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ABSTRACT

1. The relentless increase in both human activities and exploitation of marine resources is a threat to marine
habitats and species.

2. For marine systems, several protection initiatives have been outlined over the past decade to significantly
reduce the current rate of biodiversity loss at global, regional, and national levels, and to establish representative
networks of marine protected areas with the aim of protecting 10-30% of marine habitats.

3. Reliable estimates of the total area occupied by each habitat are crucial to set adequate protection initiatives.
Habitat mapping requires a sound habitat classification. Many classification schemes have been developed in
different areas of the world, sometimes based on questionable criteria.

4. A critical analysis of the most recent marine habitat classification list produced for the Mediterranean Sea
from the Regional Activity Centre for Specially Protected Areas (RAC/SPA) showed that (i) 39% of habitats and
associated species considered in the list are scarcely covered by scientific knowledge from Web-based resources;
(ii) 62% of the species/genera included in the list are primary producers; (iii) quantitative information about the
geographical distribution of selected habitats and associated species is scant; and (iv) when available, information
is largely unbalanced and biased towards the shallow western Mediterranean Sea.

5. Improved inventories of marine habitats are needed to support accurate and consistent mapping activities. The
combination of large-scale mapping and sound habitat classifications will allow better estimates of biodiversity
distribution, to reverse regional/global habitat loss rates through the achievement of conservation targets and
deadlines that, for the moment, are systematically not met.
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INTRODUCTION

Worldwide, ocean degradation is leading to an increasing
depletion of biological diversity and associated goods and
services to human welfare (Jackson et al., 2001; Worm et al.,
2006; Halpern et al., 2007). The Mediterranean hosts 6-8% of
described marine species despite covering less than 1% of the
global oceans (Bianchi and Morri, 2000; Boero, 2003; Boero
et al., 2008; Lejeusne et al., 2010). This alone makes this

marine region a top conservation priority. Human pressure on
these rich and unique marine ecosystems is high, with intense
fishing pressure, densely populated coastlines (~450 million
people, supplemented by an additional 220 million tourists
that are projected to double by 2025; UNEP/MAP, 2005), and
an increasing number of introduced species (over 600;
Boudouresque et al., 2005). Such intense pressure has
resulted in major alterations of Mediterranean ecosystems
(Lotze et al., 2006; Airoldi and Beck, 2007; Ferretti et al.,

*Correspondence to: Simonetta Fraschetti, Laboratorio di Zoologia e Biologia Marina, Dipartimento di Scienze e Tecnologie Biologiche ed
Ambientali, Universita del Salento, Lecce, CoNISMa, 1-73100 Lecce, Italy. E-mail: simona.fraschetti@unisalento.it

fSupporting information may be found in the article homepage.

Copyright © 2011 John Wiley & Sons, Ltd.



300 S. FRASCHETTI ET AL.

2008). Climate-induced stressors further contribute to changes
in the Mediterranean biodiversity, driving the basin to
potentially uncharted territories (Boero, 2003; Coll et al.,
2010; Lejeusne et al., 2010).

In this fast-degenerating scenario, local management tools,
such as isolated marine protected areas (MPAs), are insufficient.
Suitable strategies for conservation and sustainable management
of marine biodiversity require large-scale integrated regulation
of the exploitation of marine resources (Allison et al., 1998;
Lubchenco et al., 2003).

Unfortunately, the fragmented geopolitical scenario
characterizing the Mediterranean basin still leads to weak,
uncoordinated, conflicting, or non-existent regulatory
frameworks,  policy —mechanisms and  enforcement.
Ecosystem-based management (EBM) frameworks are
invoked as sensible strategies (Lester et al., 2010), but
single-sector management strategies are still the rule.
Examples of effective EBM are rare: Pergent-Martini et al.
(2006) describe a case study of Posidonia oceanica meadows
(seagrass beds) along the Corsican coastline (NW
Mediterranean) to exemplify the usefulness of ecological data
to EBM programmes.

The European Council (2001) followed by the International
Union for Conservation of Nature (IUCN) (2004) and by the
Eighth Ordinary Conference of the Parties to the Convention
on Biological Diversity (CBD) (2006) promoted the
commitment to achieve by 2010 a significant reduction of the
current rate of biodiversity loss at global, regional, and
national levels, with the aim of protecting 10-30% of marine
habitats. Also, the World Summit on Sustainable
Development (WSSD) in 2002 and the Fifth World Parks
Congress (WPC) in 2003 stressed the need to establish
representative networks of MPAs by 2012 (Wood et al.,
2008; Wabnitz et al., 2010; Countdown 2010, http://
www.countdown2010.net). The lack of quantitative
information on the extent of major habitats, together with a
lack of knowledge about the potential connectivity between
sites to be networked, make also 2012 an unrealistic deadline
to be achieved (Abdulla et al., 2008).

Coll et al. (2010) considered marine habitat loss or
destruction as the second most important human impact
presently occurring throughout the Mediterranean Sea,
preceded only by overexploitation and followed by
eutrophication, introduced predators, disease, and general
disturbance. So far, strategies to halt habitat loss have been
largely ineffective (Perkol-Finkel and Airoldi, 2010). In the last
EU report on the Progress Towards the European 2010
Biodiversity Target (EEA, 2009), terrestrial systems received
most attention. The report includes generic comments on the
alarming status of commercial fisheries and the spreading of
invasive marine species, lacking updated information on the
threats to Mediterranean marine ecosystems. The estimates of
marine habitat loss between 1990 and 2000 seem unrealistic
(<1%), especially when compared with data coming from
other scientific literature (Benedetti-Cecchi ef al., 2001; Airoldi
and Beck, 2007; Mangialajo et al., 2007; Claudet and
Fraschetti, 2010; Fraschetti er al., 2011). The report
concluded that ‘the target of halting biodiversity loss in
Europe by 2010 will not be achieved’. Having failed with their
2010 target, EU ministers have recently set a new biodiversity
deadline for 2020, and the 27 governments agreed to try to do
more to halt biodiversity loss.

Copyright © 2011 John Wiley & Sons, Ltd.

To meet the challenge of halting habitat loss, several
countries such as the UK, Australia, and New Zealand
developed, or are developing, national classification systems
and mapping protocols for marine habitats (Guarinello et al.,
2010). Habitat mapping is crucial to get reliable estimates of
the total area occupied by each habitat, so as to reach the
required conservation targets and to satisfy concepts such as
habitat representativeness (i.e. a sample of every habitat
occurring in the area under consideration should be included
in a MPA) (Costello, 2009).

Key concepts and considerations in designing marine
habitat classifications have been developed by many authors
(Dauvin et al., 2008; Costello, 2009; Guarinello et al., 2010;
Howell, 2010; Last et al., 2010) focusing on the definition of
habitat, the measurable features used to describe it, the scale
and the hierarchical framework to be wused. However,
current classifications generally lack explicit recognition of
overarching scientific criteria for the choice of habitat/species
inclusion in the lists.

In Europe, the EU Habitats and Species Directive (HSD:
92/43/EEC) is the main tool for the conservation and
management of biodiversity at the habitat level. It plans for
the establishment of Special Areas of Conservation (SACs)
to protect selected habitats and species listed in its Annexes A
and B. The majority of the 200 habitat types and 700 species
listed in the annexes are terrestrial; marine habitats and
species are treated sparingly, with only nine marine habitats
included (Fraschetti et al., 2008). In the Mediterranean
Sea, environmental agencies such as the Regional Activity
Centre for Specially Protected Areas (RAC/SPA) tried to
counterbalance this lack of consideration toward the marine
environment by elaborating a reference list of habitat
types and species for selecting the sites to be included in
the national inventories of sites of conservation interest
(UNEP-MAP-RAC/SPA, 2006). This reference list takes into
account the previous classifications established by several
authors and national and international bodies (Péres and
Picard, 1964; Anonymous, 1988; Bellan-Santini et al., 1994;
Dauvin et al., 1994; Devilliers and Devilliers-Terschuren,
1996,) and represents a baseline for the conservation,
management, and long-term monitoring of the marine
habitats and associated species of this basin (Bellan-Santini
et al., 2002), which has few equivalents elsewhere in the
world (see as an example the effort by Connor et al., 2004,
for Britain and Ireland). Fraschetti et al. (2008) listed all the
Mediterranean habitat types present in the classifications
developed so far, discussing the similarities/dissimilarities
among the lists produced over time at the EU-Mediterranean
scale (Riedl, 1959; Peérés and Picard, 1964, ZNIEFF-
Anonymous, 1988; Corine-Anonymous, 1991; Habitat
Directive—Anonymous, 1992; Palaearctic—Devilliers and
Bellan-Santini et al., 1994; Devilliers-Terschuren, 1996;
EUNIS-Davies and Moss, 1997, 1999; Connor et al., 2004;
UNEP-MAP-RAC/SPA, 2006) and highlighting the lack of a
common vocabulary on habitat types.

In this study, the RAC/SPA marine habitat classification is
analysed to (1) review the scientific information available on
habitats and associated species included in the list; (2) analyse
the rationale used for the inclusion of habitats and associated
species; and (3) focus on the scientific information needed to
improve the ability to achieve international conservation
objectives, providing guidance on priority issues.
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MATERIALS AND METHODS

The ISI Web of Knowledge database was searched from 1990 to
2009, to obtain information on the species/genera included in the
list of the ‘Classification of Benthic Marine Habitat Types for
the Mediterranean Region’ (UNEP-MAP-RAC/SPA, 2006),
including more than 160 entries, a widely used source for the
establishment of inventories of natural sites for conservation
priorities. In this classification list, the definition of habitat refers
to that provided by the Habitats Directive. The classification
follows a hierarchical structure referring to: position along a
depth gradient (e.g. infralittoral, circalittoral); primary substrate
in terms of geological features (e.g. sand, rock); and species
assemblages and foundation taxa (e.g. Posidonia oceanica)
associated with each habitat. Considering all levels of the
hierarchy, the classification includes 130 species/genera (Figure 1).
All species/genera of the RAC/SPA classification were searched
for in the ‘Topic’ field of the search engine. The field of
investigation has been further restricted to publications that
explicitly referred to the species/genera in the title, abstract and/
or keywords. A factorial combination of the keywords
‘Mediterranean’ and ‘name of the species/genus’ was used (see
Table 1 in Supplementary Material). For each entry, the total
number of publications was listed, together with the topic and
the geographical area where the particular study took place.
All studies were analysed to ascertain whether information
on patterns of distribution and conservation status of listed
taxonomic groups were available. To report on the geographical
distribution of the assembled studies, publications were
ascribed to the seven ecoregions of the Mediterranean
Sea (Spalding et al., 2007), namely the Adriatic Sea, Aegean
Sea, Levantine Sea, Tunisian Plateau/Gulf of Sidra, Ionian Sea,
Western Mediterranean, and Alboran Sea. General reviews on
the Mediterranean Sea without specific information on species/
genera from the list were not considered in the analysis. Posidonia
oceanica, Cymodocea nodosa, Zostera spp. and Mytilus
galloprovincialis  account for well-documented ecological
information at the basin scale and share a widely recognized
conservation value (e.g. for the group of Angiospermophyta:
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European Environmental Agency, 2006; Boudouresque er al.,
2009; for M. galloprovincialis: Thébault et al., 2008). In the
results, a report on the number of studies dealing with these four
species and a comment is presented, but the list of references is
not included in the Supplementary Material.

RESULTS

In total, 438 articles were analysed (see Table 1 in
Supplementary Material). Scientific information on taxa
included on the list is extremely variable. Algae comprise 62%
of the listed species/genera, hence the classification scheme is
mostly algae-oriented (Figure 1). Most algae are Rhodophyta
and Ochrophyta (44 and 24 species/genera respectively). No
records were found for 39% of the species/genera on the
classification list, 20% were cited in only one or two papers, and
75% of the species/genera were cited in less than six studies
(Figure 2). The relevance of many of the studies to the question
of conservation planning is also limited. For example, the
published studies for species such as Lithophyllum byssoides,
Ceramium ciliatum and Lamprothamnium papulosum cover only
geological (Kershaw, 2000) and physiological (Diannelidis and
Delivopoulos, 1997) issues, or distribution at a small scale
(Christia and Papastergiadou, 2006). The brown algae Genus
Cystoseira (with 13 species) are some of the most represented in
the classification list. Data on the conservation status and
distribution pattern of this genus are available for some regions
of the western Mediterranean (Thibaut et al., 2005; Fraschetti
et al., 2006; Boudouresque et al., 2009; Sales and Ballesteros,
2009), but four species of the 13 were not covered by any study
(i.e. Cystoseira crinitophylla, C. sauvageauana, C. dubia and
C. usneoides), and the number of studies is negligible for all the
other species (see Table 1 in Supplementary Material). There are
also exceptions, such as for the serpulid polychaete Ficopomatus
enigmaticus, where there are data on the species biology
(Schwindt and Iribarne, 2000; Schwindt er al., 2004),
ecological effects on other species (Heiman et al., 2008), and
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Figure 1. Number of species/genera included in the RAC/SPA classification scheme according to the different taxonomic groups to which they belong.
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management initiatives (Bruschetti ez al., 2008; Diawara et al.,
2008) although there is nothing on the large-scale assessment of
its distribution patterns. Other examples of well-documented
species include the seagrasses Posidonia oceanica (cited in 555
papers), Cymodocea nodosa (156) and Zostera marina (151),
and the bivalve Mytilus galloprovincialis (323). Although
information on the distribution and conservation status of
seagrasses is largely available, it is mostly restricted to limited
areas, with very few large-scale assessments (European
Environmental Agency, 2006; Boudouresque ez al., 2009).
Ficopomatus and Mytilus apart, invertebrates are largely
unrepresented and taxa such as vermetids, hydroids, and
bryozoans are included in the list only as general groups, with

no mention to species or genera. A considerable number of
publications cover the Anthozoa (138 papers, Table 1 in
Supplementary Material), even if the information focuses just
on four species: Eunicella singularis (cited in 13 papers),
Cladocora caespitosa (23), Corallium rubrum (41), Paramuricea
clavata (46). In this case, information on the effect of direct
human disturbance (Di Franco et al., 2009), conservation
status (Santangelo er al., 2007), and climate change (Coma
et al., 2000) is available, especially for the shallow western
Mediterranean Sea (Table 1 in Supplementary Material).
Also for the other taxa, most information refers to the
western basin, whereas the eastern sectors are relatively poorly
investigated (Figure 3). The large-scale mapping of coralligenous
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Figure 2. Cumulative and relative percentage of scientific publications of species/genera listed in the RAC/SPA classification list for each
taxonomic group.
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Figure 3. Total number of scientific publications for each taxonomic group with indication of the corresponding Mediterranean ecoregion, according

to the classification by Spalding ez al. (2007): 1-Alboran Sea; 2-Western Mediterranean; 3—Adriatic Sea; 4-Ionian Sea; 5-Aegean Sea; 6—Levantine

Sea; 7-Tunisia Plateau / Gulf of Sidra. *Publications dealing with the seagrasses Posidonia oceanica, Zostera marina, Cymodocea nodosa and the
bivalve Mytilus galloprovincialis were not considered in the analysis (see the text).
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formations in the eastern basin is a noticeable exception
(Georgiadis et al., 2009). Assessments at a Mediterranean scale
are not available for any of the entries present in the
classification list, not even for geological features such as sand
and rock as primary substrate or in terms of species assemblages
and foundation taxa.

DISCUSSION

Overall, the results show that: (1) the classification scheme
used in the Mediterranean Sea is still incomplete and needs
optimization to be of use in conservation planning; (2) most
entries on the list are not covered by the consulted Web-based
resource, so lacking the basic ecological information justifying
their selection to serve as a common reference for conservation
priorities; and (3) large-scale information both on habitat
types and associated species are largely lacking.

Phycologists provided a crucial contribution in building
this inventory of Mediterranean habitats. However, the
adoption of the traditional phytosociological approach
characterizing previous classification schemes from which the
RAC/SPA list derives, led to an over-representation of
primary producers. Plant-based landscape classification
schemes are appropriate in terrestrial domains, where
vegetation is the main structural component of habitats. But
they are not adequate in marine environments, where, together
with algal species, sessile animals are often habitat-formers
(Bianchi and Morri, 2000; Piraino et al., 2002; Ballesteros,
2006). In this respect, a detailed list of algae of the genus
Cystoseira can be considered crucial considering recent
alarming information on their status (Perkol-Finkel and
Airoldi, 2010). However, organisms such as Dendropoma
spp. and Ostrea edulis are just two examples of species that
should be also considered as top conservation priorities and
included in the inventory together with the hydroid genus
Eudendrium that, in the winter, takes the place of algae as an
important habitat former (Boero et al., 1986).

A close collaboration between specialists with different
backgrounds, together with long-term financial commitment
and improved communication between managers and
researchers, should be a starting point to fill present gaps.

Furthermore, deep-sea habitats and the water column,
both dominated by animals, deserve the same consideration
given to shallow habitats. Instead, they are largely absent
from the list, in spite of having a crucial role in the
functioning of the whole basin (Mastrototaro et al., 2010).
This adds weight to calls for a critical revision of this
classification list, as attempted by Fraschetti er al. (2008),
especially considering the emergent focus on areas beyond
national jurisdictions where only these habitats are represented
(Howell, 2010).

Criteria for the inclusion of habitat and associated species
should be clarified to demonstrate their ecological relevance, as
all the recent efforts carried out in different geographical areas
and ecological contexts suggest (Zacharias et al., 1998; Connor
et al., 2004; Davies et al., 2004; Snelder et al., 2007; Costello,
2009; Howell, 2010). To implement sound classification
systems, taxa should be selected across all taxonomic groups,
capitalizing on the analysis of the accessible scientific
information about their functional role, current conservation
status, and distribution across the whole Mediterranean Sea

Copyright © 2011 John Wiley & Sons, Ltd.

(not only the western portion). In parallel, a quantitative
understanding of the vulnerability and/or sensitivity of
habitats and species to the multiple stressors presently
impinging on the basin must integrate the expert opinion
approach (Halpern et al., 2007, 2008). Although expert
opinions can be used as a proxy for true impacts on
habitats, they are not as meaningful as quantitative
assessments, which are presently lacking. Better science is
also needed to understand the functional role of habitats and
species. Guarinello et al. (2010) proposed a multi-scale
hierarchical framework with a particular focus on finer scale
habitat classification levels, also providing conceptual schemes
to guide habitat studies and management decisions in which
the functional roles of species are characterized.

Most of the ambitious conservation goals to conserve
biodiversity are habitat-directed since mapping the
distributions of all species is unrealistic (Howell, 2010). Also,
species-focused conservation and management attempts are
liable to be ineffective, owing to current knowledge gaps,
whereas a habitat approach is more feasible. Marine habitats
such as reefs, seagrass meadows and deep-sea corals are
socially and economically important, and they allow for
ecosystem services that are estimated to be worth trillions of
dollars to the global economy each year, irrespective of the
species inhabiting them (Costanza et al., 1997). The targets of
achieving effective conservation of 10-30% of each of the
world’s ecological regions, and of greatly increasing the marine
and coastal areas managed through marine protected areas by
2012, should correspond to systematic efforts towards large-
scale mapping based on consistent habitat classifications, since
the targets implicitly assume quantitative and standardized
estimates of the surface area and level of representation of each
habitat at both country and regional scales. At present,
knowledge about the distribution of crucial habitats such as
Posidonia beds, coralligenous formations, caves, and deep-sea
corals is limited to a few initiatives carried out at local scale.
Systematic analyses over the whole region are needed to
increase our understanding of how multiple pressures can act
in concert to influence these ecosystems, and to provide
guidance regarding priority issues and focal areas for
conservation action. The EU Marine Strategy Framework
Directive (MSFD, Directive 2008/56/EC, http://ec.europa.cu/
environment/water/marine/index_en.htm) provides an
unprecedented opportunity to integrate management of the
many human uses and activities of the Mediterranean Sea. To
support ecosystem-based management and marine spatial
planning within the Mediterranean, the distribution of
biodiversity at basin scale must become known, along with
what activities occur where, and what are their cumulative
impacts on marine ecosystems.

In conclusion, in spite of a general effort in harmonizing
and standardizing information at the basin scale with
initiatives carried out at the EU scale, Mediterranean-based
attempts to provide habitat classification schemes represent a
relevant starting point that needs to be refined for selecting
sites of conservation interest within the framework of marine
spatial planning. Improved inventories of marine habitats are
urgently needed to support accurate and consistent mapping
activities at the basin scale. Large-scale information and sound
habitat classifications will allow the biodiversity heritage to be
estimated more accurately and to reverse habitat loss rates
through proper application of conservation measures that
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respect targets and deadlines which, for the moment, are
systematically not met.
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