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Abstract Oceanic islands have been the grand stage of documented extinctions. In view
of limited resources, efficient prioritization is crucial to avoid the extinction of taxa. This
work lists the top 100 management priority species for the European archipelagos of the
Macaronesian region (Azores, Madeira and the Canary Islands), taking into account both
their protection priority and their management feasibility. Bryophytes, vascular plants,
molluscs, arthropods and vertebrates were scored by species experts following two sets of
criteria: (i) protection priority, including ecological value, singularity, public institutions’
management responsibilities and social value; (ii) management feasibility, including
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threats knowledge and control feasibility, external socio-economical support for man-
agement and biological recovery potential. Environmental managers weighted the same
criteria according to their management importance. Final species scores were determined
by the combination of both species valuation and criteria weighting. Vascular plants
dominate the Top 100 list, followed by arthropods and vertebrates. The majority of listed
taxa are endemic to one archipelago or even to a single island. The management feasibility
criteria did not dictate that all taxa must be eminently endangered, as for most of the
species it should be relatively easy to control threats. The main advantages of this process
are the independent participation of scientists and conservation managers, the inclusion of
criteria on both protection priority and management feasibility and the taxonomically
unbiased nature of the process. This study provides a potentially useful biodiversity con-
servation tool for the Macaronesian archipelagos that could be readily implemented by the
respective regional governments in future legislation.

Keywords Azores - Biodiversity management - Canary Islands - Conservation priority -
Macaronesia - Madeira - Ranking criteria - Risk assessment - Threatened species

Introduction

Oceanic islands are unique geological and biological units. In many cases, they had
remained isolated from human influence until recently, and they have been the stage for
many recent reported extinctions (Lawton and May 1995; Sadler 1999; Brook et al. 2003;
Steadman and Martin 2003; Cardoso et al. in press). This has stimulated the debate as to
whether endemic island species are inherently less resilient to threats than their continental
counterparts (Manne et al. 1999; Sax et al. 2002; Frankham 2005). Though this higher
intrinsic vulnerability is often questioned (Manne and Pimm 2001; Biber 2002), islands are
relatively small areas with large percentages of endemic species that have little chance of
escape from any sudden threat such as habitat destruction or invasive species. Such cir-
cumstances may lead to a higher extinction risk (Duncan and Blackburn 2007). In fact,
external threats to restricted territories such as oceanic islands have led to more frequent
extinctions than in continental territories (Paulay 1994; Quammen 1997).

The emerging conservation crisis in natural ecosystems and processes is part of political
agendas in many countries and organizations. Similar to most European countries, Portugal
and Spain signed the Convention for Biological Diversity, wherein they agreed to promote
species conservation and use the necessary resources to stop the extinction of species by
2010 (UNEP 2002). However, no pragmatic goals were agreed upon, and how each country
planned to reach these objectives was not defined (see Baillie et al. 2008). Many different

A. C. Costa - R. T. Cunha - A. M. F. Martins - P. Rodrigues - L. Silva - M. Martins
Departamento de Biologia, CIBIO (Research Center in Biodiversity and Genetic Resources) - Polo
Acores, Universidade dos Acores, 9501-801 Ponta Delgada, Portugal

P. Oliveira
Parque Natural da Madeira/CEM, Quinta do Bom Sucesso, Caminho do Meio, 9050-251 Funchal,
Portugal

P. Cardoso (PX)

Smithsonian Institution, National Museum of Natural History, P.O. Box 37012, MRC 105,
Room E-509, Washington, DC 20013-7012, USA

e-mail: pcardoso@ennor.org

@ Springer



Biodivers Conserv (2010) 19:1659-1682 1661

approaches have been devised and proposed for systematic conservation planning (Mar-
gules and Pressey 2000; Margules and Sarkar 2007), including a simple ranking of sites
according to their species richness or rarity measures (Borges et al. 2005a), measures that
take into account the naturalness of habitats (Machado 2004; Cardoso et al. 2007), and the
use of algorithms that consider the complementarity of sites, such as irreplaceability value
(Pressey et al. 1994; Ferrier et al. 2000). Regardless of the approach used, these measures
are ineffective if not accompanied by political actions that legitimise and enforce them
(Johnson et al. 2007; Wood et al. 2008).

Legal mechanisms are available in many countries that provide managers with tools and
opportunities to counteract extinction processes, including the declaration of a species as
threatened (Klemm and Shine, 1993; Martin et al. 2005). However, the concept of a
threatened or endangered species is not universal, as the definition of these terms varies.
Non-Governmental Organizations (NGOs) have a tendency to apply looser criteria, while
governments’ criteria are usually stricter, as they are forced to act if a species is legally
declared as threatened (Bouchet et al. 1999; Jeffrey 2001). The concept of threat is itself
open to discussion as, for example, a species with a very restricted area of occupancy can
be naturally rare but not in decline (Martin 2009).

On the other hand, investment in species with a low probability of avoiding extinction
or which require an extreme amount of resources for their recovery might not be the
optimal conservation strategy. Because resources are limited, to focus all efforts on a single
or a few species will necessarily condemn other species that could be saved with much
fewer resources. Regardless of the conservation approach adopted, a combination of sci-
entific and political agendas is needed to best achieve a species priority ranking that is both
objective and practical (Bottrill et al. 2008; Schmeller et al. 2008). If such a classification is
based upon criteria that have been previously agreed between scientists and managers, then
these three requirements for effective conservation can be met: (1) ranking species
according to their priority for management in view of limited resources; (2) avoiding ad
hoc conservation of species that have priority due only to their charisma; and (3) con-
version of a threatened species list into a legally protected species list.

Our work focused on the oceanic archipelagos of the Azores, Madeira (including the
Selvagens Islands) and the Canary Islands, which are all part of the Macaronesian bio-
geographic region. The Macaronesian archipelagos are included in the Mediterranean
biodiversity hotspot (Myers et al. 2000). Indeed, the number of unique endemic species and
subspecies of terrestrial organisms in these islands is estimated to be around 420 for the
Azores (Borges et al. 2005b), 1,419 for Madeira (Borges et al. 2008) and 3,672 for the
Canary Islands (Izquierdo et al. 2004).

The aim of this study is to list the 100 taxa with the highest management priority in the
Macaronesian region, the so-called Top 100, following an approach adapted from Marsh
et al. (2007) based on both ecological and management criteria in oceanic islands. This
arbitrary limitation in the number of taxa is a direct path to action, as it identifies species or
subspecies that are both threatened and have a high probability of recovery (see Marsh
et al. 2007; Bottrill et al. 2008). This list meets the three requirements previously men-
tioned, as both species experts and environmental managers were involved in its formu-
lation. It includes taxa (species and subspecies) from most major groups of organisms,
including arthropods, molluscs, vertebrates, bryophytes and vascular plants. The inclusion
of almost all terrestrial (excluding the poorly known fungi and lichens) and some marine
taxa is a step forward, one that enables a better understanding of the Macaronesian bio-
diversity status. The detailed results were published in a book (Martin et al. 2008), which
includes a file for each one of the Top 100 Macaronesian species as well as the Top 100
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species and results for each archipelago (Arechavaleta and Martin 2008; Cardoso et al.
2008; Faria et al. 2008). These results can readily be adopted by each regional government
as important guidelines for future biodiversity conservation legislation.

Materials and methods

The methodology used to list and rank management priority taxa was based on Marsh et al.
(2007). Threatened taxa were evaluated for both protection priority and management
feasibility, and we obtained the 100 management priority taxa from the combination of
both evaluations.

Target taxa selection

It would be impossible to evaluate all the indigenous (native and endemic) species and
subspecies present in the study region during this project time-frame. The process of target
taxa selection was different for each archipelago. In the Canary Islands, the target taxa
were those considered threatened according to the most recent regional evaluations (Martin
et al. 2005), as well a few other taxa whose status had recently worsened. In the Azores,
due to the lack of such listings, the target taxa were identified by the specialists of each
group as under threat and in need of urgent conservation measures, or were included
because they were already listed in European directives or lists (Cardoso et al. 2008). In
Madeira, the target plant taxa were selected by applying existing threatened species lists
(Fontinha et al. 2001; Jardim et al. 2006), while all other taxa were chosen by experts
(Faria et al. 2008). The number of target taxa was 310 for the Azores, 190 for Madeira and
156 for the Canary Islands.

Criteria definition

The criteria used to evaluate the taxa were modified from Marsh et al. (2007), in order to
better reflect the situation of oceanic islands in general, and the Macaronesian reality in
particular. To evaluate a taxon’s protection priority, we considered four factors: (1) eco-
logical species value; (2) species singularity; (3) public institutions’ management
responsibilities; and (4) species social value (Table 1). Some of these criteria were further
divided into several sub-criteria:

PP.1.1. Ecological role—a measure of taxon input into ecological interactions of the
ecosystem. Higher scoring was given to species with a unique and irreplaceable role in
ecosystem structure or function.

PP.2.1. Rarity according to distribution—measured at a 2 x 2 km scale (as in [UCN
2008), this measure was intended to safeguard the taxa with more restricted
distributions. Higher scores were given to taxa with smaller areas of occupancy. For
the Azores, Canary Islands and molluscs of Madeira, data were obtained from the
ATLANTIS database that includes the spatial distribution of all terrestrial species (see
details in Izquierdo et al. 2004). For all other taxa in Madeira, data were obtained from
specialists’ databases.

PP.2.2. Rarity according to abundance—this measure was intended to safeguard taxa
that had lower abundances. Higher scoring was given to taxa with lower estimated
number of individuals.
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Table 1 Priority criteria according to protection priority

Criteria Score Description

PP.1. Ecological value
PP.1.1. Ecological role 4

PP.2. Singularity

PP.2.1. Rarity according to 4
distribution

3
2
1
PP.2.2. Rarity according to 4
abundance 3
2
1
PP.2.3. Taxonomic 4
singularity 3
2
1

PP.3. Management responsibility
PP.3.1. Occurrence

PP.3.2. Population or area of 4
occupancy decline

Keystone taxon (top predator, important dispersion agent or
pollinator, main host of endemic species)

Taxon with a significant role in the ecosystem, may share such role
with one or two related species

Ecological role in the ecosystem may be shared by other three to
five related species

Ecological role in the ecosystem is shared by more than five related
species

Single island endemic species and moreover extremely rare (area of
occupancy less than 5% of the island area)

Single island endemic species or single island endemic subspecies
and moreover extremely rare (area of occupancy less than 5% of
the island area)

Species endemic to two or more Macaronesian islands or
subspecies endemic to one or more Macaronesian islands

Taxon native to Macaronesia

Taxon with less than 50 mature individuals
Taxon with less than 250 mature individuals
Taxon with less than 1,000 mature individuals
Taxon with more than 1,000 mature individuals
Taxon of a monotypic family

Taxon of a monotypic genus

Taxon of a genus with four or less species
Taxon of a genus with more than 4 species

Taxon endemic to Macaronesia

More than 50% of its population or area of occupancy is inside
Macaronesia

Between 25% and 50% of its population or area of occupancy is
inside Macaronesia

Less than 25% of its population and area of occupancy is inside
Macaronesia

Taxon with a loss of at least 70% during the last 10 years or three
generations, whichever is the longest, or that in presenting an
area of occupancy smaller than 1 km?, presents any amount of
loss during the same period

Taxon with a loss of at least 50% during the last 10 years or three
generations, whichever is the longest, or that in presenting an
area of occupancy smaller than 2 km?, presents any amount of
loss during the same period

Taxon with a loss of at least 25% during the last 10 years or three
generations, whichever is the longest, or that in presenting an
area of occupancy smaller than 3 km?, presents any amount of
loss during the same period

Taxon for which the data do not allow inferring a loss that reaches
the previous values
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Table 1 continued

Criteria Score Description

PP.4. Social value

PP.4.1. Social value 4 Taxon with a considerable social value to the human populations in
Macaronesia or one of the archipelagos

3 Taxon with a considerable social value to the human populations of
at least one of the islands

2 Taxon with social value to at least one interest group (e.g. NGO)
relevant to the region or one archipelago

1 Taxon generally unknown to the human population

PP.2.3. Taxonomic singularity—this measure acknowledged that species with a larger
phylogenetic distance to their closest relatives have a more unique genetic heritage.
Higher scoring was given to species with no close relatives worldwide.

PP.3.1. Occurrence—endemic species are probably the most fundamental part of the
natural heritage in a small region, and losing them would imply the extinction of a taxon.
Taxa that only occur in Macaronesia, or that have a high percentage of individuals in the
region, received higher scores.

PP.3.2. Population or area of occupancy decline—taxa that are experiencing a
significant decline have higher probability of extinction. Higher scores were given to
larger losses or any losses in smaller areas.

PP.4.1. Social value—this measure indicated the importance society gives to the taxon,
either because of direct or indirect benefits. If a species is well regarded by local human
populations it had higher scores.

Compared with criteria Marsh et al. (2007) used to measure consequences of extinction,
the main difference in this study was the inclusion of species conservation status indicators
(criteria PP.2.1, 2.2 and 3.2). These status indicators were added because threatened
species lists were not available for many groups in the Azores and Madeira, and hence
these criteria were incorporated to increase the scoring of the most threatened taxa. Due to
the lack of population genetic structure information for most taxa, this criterion was not
used in our work (see Marsh et al. 2007).

To evaluate management feasibility, we considered three factors: (1) knowledge of
threats and threat control feasibility; (2) external socio-economical support to species
recovery; and (3) species biological recovery potential (Table 2). Some of these criteria
were once again further divided into several sub-criteria:

MF.1.1. Threat knowledge—to reverse a declining tendency in a given species, it is
necessary to know what is causing such a decline. The better the threats were
understood, the higher was the score for this criterion.

MF.1.2. Threat control feasibility—if it is impossible to control or eliminate a threat,
any resources that are applied in this way are simply wasted. Higher threat control
success probabilities yielded higher scores.

MF.2.1. Financial means and costs—avoiding the extinction of species may be
extremely expensive, often requiring specific programs and projects. Taxa that require
fewer resources for their conservation were given higher scores.
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Table 2 Priority criteria according to management feasibility

Criteria Score Description

MEF.1. Threats

MF.1.1. Threat knowledge 4 The threats are known, as is their relative importance
The threats are known, but their relative importance is
not
2 The taxon is known to be in decline, but the threats are
unknown
1 The taxon is not known to be under threat, aside
possible periodical fluctuations
MEF.1.2. Threat control feasibility 4 High probability of success for controlling or
eliminating threats
3 Medium probability of success for controlling or
eliminating threats
2 Low probability of success for controlling or
eliminating threats
1 No probability of success for controlling threats
MEF.2. External support
MF.2.1. Financial means and costs 4 To stop the threat would be so effective that no
(excluding monitoring) management costs are required, not even current
expenses
3 To stop the threat would only require current expenses
2 To stop the threat would require a long-term financial
commitment
1 It is not possible or necessary to stop the threat, or the
threat is unknown
MEF.2.2. Community support to the 4 Recovery plans have support and can be done by the
development of efficient recovery plans community itself, under regular administration
supervision
3 Recovery plans have support from the community,

willing to collaborate with the administration

2 Recovery plans have a polarized or neutral position
from the community

1 In all likeliness, the community will oppose to any
recovery plans, making necessary important
management actions and possible law enforcement

MF.2.3. Protected areas 4 The entire population is inside protected areas
3 At least 50% of the population is inside protected areas
2 Less than 50% of the population is inside protected
areas
1 The entire population is outside protected areas

MEF.3. Biology

MEF.3.1. Biological potential for the taxon 4 The taxon has the potential to double its population in
recovery, assuming the control of threats less than 1 year
3 The taxon has the potential to double its population in
less than 5 years
2 The taxon has the potential to double its population in
less than 10 years
1 The taxon would take more than 10 years to double its
population
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MF.2.2. Community support—if a species is so well regarded that the local human
population itself might contribute to its conservation, the management feasibility is
much augmented. Higher human population support implied higher scores.

MF.2.3. Protected areas—species populations inside protected areas should in theory
have higher chances of survival. The higher the percentage of a taxon’s populations that
exist inside reserves, the higher the score.

MF.3.1. Biological potential—taxa with short biological cycles and high fertility rates
are easier to recover, and thus have a higher biological recovery potential. Higher scores
were given to taxa with shorter population doubling times.

Compared to the criteria used in Marsh et al. (2007) regarding a taxon’s potential for
successful recovery, the main difference here was the inclusion of the protected areas
criterion (MF.2.3). This was deemed important since protected areas are probably the most
effective conservation tools used in the Macaronesian Islands, and their existence greatly
facilitates any recovery action.

Scoring workflow

The (sub-)criteria were first defined by the project coordinators (Martin, Arechavaleta,
Borges and Faria), who acted as the liaisons for the three regional public administrations
(Fig. 1).

The tables defining the criteria (Tables 1 and 2) were then sent to environmental
managers from several governmental institutions in the three archipelagos (Fig. 1). Each
manager had to distribute a total of 100 points per table according to the different sub-
criteria and weight them according to the relative importance of the different species
conservation factors. Their scores were then sent back to the project coordinators who
averaged all values of all managers. A sample of 24 managers revealed no large dispersion
of values, so no further consultations were required (as in the DELPHI methodology, see
Linstone and Turoff 1975).

definition of criteria

Environmental managers Species experts

weighting of relativeimportance of scoring of target taxo
criteria

Workshops for defining common
interpretation of scores
Azores, Madeira, Canary islands

makingof the list of priority species for management

Fig. 1 Workflow of the approach followed for this work
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The same tables (Tables 1 and 2) were simultaneously sent to species experts (Fig. 1),
who scored each taxon 1—4 for each sub-criterion, according to the parameters previously
established, and without previous knowledge of the weighting that environmental man-
agers had attributed to each sub-criterion. Several workshops with the project coordinators
and species experts were then conducted in each archipelago to standardise, as much as
possible, the interpretation of criteria (Fig. 1). Thirty-six species experts participated in this
stage.

Final species scores were calculated by multiplying the raw scores by their respective
relative weights, and summing the weighted scores in each criterion. A rank of the 656
target taxa was reached, and the Top 100 management priority taxa were identified.

Results

The 100 taxa selected as priorities (listed in Appendix—Table 5) are predominantly from
the Canary Islands (Fig. 2). This is in accord with the number of endemic taxa in each
archipelago, as the Canary Islands have more than 60% of the Macaronesian endemic
species (see above).

The Top 100 list is largely dominated by flowering plants (Fig. 2). Arthropods and
vertebrates follow in the list and all other groups are less represented. All 100 taxa selected
are terrestrial and endemic to one of the archipelagos, with the exception of the Medi-
terranean monk seal (Monachus monachus) and the barnacle (Megabalanus azoricus). Of
the 98 endemic taxa, 86 are restricted to a single island and 15 belong to genera endemic to
a single archipelago.

The average weight given by environmental managers to each criterion was highly
variable (Table 3). Higher importance was given to a species’ ecological role in the
ecosystem, threats knowledge and control feasibility. In contrast, species’ social value,
community support for species protection and species taxonomic singularity were con-
sidered less important (Table 3).

Mollusca
(3)

Canary Islands

61 Bryophyta
(1) " Magnoliophyta
Pinophyta
(2)
Pteridophyta
3)

Fig. 2 Number of species at the Top 100 priority for management at each archipelago and divided by
higher taxa
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Table 3 Relative weights of

criteria as attributed by environ- Criteria Weight (%)
mental managers Protection priority 100
PP.1. Ecological value 22.93
PP.1.1. Ecological role 22.93
PP.2. Singularity 39.89
PP.2.1. Distribution 16.01
PP.2.2. Abundance 12.60
PP.2.3. Taxonomic 11.28
PP.3. Management responsibility 28.36
PP.3.1. Occurrence 12.90
PP.3.2. Decline 15.46
PP.4. Social value 8.80
PP.4.1. Social value 8.80
Management feasibility 100
MF.1. Threats 41.99
MEF.1.1. Knowledge 19.83
MEF.1.2. Control feasibility 22.16
MF.2. External support 40.68
MF.2.1. Costs 16.85
MF.2.2. Community support 11.50
MF.2.3. Protected areas 12.33
MEF 3. Biology 17.42
MF.3.1. Potential for recovery 17.42

The scoring given by species experts revealed the most common characteristics of the
species in the Top 100 priority list (Table 4). Most species share their ecological role with
more than two others, and less than one-fifth were considered keystone taxa. These key-
stone taxa are mainly troglobiont arthropods that often are the only representatives of a
particular trophic guild in a cave (such as Trechus oromii and Maiorerus randoi).

The vast majority of taxa have a very restricted distribution, only living on a single
island and occupying less than 5% of the island’s area. Some, like the snails Idiomela
subplicata and Geomitra turricula or the spurge Euphorbia anachoreta are even restricted
to minute islets. Most of these taxa are either plants or arthropods, although three species of
Gallotia Canarian lizards and the Azorean bullfinch (Pyrrhula murina) also have extremely
restricted distributions. The majority of taxa listed have less than 1,000 mature individuals.
Some of the taxa with the most restricted distribution also have very few individuals, with
an obvious relationship between distribution and abundance. The Canary plant Solanum
vespertilium doramae is among the least abundant, with about ten individuals in the wild,
as was Jasminum azoricum in Madeira, with less than six individuals.

The majority of taxa belong to genera with five or more species, and only seven
represent monotypic genera. These latter species belong to various groups of organisms,
from arthropods (Macarorchiestia martini) and molluscs (I. subplicata) to vertebrates
(Neophron percnopterus) and plants (Azorina vidalii, Monizia edulis). Almost all taxa
are endemic to a single archipelago, with the exception of the monk seal and the
barnacle.
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Table 4 Frequency of each score for each criterion, as attributed by species experts to the Top 100 priority
taxa analyzed

Criteria Score

4 3 2 1

Protection priority

PP.1. Ecological value

PP.1.1. Ecological role 19 19 41 21
PP.2. Singularity

PP.2.1. Distribution 82 6 11 1

PP.2.2. Abundance 24 29 32 15

PP.2.3. Taxonomic 0 7 15 78
PP.3. Management responsibility

PP.3.1. Occurrence 99 0 0 1

PP.3.2. Decline 21 19 35 25
PP.4. Social value

PP.4.1. Social value 10 7 27 56

Management feasibility
MF.1. Threats

MF.1.1. Knowledge 86 14 0 0

MEF.1.2. Control feasibility 34 61 4 1
MF.2. External support

MF.2.1. Costs 9 47 43 1

MF.2.2. Community support 3 10 81 6

MF.2.3. Protected areas 73 11 5 11
MF.3. Biology

MEF.3.1. Potential for recovery 2 25 59 14

Three-quarters of the taxa suffered some sort of population or distribution decline
during the last 10 years or three generations. Many species experienced severe reductions,
including 16 plant taxa. The majority of the listed taxa have a low social value, and the
exceptions are mostly vertebrates (Fringilla teydea polatzeki) or plants with ornamental or
medicinal use (such as Geranium maderense and A. vidalii).

Threats to the survival of all the selected taxa have been identified. Nevertheless, for
some species the relative importance of these threats remains unknown, even for verte-
brates such as a Canarian bird (F. teydea polatzeki).

The ability to control known threats is usually high. The only species for which known
threats seem to be unmanageable is the spurge E. anachoreta, which is endemic to the
minute islet of Ilhéu de Fora (Selvagens). In many cases, the costs of threat control are not
excessive, and some species require very small investments. For example, the cave spider
Turinyphia cavernicola would be better preserved with simple measures directed towards
visitors to Algar do Carvdo (Terceira, Azores), the cave where the species is endemic.
However, threat control for almost half of the taxa would require a long-term financial
commitment, likely involving specific projects.

The local human populations are expected to assume a neutral position regarding the
management of most taxa. Nevertheless, are there cases where local communities may
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oppose species management measures. For instance, the pigeon Columba trocaz is hunted
for meat in Madeira, and the barnacle M. azoricus is much appreciated as a delicacy in
the Azores. On the other hand, three vertebrates of the Canary Islands (N. percnopterus,
F. teydea polatzeki and Gallotia simonyi) have received enough community support that
recovery actions can be implemented by locals on their own.

Most populations of threatened taxa are found inside protected areas, often created
precisely to protect them. However, many cave arthropods are exclusive to caves that are
under no protective measures (Cixius cavazoricus, Macharorchiestia martini, M. randoi,
Pseudoblothrus oromii, Thalassophilus azoricus, Trechus jorgensis and T. oromii).

It is estimated that most taxa would take between 5 and 10 years to double their
populations if all threats were removed. Two taxa, however, have the potential to double
their abundance in less than 1 year: the slug Parmacella tenerifensis and the small flow-
ering plant Crambe sventenii.

Discussion

The adaptations made to the criteria in the original proposal of Marsh et al. (2007) allowed
us to circumvent two problems in its application: the lack of information for many groups
and the idiosyncrasies of oceanic island ecosystems.

We had no information on the population genetic structure for most groups, as equally
abundant data are extremely hard to obtain for clearly distinct taxa such as insects and
birds. We also did not have threat categorization information for all taxa. Even if this data
existed for all groups, it would probably be applied differently for each archipelago,
making direct comparisons impossible or at least problematic. Given these two problems,
we had to add or delete some criteria from the original proposal (Marsh et al. 2007). The
new criteria classified taxa not only according to the consequences of extinction, but also
expanded the concept to reflect their protection priority, which includes the species status.

Applying the criteria to oceanic islands also required a number of adaptations. Due to
isolation, islands and archipelagos are biogeographic units where the proportion of
endemic taxa is much higher than in similar mainland areas. Also, many species have
extremely restricted distributions even if they are not endangered (Martin 2009). These
characteristics of oceanic islands had to be reflected in the ranking method, and thus new
criteria were added. Therefore, our protocol could be considered an adaptation of the
Marsh et al. (2007) protocol, but specifically adapted both to a much wider range of
taxonomic groups and to island archipelagos.

Among the innovations and advantages of the proposed methodology, the independent
participation of both scientists and managers in the definition of species conservation
priorities is essential (Fig. 1). While managers are best at recognizing species recovery
priorities, they are usually not aware of which species are in greater danger as they are not
familiar with the biology and ecology of all the species living in the areas under their
jurisdiction. On the contrary, species experts usually know very well the taxonomic status,
ecology and biology of the species they study, but are either not aware of what is more
important in a recovery program or are too biased towards their taxa of preference to
realise the feasibility of their recovery.

Another major advantage of this approach is the taxonomically unbiased nature of the
process. It is far too common that species are selected for conservation programs exclu-
sively due to their charisma (Roberge and Angelstam 2004). This leads to disproportionate
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and unjustified resource allocation towards some taxa. For example, the Birds (79/409/
EEC) and Habitats (92/43/EEC) Directives of the European Union are the main drivers of
conservation efforts in many European countries, but the protected species lists in these
directives are utterly biased towards vertebrates and vascular plants. This implies that only
projects concerning species within those groups have access to the European Union LIFE
program funding, the largest European contributor to conservation projects. Only with an
unbiased approach that covers all taxa for which sufficient information is available will it
be possible to better direct resources to species that could benefit the most.

The unbiased taxon selection approach used in this study resulted in group proportions
(Fig. 2) that are probably a combination of two factors: the number of species in each
group (mainly endemic) and the knowledge available for each species. Vertebrates and
vascular plants are arguably the best known, and the Macaronesian islands are rich in
endemic vascular plants, hence their dominance on the list. Arthropods, molluscs and
bryophytes are the least known groups. Nevertheless, arthropods have many endemic
species and represent a relatively large proportion of the 100 priority taxa. An analysis by
archipelago reinforces this view, as most of the arthropods listed (12 of the 17 species;
Appendix—Table 5) are from the Azores, from where a much more complete knowledge
of the spatial distribution and abundance of its endemic arthropod fauna is available
(Borges et al. 2005a) than for the other archipelagos.

Some species that ranked very high on the protection priority list did not make the Top
100 list because it would be very hard if not impossible to protect/recover them. This is the
case of the beetles Deucalion oceanicum and Paradeucalion desertarum from the Selva-
gens and Desertas Islands, respectively. Both species were found to be of high conservation
interest, but the poor available knowledge would not allow for threat control (Fig. 3).
D. oceanicum, for example, is completely dependent upon its host E. anachoreta, another
Selvagens endemic species, and the only species in the Top 100 for which the threats are
thought to be unmanageable. Despite this difficulty, this Euphorbia species did reach the
final list because it was the highest protection priority species of all the initial 656 taxa
(Fig. 3, and Appendix—Table 5).

An opposite situation to E. anachoreta is that of the frostweed Helianthemum tholiforme
from Gran Canaria. This shrub scored average in protection priority; however, its popu-
lations are thought to be so easy to manage and recover that it scored the highest of all

400
Helianthemum tholiforme
350 Cheirolophus arboreus .
,B‘ C. sventeniigracilisCO 8, ® 08  ee ® Helianthemum inaguae
= 8 L Q .
a 0,% @ O.- Y .x . .o
o 300 & 854 : e o, ® e Marsileaazorica
o 7 g:@' wpe, o°
g B .
S 250 WRES % e
5 @ g o :
0% o ° o ® Euphorbiaanachoreta
jo))
8 200 g g °
@ @ o ° 8Paradeucal/on desertarum
£ 150 Deucalion oceanicum
o
100 -
100 150 200 250 300 350 400

protection priority

Fig. 3 Weighted scores for protection priority and management feasibility for each evaluated taxon. The
100 taxa with the highest combined scores are in black, the taxa that did not reach the Top 100 are in white
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species in management feasibility, thus reaching the Top 100 list (Fig. 3, Appendix—
Table 5). Other plants such as Cheirolophus arboreus and Cheirolophus sventenii gracilis
also had very high feasibility scores, but they did not have a high enough protection
priority score to be listed.

The taxa with the highest overall scores (see Appendix—Table 5) had to score very high
in both fields. This was the case for the water-clover Marsilea azorica from Terceira
(Azores) and the frostweed Helianthemum inaguae from Gran Canaria (Fig. 3). Both
species live in a single known locality and have very few individuals. However, at least for
the latter, artificial propagation has already been attempted with success, causing it to score
high in terms of management feasibility (Santana et al. 2006).

Troglobiont organisms, mainly arthropods, were found to be of striking importance. These
had the highest ecological role scores, due to the fact that they are usually the single repre-
sentatives of their trophic guilds in the very simple food chain found in caves. In addition, the
distribution of these species is very restricted, with many species endemic to a single cave.
However, troglobiont organisms scored the lowest for social value and protected areas, as
local human populations are usually unaware of these species, and most caves do not house
any flagship vertebrate species and therefore were not included in protected areas. Although
some recent work claims to support the flagship species concept (Sergio et al. 2000), this is
usually regarded as inefficient or even inappropriate (Cabeza et al. 2008; Roth and Weber
2008). Our study suggests that this concept, which is based on the reasoning that flagship
species may serve as umbrella species, clearly fails in many situations.

The relationship between taxon distribution and abundance was apparent in this work.
Taxa with a very limited area of occupancy are obviously limited in the number of
individuals they can maintain, so they usually scored high in both criteria. This relation has
been long known (Gaston 1994; Lawton 2000) and further emphasises the need to protect
these “double rare” species. Species that are only able to survive in a single habitat type,
which is a common situation for rare species, present all forms of rarity: distribution,
abundance and habitat (Rabinowitz 1981).

The taxonomic singularity criterion revealed a pattern common to many oceanic islands,
which is that they are isolated from even their closest neighbours, either other archipelagos
or the mainland. Oceanic islands harbour many endemic species and genera, and this
unique heritage is impossible to safeguard in natural conditions anywhere else.

The Top 100 species are obvious candidates for public awareness initiatives. The total
number of species in the priority list, 100, was chosen not according to the species overall
scoring, but based on the public appeal of that number. Public outreach should be a main
priority of any conservation program and could help raise the social value scores and
community support for many of these species in the future (Holmes 2003; Dalton 2005).
This can have the negative effect of diverting attention from taxa that were scored
immediately below the Top 100 tending to stabilize the list. However, as species are
recovered or further endangered, this stabilizing effect can be counteracted.

According to environmental managers, knowledge of the threats and the ability to control
them are the two main management feasibility factors, which are even more important than
the financial means available. The recovery potential was also highly valued, in recognition
that if a species is beyond any reasonable recovery effort it is probably not worthwhile to
invest disproportionate resources trying to do so (Restani and Marzluff 2002).

The taxa scores obtained during this evaluation are good candidates for defining future
land conservation priorities in Macaronesia. As an example, the “irreplaceability” value of
areas to be preserved (Pressey et al. 1994; Ferrier et al. 2000) demands that each species
has to reach a specific target, for example, in the proportion of its distribution area that
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should be protected. These targets can be set according to our overall scores, with high-
scoring species demanding higher targets than low-scoring species. Such an approach
makes it relatively easy to map irreplaceability for entire regions, and therefore facilitates
future delimitation of new protected areas, which in turn helps raise the protected areas
criterion scores.

The taxa with high conservation priority scores but for which threats are unknown are
obvious candidates for further research. The proposed approach was able to perceive these
knowledge gaps, which once filled, will raise the overall scores of those taxa. Likewise,
species with high conservation priority scores and low social value are good candidates for
awareness programs to improve the knowledge general public has about them. Therefore,
the Top 100 species priority list is also a guide for future efforts in ecological research and
environmental education.

These results demonstrate that it is possible to include a wide range of taxa when
adequate ranking methodologies are applied. The conservation of species requires the joint
effort of both the scientific community and conservation managers based in Parks or in the
Government. In addition, our results show that for many taxa, conservation action has to go
beyond current protected areas, such as with cave species. The Top 100 species priority list
should be adopted by the different regional governments as guidelines for future biodi-
versity conservation legislation. It must be acknowledged, however, that this is a dynamic
process and that re-evaluations are desirable every few years. Taxa conservation status,
available knowledge, and political and social conditions all change, so the validity of the
list presented here will decrease over time. However, this time frame should be long
enough so that adequate measures can be implemented without the ghost of the next
assessment. Moreover, this work, if continued, represents the starting point of a long-term
assessment of Macaronesian biodiversity.
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