
Present study* 1302 1090 418 341 876 558

Table 2. Number of plant taxa on each specific island (Ma: Mallorca, Me: Menorca; Ca:
Cabrera; Dr: Dragonera; Ei: Eivissa; Fo: Formentera); * sterile hybrids not included.
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A total of 440 native taxa (28.4%) from the Balearic Islands are located on
any particular island (Table 3). Apart from these genera or groups with high
endemicity, it is remarkable that virtually one third (32.4%) of the Balearic
pteridophytes are found exclusively on the island of Mallorca, more specifically
on the mountain ridge of Serra de Tramuntana.

Exclusive taxa Exclusive taxa

(endemic species not (endemic species

included) included)
N° % N° %
Balearic Islands -- -- 440 28.4
Mallorca 189 145 242 18.6
Menorca 124 114 137 12.6
Cabrera 3 0.7 4 0.9
Dragonera 1 0.3 1 0.3
Eivissa 39 4.4 49 5.6
Formentera 10 1.8 11 2.0

Table 3. Number of taxa that occur only on a particular island of the Balearic Archipelago.

Regarding the unequal floristic knowledge of the different main islands of
the Archipelago, here we provide information on the number of publications
and floristic novelties for each island since the publication of the most recent
check-list (Pla et al., 1992). Floristic inventory with unequal intensity, at
different times (Fig. 1), with different systematic criteria, determines some
notable differences at floristic levels between islands.
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Fig. 1. New taxa for the Balearic Islands/year between 1993 and 2010. Alien, hybrids and
doubtful taxa are not included. New records for a particular island that do not represent
new taxa for the Archipelago are also not included.

The analysis of phytogeographical composition of the Balearic flora showed
that 61.9% of the species are Mediterranean plants. The Pluriregional group is
represented by 32.6% of the species, which form a diverse group in terms of
their geographic origin, and the Euro-Siberian component is represented by
5.4% of the taxa. This element is mainly represented on the higher mountains
of Mallorca. The percentages for these three elements are very similar to those
reported by Bolos (1997) and Rita & Payeras (2006). It is well known that the
percentage of Tyrrhenian taxa is higher in the Gymnesian, whereas the taxa
distributed through the Eastern Iberian Peninsula and the Balearic Islands are
more frequent on the Pityusic Islands (Fig. 2).
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Fig. 2. Number of taxa endemic to the Balearic Islands (black); endemics restricted to
each island (dark grey); Tyrrhenian taxa (light grey) and taxa distributed through the
Eastern Iberian Peninsula and the Balearic Islands (white).

Endemic taxa and their characteristics

The endemic element, although subject of numerous studies and considered
as relatively well known, is also subject to divergent interpretations from a
quantitative point of view. Thus, it is considered that the percentage of endemic
taxa ranges between 3% (Rivas-Martinez et al., 1992) and 12% (Médail &
Verlaque, 1997). According to our data (updated in February 2013) the endemic
taxa (i.e. taxa strictly localized in the Balearic Islands) represent 9.02% of the
indigenous flora of the Archipelago (Table 4). Most likely, the percentage of
endemic species would increase if studies were conducted in poorly known
groups; however, on the other hand, detailed systematic studies sometimes
have revealed the existence of alleged endemic Balearic populations in other
areas, as in the case of Allium ebusitanum Font Quer (Aedo, 2006).

Hybridization is a common and important evolutionary process that can
create new species (Rieseberget al., 1995),among other biological consequences.
Nevertheless, as noted above, we have not included the hybrid taxa (usually
sterile and not apomictic) that do not constitute populations. Some hybrid taxa
are easily morphologically characterized (hybrids between species of Ophrys,
Orchis or Asplenium species, among others), and some are endemic (Viola x
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balearica, Rhamnus x bermejoi, several Asplenium nothotaxa, etc.), but in many
cases these plants can be fertile (Helichrysum, Teucrium, Limonium) and it is
not easy to confirm their hybrid nature and are even frequent backcrosses,
which makes the inventory of these hybrids extremely complex and of doubtful
utility in order to compare patterns of biodiversity or establish conservation
status according to IUCN (2001) criteria.

Pla et al. (1992)* Rita & Payeras Present study**

(2006)

N° % N° % N° %
Balearic Islands 172 10.4 173 10.0 140 9.0
Mallorca 122 8.5 125 8.7 103 7.9
Menorca 58 59 60 5.2 54 4.9
Cabrera 27 7.1 30 6.1 23 55
Dragonera 8 7.5 29 8.7 23 6.3
Eivissa 45 5.1 44 4.8 33 3.7
Formentera 22 4.1 23 3.9 17 3.0

Table 4. Number and % of endemic taxa on the Balearic Islands; * sterile hybrids not
included; ** sterile hybrids and doubtful taxa not included.

The differences in percentage of endemic species in recent studies (Tables
1 and 4) close in time may be due to several reasons: 1) discordant taxonomic
criteria, 2) inclusion, in the number of endemic species, taxa of unconvincing
taxonomic status, and 3) failure to clearly establish what is an endemic plant
of the Balearic Islands: in most recent studies [with the exception of Rita &
Payeras (2006)], generally not strictly endemic taxa (Tyrrhenian, taxa also
present in the Iberian Peninsula and Southern France, or other territories)
are included in the group of endemic species. The criteria adopted here is that
an endemic species of the Balearic Islands is a taxon whose distribution area
is restricted to this Archipelago. Some studies have included in the group of
endemic plants several Tyrrhenian and Western Mediterranean elements that
some authors recognize as sub-endemics. A critique to this addition is based
on the fact that the boundary area to recognize when a plant is sub-endemic is
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not unequivocally established. It seems reasonable that if we wish to recognize
this heterogeneous and diffuse group of sub-endemics, it is necessary to specity
objective (and reviewable) criteria to identify them positively, as has been
suggested in other nearby continental areas (Saez et al. 2010). Until we reach
a consensus on this issue, it seems that the most consistent objective and least
problematic solution is to restrict the concept of endemism to those plants
actually endemic to the Balearic Islands.

The five families with the largest number of endemic taxa are the same
as indicated by Rita & Payeras (2006): Plumbaginaceae, Leguminosae,
Compositae, Labiatae, and Umbelliferae. The endemic taxa of these families
represent more than half (51.1%) of the endemic taxa. 81 endemic taxa (57.8%
of all the Balearic endemics) are restricted to a single island. The number of
endemic species restricted to an island could be higher (87 taxa, 63.0%), if we
do not recognize the island of Sa Dragonera as independent, since it could be
considered an extension of the Serra de Tramuntana in Mallorca. In fact, if Sa
Dragonera is recognized as an independent island in order to establish patterns
of distribution and endemism, perhaps it would also be desirable to include
islands of major biogeographic singularity like Es Vedra (off of southwestern
Eivissa). Possibly the best solution is to limit this type of analysis in the future
to the five major islands of the Archipelago.

In the Balearic Islands, the endemic species occur in rocky areas, cliffs and
screes (35.5% --excluding maritime rock-crevices--), shrubby habitats and
forest edges (28.2%), coastal ecosystems (24.0%), grasslands and open habitats
(10.1%) and wet areas (2.2%). Almost half of the endemic species (44.9%)
are located in mountain communities, most of which (58.1%) colonize rocky
habitats.

The differences between the Eastern Balearic Islands and the Pityusic Islands
regarding the composition, diversity and relationships of their endemic floras
have been highlighted by different authors (Bolos, 1997; Thompson, 2005). The
Eastern Balearic Islands have a significantly more diverse endemic flora: 120
endemic taxa (105 of which are exclusive), whereas in the Pityusic Islands there
are 35 endemic taxa, 20 of which are restricted to this subarchipelago. Endemic
taxa shared between Eastern Balearic Islands and Pityusic Islands are scarce (15
taxa, 14.5%).

High endemism is a feature that characterizes mountain ecosystems,
especially those of islands (Steinbauer et al. 2012). In the Balearic Islands,
mountain areas have the highest rates of endemism, as indicated for other
Mediterranean islands (Thompson, 2005). Within the Balearic Islands, the
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highest level of endemism is observed on the Serra de Tramuntana: 80 taxa
(57.1% of all the Balearic endemics) occur in this area that contains more
endemic taxa than any other among the islands of the Archipelago. A quarter
(25.0%) of the Balearic endemics are restricted to this mountainous area. In
the case of the mountain areas of Mallorca, endemic taxa with Eurasiatic or
non-Mediterranean affinities are limited. Whether these mountainous areas
experienced an impoverishment of flora as intense as has been suggested for
other high mountains of large Mediterranean islands (Thompson, 2005) is a
question that remains to be determined.

With regard to life form, almost half of the Balearic endemic taxa are
chamaephytes (44.3%), which is a high percentage but similar to other areas of
the Mediterranean region. The hemicryptophytes represent about a quarter of
the total endemic taxa (25.7%). It is remarkable the relatively high percentage
of nanophanerophytes (11.4%), by contrast, the rate of therophytes, one of the
most abundant life forms in the flora of the Mediterranean basin (Quézel, 1995)
is considerably low (10.7%). The geophytes represent 7.9% of the endemic taxa.
These data are somewhat different from those provided by Rita & Payeras
(2006), probably due to discordant taxonomic criteria regarding the endemic
element (these authors admit that several taxa of doubtful taxonomic value
were included), but in any case, the spectrum of life forms of the endemic flora
strikingly differs from that of the whole of the Balearic flora.

The information on the reproductive biology of endemic species is still scarce,
both in the Balearic Islands and the rest of Mediterranean islands (Travesset,
1999). According to this author, 90% of the endemic taxa have showy flowers,
suggesting biotic pollination. Our preliminary results confirm the data provided
by Traveset (1999) and indicate that biotic pollination is clearly a major feature
(94.2%) in endemic taxa. However, this percentage includes taxa which have
been confirmed as ambophilous and others most likely to be included in this
group (such as numerous species of the genus Limonium).

According to Rossellé & Castro (2008), 100 of the 121 endemic taxa (82.6%)
show non-apomictic reproduction (82.8%). Our results (82.9%) of the endemic
taxa show non-apomictic reproduction) are very similar to those reported
by these authors, who provide detailed information about the karyological
evolution of the sexually-reproducing angiosperm endemic flora of the Balearic
Islands.

With regard to dispersal mechanisms, 86.4% of the endemic taxa use abiotic
means of dispersion, with the majority of barochorous/semachorous system.
On the other hand, 13.6% of the Balearic endemics present adaptations to biotic
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dispersion, being endozoochory the most frequent in this group of zoochorous
plants and represents 6.5% of all endemic taxa, a proportion somewhat lower
than indicated by Travesset (1999). Most (55.6%) of these endozoochorous taxa
correspond to nanophanerophytes.

Threatened species

Several taxa in the Balearic Islands are on the brink of extinction. Their
threats have been assessed according to the criteria of the International Union
for Conservation of Nature (IUCN, 2001). The number of threatened taxa
(Extinct in the Wild, Regional Extinct, Critically Endangered, Endangered and
Vulnerable) in the Balearic Islands is 180 (11.6 % of all native taxa). Among
these endangered taxa, 32 were not included in the Red Data Book (Sdez &
Rossello, 2001). Among Balearic threatened species there are 63 taxa (35%) that
are endemic to the Archipelago.

It is noteworthy that although the number of taxa assigned to the Data
Deficient category has declined since 2001 (Fig. 3), as a result of improved
knowledge of rare and potentially threatened species, this percentage remains
relatively high (10.2% of native flora). Also noteworthy is the significant increase
in the number of Critically Endangered species, as a result of: 1) the discovery
of new taxa hitherto unknown in the Balearic Islands (especially in Menorca),
and 2) as a result of the reassessment of the categories assigned in 2001.

Fig. 3. Number of taxa assigned to the IUCN category (2001): Regional Extinct (RE),
Extinct in the Wild (EW), Critically Endangered (CR), Endangered (EN), Vulnerable
(VU), Near threatened (NT), Data Deficient (DD).
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We quantified the threats facing all threatened species (180 taxa) (Fig. 4).
Factors inherent to the species such as reproductive problems, limited dispersal,
etc. have not been considered in this analysis. The greatest threats to the
native flora result directly and indirectly from human activities. Urbanization
[including infrastructures] is the most prevalent threat (32.6%), followed by
overgrazing [mainly due to goats] (26.9%), human disturbance [pollution,
degradation, trampling, collection, etc.] (16.8%), native species interactions
[competition, hybridization, etc.] (15.2%), stochastic events [fire, drought,
storms, etc.] (6.3%) and introduced species (2.2%).

Figure 4. The percentage of threatened species by urbanization and infrastructures (UR),
overgrazing (OV), human disturbance (HD), natural causes (NC), stochastic events (SE)
or introduced species (IS).

Currently, 80 species of vascular plants are legally protected in the Balearic
Islands. Accordingly, the list of protected species should be revised considering
our results as 55.5% of the threatened species are not under legal protection. Of
these 80 protected species, 56 (70%) are actually endangered according to IUCN
(2001) criteria, 42 species (52.5%) are endemic and 34 (42.5%) are threatened
endemic species. This means that almost half (46.1%) of the threatened endemic
taxa are not protected. The most endangered Balearic endemic species must be
considered as priority taxa in conservation strategies. In the Balearic Islands,
unlike other Mediterranean islands, where the mountain flora is in relatively
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low danger (Médail & Verlaque, 1997), the most endangered Balearic endemic
species are localized in a wide range of altitudes, from sea level to the highest
peaks, but it is certainly on coastal areas where a high number of threatened
species concentrate, mainly of the Limonium genus. As knowledge of the flora
of the Balearic Islands imporoves, especially with regard to endangered species,
it will be possible to update the Red List (or Red data book) in the future. These
lists, together with specific studies to analyze population viability, will help to
fill some gaps and inconsistencies in the Balearic List of Endangered Species.
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