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Note by the Secretariat

In December 2019, the Contracting Parties to the Barcelona Convention adopted the Updated Reference
List of Marine Habitat Types for the Selection of Sites to be included in National Inventories of Natural
Sites of Conservation Interest in the Mediterranean (Decision IG 24/7). This list includes a total of 117
habitats (up to level 5) and in particular 30 in the Littoral, 26 in the Infralittoral, 24 in the Circalittoral, 13
in the Offshore Circalittoral, 14 in the Upper Bathyal, 8 in the Lower Bathyal and 2 in the Abyssal. A few
reference facies and associations have also been proposed in each of the selected key habitats for inclusion
in the updated classification. The non-exhaustive list of associations and facies at level 5 is indicative and
needs to be continuously updated and improved according to the geographical area and local situations, as
well as the increasing state of knowledge.

The Regional Activity Centre for Specially Protected Areas (SPA/RAC) launched the elaboration of the
interpretation manual for marine habitats as foreseen in PoW 2020-2021 (Activity 3.2.1.2.c). The objective
is to provide countries with a tool to help identify and assess these marine habitats. It is designed as a support
and field tool to identify habitats and reduce differences in the interpretation between users of the typology.

The draft interpretation manual is presented to the Fifteenth Meeting of SPA/BD Focal Points
for information. It will be sent to the Contracting Parties for national consultation.
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Descriptive sheets

Littoral

MA1.51 Supralittoral rock

MA1.51a Supralittoral euryhaline and eurythermal pools

MA1.51b Wracks of dead leaves of macrophytes (see sheet MA2.54)

MA1.52 Midlittoral caves

MA1.53 Upper midlittoral rock

MAT1.531 Association with encrusting Corallinales creating belts (see sheet MA2.51)
MAT1.54 Lower midlittoral rock

MAT1.541 Association with encrusting Corallinales creating belts (see sheet MA2.51)
MAT1.542 Association with Fucales

MA1.544 Facies with Pollicipes pollicipes

MA1.545 Facies with Vermetidae (see sheet MB2.51)

MA1.54a Midlittoral euryhaline and eurythermal pools

MAZ2.51 Platforms of encrusting Corallinales

MAZ2.52 Reefs of Sabellaria spp. (see sheet MB2.52)

MAZ2.53 Reefs of Vermetidae (see sheet MB2.51)

MAZ2.54 Banks of dead leaves of macrophytes

MAZ3.51 Supralittoral coarse sediment, MA4.51 Supralittoral mixed sediment,
MAS5.51 Supralittoral sand, MA6.51 Supralittoral mud

MA3.51a, MA4.51a, MAS.51a Deposit of dead leaves of macrophytes (see sheet MA2.54)

MA3.511, MA4.511, MAS5.511, MA6.511 Association with macrophytes
MA3.52 Midlittoral coarse sediment, MA4.52 Midlittoral mixed sediment,
MAS5.52 Midlittoral sand, MA6.52 Midlittoral mud
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MA3.521, MA4.521, MAS5.521 Association with indigenous marine angiosperms

(see sheet MB5.521)

MA3.52a, MA4.52a, MAS5.52a Deposit of dead leaves of macrophytes (see sheet MA2.54)
MAG6.52a Habitats of transitional waters (estuaries and lagoons) (see sheet MB6.51)
MAG6.521a Association with halophytes or marine angiosperms

Infralittoral

MBI1.51 Algal-dominated infralittoral rock

MB1.51a Well illuminated infralittoral rock exposed,

MB1.51c Well illuminated infralittoral rock sheltered

MB1.511a, MB1.511c¢c Association with Fucales

MB1.513a Association with encrusting Corallinales creating belts

MB1.514a, MB1.514c Association with Caulerpa prolifera

MBI1.516a, MB1.516¢ Facies with zooxanthellate Scleractinia

MB1.51b Moderately illuminated infralittoral rock exposed,

MBI1.51d Moderately illuminated infralittoral rock sheltered

MB1.512b, MB1.512d Association with Caulerpa prolifera (see sheet MB1.514a)
MB1.515b Facies with azooxanthellate Scleractinia (see MB1.524a)

MB1.514d Facies with Alcyonacea (see sheet MC1.514b)

MBI1.51e Lower infralittoral rock moderately illuminated

MB1.511e Association with Fucales (see sheet MB1.511a)

MB1.512e Association with Laminariales (see sheet MC3.511)

MB1.513e Association with Caulerpa prolifera (see sheet MB1.514a)
MBI1.515¢e Facies with Alcyonacea (see sheet MC1.514b)

MB1.516e Facies with azooxanthellate Scleractinia (see sheet MB1.521a)
MB1.52 Invertebrate-dominated infralittoral rock

MB1.52a Moderately illuminated infralittoral rock, exposed or sheltered
MBI1.521a Association with Caulerpa prolifera (see sheet MB1.514a)
MB1.524a Facies with azooxanthellate Scleractinia

MBJ1.525a Facies with Alcyonacea (see sheet MC1.514b)

MB1.53 Infralittoral rock affected by sediment

MB1.532 Facies with large and erect sponges (see sheet MC1.512b)

MB1.533 Facies with Scleractinia (see sheet MB1.524a)

MB1.534 Facies with Alcyonacea (see sheet MC1.514b)

MB1.537 Facies with endolithic species

MB1.54 Habitats of transitional waters (estuaries and lagoons) (see sheet MB6.51)
MB1.541 Association with marine angiosperms or other halophytes (see sheet MB6.511)
MB1.542 Association with Fucales (see sheet MB5.542)

MB1.55 Coralligenous (enclave of circalittoral)

MB1.56 Semi-dark caves and overhangs (see sheet MC1.53)

MB2.51 Reefs of Vermetidae

MB2.52 Reefs of Sabellaria spp.

MB2.53 Reefs of Cladocora caespitosa

MB2.54 Posidonia oceanica meadow, on rock (MB2.541), on matte (MB2.542),
on sand, coarse or mixed sediment (MB2.543)

MB2.545 Natural monuments/Ecomorphoses of Posidonia oceanica

(fringing reef, barrier reef, stripped meadow, atoll)

MB2.546 Association of Posidonia oceanica with Cymodocea nodosa or Caulerpa spp.
MB2.547 Association of Cymodocea nodosa or Caulerpa spp.

with dead matte of Posidonia oceanica

14

15
16
17
18
19
20

21

22

23
24

25

26

27

28
29
30
31
32

33
34

35



MB3.51 Infralittoral coarse sediment mixed by waves,

MB3.52 Infralittoral coarse sediment under the influence of bottom currents
MB3.511, MB3.521 Association with maérl or rhodoliths (see sheet MC3.521)
MBS5.52 Well sorted fine sand

MB5.521 Association with indigenous marine angiosperms

MBS5.53 Fine sand in sheltered waters

MB5.531 Association with indigenous marine angiosperms (see sheet MB5.521)
MB5.533 Association with Caulerpa prolifera (see sheet MB1.514a)

MB5.539 Facies with Tritia spp. and nematodes in hydrothermal vents

MBS5.54 Habitats of transitional waters (estuaries and lagoons) (see sheet MB6.51)
MB5.541 Association with marine angiosperms or other halophytes (see sheet MB6.511)
MB5.542 Association with Fucales

MB6.51 Habitats of transitional waters (estuaries and lagoons)

MB6.511 Association with marine angiosperms or other halophytes

Circalittoral

MCI1.51 Coralligenous cliffs

MC1.51a Algal-dominated coralligenous

MC1.512a Association with Fucales or Laminariales

MC1.51b Invertebrate-dominated coralligenous,

MC1.51c Invertebrate-dominated coralligenous covered by sediment
MC1.512b, MC1.512c Facies with large and erect sponges
MC1.514b, MC1.514c Facies with Alcyonacea

MC1.516b, MC1.516c¢ Facies with the Zoantharia Savalia savaglia
MC1.517b, MC1.517c Facies with Scleractinia (see sheet MC1.534a)
MC1.518b, MC1.518c Facies with Vermetidae and/or Serpulidae
(see sheets MB2.51 and ME2.515) MC1.519b,

MC1.519c¢ Facies with Bryozoa (see sheet MC3.518)

MC1.52 Continental shelf rock

MC1.52a Coralligenous outcrops, MC1.52b Coralligenous outcrops covered by sediment
MC1.523a, MC1.523b Facies with Alcyonacea (see sheet MC1.514b)
MC1.524a, MC1.524b Facies with Antipatharia (see sheet MD1.514)
MC1.525a, MC1.525b Facies with Scleractinia (see sheet MD1.515)
MC1.526a, MC1.526b Facies with Bryozoa (see sheet MC3.518)
MC1.52c Deep banks

MC1.521c¢ Facies with Antipatharia (see sheet MD1.514)

MC1.522c¢ Facies with Alcyonacea (see sheet MD1.532)

MC1.523¢ Facies with Scleractinia (see sheet MD1.515)

MCI1.53 Semi-dark caves and overhangs

MC1.53a Walls, MC1.53b Roof

MC1.531a, MC1.531b Facies with sponges

MC1.533a, MC1.533b Facies with Corallium rubrum

MC1.534a, MC1.534b Facies with Scleractinia

MC1.536a, MC1.536b Facies with Bryozoa

MC1.53c Detritic bottom (see sheet MC3.51)

MC1.53d Brackish water caves or caves subjected to freshwater runoff
MC1.531d Facies with lithistid sponges

MC2.51 Coralligenous platforms

MC2.512 Association with Fucales (see sheet MC1.512a)

MC2.515 Facies with large and erect sponges (see sheet MC1.512b)
MC2.517 Facies with Alcyonacea (see sheet MC1.514b)
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MC2.518 Facies with the Zoantharia Savalia savaglia (see sheet MC1.516b)
MC2.519 Facies with Scleractinia (see sheet MD1.515)

MC2.51A Facies with Vermetidae and/or Serpulidae (see sheets MB2.51 and ME2.515)
MC2.51B Facies with Bryozoa (see sheet MC3.518)

MC3.51 Coastal detritic bottoms

MC3.511 Association with Laminariales

MC3.512 Facies with large and erect sponges (see sheet MC1.512b)
MC3.514 Facies with Alcyonacea

MC3.515 Facies with Pennatulacea

MC3.518 Facies with Bryozoa

MC3.519 Facies with Crinoidea (see sheet MD3.514)

MC3.52 Coastal detritic bottoms with rhodoliths

MC3.521 Association with maérl

MC3.522 Association with Peyssonnelia spp.

MC3.523 Association with Laminariales (see sheet MC3.511)
MC3.524 Facies with large and erect sponges (see sheet MC1.512b)
MC3.526 Facies with Alcyonacea (see sheet MC3.514)

MC3.527 Facies with Pennatulacea (see sheet MC3.515)

MC4.51 Muddy detritic bottoms

MC4.512 Facies with Alcyonacea (see sheet MC6.511)

MC4.513 Facies with Pennatulacea (see MC3.515)

MC6.51 Coastal terrigenous mud

MC6.511 Facies with Alcyonacea and Holothuroidea

MC6.512 Facies with Pennatulacea (see sheet MC3.515)

Offshore circalittoral

MD1.51 Offshore circalittoral rock invertebrate-dominated,

MD1.52 Offshore circalittoral rock invertebrate-dominated covered by sediment
MD1.512, MD1.522 Facies with large and erect sponges (see MC1.512b)
MD1.513, MD1.523 Facies with Alcyonacea (see MD1.532)

MD1.514, MD1.524 Facies with Antipatharia

MD1.515, MD1.525 Facies with Scleractinia

MD1.517, MD1.527 Facies with the Zoantharia Savalia savaglia (see sheet MC1.516b)
MDI1.51B, MD1.52B Facies with Bryozoa (see sheet MC3.518)

MD1.53 Deep offshore circalittoral banks

MD1.531 Facies with Antipatharia (see sheet MD1.514)

MD1.532 Facies with Alcyonacea

MD1.533 Facies with Scleractinia (see sheet MD1.515)

MD2.51 Offshore reefs

MD2.511 Facies with Vermetidae and/or Serpulidae (see sheets MB2.51 and ME2.515)
MD2.52 Thanatocoenosis of corals, or Brachiopoda, or Bivalvia (see sheet ME2.52)
MD3.51, MD4.51 Offshore circalittoral detritic bottoms

MD3.511, MD4.511 Facies with the Bivalvia Neopycnodonte spp.

MD3.514, MD4.514 Facies with Crinoidea

MD5.51 Offshore circalittoral sand

MD6.51 Offshore terrigenous sticky mud

MD6.511 Facies with Pennatulacea (see sheet MC3.515)

MD6.513 Facies with the Bivalvia Neopycnodonte spp. (see sheet MD3.511)

Upper bathyal

ME1.51 Upper bathyal rock invertebrate-dominated
ME1.512 Facies with large and erect sponges
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MEI1.513 Facies with Antipatharia

ME1.514 Facies with Alcyonacea

ME1.515 Facies with Scleractinia (see sheet ME2.513)

ME1.516 Facies with Cirripedia

ME1.517 Facies with Crinoidea (see sheet MD3.514)

ME1.518 Facies with the Bivalvia Neopycnodonte spp.

ME1.52 Caves and ducts in total darkness

ME2.51 Upper bathyal reefs

ME2.512 Facies with large and erect sponges

ME2.513 Facies with Scleractinia

ME2.514 Facies with the Bivalvia Neopycnodonte spp. (see sheet ME1.518)
ME2.515 Facies with Serpulidae

ME2.52 Thanatocoenosis of corals, or Brachiopoda, or Bivalvia, or sponges
MES3.51 Upper bathyal coarse sediment

ME3.511 Facies with Alcyonacea (see sheet ME1.514)

ME4.51 Upper bathyal mixed sediment (see sheet ME3.51)

ME4.511 Facies with the Bivalvia Neopycnodonte spp. (see sheet MD3.511)
MES.51Upper bathyal detritic sand (see sheet ME3.51)

MES5.512 Facies with Pennatulacea (see sheet ME6.512)

MES5.513 Facies with Crinoidea (see sheet MD3.514)

MES5.515 Facies with the Bivalvia Neopycnodonte spp. (see sheet MD3.511)
MES5.517 Facies with Bryozoa (see sheet MC3.518)

MES5.518 Facies with Scleractinia (see sheet ME2.513)

MES6.51 Upper bathyal mud

ME®6.512 Facies with Pennatulacea

ME&6.513 Facies with Alcyonacea

ME®6.514 Facies with Scleractinia (see sheet ME2.513)

ME&6.516 Facies with Crinoidea (see sheet MD3.514)

ME6.518 Facies with the Bivalvia Neopycnodonte spp. (see sheet MD3.511)
ME&6.51B Facies with Bryozoa

ME&6.51C Facies with giant Foraminifera

Lower bathyal

MF1.51 Lower bathyal rock

MF1.512 Facies with Alcyonacea

MF1.513 Facies with Scleractinia (see sheet ME2.513)
MF1.514 Facies with chemosynthetic benthic species
MF2.51 Lower bathyal reefs (see sheet ME2.51)
MF2.511 Facies with Scleractinia (see sheet ME2.513)

MF2.52 Thanatocoenosis of corals, or Brachiopoda, or Bivalvia, or sponges (see sheet ME2.52)

MF6.51 Lower bathyal sandy mud
MF6.512 Facies with Alcyonacea (see sheet ME6.513)
MF6.514 Facies with Pennatulacea (see ME6.512)

Abyssal

MG1.51 Abyssal rock
MG1.512 Facies with Alcyonacea (see sheet MF1.512)
MG6.51 Abyssal mud
MG6.512 Facies with Alcyonacea (see sheet ME6.513)

Annex I. Complete list of the Mediterranean benthic marine habitat types
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Acronyms used in the manual

SPA/RAC = Specially Protected Areas/Regional Activity Centre

BC = Barcelona Convention

COP = Contracting Parties of the Barcelona Convention

EU = European Union

IMAP = Integrated Monitoring and Assessment Programme of the Mediterranean Sea
EcAp = Ecosystem Approach

SPA/BD Protocol = Protocol concerning Specially Protected Areas and Biological Diversity in the
Mediterranean

MPA = Marine Protected Area

MSFD = Marine Strategy Framework Directive
WEFD = Water Framework Directive

EUNIS = EUropean Nature Information System

WoRMS = World Register of Marine Species



Introduction

Background

The elaboration of the interpretation manual of the Barcelona Convention Reference List of Marine
Habitat Types in the Mediterranean Sea was based on the following premises:

1.

10.

The Contracting Parties (CPs) to the Convention for the Protection of the Marine
Environment and the Coastal Region of the Mediterranean and its Protocols at their 21%
meeting recalled the outcome document of the United Nations Conference on Sustainable
Development, entitled “The future we want”, endorsed by the General Assembly in its
resolution 66/288 of 27 July 2012, in particular those paragraphs relevant to biodiversity;

The General Assembly resolution 70/1 of 25 September 2015, entitled “Transforming our
world: the 2030 Agenda for Sustainable Development”, acknowledged the importance of
conservation, the sustainable use and management of biodiversity in achieving the
Sustainable Development Goals;

The Ministerial Declaration of the United Nations Environment Assembly at its fourth session
expressed the international community commitment to implement sustainable ecosystems
restoration, conservation, and landscape management measures to combat biodiversity loss, as
well as to develop an ambitious and realistic post-2020 global biodiversity framework;

The Protocol concerning Specially Protected Areas and Biological Diversity (SPA/BD) in the
Mediterranean, in particular Articles 11 and 12 thereof, addressed national and cooperative
measures for the protection and conservation of species;

The Strategic Action Programme for the Conservation of Biological Diversity in the
Mediterranean region (SAP BIO), adopted by the Contracting Parties at their 13" Meeting
(COP 13) (Catania, Italy, 11-14 November 2003);

The decision 1G.22/7, adopted by the CPs at their 19" Meeting (COP 19) (Athens, Greece, 9-
12 February 2016), on the Integrated Monitoring and Assessment Programme of the
Mediterranean Sea and Coast and Related Assessment Criteria (IMAP);

The decision 1G.23/8, adopted by the CPs at their 20" Meeting (COP 20) (Tirana, Albania,
17-20 December 2017), to update the classification of benthic marine habitat types for the
Mediterranean region and the Reference List of Marine and Coastal Habitat Types in the
Mediterranean, in consultation with Focal Points, with a view of submitting them to the CPs
at their 215 Meeting (Naples, Italy, 2-5 December 2019);

The commitment to further streamlining the Mediterranean Action Plan Ecological Objectives
and associated Good Environmental Status and Targets, as well as the Integrated Monitoring
and Assessment Programme of the Mediterranean Sea and Coast and Related Assessment
Criteria into the Regional Action Plans for the conservation of endangered and threatened
species and key habitats adopted within the framework of the Protocol concerning Specially
Protected Areas and Biological Diversity in the Mediterranean;

With the decision 1G.24/7, the CPs adopted the Updated Classification of benthic marine
habitat types for the Mediterranean region and the Updated Reference List of Marine Habitat
Types for the Selection of Sites to be included in National Inventories of Natural Sites of
Conservation Interest in the Mediterranean (SPA/RAC-UN Environment/MAP, 2019a, b);
The CPs are encouraged to use the Reference List of Marine Habitat Types for the Selection
of Sites to be included in National Inventories of Natural Sites of Conservation Interest in the
Mediterranean, where necessary, as a basis for identifying reference habitats to be monitored
at the national level under the IMAP of the Mediterranean Sea and Coast and Related
Assessment Criteria.

In this context, the Specially Protected Areas Regional Activity Centre (SPA/RAC) initiated the
production of this manual for interpreting the marine habitat types that are listed in the Updated
Reference List (SPA/RAC-UN Environment/MAP, 2019b, available at http:/www.rac-




spa.org/publications#enl3). The aim was to provide CPs with a tool to help the identification and the
assessment of these reference marine habitats.

Benthic habitat mapping

Benthic habitat mapping consists in the spatial representation of the distribution and extent of
physically distinct areas of the seafloor that are associated with groups of species or communities that
consistently occur together (Montefalcone et al., 2021 and references therein). A detailed inventory
of benthic habitats can illustrate the distribution and abundance of species and the extent of distinct
environments. Maps on the distribution of benthic habitats facilitate habitat-based management, such
as marine spatial planning and nature conservation (Bianchi et al., 2012; Parravicini et al., 2012).
Maps also form the background for environmental impact assessments and monitoring activities and
support the requirements of marine legislations, e.g., the Europe Habitat Directive (92/43/EEC), and
the EU Marine Strategy Framework Directive (MSFD, 2008/56/EC). Benthic cartography is also the
key element to address the new targets of the post-2020 global framework of the Convention on
Biological Diversity (CBD) (CBD, 2020) and the EU Biodiversity Strategy for 2030 “Bringing
nature back into our lives” (EU, 2020), which state that at least 30% of the EU seas should be
protected and 10% should be strictly protected by 2030. Habitat mapping and classifications are
crucially important to quantify the spatial extent of key habitats and to identify their status and trends,
for developing effective restoration initiatives to mitigate the loss of degraded and carbon-rich
ecosystems, according to the global targets of both the CBD (CBD, 2020) and the EU Biodiversity
Strategy for 2030 (EU, 2020) that foresee the restoration of at least 15% of degraded ecosystems.
Benthic habitat mapping can also be used to predict the distribution of species and communities
through habitat suitability modelling (Vassallo et al., 2018; Azzola et al., 2021).

To guarantee a common frame and a shared technical terminology among users involved in benthic
habitat mapping, monitoring, and inventory, univocal and standardised habitat classification systems
are fundamental. Unified schemes for mapping habitat types also require a certain degree of
flexibility that enables the user to mix and match or add and subtract attribute types to produce a map
that specifically addresses the objectives. To this end, several habitat classifications have been
developed worldwide in the last few decades, which lacked, however, of a common structure and a
standardised approach. A review of the existing marine benthic habitat classification schemes can be
found in Montefalcone et al. (2021). The EUropean Nature Information System (EUNIS) (Davies and
Moss, 1998) and the Barcelona Convention (BC) marine benthic habitat classification for the
Mediterranean, adopted by the CPs of the Barcelona Convention (UNEP/MED, 1998, 2006a), are
among the most adopted classification systems for the European and Mediterranean seas. The BC
classification has been recently revised (SPA/RAC-UN Environment/MAP, 2019a) including the new
habitats discovered in the last 30 years, and consistently with the criteria used to revise the EUropean
Nature Information System (EUNIS; Evans et al., 2016), which is a comprehensive pan-European
system for habitat identification.

The bionomic approach and the depth zonation in the Mediterranean Sea

The definition of an adequate operational unit for cartographic purposes is the first step required for
the elaboration of a classification scheme. The distribution of marine organisms is not homogeneous
but changes according to several ecological factors, among which light, water movement and
substrate typology are generally considered as the most important in the bathymetric zonation of
benthic organisms (Pérés and Picard, 1964; Riedl, 1971). The operational unit to describe and
classify distinct groups of benthic species, which are functionally integrated according to the
environmental features shaping their distribution, was originally defined as ‘biocoenosis’ in the
second half of the 19" century (Morri et al., 2004, and references therein).



The first descriptions of the Mediterranean marine benthic habitats date back to the second half of the
19" century (Marion, 1883; Vatova, 1946). Major steps forward were done after the II World War,
thanks to the impressive and productive effort made by the school of Endoume in France, which
culminated in the well-known masterpiece “Nouveau Manuel de bionomie benthique de la mer
Méditerranée” (Pérés and Picard, 1964). For Pérés and Picard (1964), the basic operational unit in
the classification used to describe the bathymetric zonation of biological organisms was the
biocoenosis (biocénose in the original French description). In each biocoenosis, one or more facies
(for animal) and/or association (for vegetal), defined as “particular modifications of the appearance
or composition of a community”, can also be recognised as sub-units. To define these operational
units, Pérés and Picard (1964) adopted the bionomic approach, i.e., the description of the
environment through biological criteria. They mainly used the faithfulness criterion, which
distinguishes a group of species of fixed composition by one or more characteristic species, these
latter being defined as located almost exclusively in that bionomic unit (Bianchi and Morri, 2001).

In the following years, the term ‘habitat’ became the operational classification unit in marine
cartography, representing the key component of each seascape. The original meaning of habitat (from
Latin, third person singular of the present indicative of the verb ‘habitare’ = to inhabit) indicates the
physical environment where a species lives. According to the EU Habitat Directive (92/43/EEC), a
habitat is defined as the “terrestrial or aquatic area differentiated by its geographical, abiotic and
biotic characteristics, in which the species live in any state of its life cycle”. Today there is an
increasing tendency to use the term habitat to actually indicate the biotope (i.e., the physical
environment of the biocenosis, not of a single species). Since there is a biunivocal correspondence
between the biotope and its biocenosis, and since the biocenosis is an efficient descriptor of the
environment (more than the list of physical, geological and chemical characteristics), often the
habitat is individuated and named using in reality the biocoenosis. Thus, in many contexts the word
habitat is employed as a synonymous of biocoenosis. Indeed, habitats are considered key drivers of
diversity, functioning and ecosystem services, and therefore are the subject of regional inventories
using hierarchal classification systems and spatial mappings. According to the habitat definition,
distinct boundaries between adjacent (and hence discrete) habitat types must be imposed to spatially
represent biological patterns.

Since benthic communities’ distribution is dependent on zones and substrate typologies, the
description of a habitat and the following classification schemes follow a sequential order based on
such aspects. According to the bionomic approach of the French school (Péres and Picard, 1964), two
main marine systems have been distinguished as a function of the vertical light gradient: the phytal
system, where the light is present and allows algae to survive, and the aphytal system, dominated by
heterotrophs mainly living in complete darkness and exceptionally, in its upper range, hosting sparse
algae thriving in very dim light conditions. Limits among biological zones are determined by abiotic
features, such as: 1) exposure to water movement (tides and waves) for the shallow supralittoral and
midlittoral zones; ii) amount of light reaching the seafloor for the infralittoral and (offshore)
circalittoral zones; iii) pressure, bottom slope, availability of hardgrounds, seafloor currents, and
sedimentation for the deep offshore circalittoral, bathyal, and abyssal zones.

The revised biological zones of the marine environment here considered are: littoral (distinguished in
supralittoral and midlittoral zones), infralittoral, circalittoral, offshore circalittoral, upper bathyal,
lower bathyal, and abyssal. The bathymetric zonation scheme adopted here is represented in Figure 1,
where the indicative depth range for each zone are reported.

The habitats developing in the littoral, infralittoral, and circalittoral zones are considered as coastal
habitats, developing in correspondence of the shallower portion of the continental shelf. The
circalittoral zone is still close to the coast and reaches, an average, 80-100 m of depth (with some
exceptions where the continental shelf is exceptionally narrow, as in the Ligurian Sea). This zone is
usually shaped by the occurrence of coralligenous reefs, developing in the form of cliffs (where the
bioconcretion made up by coralline algae is over the circalittoral rock), outcrops (isolated and small
rock formations near the coast with coralline bioconcretion), and platforms (large structures of
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biogenic origin made up by the bioconcretion of coralline algae on sedimentary bottoms), or by the
occurrence of banks (large rock formations with few macroalgae and without a significant
bioconstruction).
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Figure 1. The bathymetric zonation scheme for the Mediterranean Sea. Depth ranges are in meters. In
red is represented the bioconcretion made up by coralline algae.

The habitats developing farther from the coast (i.e., offshore circalittoral, upper bathyal, lower
bathyal, and abyssal) are considered open sea habitats. The offshore circalittoral develops in
proximity of the shelf edge (this latter usually situated at about 120-200 m depth). Here, the offshore
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circalittoral rock invertebrate-dominated develops the deep banks, which correspond to the “roches
du large” of Pérés and Picard (1964) (large rocky formations near the shelf edge or even close to the
beginning of the bathyal zone, usually deprived of macroalgal cover, limited by the dim light
conditions and the high silting rates, with no coralligenous bioconstruction). Deep banks represent
one of the main habitats in the offshore circalittoral. A similar habitat is represented also on the top of
some seamounts, rocky elevations of more than 100 m emerging from bathyal depths. Some of these
structures, emerging in the euphotic zone, may occasionally show coralligenous-like habitats. Along
the continental slope, the traditional Mediterranean classification system generally considers only an
extended bathyal zone. However, following literature and the most recent discoveries in the deep-sea
realm, a further subdivision was made: 1) the upper bathyal zone, ranging from 200 m to 500 m depth
and embracing most canyon systems and the most extensive deep biogenic habitats; ii) the lower
bathyal zone, located between 500 m and 2500-3000 m depth, and including some deep canyons,
seamounts, chemosynthetic habitats, and the deep bathyal plains; iii) the abyssal zone (>3000 m),
whose existence, widely debated, is here accepted and referred to the deepest and least explored
regions of the Mediterranean Sea, hosting the Deep Hypersaline Anoxic Basins (DHABs).

The updated List of Mediterranean habitat types

The first classification of benthic marine habitat types for the Mediterranean region adopted by the
CPs to the Barcelona Convention in 1998 (UNEP/MED, 1998, 2006a, available at https://www.rac-
spa.org/sites/default/files/doc_fsd/Ichm_en.pdf) derived from the classic “Nouveau Manuel” (Péres
and Picard, 1964) and has always been considered as the “official list” for the Mediterranean Sea,
despite the awareness that it was not a complete list. This classification defined the habitat types
using the biocoenosis as the operational unit, with associations and facies in the lower hierarchical
level (i.e., the sub-habitats). The first BC classification listed 15 habitats in the supralittoral zone, 29
in the midlittoral, 80 in the infralittoral, 45 in the circalittoral, 12 in the bathyal, and 2 in the abyssal
zone, for a total of 183 habitats (including biocoenoses, associations and facies).

An updated version of the first BC classification (UNEP/MED, 2006a) for the Mediterranean marine
benthic habitat types was needed to include the increased knowledge gained in recent years and to
align the Mediterranean list with the recently revised classification of European habitat types by
EUNIS (Evans et al., 2016, available at https://www.eea.europa.cu/data-and-maps/data/eunis-habitat-
classification). In the process of revision and updating of the BC classification, all the other existing
regional classifications have been considered with the aim to follow, as much as possible, a common
approach and to define a standardised scheme. A synthesis of the process of revision and update can
be found in Montefalcone et al. (2021).

To be consistent with most of the existing classifications, the updated BC classification adopts the
term ‘habitat’ as the main operational unit; the habitat, besides being a bionomic unit, can also be
interpreted as a statistical-descriptive unit, useful for inventorying and cartographic purposes.
According to Péres and Picard (1964), the main habitat types in the updated BC classification have
been defined using the bionomic approach and have been named following a mesological
denomination. Habitat types have then been described following the physiognomic criterion (Bianchi
and Morri, 2001), which differentiates habitats based on the appearance of assemblages that
characterize each habitat. The main habitat types may in turn be characterised by the quantitative
redundancy of one or a few species because of the local predominance of certain factors or intense
recruitment episodes without, however, essential changes in the total composition. In this regard,
several sub-habitats have been defined adopting the term association (dominance of plant species) or
facies (dominance of animal species). Only few habitats have been named using a taxonomic
denomination at the species level (e.g., reefs of Cladocora caespitosa, Posidonia oceanica meadow),
and associations/facies have usually been named using higher taxonomic levels (e.g., association with
Fucales, facies with Bivalvia): this has the advantage of not being influenced by revisions in the
taxonomy or nomenclature of species (which occur rather frequently).
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Environments highly affected by human pressures (polluted environments, harbours, artificial
habitats) have not been considered in the updated BC classification. The presence of some peculiar
geomorphologic/hydrologic features (i.e., seamounts, submarine canyons, escarpments, boulder
fields, hydrothermal vents, cold seeps, brine pools, and freshwater resurgences) is independent from
the depth zone and the substrate typology; consequently, these habitats and are not defined according
to the bionomic approach but rather considering the geomorphologic characteristics of the
environment. These features can hold a “complex of habitats” and geoforms that cannot be treated in
isolation. These peculiar geomorphologic/hydrologic features have thus not been included in the
updated BC classification as main habitat types, but their occurrence should be anyway provided with
the description of the habitat because of the important role they play in the Mediterranean Sea
(UNEP/MAP-RAC-SPA, 2015b). Integrating geomorphology and bionomy is at the base of the
ecotipological approach for the classification of benthic marine ecosystems (Bianchi and Zurlini,
1984).

The updated BC classification of the benthic habitat types of the Mediterranean Sea (SPA/RAC-UN
Environment/MAP, 2019a; available at http://www.rac-spa.org/publications#enl3) follows the same
hierarchical frame of the updated EUNIS system (Evans et al, 2016, available at
http://eunis.eea.europa.eu) and each habitat is univocally identified by an alpha-numeric code. Both
systems contain 3 levels: 1) level 1, the environment (i.e., marine benthic, marine pelagic, transitional
water, freshwater, and terrestrial); i1) level 2, the depth zone in the marine environment (i.e., littoral,
infralittoral, circalittoral, offshore circalittoral, upper bathyal, lower bathyal, and abyssal); and 1iii)
level 3, the region (i.e., Atlantic, Baltic, Black Sea, Arctic, and Mediterranean). In each of the seven
depth zones recognized at the level 2, six broad habitat types are defined according to the substrate
typology (i.e., rock, biogenic habitat, coarse sediment, mixed sediment, sand sediment, and mud
sediment) that are alpha-numerically coded. An important novelty in the two updated classifications
is the presence of the “biogenic” substrate typology, i.e. habitats where the seabed substrate is
constructed by plants or animals (e.g., coralligenous, Posidonia meadows, cold-water coral reefs),
which is intended to highlight habitats of greater conservation importance. Each combination of
depth zone and substrate type supports a characteristic suite of plant and/or animal assemblages.

The updated BC classification of benthic habitat types of the Mediterranean Sea (SPA/RAC-UN
Environment/MAP, 2019a; see Annex 1) contains 35 general habitat types divided among the seven
depth zones and the six substrate types (corresponding to the level 1, 2, and 3). Each of the general
habitat types may also contain sub-levels. The level 4, identified by numeric codes, includes the main
habitat types defined with the mesological approach, by either environmental features such as
exposure to water movement, irradiance, sedimentology/morphology, or by the main biological
assemblages dominating the habitat (algae or invertebrates). Habitats representing enclaves (i.e., the
local existence, for microclimatic reasons, of a biocoenosis within an area occupied by another
typical biocoenosis, sensu Péres, 1967) in shallower zones have also been indicated at the level 4.
Peculiar environmental and/or morphological situations occurring within the level 4 have further
been labelled with alphabetic codes using lower letters (a, b, ¢, etc.). Water movement is due to
waves and currents. Regarding this factor, a coast can be more or less exposed, giving rise to
different habitat types, e.g., the so-called “smooth or calm mode” according to the nomenclature
adopted by the French school (Péres and Picard, 1964). In the updated BC classification, the opposite
situations in the water movement have been named as “sheltered” and “exposed” at the level 4. Light
intensity is another fundamental factor that influences the vertical zonation of biological
assemblages, and the updated BC classification differentiates “well illuminated” from “moderately
illuminated (i.e., shaded)” habitats always at the level 4. According to the degree of sedimentation,
habitats affected by high levels of sedimentation can be further distinguished at this level. A total of
128 main habitat types have been proposed up to the level 4 in the updated BC classification of the
Mediterranean marine habitat types (SPA/RAC-UN Environment/MAP, 2019a; see Annex 1).

Finally, the level 5 defines associations and facies and is always labelled with numeric codes. The
sub-habitats at the level 5 have usually been defined at higher taxonomic levels rather than at the
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species level. Some exceptions, however, have been introduced where the habitat is typically shaped
by single species (e.g., ‘Facies with Pollicipes pollicipes’). For each facies and association some
examples of characteristic species have been provided in the updated classification, choosing among
those species most frequently found within the sub-habitat that define its physiognomic aspect and
functioning; the selected species provided as examples should also be easily identifiable from visual
inspections. The listed examples of species are not exhaustive as they may represent strictly local and
punctual situations and have, thus, only an indicative value: the list of species at the level 5 can be
improved and adapted according to each geographical area and to specific local environmental
conditions. For instance, facies or associations characterised by non-indigenous species should be
defined and then inventoried only in the invaded areas.

With respect to the first BC classification (UNEP/MED, 2006a), which listed a total of 183 habitats
(including biocoenoses, associations, and facies), the updated BC classification of the benthic
Mediterranean marine habitat types (SPA/RAC-UN Environment/MAP, 2019a; see Annex 1)
contains 128 main habitat types up to the level 4 and reaches a total of 394 habitat types enlarging the
detail at the level 5 (i.e., association and facies). A total of 211 new habitat types (+115.3%) have
been defined in the updated BC classification thanks to recent scientific findings and increased
knowledge, especially in the mesophotic and aphotic context. Two new depth zones have been
included in the updated BC classification: 1) the former circalittoral zone has been divided into a
circalittoral zone senso stricto and the offshore circalittoral, and ii) the former bathyal zone has been
divided into upper bathyal and lower bathyal zones. The hierarchical scheme of this updated
classification, with 5 levels, allows representing the most suitable habitat level with respect to the
restitution scale of the map and all the habitat types are at the relevant scale for both management of
human activities and implementation of conservation policies.

The updated Reference List of Mediterranean habitat types

To support the process of identification of the Specially Marine Protected Areas in the Mediterranean
as required by the Protocol concerning Specially Protected Areas and Biological Diversity (SPA/BD
Protocol), the updated BC classification has then been used for the selection of the reference marine
habitat types, i.e., habitats to be monitored according to the Integrated Monitoring and Assessment
Programme (IMAP) and related assessment criteria procedure.

The first list of reference marine benthic habitats for the Mediterranean region, adopted by the CPs to
the Barcelona Convention, with the criteria adopted for their selection (UNEP/MED, 2006b), was
accompanied by the production of a handbook for the interpretation of the listed reference habitats
(Bellan-Santini et al., 2002; Pergent et al., 2007, UNEP/MAP-RAC/SPA, 2015a). Following the
same process of updating of the full BC classification list, also the list of reference habitats undertook
a consistent process of revision and updating, organised in consultation with 16 national experts from
all the CPs of the BC, whose scientific experience covered all the habitat types included in the
classification. Afterwards, the list was subjected to the official approval of all the national focal
points of the SPA/BIO Protocol, before its final adoption (SPA/RAC-UN Environment/MAP, 2019b,
available at http://www.rac-spa.org/publications#enl3). The reference benthic habitat types have
been selected among the 394 habitats listed in the updated BC classification, according to defined
criteria and considering the needs of the Integrated Monitoring and Assessment Program (IMAP,
2017).

Inspired by Ballesteros et al. (2017) and by the FAO’s criteria for identification of Vulnerable Marine
Ecosystems (VMEs) (FAO, 2009), eight traits have been used to select reference habitats to be
included in the updated reference list. While these traits are sometimes correlated, they account for
different features of the habitat that make it worthy (or not) of protection. The eight traits used for the
selection of reference habitats are the following:

1) Fragility: degree of susceptibility of the habitat to degradation (i.e., loss of its structure and
functions) when facing natural and anthropogenic pressures;
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2) Resilience™: inability of the habitat to recover quickly from a disturbance. Usually it is related
to life-history traits of the component species that make recovery difficult (e.g., slow growth
rate, late age of maturity, low or unpredictable recruitment, long-lived);

3) Uniqueness or rarity: degree of rarity of the habitat, i.e. unusual or very infrequent, at the
Mediterranean scale;

4) Importance: the aptitude of the habitat to host rare, threatened, endangered or endemic species
that occur only in discrete areas;

5) Species diversity: the number of species hosted in the habitat;

6) Structural complexity: degree of complexity of physical structures created in the habitat by
the interaction of its biotic and abiotic components;

7) Capacity of the habitat to modify the physical environment and the ecosystem processes (i.e.,
geomorphological traits, fluxes of matter and energy), with a particular relevance at the
occurrence of bioconstructors;

8) Significance of the habitat to provide ecosystem services, i.e. regulation, provision, habitat,
and information services.

To select the reference habitats among the 394 habitats listed in the updated BC classification, an
expert judgment procedure based on the Delphi technique has been carried out (refer to Montefalcone
et al., 2021 for details). In the procedure, a total of 16 national experts from all the CPs of the BC and
of 10 Mediterranean scientists, whose scientific experience covered all the habitat types included in
the list, have been involved. Each expert made a private judgment assigning to each habitat types a 3-
levels score, from 1 to 3, for each of the eight traits: 1) score 1 corresponds to a low level; ii) score 2
to a medium level; and iii) score 3 to a high level. The final score for each habitat type was obtained
averaging on all the experts. All habitat types having a rating of 3 in the “uniqueness” or “rarity” trait
(i.e., habitats that are extremely rare) have been selected for the inclusion in the updated reference list
regardless their final rating. When the main habitat-forming species of a habitat is a non-indigenous
species, it has not been selected for inclusion in the updated references list, whatever its final rating.
All habitats hosting bioconstructors able to build wide biogenic structures (i.e., reefs or platforms)
have always been scored with a value of 3 in the trait “capacity of modifying the physical
environment and the ecosystem processes” and have been selected for the inclusion in the reference
list regardless their final rating (except those characterised by non-indigenous species).

Inclusion of a habitat in the updated reference list depended on the final score obtained by adding up
the scores of the eight traits altogether. The minimum score reached by a habitat is 8 (score 1 to each
of the eight traits), whilst the maximum score is 24 (score 3 to each of the eight traits). From the
frequency distribution of the final scores of all the habitats listed in the updated BC classification,
two groups were clearly identified, separated by the threshold score of 16:

e Priority habitats: are habitats reaching a final score > 16. For these habitats conservation and
strict protection is absolutely mandatory;

e Lecast relevant habitats: are habitats reaching a total score < 16. These habitats do not require
specific conservation measures, although a sustainable management of all human activities
must be always ensured.

All priority habitats reaching a final score of the eight traits equal or higher than 16 have been
retained to update the reference list of marine habitat types (SPA/RAC-UN Environment/MAP,
2019b; see Annex 1). This updated list contains a total of 267 habitat types (up to the level 5),
corresponding to 68% of the total habitat types listed in the updated BC classification. The first list of
reference habitats (UNEP/MED, 2006b) contained 87 reference habitats up to the level 5 whilst the
updated list (SPA/RAC-UN Environment/MAP, 2019b) now includes 86 main habitat types up to the
level 4, plus other 181 sub-habitats at the level 5: it means that the number of reference benthic
habitats to be inventoried, monitored, and protected has today been improved with 193 new types.
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General frame of the interpretation manual
This interpretation manual satisfies the following requirements:

1. updated information provided,

2. scientific rigour;

3. readability also for non-specialists;

4. compatibility with existing classification systems (e.g., EUNIS, EUR 28 European Union
Habitat Directive, CORINE).

The previous version of the ‘Handbook for interpreting types of marine habitat for the selection of
sites to be included in the national inventories of natural sites of conservation interest’ (UNEP/MAP-
RAC/SPA, 2015a, available at http://www.rac-spa.org/publications) was used as a basis to elaborate
this interpretation manual.

Each descriptive sheet in the manual has been elaborated according to the following scheme:

On the first page of each sheet, on the left side, all the reference codes for the habitat identification
are listed, starting from the code of the updated Barcelona Convention (this code is also reported on
the side of each page of the sheet) and including the codes of the revised version of EUNIS (Evans et
al., 2016, available at https://www.eea.curopa.cu/data-and-maps/data/cunis-habitat-classification), of
the first version of EUNIS (Davies and Moss, 1998), of the European Union Habitat Directive (EUR
28, available at: http://ec.europa.eu/environment/nature/legislation/habitatsdirective/docs/
Int Manual EU28.pdf), and of the CORINE classification, when available. When the habitat
described in the sheet has only a partial correspondence with another classification scheme, the word
“partim” has been added near the code.

1.  In addition, on the first page of each sheet, on the left side, a summary of the main features of
the habitat are reported. In particular: i) the biological zone of the marine environment
(supralittoral, midlittoral, infralittoral, circalittoral, offshore circalittoral, upper bathyal, lower
bathyal, and abyssal); ii) the nature of the substratum, distinguishing from soft (coarse, mixed,
sand, mud sediments), to hard (rock and biogenic); iii) the average depth range where the
habitat usually develops; iv) the position of the habitat, distinguished in coastal (for the habitats
developing in the littoral, infralittoral, and circalittoral depth zones), open sea (for the habitats
developing below the circalittoral zone), and paralic for the habitats of transitional waters; v)
hydrodynamic conditions, defined as variable, weak (i.e., sheltered), moderate, strong or very
strong (i.e., exposed); vi) the average salinity range where the habitat usually develops; vii) the
average temperature range where the habitat usually develops; viii)the suitability of the habitat
for monitoring programs.

2. The descriptive sheet is organized in chapters, providing a complete description of the main
features of each habitat type. The first one is the “Description of the habitat”, where the general
characteristics used to identify the habitat and its main features are reported.

3. The “Geographic distribution” provides information on the distribution of the habitat within the
Mediterranean Sea.

4.  The “Associated habitats™ lists all the other benthic habitats that can be found in association
with, or in close vicinity to, the habitat described in the sheet; for each listed habitat the relative
code of the BC classification is also provided.

5.  The “Related reference habitats” reports other reference habitats (with their code) listed in the
updated BC list that display some similar features (usually in terms of dominant or associated
species).

6.  Inthe “Possible confusion” chapter are listed all the other habitats that can be confused with the
habitat described in the sheet.
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10.

11.

12.

13.

The “Typical species and associated communities™ lists all main species dominating the habitat,
and the main species that can be found in the associated community. The nomenclature of the
animal species has been checked on the standard World Register of Marine Species (WoRMS
Editorial Board, 2021, available at https://www.marinespecies.org/), but for Lophelia pertusa
we decided to maintain this well-established nomenclature (instead of the new name
Desmophyllum pertusum). Algal species names were checked on AlgaeBase database
(available at https://www.algaebase.org/).

In the “Conservation interest and ecological role” the main ecological functions supported by
the habitat are provided. Occurrence of endemic species within the habitat (among the
dominant species) is also reported (also referring to Coll et al., 2010 and Bianchi et al., 2012).
In the “Economic importance” the ecosystem services provided to humans by the habitat are
listed. The main ecosystem services considered are those listed by Solomidi et al. (2012) and
Paoli et al. (2017), which are provision services (e.g., materials, food, genetic resources
availability), habitat services (e.g., due to the creation of three-dimensional structure that
amplifies the space available for marine organisms), regulation services (e.g., carbon cycle,
water clearing, climate change mitigation), information and cultural services, which embrace
scientific research and monitoring, teaching, recreation (e.g., for those habitats with great
aesthetic value for underwater tourism), inspiration (e.g., for photos, films, and painting or
literary creations) and spiritual value (e.g., cultural traditions). When available, the economic
value of the habitat has also been reported.

In the “Vulnerability and potential threats” the main pressures likely to affect the status of the
habitat and the vulnerability of the habitat to both natural and human-induced pressures are
described.

The “Protection and management” describes the specific protection measures already
implemented for the habitat (or for the dominant species associated to the habitat). References
to inclusion in the Annexes of the Habitats Directive (92/43/EEC), of the Bern Convention on
the conservation of wildlife and natural environment of Europe, of the Protocol concerning
Specially Protected Areas and Biological Diversity in the Mediterranean (SPA & BD Protocol,
Barcelona Convention), and in the IUCN European Red List of species and marine habitats are
also provided.

The “Suitability of the habitat for monitoring” indicates whether the habitat has been indicated
as suitable in monitoring plans. The document ‘Monitoring protocols for IMAP Common
Indicators related to biodiversity and non-indigenous species, which includes the guidelines for
monitoring marine benthic habitats in the Mediterranean’ (UNEP/MED, 2019) was used as a
reference for the inventory and monitoring methods for habitat characterization and status
evaluation. The adoption of the habitat in the frame of the WFD and the MSFD has also been
indicated.

The “Reference” section lists a representative selection of the consulted literature used to
update the information reported in each descriptive sheet. Some relevant documents widely
used in most of the sheets have not been provided in each of them to avoid repetitions, but they
have been provided at the end of the reference list of this interpretation manual.
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MA1.51 Supralittoral rock

MA1.51a Supralittoral euryhaline and eurythermal pools

MAT1.52 Midlittoral caves

MA1.53 Upper midlittoral rock

MAT1.54 Lower midlittoral rock

MA1.542 Association with Fucales

MA1.544 Facies with Pollicipes pollicipes

MA1.54a Midlittoral euryhaline and eurythermal pools

MAZ2.51 Platforms of encrusting Corallinales

MAZ2.54 Banks of dead leaves of macrophytes

MA3.51 Supralittoral coarse sediment, MA4.51 Supralittoral mixed sediment, MAS5.51
Supralittoral sand, MA6.51 Supralittoral mud

MA3.511, MA4.511, MAS5.511, MA6.511 Association with macrophytes

MA3.52 Midlittoral coarse sediment, MA4.52 Midlittoral mixed sediment, MAS5.52 Midlittoral
sand, MA6.52 Midlittoral mud

MA®6.521a Association with halophytes or marine angiosperms

MB1.51 Algal-dominated infralittoral rock

MBI1.51a Well illuminated infralittoral rock exposed, MB1.51c Well illuminated infralittoral
rock sheltered

MBI1.511a, MB1.511c Association with Fucales

MB1.513a Association with encrusting Corallinales creating belts

MBI1.514a, MB1.514¢ Association with Caulerpa prolifera

MB1.516a, MB1.516¢ Facies with zooxanthellate Scleractinia

MBI1.51b Moderately illuminated infralittoral rock exposed, MB1.51d Moderately illuminated
infralittoral rock sheltered

MBI1.51e Lower infralittoral rock moderately illuminated

MB1.52 Invertebrate-dominated infralittoral rock

MB1.52a Moderately illuminated infralittoral rock, exposed or sheltered

MB1.524a Facies with azooxanthellate Scleractinia

MBI1.53 Infralittoral rock affected by sediment

MB1.537 Facies with endolithic species

MB1.55 Coralligenous (enclave of circalittoral)

MB2.51 Reefs of Vermetidae

MB2.52 Reefs of Sabellaria spp.

MB2.53 Reefs of Cladocora caespitosa

MB2.54 Posidonia oceanica meadow, on rock (MB2.541), on matte (MB2.542), on sand,
coarse or mixed sediment (MB2.543)

MB2.545 Natural monuments/Ecomorphoses of Posidonia oceanica (fringing reef, barrier reef,
stripped meadow, atoll)

MB2.546 Association of Posidonia oceanica with Cymodocea nodosa or Caulerpa spp.
MB2.547 Association of Cymodocea nodosa or Caulerpa spp. with dead matte of Posidonia
oceanica

MB3.51 Infralittoral coarse sediment mixed by waves, MB3.52 Infralittoral coarse sediment
under the influence of bottom currents

MBS5.52 Well sorted fine sand

MBS5.521 Association with indigenous marine angiosperms

MBS5.53 Fine sand in sheltered waters

MBS5.539 Facies with Tritia spp. and nematodes in hydrothermal vents

MB5.542 Association with Fucales

MB6.51 Habitats of transitional waters (estuaries and lagoons)
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MB6.511 Association with marine angiosperms or other halophytes
MCI1.51 Coralligenous cliffs

MC1.51a Algal-dominated coralligenous

MC1.512a Association with Fucales or Laminariales

MC1.51b  Invertebrate-dominated  coralligenous, = MC1.51c  Invertebrate-dominated
coralligenous covered by sediment

MC1.512b, MC1.512c Facies with large and erect sponges
MC1.514b, MC1.514c Facies with Alcyonacea

MC1.516b, MC1.516c¢ Facies with the Zoantharia Savalia savaglia
MC1.52 Continental shelf rock

MC1.52a Coralligenous outcrops, MC1.52b Coralligenous outcrops covered by sediment
MC1.52¢ Deep banks

MC1.53 Semi-dark caves and overhangs

MC1.53a Walls, MC1.53b Roof

MC1.531a, MC1.531b Facies with sponges

MC1.533a, MC1.533b Facies with Corallium rubrum

MC1.534a, MC1.534b Facies with Scleractinia

MC1.536a, MC1.536b Facies with Bryozoa

MC1.53d Brackish water caves or caves subjected to freshwater runoff
MC1.531d Facies with lithistid sponges

MC2.51 Coralligenous platforms

MC3.51 Coastal detritic bottoms

MC3.511 Association with Laminariales

MC3.514 Facies with Alcyonacea

MC3.515 Facies with Pennatulacea

MC3.518 Facies with Bryozoa

MC3.52 Coastal detritic bottoms with rhodoliths

MC3.521 Association with maérl

MC3.522 Association with Peyssonnelia spp.

MC4.51 Muddy detritic bottoms

MC6.51 Coastal terrigenous mud

MC6.511 Facies with Alcyonacea and Holothuroidea

MD1.51 Offshore circalittoral rock invertebrate-dominated, MD1.52 Offshore circalittoral rock
invertebrate-dominated covered by sediment

MD1.514, MD1.524 Facies with Antipatharia

MD1.515, MD1.525 Facies with Scleractinia

MD1.53 Deep offshore circalittoral banks

MD1.532 Facies with Alcyonacea

MD2.51 Offshore reefs

MD3.51, MD4.51 Offshore circalittoral detritic bottoms

MD3.511, MD4.511 Facies with the Bivalvia Neopycnodonte spp.
MD3.514, MD4.514 Facies with Crinoidea

MD5.51 Offshore circalittoral sand

MD6.51 Offshore terrigenous sticky mud

ME1.51 Upper bathyal rock invertebrate-dominated

ME1.512 Facies with large and erect sponges

ME1.513 Facies with Antipatharia

ME1.514 Facies with Alcyonacea

MEI1.516 Facies with Cirripedia

ME1.518 Facies with the Bivalvia Neopycnodonte spp.

ME1.52 Caves and ducts in total darkness

ME?2.51 Upper bathyal reefs
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ME2.512 Facies with large and erect sponges
ME2.513 Facies with Scleractinia

ME2.515 Facies with Serpulidae

ME2.52 Thanatocoenosis of corals, or Brachiopoda, or Bivalvia, or sponges
ME3.51 Upper bathyal coarse sediment

ME®6.51 Upper bathyal mud

ME&6.512 Facies with Pennatulacea

ME&6.513 Facies with Alcyonacea

ME6.51B Facies with Bryozoa

ME®6.51C Facies with giant Foraminifera

MF1.51 Lower bathyal rock

MF1.512 Facies with Alcyonacea

MF1.514 Facies with chemosynthetic benthic species
MF6.51 Lower bathyal sandy mud

MG1.51 Abyssal rock

MG6.51 Abyssal mud
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Supralittoral rock

Reference codes for
identification:

* BARCELONA CONVENTION:
MA1.51

« EUNIS 2019: MA151
« EUNIS 2007: B3.1

* EC: 1170 (partim)

* CORINE: 18.16

LOCATION OF THE HABITAT

Zone Supralittoral

Nature of the Hard (rock)
substratum

Depth range Above mean
sea level
Position Coastal

Hydrodynamic | Variable
conditions

Salinity Variable
Temperature Variable
Suitability for Yes, but not
monitoring applied
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SUPRALITTORAL

While the term ‘supratidal’ refers explicitly to the tidal features of an
area, the definition of ‘supralittoral’ is based on the biotic assemblages.
The two terms are often used interchangeably, but do not match closely.
The supralittoral zone is located above the level of the highest tides of
calm waters and therefore normally emerged, even if more or less
regularly reached by seawater spray. The supralittoral zone undergoes
immersions only exceptionally. In seas with wide tidal range, this
immersion happens regularly during the highest equinoctial tides. In
seas with small tidal range, like the Mediterranean, the immersion is
irregular, being mainly due to wave action. The vertical extension of this
zone varies according to the exposure: it may be only 10-15 cm in
sheltered areas but may reach some meters in exposed situations. The
supralittoral rock is an ecologically complex habitat characterized by
variable salinity (switching from fresh water during rains to crystallized
salt in dry weather), dehydration, wind and sun exposition, extreme
temperature oscillations (the surface temperature of the rock can rise up
to over 60 °C in summer, and fall below zero in winter), and mechanical
stress associated with seawater splash, often with sand or pebbles, with
strong abrasive effects. The amount of salt reaching the supralittoral
zone with splash or high waves has been estimated at ca 20 kg-m2-a-l
Haloclastic processes trigger cliff erosion through the penetration of
saline water into structural discontinuities of the bedrock and its
evaporation, with the subsequent deposition of salt crystals, which can
grow from solution, expand due to heating or change their volume due to
hydration. The modification in the volume of the crystals causes an
increase of the pressure on crevice walls, leading to the fragmentation of
the rock. Salt weathering, together with wetting and drying cycles and
bioerosion, may thus be important in notch formation.

Supralittoral rock occurs all around the Mediterranean coastline, which is
rocky for the most part (around 54%).

Above the supralittoral, an adlittoral zone may be identified,
characterized by the presence of halophytic vegetation and belonging to
the terrestrial domain. It borders and defines the upper limit of the



supralittoral rock. Conversely, the lower limit of the supralittoral rock is bounded by the upper
midlittoral rock, the first truly marine habitat. Rock pools (MA1.51a) may occur within the
supralittoral zone. Other associated habitats are ‘Association with Cyanobacteria and lichens’
(MA1.511), ‘Association with Ochrophyta’ (MA1.512), ‘Facies with Gastropoda and/or with
Chthamalidae’ (MA1.513), ‘Wracks of dead leaves of macrophytes’ (MA1.51b).

Typical supralittoral species may thrive on the borders of ‘Supralittoral euryhaline and
eurythermal pools’ (MA1.51a). The boundary between the supralittoral rock and the ‘Upper
midlittoral rock’ (MA1.53) is rarely sharp, and species belonging to the latter habitat may
colonize the lower part of the former. Affinities between these two habitats may also be due
to motile invertebrates moving among them.

Confusions are possible at the boundary with the upper midlittoral rock, where supralittoral
and midlittoral species may co-exist.

The supralittoral rock is a very harsh environment, where not many organisms can survive.
Species of terrestrial origin must tolerate the presence of salt; those of marine origin must be
extremely resistant to desiccation. At the upper boundary of the supralittoral zone, sparse
members can still be found of the maritime association of flowering plants named Crithmo-
Staticetum, typical of the adlittoral zone, the last terrestrial zone: examples include Crithmum
maritimum, Limbarda crithmoides, and Limonium sinuatum. Lizards of the genus Podarcis,
with many geographic species and subspecies, may patrol the supralittoral in search of small
crustacean prey when availability of potential insect prey in the adlittoral is reduced. The
supralittoral zone proper begins with a kind of abiotic ‘no man's land’. In reality, this apparent
bare rock is inhabited by different species of lichens, such as Verrucaria adriatica (on
limestone) and V. amphibia (on siliceous rock), which resemble tar spots. Macroalgae are
absent, because the salty aerosol sprayed by waves is too weak to enable colonization by
marine vegetation, but epi- and endolithic Cyanobacteria are normally abundant, and include
Blennothrix lyngbyacea, Chroococcus turgidus, C. varius, Entophysalis deusta, Gloeocapsa
salina, Hyella balani, H. caespitosa, Kyrtuthrix dalmatica, Lyngbya confervoides, Pannus
punctiferus, Phormidium nigroviride, Rivularia polyotis, R. atra, Solentia paulocellulare, and
others (with regional differences). The dominance of one or the other species makes the rock
take on a different dark colour: blackish, brown, ash green or bluish gray. Other
microorganisms include Bacteria (e.g., species of the genus Rubrobacter and the families
Flammeovirgaceae, Phyllobacteriaceae, Rhodobacteraceae, and Trueperaceae) and
halotolerant Archaea. Endolithic Cyanobacteria operate an active bioerosion of the bedrock,
especially on carbonate coasts. Among the animals, a typical supralittoral species is Fucellia
maritima, a dipteran similar to flies, from which it differs because its wings fold over each
other at rest, instead of remaining apart. It feeds on plant and animal detritus. The isopod
Ligia italica is more similar to its terrestrial relatives (suborder Oniscidea) than to marine
ones. It feeds on detritus and is active by day, walking on completely dry rocks. During their
reproductive period, females plunge into the sea, where their eggs are laid and hatch. The
littorinid gastropod Melarhaphe neritoides is the dominant animal in the supralittoral rock,
reaching a density of nearly 100 individuals-m2, especially in exposed coasts. It is capable of
alternating aquatic and aerial respiration, and its tiny blackish-brown shells throng near
cracks in rocks, where humidity is retained. M. neritoides feeds on Cyanobacteria and
grazing with its radula enhances the bioerosion rate: a single individual of M. neritoides may
remove about 25 mg-a! of rock. Another littorinid species, Echinolittorina punctata, occurs in
the southern Mediterranean Sea. Its shell is a little larger than that of M. neritoides, reaching
1 cm in diameter. The range of E. punctata has recently expanded northward to reach the
Italian coasts of Apulia and Latium. Large individuals of both species are common at higher
levels, and small ones at lower levels. Both species do not move when on a dry surface: they
close the operculum and remain attached to the rock by a rim of mucus round the fore-edge
of the shell; with increased desiccation they hide in small crevices. Although chthamalid
barnacles characterize the upper midlittoral rock, where they form distinctive belts, the
species Microeuraphia depressa may be found in the lower part of the supralittoral zone.

MAZL1.51 Supralittoral rock



MAZ1.51 Supralittoral rock

It occurs with single individuals or small groups in crevices and narrow grooves, reaching
maximum densities of 28 to 73 individuals-m2. It can resist desiccation by retaining
a small amount of water in the shell, and may tolerate temperatures higher than
60 °C. It is a suspensivore using its cirri to seize (during storms) small preys and organic
debris suspended in the water. Cirri come out from its shell only during the backflow of water
following wave withdrawal: when the water speed is low (<4 cm-s1), the cirri contract at a
very rapid rate to actively capture food particles; when water speed is faster, the capture of
food particles becomes passive. The occasions when M. depressa is reached by waves, and
can therefore feed, are rare: the species is able to survive long periods of fasting (several
weeks). As a whole, supralittoral rock organisms are not homogeneously distributed through
the habitat, differences arising according to shore types and distance from the sea. Three
main subzones may be recognized from land to sea: an upper subzone colonized by lichens;
a middle subzone dominated by M. neritoides; and a lower subzone with M. neritoides and M.
depressa. Visually, two subzones can be distinguished based on colour: a yellowish-grey in
the lower part and a wider black above, possibly due to the dark cyanobacterial film.

The supralittoral rock is a sort of ecotone between land and sea, in which biota and selective
pressures from both environments can co-occur. Species living exclusively in this habitat
exhibit unique adaptations of major ecological and evolutional interest.

This habitat provides humans with two major kinds of ecosystem services: provisioning
services and cultural services. The former consist in the hiotechnological potential of the
microorganisms living in supralittoral rock. The latter include the teaching opportunities that
intact locales on rocky capes offer to schoolchildren, and the scientific interest: for instance,
the on-going range extension of Echinolittorina punctata linked to seawater warming
suggests that this species may be a practical and easy-to-monitor indicator of climate
change. The monetary value of this habitat has not been assessed yet.

The biota inhabiting the supralittoral rock is supposedly resistant to adverse environmental
conditions. However, this habitat is heavily impacted by human trampling and other tourist-
related or maritime activities, especially when located on gently sloping and easily accessible
rocky coastlines, which become often covered by asphalt and cement. Even when located on
inaccessible steep cliffs, this habitat remains anyway vulnerable to surface water pollution
(oils, surfactants, nutrients).

No specific protection measures are envisaged for this habitat. Virtually all marine protected
areas include rocky coast, where the supralittoral zone is supposedly subtracted to
unsustainable human use.

Lichen cover and fauna abundance may be easily monitored though time, and would provide
relevant information on the ecological modifications due to climate change and/or local
human impacts.
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Depressions within the supralittoral rock may be filled with seawater,
during storms, or with meteoric water, in rainy days with calm sea,
originating the so-called rock pools (also splash pools). Depending on
distance from the sea, rainfall, seasonality, and other factors, a great
variety of rock pool types exist, whose classification is based on their
genesis and geometry. They are generally circular to spindle-shaped,
centimetres to decimetres deep and decimetres to metres wide.
Physico-chemical erosion by both marine and meteoric waters,
mechanical erosion by waves, and bioerosion by endolithic microalgae
and molluscs grazing upon them (dense population of Melaraphe
neritoides may remove more than 1 mm-a?! of rock) are the major
genetic agents, especially on carbonate rocks. Being disconnected from
the sea, and due to their small volume (hardly exceeding a few tens of
litres), rock pools are greatly sensitive to meteorological variability:
exposure to the sun may lead to the evaporation of seawater, increasing
salinity up to 300 and eventually precipitating salt crystals; on the
contrary, rainfall decreases salinity, giving rise to brackish or even
freshwater habitats. Temperature variations are also important, and may
range from less than 7 °C (in winter) to more than 34 °C (in summer).
Similar variability has been measured for other parameters: for instance,
in Ligurian Sea rock pools, the pH vary from 7.3 to 8.9, and the amount
of particulate organic matter suspended in the water vary from less than
20 mg-I'* to more than 350 mg-I'*. Notwithstanding the shallow depth of
rock pools, waters are often stratified, and three layers may be
recognized: a surface layer, with highly variable physico-chemical
conditions; an intermediate layer, comparatively stable but poor in
oxygen; and a deep layer, characterized by higher salinity. Ecologically,
rock pools may be divided into two main types: temporary, with high
salinity and abundant organic substances; and semi-permanent, with
reduced salinity due to the continuous supply of rain water.

Rock pools can be observed in the supralittoral zone of most rocky
shores, which occur all around the Mediterranean coastline. There are
regional differences in species occurrence in the various geographic
sub-basins of the Mediterranean.



Rock pools are nested in the supralittoral rock, and can be found through the supralittoral
zone. Rock pools located high on the shore may come in contact with the adlittoral zone,
whilst those low on the shore may occur in the vicinity of the midlittoral rock. Wracks of dead
leaves of macrophytes (MA1.51b) may be associated to this habitat.

Species belonging to the ‘Supralittoral rock’ (MA1.51) may colonize the borders of the rock
pools: border erosion by mollusc grazing is a major agent of pool enlargement. Species from
the ‘Upper midlittoral rock’ (MA1.53), the ‘Lower midlittoral rock’ (MA1.54), the ‘Midlittoral
euryhaline and eurythermal pools’ (MA1.54a), and even the ‘Algal-dominated infralittoral rock’
(MB1.519) may occasionally be found inside rock pools, brought there by storm waves.

Rock pools located low on the shore may be confused with tide pools, which occur in the
midlittoral rock and are more or less regularly inundated by the sea.

Rock pools are extreme habitats populated by eurythermal and euryhaline organisms of
terrestrial, freshwater or marine origin, able to face the wide variability of environmental
parameters. These extreme conditions can cause high mortality in most of the resident
organisms, leading to recurrent local extinctions, followed by recolonization. Accordingly,
rock pool dwellers have developed behavioural or physiological mechanisms that allow them
to escape or endure adversity. Organisms capable of flying, like some insects, can actively
move between pools during periods of drought, whereas other taxa produce resistance
stages to overcome adverse periods in situ. Phytoplankton includes diatoms, phytoflagellates
and unicellular chlorophytes. Oxyrrhis marina is one of the most common phytoflagellates.
Chlorophytes comprise several species, such as Brachiomonas submarina, Dunaliella salina,
Stephanoptera gracilis, Tetraselmis subcordiformis and T. tetrathele. S. gracilis dominates
when the salinity is high, D. salina when the water approaches saturation. On the bottom of
the pools, cyanobacteria form green or brown compact phototrophic biofilm, some of which
thicken over the spring to form microbial mats; in full summer, microbial mats shrink, detach
from the exposed substrate, harden and progressively calcify. Common cyanobacteria
include Hyella caespitosa, Kyrtuthrix dalmatica, Lyngbya salina and Rivularia nitida. The
highest cyanobacterial diversity is found when salinity is high. Germlings of green and brown
macroalgal species belonging to Ulva, Cladophora and Sphacelaria may be embedded in
biofilms and microbial mats and gradually grow to form more or less extensive ephemeral
macroalgal covers in spring; over the summer, macroalgal cover diminishes and may
eventually disappear. Heterotrophic protists are represented by ciliates, such as
Condylostoma patens, C. rugosa, Euplotes trisulcatus, and Fabrea salina, among many
others. F. salina dominates in summer and can withstand salinities of up to 200 before
getting encysted. C. patens dominates in spring and autumn, with salinities not exceeding 60.
Among the metazoans, the free-living nematode Anticoma acuminata is well adapted to the
rock pool environment: it forms dense populations in summer, with salinities ranging from 35
to 75. Ratifers typical of this habitat are Encentrum marinum and Testudinella clypeata, which
survive unfavourable periods in a stage of latent life; Colurella obtusa may also be found in
rock pools, but is not typical. Among the Crustaceans, the harpaticoid copepod Tigriopus
fulvus is one of the most characteristic animals of rock pools, where it may be present with
active stages throughout the year, whenever water is available. Its salinity optimum is
between 38 and 45, but it remains active and reproduces at higher salinities; only when
salinity reaches 180, T. fulvus enters a state of latent life, while death intervenes at 230. T.
fulvus is currently considered a polytypic species and includes the subspecies T. f. fulvus
from the Western Mediterranean, T. f. adriatica from Croatia, and T. f. algirica from Algeria.
The actual diversity of the genus Tigriopus in the Mediterranean Sea needs to be further
investigated. The amphipod Parhyale aquilina, which thrives especially in midlittoral coarse
sand, reproduces well in rock pools and tolerates salinities exceeding 65. Species that can
be found accidentally in rock pools include the mite Copidognathus tabellio and several
midlittoral and infralittoral gastropods that may be brought in by storm waves and do not
survive for long. Insects have several species commonly thriving in rock pools, the most
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important ones belonging to dipterans and coleopterans. The former use coastal rock pools
only during part of their life cycle, while some of the latter spend the whole life cycle there.
The absence of fish, which predate on their larvae, make rock pools ideal micro-
environments for dipterans. Anopheles sacharovi, Culex modestus, Culiseta litorea,
Ochlerotatus caspius and O. detritus (among others) may be found in rock pools but are not
typical of these environments. The only dipterans specializing in life in rock pools belong to
the genus Acartomyia: A. mariae (western Mediterranean), A. zammitii (central
Mediterranean, Adriatic Sea, Aegean Sea), and A. phoeniciae (Levantine basin). Their larvae
crowd by thousands, tolerating salinities up to 200 (A. mariae) or even 280 (A. phoeniciae); in
early summer, before the pools dry up, they metamorphose and fly away. Among
coleopterans, Bembidion steinbuehleri, Agabus conspersus and other water beetles can be
found, but most prominent are the species of the genus Ochthebius belonging to the so-
called “Calobius” lineage: O. adriaticus adriaticus (Croatia), O. a. moreanus (Crete), O. a.
pleuralis (Crete), O. asper (Greece), O. biltoni (Sicily), O. brevicollis (Eastern Mediterranean),
O. celatus (Tyrrhenian Sea, Central and Eastern Mediterranean), O. cortomaltese (Malta), O.
evae (south Spain), O. lejolisii (south Spain), O. quadricollis (western Mediterranean), O.
subinteger (Baleares and Corsica), O. urbanelliae (Tyrrhenian Sea, lonian Sea, Adriatic Sea).
These small beetles measure about 2 mm, and are brown-black in colour. They are
phytophagous and detrivorous. The adults do not swim and slowly tread the bottom and walls
of the rock pool, but must emerge to breathe: a felting of hairs on the ventral surface of their
abdomen allows them storing air bubbles. They are numerous from spring to summer, but
may be there all year round. Mating occurs in spring and autumn, and the eggs are laid singly
on organic debris. The larvae live on the bottom and feed on organic matter. Species of
Ochthebius tolerate salinities between 26 and 152, but have their optimum at 50 to 80. When
salinity becomes too high, adults can fly away in search of pools that suit them better.

Rock pools are peculiar ecosystems where species of terrestrial, freshwater or marine origin
coexist and interact functionally. Species living exclusively in this habitat exhibit unique
adaptations of major ecological and evolutionary interest. The Mediterranean climate,
characterized by a long period of summer drought and rainy winters with mild temperatures,
is the least extensive of the temperate climates: the rock pools of the microtidal
Mediterranean Sea are influenced more by the atmospheric climate than by the marine
climate, and have therefore few equivalents in the world.

The ecosystems services that rock pools provide to humans are essentially cultural services,
which include the teaching opportunities that rock pools offer to schoolchildren, and the
scientific interest: high fragmentation and environmental harshness make rock pools elective
habitats where to study evolutionary (speciation) and ecophysiological and behavioural
mechanisms (adaptation to extreme conditions). There are also important applied aspects, as
Tigriopus fulvus is known to be a useful test species in ecotoxicology.

The biota inhabiting rock pools is adversely selected, and therefore extremely resistant to
harsh environmental conditions. This notwithstanding it suffers human impact, especially
littering. Climate change has been also blamed for impacting this habitat: the average water
temperature in a rock pool located near Genoa (ltaly), first studied in 1987 and revisited in
2014, increased from 22.1 °C (range = 16.5-27.0 °C) to 25.9 °C (range = 21.8-31.4 °C);
concomitantly, the population density of Tigriopus fulvus decreased fivefold.

No specific protection measures exist for this habitat. Virtually all marine protected areas
include rocky coasts, whose supralittoral pools are supposedly subtracted to human impact.

Protist and macrofauna abundances may be easily monitored though time, and would
provide relevant information on the ecological modifications due to climate change and/or
local human impacts.
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Position Coastal
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monitoring
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Photo credits:
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Sea caves are coastal cavities of various size containing marine water,
and may be submerged (if they open below sea level) or semi-
submerged, extending above and below the sea surface, and thus more
exposed to and affected by sea-surface dynamics. Sea caves are
formed by different processes in various rock types (such as dissolution
of bedrock by water circulating through karstic network, fracturing, and
differential non-dissolution erosion), but especially in semi-submerged
caves the mechanical action by the waves may also be important in
shaping the morphology of the cavity and in influencing the composition
of the biota that lives there. Semi-submerged marine caves typically
have a terrestrial part, with the characteristics of a land cave but
receiving the influence of marine spray or even occasional high waves,
and a submerged part, which shares most features of semi-dark caves
but is more exposed to wave action. What really identifies semi-
submerged caves is the narrow band at sea level where the rock is
covered with a distinctive crust of red algae in dim light. This midlittoral
portion of the semi-submerged caves may extend further inside the
coastal cliff, in darker conditions: here, algae disappear and the biota is
represented only by animal species. The high degree of air humidity
allows midlittoral species to live high with respect to average sea level,
in what would be the supralittoral zone outside the cave.

Rock constitutes around 54% of the Mediterranean coastline, and
marine caves may occur wherever there are rocky cliffs, especially if
made of limestone. Our knowledge about midlittoral caves, however, is
restricted to a few sites, mostly along the northern coasts.

Midlittoral caves are usually in contiguity with the normal rocky
supralittoral, midlittoral, and shallow infralittoral habitats. In addition, they
are in contact with terrestrial caves and submerged caves, either semi-
dark or dark. Biotic interchanges among these different habitats are
therefore frequent and, depending also on the degree of exposure, may
partially upset the normal zonation schemes. Midlittoral caves may be
associated with ‘Association with encrusting Corallinales or other
Rhodophyta’ (MA1.521).



Affinities may be found between midlittoral caves and shallow ‘Semi-
dark caves and overhangs’ (MC1.53), ‘Supralittoral rock’ (MA1.51), ‘Upper midlittoral rock’
(MA1.53), ‘Lower midlittoral rock’ (MA1.54), ‘Association with encrusting Corallinales creating
belts’ (MA1.531, MA1.541), and ‘Platforms of encrusting Corallinales’ (MA2.51). These
affinities are in part due to motile invertebrates moving among them.

The topographic location at sea level and the distinctive pink-red-mauve colour of the fine
algal crust covering the rock make this habitat unmistakable. Confusion, however, may arise
at the transitions to subaerial and submerged parts of the cavity.

The most characteristic species of midlittoral caves are two red crust-forming algae:
Hildenbrandia rubra is pink-red to dark red in colour, velvety to the touch, and is highly
tolerant to variations in salinity, temperature and light conditions; Phymatolithon lenormandii
is calcified, hard and rugose, and pink-red to mauve in colour. The moss-like, dark purple in
colour, red alga Catenella caespitosa and the dark green cyanobacterium Rivularia atra can
also participate in this association. In absence of light, this algal belt may be replaced by the
typical littoral chthamalid Microeuraphia depressa and the beadlet anemones Actinia
mediterranea and A. prasina. Chitons, limpets and the two littoral crabs Pachygrapsus
marmoratus and Eriphia verrucosa are among the most frequent motile invertebrates. In
submerged caves that exhibit inner chambers with air bells, a belt of the deep circalittoral
bivalve Neopycnodonte cochlear may form in what would be the ‘midlittoral’ zone. The
shallow submerged part of midlittoral caves is typically inhabited by encrusting and massive
sponges, among which a miniaturized form of Aplysina aerophoba; in the south-western
Mediterranean it may harbour spectacular mats of the colonial scleractinian coral Astroides
calycularis, bright orange in colour. The subaerial part of the cavities is populated by
terrestrial arthropods, such as acari, pseudoscorpions, centipedes and insects, by seabirds
(e.g. Hydrobates pelagicus, Phalacrocorax aristotelis) and rock pigeons (Columba livia), and
by bats (e.g. Miniopterus schreibersii, Myotis blythi, Tadarida teniotis). The Mediterranean
monk seal Monachus monachus, in regions where it is still present, exploits semi-submerged
caves to rest, moult, give birth to, and nurse pups. It finds refuge in marine caves after the
intense human persecution to which it has been exposed since classical antiquity. The
species enter coastal caves with underwater or semi-submerged access, provided that these
are characterized by emerged internal beaches or rocky platforms on which the species may
haul-out. Caves used by monk seals for breeding have specific characteristics: they need to
be well protected from wind and waves and human disturbance in order to guarantee pup
survival. This implies the presence of factors such as: an entrance with a protective barrier
against strong waves, a long entrance corridor, a well sheltered shallow internal pool,
beaches that are always above high tide level, and a wide subaerial chamber.

Notwithstanding low diversity and lack of strictly exclusive species, semi-submerged caves
have a heritage and aesthetical value. In addition, those caves that have an emerged internal
chamber may be important for the conservation of bats and the monk seal Monachus
monachus.

The ecosystems of semi-submerged caves offer information and provision services to
humans. When cave porches are large enough, they can be enjoyed by tourists who can
access by swimming, snorkelling or boating. In some Mediterranean countries, people enter
marine caves to harvest bird eggs. Anglers use semi-submerged caves as a base for their
activity. No monetary evaluation is available yet for this habitat.

Little is known about the consequences of water warming and sea level rise on midlittoral
caves. Pollution by hydrocarbons is to be considered as a serious threat for the biota.
Floating litter and debris can accumulate in the inner part of the cave. Unrestricted human
visitation, especially with motorboats, can be a significant source of impact.
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Marine caves are protected according to the Resolution no. 4 of the Council of Bern
Convention (which listed them as endangered natural habitat type), by the Habitats Directive
of the European Union, and by the Mediterranean Action Plan of the United Nations
Environment Programme. The Mediterranean monk seal Monachus monachus, included as
endangered (EN) in the IUCN Red List of threatened species and listed in the Annex Il
(endangered and threatened species) of the Barcelona Convention for the Protection of the
Marine Environment and the Coastal Region of the Mediterranean, is one of the most
emblematic and charismatic species inhabiting marine caves. Even in regions where the
monk seal does not occur anymore, there is often historical evidence of the use of caves by
this species: in Italy, for instance, many traditional marine cave names, such as ‘Grotta delle
Sirene’ (= Mermaids Cave) or ‘Grotta del Bue Marino’ (= Sea Ox Cave), derive from the
(past) occurrence of monk seals there. Maintenance of this habitat, therefore, may help the
future recovery of Mediterranean populations of M. monachus. The survival of important
monk seal populations in the north-eastern Mediterranean, especially in the Aegean Sea, is
linked to the availability of high numbers of suitable cave habitats across the coasts and
insular locations of the region coupled with the extensive coastline of the insular locations,
which provide protection from human disturbance and prevailing winds. Considering that the
species has a very prolonged lactation period, marine caves represent a habitat of high
conservation value for its survival.

Caves are included within the guidelines for monitoring marine habitats in the Mediterranean,
requested by the Integrated Monitoring and Assessment Programme and related
Assessment Criteria (IMAP, Barcelona Convention) to build a regional standardised
monitoring system. The UNEP Regional Activity Centre for Specially Protected Areas of
Tunis has published the guidelines for the monitoring of dark habitats (included marine
caves) in the Mediterranean Sea. In the Eastern Mediterranean Sea, several marine caves
are monitored for the pupping activity of monk seals using remote photography and video.
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The phrase ‘intertidal zone’ explicitly refers to the tidal properties of an
area, and thus is delimited by physical limits. On the contrary, the
‘midlittoral zone’ is defined by the biotic assemblages, and its
boundaries are marked by floro-faunal changes. The two zonation
systems are sometimes used interchangeably, but do not match closely.
In macrotidal seas, the intertidal may extend upward to include the lower
part of the supralittoral and downward to include the upper part of the
infralittoral. In the microtidal Mediterranean Sea, the height of the waves
and the irregular variations of the sea level due to winds and
atmospheric pressure are more important than tides in setting the
boundaries of the midlittoral zone. Emersions and immersions are
therefore irregular, not periodic as the water level fluctuations due to the
lunisolar tides are. In most Mediterranean shores tidal range does not
exceed 30 cm; only in a few regions, such as the Northern Adriatic and
the Gulf of Gabes, tidal range may reach 1 m or more. On the midlittoral
rock, two different habitats can be recognized according to the height
above sea level and hence the different degree of wetting: the upper
midlittoral rock is located mostly above mean sea water level, whilst the
lower midlittoral rock extends below the mean sea water level. The
upper midlittoral rock is only moistened by the spray from the waves. Its
vertical extent is highly variable depending on exposure: the more
exposed the shoreline, the greater its width, and may exceed 2 m.

Upper midlittoral rock can be observed all around the Mediterranean
coastline, which is 54% rocky. Species composition of the corresponding
assemblage, however, may differ according to the geographic sector.

The upper midlittoral rock adjoins the supralittoral rock landwards and
the lower midlittoral rock seawards. In both cases, boundaries may be
indistinct. Associated habitats are: ‘Association with encrusting
Corallinales creating belts’ (MA1.531), ‘Association with Bangiales or
other Rhodophyta, or with Chlorophyta’ (MA1.532), ‘Facies with Bivalvia’
(MA1.533), ‘Facies with Gastropoda and/or with Chthamalidae’
(MA1.534).



Species belonging to the ‘Supralittoral rock’ (MA1.51) may colonize the highest reaches of
the upper midlittoral rock. Similarly, species of the ‘Lower midlittoral rock’ (MA1.54) may be
found on the seaward edge of the upper midlittoral rock. Motile invertebrates from both
habitats can frequently go grazing or foraging for detritus in the upper midlittoral rock, during
emersions or immersions, respectively.

Confusions are possible at the boundaries with the supralittoral rock (landwards), where
supralittoral and midlittoral species may co-exist, and the lower midlittoral rock (seawards),
which has some species in common with the upper midlittoral rock.

The most characteristic species of the upper midlittoral rock are chthamalid barnacles.
Microeuraphia depressa thrives in the lower part of the supralittoral zone, and may appear in
the highest verge of the upper midlittoral rock. The two midlittoral species, Chthamalus
stellatus and C. montagui, may be abundant enough to form large patches, due to their
gregarious habit; they may reach densities of more than 310 individuals-m2. Their shells are
whitish-grey to pale brown in colour. Both species are sospensivores: their cirri capture small
planktonic prey and organic debris suspended in the water. Cirri stretch out of the shell
openings during storms following wave withdrawal: when the water flows back at low speed
(<4 cm-s1), the cirri contract at a very rapid rate to actively capture food particles; when
water speed is faster, the capture of food particles becomes passive. The vertical extent of
the rock with chthamalids is indicative of the exposure of shores to storms: the higher the
barnacle patches on the shore, the greater the exposure. In exposed locales, C. stellatus is
more abundant than C. montagui. When the two species coexist, their spatial distribution
varies locally, but C. montagui is often more abundant high in the shore, C. stellatus low in
the shore. Differences in spatial distribution may also depend on bedrock lithology. While
barnacles are crowded when the exposure is considerable, in sheltered places
Cyanobacteria are more abundant. They include both epilithic (e.g., Calothrix scopulorum
and Scytonematopsis crustacea) and endolithic species (e.g., Brachytrichia quoyi and
Entophysalis granulosa). Endolithic species, which are also able to penetrate the shells of
barnacles, are more abundant on calcareous rocks, which they corrode chemically.
Cyanobacteria are grazed by limpets, which increase bioerosion scraping with the hard and
resistant teeth of their radula: a single limpet may remove up to about 8 g-a of rock. Limpets
are gastropod molluscs bearing a conical shell with a roughly oval outline, which adapts to
the substrate to which the animal adheres and retains a quantity of water sufficient to prevent
dehydration when out of water. Adhesion is also made possible by the secretion of a viscous
substance. Different species of limpets may be found through the midlittoral zone. Patella
rustica has an elevated light brown shell, and lives comparatively higher on the shore,
reaching also the supralittoral zone; it may exhibit densities of over 100 individuals-m-.
Patella ulyssiponensis has a flattened, radially greenish and white shell. Patella ferruginea is
the largest, and has a rusty-coloured shell with wide ridges and notched edges; it is a
protandric species, individuals larger than 60 mm being normally females. It has a rather
restricted range in the SW Mediterranean, reaching its northern limit in the Tuscan
Archipelago. The Mediterranean range of Cymbula safiana, which has a brown shell, is even
narrower: it is only found on the African coasts of the Alboran Sea. The range of the false
limpet Siphonaria pectinata is similar, but is apparently extending eastwards. Limpets also
graze the early stages of macroalgae, thus controlling their development. Only few
macroalgal species rich in mucilage (a defence against drying out) may be abundant,
especially in exposed locales with comparatively cooler waters. Examples include the
crustose Phaeophycean Hapalospongidion macrocarpum, the filamentous Rhodophytes
Bangia fuscopurpurea and Polysiphonia sertularioides, the encrusting calcareous
Rhodophyte Lithophyllum papillosus, and the leafy Rhodophyte Pyropia leucosticta. These
macroalgae peak in spring: under the high summer temperatures and the drier climate, they
shrink and die out. Only toward the lower edge of the upper midlittoral rock, the crinkly
Rhodophyte Rissoella verruculosa (whose primary production may exceed 1200 gp,-m2-a?)
develops a dense algal belt on exposed shores, especially on siliceous rock. R. verruculosa
is perennial, and its basal encrusting thallus persists during the warm season. Already in
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early summer, however, the belt appear dehydrated and faded. This belt borders on the
lower midlittoral rock, and preludes to the typical algal belts that characterize the latter
habitat. R. verruculosa is often accompanied by the other red alga Nemalion elminthoides,
popularly known as ‘sea spaghetti’ because of its aspect (and it is edible, too!). The crab
Pachygrapsus marmoratus move throughout the midlittoral zone to forage.

The upper midlittoral rock is the first habitat inhabited by fully marine populations, which
exhibit physiological or behavioural adaptations to tolerate prolonged emersion.

The ecosystem services provided to humans by the upper midlittoral rock include both
provisioning services and information services. Provision services are essentially
represented by the harvesting of sea spaghetti and limpets, locally appreciated as sea food,;
overexploitation has depleted the populations of Patella ferruginea in some areas.
Information services are due to the scientific interest. The midlittoral rock is the favourite
environment of experimental ecologists, who can easily manipulate natural situations to verify
hypotheses regarding, for example, the importance of grazing in influencing algal
development. The simplicity of the assemblages and their accessibility facilitate research,
and many models in modern ecology derive from experiments carried out in the midlittoral
zone. The other side of the coin is that midlittoral organisms are highly specialized and
therefore differ from those which live always submerged: thus, generalizations from
midlittoral ecology may not be applicable to the whole marine domain. The apparent on-going
range extension of Siphonaria pectinata linked to seawater warming suggests that this
species may be a practical and easy-to-monitor indicator of climate change. The vertical
extent of the rock with chthamalid barnacles allows estimating the average exposure of a
shore to storms even in calm sea conditions. No assessment of the monetary value of this
habitat is available yet.

This habitat is heavily impacted by human trampling and other tourist-related or maritime
activities, especially when located on gently sloping and easily accessible rocky coastlines.
Even when located on inaccessible steep cliffs, this habitat remains anyway vulnerable to
surface water pollution (oils, surfactants, nutrients).

Patella ferruginea is considered one of the most endangered marine invertebrates in the
Western Mediterranean; consistently, it is included in the Annex Il (List of endangered and
threatened species) of the Barcelona Convention for the Protection of the Marine
Environment and the Coastal Region of the Mediterranean; in the Appendix Il (Strictly
protected fauna species) of the Bern Convention on the Conservation of European Wildlife
and Natural Habitats; and in the Annex IV (Species in need of strict protection) of the EU
Habitats Directive (Council Directive 92/43/EEC on the Conservation of natural habitats and
of wild fauna and flora). Cymbula safiana (as Patella nigra) is included in the Annex Il of the
Barcelona Convention. Virtually all marine protected areas include rocky coast, where the
upper midlittoral zone is supposedly subtracted to unsustainable human use.

Barnacle and limpet abundance and algal cover may be easily monitored through time, and
would provide important information on the ecological alterations suffered by the upper
midlittoral rock because of climate change and/or local human impacts.
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MIDLITTORAL

The word ‘midlittoral’ is often considered synonymous of ‘intertidal’, so
that the two are used interchangeably. In reality, they do not match
closely: ‘intertidal’ explicitly refers to the tidal properties of an area, and
thus considers physical limits, while ‘midlittoral’ refers to the biotic
assemblages and considers floro-faunal changes. In macrotidal seas,
the intertidal zone may extend upward to include the lower part of the
supralittoral zone and downward to include the upper part of the
infralittoral zone. In microtidal seas, such as the Mediterranean, the
height of the waves and the irregular variations of the sea level due to
winds and atmospheric pressure are more important than tides in setting
the boundaries of the midlittoral zone. Emersions and immersions are
therefore rather irregular, not periodic as the water level fluctuations due
to the lunisolar tides are. In most Mediterranean shores tidal range does
not exceed 30 cm; only in a few regions, such as the Northern Adriatic
and the Gulf of Gabes, tidal range may reach 1 m or more. On the
midlittoral rock, two different habitats can be recognized according to the
height above sea level and hence the different degree of wetting: while
the upper midlittoral rock is just moistened by the sea spray, the lower
midlittoral rocks is maintained wet by the waves. It may be few
decimetres to 1 m wide according to exposure.

Lower midlittoral rock occurs all around the Mediterranean coastline,
with regional variations in species occurrence.

The lower midlittoral rock borders on the upper midlittoral rock
landwards, and on the infralittoral rock seawards. The boundary
between the midlittoral and the infralittoral zone, marked by a
comparatively sharp floro-faunal change and easily recognizable in the
field, is called ‘biological zero’, and should be preferred to the mean sea
level in ecological studies. The biological zero varies locally depending
on exposure: it lies above mean sea level in exposed situations, and
below mean sea level in sheltered areas.

The lower midlittoral rock may host ‘Association with encrusting
Corallinales creating belts’ (MA1.541), ‘Association with Fucales’
(MA1.542), ‘Association with algae (algal belts), except Fucales and
encrusting Corallinales’ (MA1.543), ‘Facies with Pollicipes pollicipes’



(MA1.544), ‘Facies with Vermetidae’ (MA1.545), ‘Facies with Bivalvia’ (MA1.546), ‘Facies
with Gastropoda’ (MA1.547), ‘Midlittoral euryhaline and eurythermal pools’ (MA1.54a) and -
just above the biological zero - the ‘Platforms of encrusting Corallinales’ (MA2.51).

Species belonging to the ‘Upper midlittoral rock’ (MA1.53) may colonize
the highest reaches of the lower midlittoral rock. Similarly, species of the ‘Algal-dominated
infralittoral rock’ (MB1.51) may be found above the biological zero in eutrophic situations.
Species from the lower midlittoral rock may enter ‘Midlittoral caves’ (MA1.52).

Confusions are possible at the boundaries with the upper midlittoral rock (landwards), as
many motile species wander through the whole midlittoral zone, and the infralittoral rock
(seawards), as some among the most tolerant infralittoral species may occur, in enclave,
where local topography allows maintaining a high degree of wetting.

The most characteristic feature of the lower midlittoral rock is the presence of a series of
algal belts, often called ‘horizons’, which develop parallel to the shoreline. The first belt, made
by the Rhodophytes Rissoella verruculosa and Nemalion elminthoides, sets the border with
the upper midlittoral rock. Two crustose Ochrophytes, Nemoderma tingitanum and
Pseudoralfsia verrucosa, are found in the lower part of this habitat through the
Mediterranean: the former is brown-yellow in colour and prefers exposed rocks; the latter is
black and prefers sheltered locales. Other belts may be restricted to certain regions and/or be
indicative of particular environmental situations. The Chlorophyte Ulva intestinalis,
sometimes accompanied by the Ochrophyte Scytosiphon lomentaria, abound in sheltered
and polluted areas. In slightly polluted waters, the Ochrophyte Hydroclathrus clathratus may
be common, especially in the E Mediterranean. The Cyanobacterium Rivularia atra forms
small blackish spheres in ‘degraded’ situations. The Chlorophyte Bryopsis muscosa develops
in winter and spring on exposed shores of the NW Mediterranean. The Ochrophyte Fucus
virsoides is endemic of the N Adriatic, where tides are comparatively important. The seaward
limit of the lower midlittoral rock is typically characterized by belts made by encrusting
calcareous Rhodophytes, such as Lithophyllum papillosum, Neogoniolithon brassica-florida,
and especially Lithophyllum byssoides, which in exposed areas with pure waters of the W
Mediterranean builds important bioconcretions, up to 2 m wide. The anfractuosities of the
bioconcretions harbour a rich minute fauna, including the exclusive species Lasaea rubra
(bivalve) and Spirorbis infundibulum (serpulid polychaete) and species of terrestrial origin
such as the spider Mizaga racovitzai and the pseudoscorpion Pselaphochernes litoralis.
Sessile invertebrates are rarely abundant in the lower midlittoral rock: only the beadlet
anemones Actinia mediterranea and A. cari may be considered common. However, the
stalked barnacle Pollicipes pollicipes may form facies in exposed places of North African
coast of the Alboran Sea, and the hydroid Paracoryne huvei develops encrusting pink
patches during winter in NW Mediterranean. The small Bivalve Mytilaster minimus may
locally abound in crevices. Motile species are numerous: the typical midlittoral limpets, such
as Patella ferruginea, P. rustica, P. ulyssiponensis, are often flanked by the infralittoral
species P. caerulea, which tolerates periods of emersion. The keyhole limpets of the genus
Diodora, such as D. gibberula, D. graeca, D. italica and others with restricted regional
distributions, are similar to limpets, but have a slit at the apex of their shell. Other molluscs
that graze on algae include trochid gastropods (Phorcus articulatus, P. richardi, P. turbinatus,
Steromphala divaricata, S. varia, etc.), pulmonates (Onchidella celtica, Trimusculus
mammillaris), and chitons (Acanthochitona fascicularis, Lepidochitona caprearum). Two
common crabs are Pachygrapsus marmoratus and Eriphia verrucosa. Many other species of
molluscs, polychaetes, and crustaceans thrive in the anfractuosities of the rock or of the
bioconcretions.

The diverse and highly specialized biota of the lower midlittoral rock is of great ecological
interest. The typical succession of algal belts or horizons represents a unique seascape.
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Beside provisioning services (seafood harvesting), the main ecosystem services to humans
provided by the lower midlittoral rock are information and cultural services, due to the
scientific interest. The midlittoral rock is the favourite environment of experimental ecologists,
who can easily manipulate natural situations to verify hypotheses regarding, for example, the
importance of grazing in influencing algal development. A further important information
service is the definition of the biological zero, marked by the appearance of typical infralittoral
species such as the brown alga Ericaria amentacea, the red alga Ellisolandia elongata, the
mussel Mytilus galloprovincialis, or the barnacle Perforatus perforatus. The individuation of
the biological zero in the field has fundamental applied importance in environmental
monitoring and pollution assessment studies. Under eutrophic conditions, E. elongata and M.
galloprovincialis may colonize the lowest verge of the midlittoral zone in winter-spring. No
assessment of the monetary value is available yet for this habitat.

This habitat is impacted by human trampling and other tourist-related or maritime activities,
and is vulnerable to surface water pollution (oils, surfactants, nutrients). The lower midlittoral
rock is threatened by the invasion of alien species. The Indopacific keyhole limpets Diodora
funiculata and D. ruppellii compete with the native congenerics in the Levant Sea; the
Indopacific mussel Brachidontes pharaonis is displacing the native Mytilaster minimus in
many areas of the southern Mediterranean; the West Atlantic crab Percnon gibbesi contends
the ecological niche of the native Pachygrapsus marmoratus through the whole
Mediterranean.

Stretches of rocky coast, with their midlittoral zone, are included in virtually all marine
protected areas, but no specific protection measures are envisaged for the lower midlittoral
rock. Some species thriving in this habitat, such as Lithophyllum byssoides and Patella
ferruginea, are considered in need of protection by international conventions (Barcelona,
Bern) and/or the European Habitats Directive.

Identity and extent of the algal belts and the abundance of key invertebrate species may be
easily monitored through time, and would provide important information on the ecological
status of the lower midlittoral rock.
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Association with Fucales

Reference codes for
identification:

* BARCELONA CONVENTION:
MA1.542

* EUNIS 2019: MA1548
*EUNIS 2007: A1.316

The association is primarily constituted by Fucus virsoides. The
association is typical of intertidal hard substrata (both natural and
artificial) and it can be found mostly in areas less exposed to wave

* EC: 1170 action and characterised by the presence of the significant tides, low
temperatures and the vicinity of freshwater inputs.
Fucus virsoides is endemic to the Adriatic Sea and is considered a
LOCATION OF THE HABITAT glacial relict. It is a common species in the intertidal zone of the northern
Zone Mdlittoral Adriatic, it is also distributed in few points in the eastern coast of the
Adriatic and its southern range limit is situated along the Albanian coast.
Nature of the | Hard (rock)
substratum
This association is included in the ‘Lower midlittoral rock’ (MA1.54), and
Depth range At mean sea it may have possible contact with other association and facies of the
level same zone, such as ‘Association with encrusting Corallinales creating
Position Coastal belts’ (MA1.5_41), ‘Assoqiation with algae (algal bglts), e_xcept Fu_c_ales
and encrusting Corallinales’ (MA1.543), ‘Facies with Pollicipes
Hydrodynamic | Variable p(_)llicipe’s’ (MA1.544), ‘Fz?cies_ With_ Vermetidae’ (MA1.545), ‘Facies with
conditions Bivalvia’ (MA1.546), and ‘Facies with Gastropoda’ (MA1.547).
Salinity Between 34
and 39 (may be Although this association is primarily constituted by Fucus virsoides,
lowered by rain other habitats dominated by Fucales can be mostly found in the
during low sea) infralittoral zone in correspondence of the ‘Well illuminated infralittoral
Temperature 10°C to 28°C _rock_exposed’ (MBl.511a)'and' sheltered (MBl.51lc),_of the ‘quer
infralittoral rock moderately illuminated’ (MB1.511e), and in the ‘Habitats
Suitability for Yes of transitional waters’ (MB1.542, MB5.542).
monitoring
Fucus virsoides is the only species of the genus present in the
Author: Mediterranean Sea and no confusion is possible.
L. Piazzi, F. Rindi
Eh;::t;iedits: Beyond Fucus virsoides, the association is also characterized by the

macroalgae Gelidium spathulatum, G. pulvinatum, Bangia spp.



Phormidium flexuosum and Rivularia polyotis. Patella caerulea, Mytilus galloprovincialis,
Actinia equina and Balanus spp. are among the invertebrates that may inhabit the algal
assemblages.

Fucus virsoides is a canopy-forming species that creates a peculiar habitat increasing the
biodiversity of the system. Moreover, the sub-layer assemblage may be considered an
infralittoral enclave, with species finding a favorable biotope under the F. virsoides fronds.
Finally, F. virsoides is endemic to the Adriatic Sea and is considered a glacial relict, thus the
Association is extremely important from the floristic and heritage point of view.

The economic importance of this association has not been assessed yet.

Fucus virsoides has suffered a regression in recent decades, which has been attributed to
long-term natural and human-induced changes in the biotic and abiotic conditions. The
species is tolerant to wide fluctuations in temperature, salinity and nutrient concentration.
However, climate-driven threats in the form of severe storm events and/or extreme high tides
and temperatures have been mentioned as an important factor influencing its distribution and
abundance. Moreover, it is sensitive to increased bedrock instability and overgrazing by
limpets. Recent studies showed deleterious effects of low concentration of glyphosate-based
herbicides on F. virsoides.

Fucus virsoides is listed in the Annex Il of the SPA/BD Protocol (Special Protected Areas and
Biological Diversity in the Mediterranean, Barcelona Convention 1995).

Littoral macroalgal communities shall be assessed within the Water Framework Directive
(2000/60/EC) and the Marine Strategy Framework Directive (2008/56/EC). The CARLIT
method for the assessment of the ecological quality of rocky coast, allows to monitor
extensive geographical areas in a short time scale.
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