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Abstract

In managing for marine biodiversity, it is worth recognising that, whilst every species contributes to
biodiversity, each contribution is not of equal importance. Some have important effects and interactions,
both primary and secondary, on other components in the community and therefore by their presence or
absence directly affect the biodiversity of the community as a whole. Keystone species have been defined
as species that have a disproportionate effect on their environment relative to their abundance. As such,
keystone species might be of particular relevance for the marine biodiversity characterisation within the

assessment of Good Environmental Status (GEnS), for the Marine Strategy Framework Directive (MSFD).

The DEVOTES Keystone Catalogue and associated deliverable document is a review of potential keystone
species of the different European marine habitats. The catalogue has 844 individual entries, which includes
210 distinct species and 19 groups classified by major habitat in the Baltic Sea, North East Atlantic,
Mediterranean, Black Sea (EU Regional Seas) and Norwegian Sea (Non-EU Sea). The catalogue and the
report make use/cite 164 and 204 sources respectively. The keystones in the catalogue are indicated by
models, by use as indicators, by published work (e.g. on traits and interactions with other species), and by
expert opinion based on understanding of systems and roles of species/groups. A total of 74 species were
considered to act as keystone predators, 79 as keystone engineers, 66 as keystone habitat forming species,
while a few were thought of having multiple roles in their marine ecosystems. Benthic invertebrates
accounted for 50% of the reported keystone species/groups, while macroalgae contributed 17% and fish
12%. Angiosperms were consistently put forward as keystone habitat forming and engineering species in all

areas. A significant number of keystones were invasive alien species.

Only one keystone, the bivalve Mya arenaria, was common to all four EU regional seas. The Mediterranean
Sea had the largest number of potential keystones (56% of the entries) with the least in the Norwegian Sea.
There were very few keystones in deep waters (Bathyal-Abyssal, 200+ m), with most reported in sublittoral
shallow and shelf seabeds or for pelagic species in marine waters with few in reduced/variable salinity
waters. The gaps in coverage and expertise in the catalogue are analysed at the habitat and sea level,
within the MSFD biodiversity component groups and in light of knowledge and outputs from ecosystem

models (Ecopath with Ecosim).

The understanding of keystones is discussed as to when a species may be a dominant or keystone with

respect to the definition term concerning ‘disproportionate abundance’, how important are the



‘disproportionate effects’ in relation to habitat formers and engineers, what separates a key predator and
key prey for mid-trophic range species and how context dependency makes a species a keystone. Keystone
alien invasive species are reviewed and the use of keystone species model outputs investigated. In the
penultimate sections of the review the current level of protection on keystone species and the possibilities
for a keystone operational metric and their use in management and in GEnS assessments for the MSFD are
discussed. The final section highlights the one keystone species and its interactions not covered in the

catalogue but with the greatest impact on almost all marine ecosystems, Homo sapiens.
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1. Introduction

Marine scientists are continually being asked to provide information to managers and policy makers to
support them in making decisions on the preservation of diversity and ecosystem integrity (Borja et al.,
2010). In assessing biodiversity it is important to note that some species may be more important than
others. All species contribute to biodiversity by their presence (in the sense of increasing species
richness), but some are notable for the effects and interactions, both primary and secondary, that they
have on other components in the community, and therefore their presence or absence has a
disproportionate effect on the biodiversity of the community as a whole (EASAC, 2009). In biodiversity
assessments and particularly under the Marine Strategy Framework Directive (MSFD, 2008/56/EC (EC,
2008)), it is worthwhile to highlight or focus on these species and to track them in indicators for Good

Environmental Status (GEnS).

1.1. Defining Keystones

MARBEF, the Marine Biodiversity and Ecosystem Functioning EU Network of Excellence, has defined a
keystone species as a species that has a disproportionate effect on its environment relative to its
abundance. Such species affect many other organisms in an ecosystem and help to determine the types

and numbers of various other species in a community (http://www.marbef.org/wiki/Keystone species).

The role that a keystone species plays in its ecosystem is analogous to the role of a keystone in an arch -
the arch collapses without it. Similarly, an ecosystem may experience a dramatic shift if a keystone
species is removed, even though that species was a small part of the ecosystem by measures of biomass
or productivity. Paine (1969) developed this concept from experimental work on rocky shore
communities, where a stable community of 15 species existed with the presence of a predatory starfish.
If the starfish was removed, mussel growth was uncontrolled, leading to a mussel-dominated
community comprising of only eight other species. Marine keystone species are commonly apex
predators in areas controlled by top-down forces, where the predator controls the prey (often
herbivores) which otherwise act as dominants, thereby exerting strong effects on community structure
(Konar, 2000). A rise and fall in the keystone abundance can cause a cascading effect on its prey, their
food species, and ultimately the entire food chain. It has been wryly noted that a keystone is not
recognized as a keystone until the effects of its absence become evident. A well-observed and
commonly cited example of a keystone is that of the sea otter living around the Pacific Rim. The sea
otter is the keystone species that maintains the population of otherwise dominant sea urchins at levels

that maintain the kelp forest in good condition (the kelp forest is a high biodiversity habitat). Removal of
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the sea otter results in overgrazing by the dominant urchin and barren seabeds (Estes and Palmisano,
1974) or, as has been noted since the recovery of sea otters after being hunted for its fur, that kelp

forests have (re)developed in areas where they are present (Estes et al., 2010).

Since Paine’s original work, familiarity has led to broader definitions and Mills et al. (1993) re-
categorised keystone species into five types, examplarising the diversity of keystone effects. These

include keystones in all biospheres, not all relevant to the marine world. They reviewed/defined:

* Keystone predator: predator controlling the density of other types of ecologically significant

prey species;

* Keystone prey: able to maintain its abundance in the face of predation, normally high

reproductive rate;

* Keystone mutualists: animals that are significant factors in the persistence of plant species —

otherwise known as mobile link pollinators and seed/spore dispersers (terrestrial ecology);

* Keystone hosts: the other side of the mutualist link; those plants that support generalist

pollinators and those fruit dispersers that are considered critical mobile links;

+ Keystone modifiers: species that have activities that greatly affect habitat features without
necessarily having direct trophic effects on other species. Mills et al. (1993) included habitat

builders as well as urchin grazers in this category.

Power et al. (1996) partially in response to the Mills et al. (1993) tried to clarify and develop the concept
further with an operational definition of keystone species through strength of effect (Community
Importance) and more recently this has been married to Species Interaction Strengths (Berlow et al.,
2004). It was felt that through misapplication and questionable redefinition, ecologists and conservation
biologists had obscured the meaning of the term keystone species. In the marine environment Power et
al. (1996) were able to review information on 14 species/groups including predatory starfish, snails, fish,
seabirds and sea otters, krill and amphipod eating whales, and herbivorous sea urchins and fish (the
study actually covered, terrestrial, freshwater and marine environments). This demonstrated the
presence of keystones in a variety of ecosystems at many trophic levels. The studies reviewed were
experimentally based (predator removal), historical reconstructions (whale/krill), or comparative studies
(predator re-introduction, e.g. sea otters) on relatively high profile species (easily observed). They also
considered the identification of keystones by their traits (e.g. high consumption, active/mobile, small

abundance/biomass, preferential prey) and the traits of their prey (propensity to form dominant



populations), but could not consistently distinguish systems with keystone interactions, believing that
context dependency needed to be considered and that keystones only play keystone roles under certain
conditions. Obviously even at this stage almost 20 years ago and 30 years after the formulation of the

keystone concept, it was seen to be a complex issue.

Menge et al. (2013) have more recently reviewed and considered keystone species. They have tried to
separate keystone species from other closely related types of species, including ‘key-industry species’
(Elton 1927: single species of animals supporting a large number of consumers e.g. copepods,
anchovies), foundation species (Dayton, 1972: critical species which define much of the structure of the
community, including species that create or maintain habitats — engineering species, e.g. American
beaver or kelp forests) and keystone processes (or critical processes, primarily abiotic processes or
environmental stresses that control ecosystems, e.g. storms, waves, movement of substrata). In

clarifying some of the terminology, Menge et al. (2013) define species in communities as:

* Keystone species: consumers having a disproportionately large effect on communities and

ecosystems;

» Strong interactors (critical species): species having a large effect on species with which they

interact;
*  Weak interactors: species having little effect on other species;
* Dominant species: strongly interacting species that owe their influence to their high abundance;

*  Key-industry species: prey that support a large group of consumers.

The identification of keystone species remains very difficult and to date there is only a limited set of
clear cut examples; and although the original concept came from the marine world, much of the follow-
up has been in terrestrial and freshwater systems. Keystone identification is laborious without the use of
removal/exclusion experiments (Paine’s starfish), well-documented historical data on species
removals/recoveries (e.g. beavers, sea otters, bison), or predictions based on population, community,

traits and patterns (Menge et al., 2013).

A keystone species might not be keystone in all environments and conditions. This has been highlighted
as context dependency, normally considered where abiotic factors hold a controlling influence; for
example, Paine’s starfish was strongly keystone on wave exposed shores, but not in sheltered but

similar environments (Menge et al., 1994). Other external factors may also play a role which may have
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important management considerations: Eddy et al. (2014) have shown through a marine reserve
ecosystem model in New Zealand that the lobster is a keystone species negatively impacting the
abundance of its prey species and indirectly positively influencing the abundance of the prey of the first
prey. However, under current levels of fishing, lobster biomass has been decreased leading to significant
impacts on the organisation and function of the ecosystem. Protection plans will lead the biomass to

recover to historical levels where, it is believed, its keystone role will be restored.

Our knowledge on keystone species is still very limited, particularly how we identify them, even though
the concept is well known and mature. With pressures on management bodies to protect marine
ecosystems whilst allowing for sustainable use, important species such as keystones or potential
keystone species, need to be systematically identified and monitored from at least a precautionary point

of view.

A decade ago an attempt was made to catalogue European keystone species through the BIOMARE
network (Féral et al.,, 2003). This Biodiversity network tried to define and collate indicators of
biodiversity including 9 species/groups of keystone habitat builders, 18 species groups of other keystone
species and 11 species of invasive alien indicators. This was considered as a very first step, with species
being identified through consensus hopefully inspiring further investigation. A major issue at that time
was to differentiate between keystone species usable as indicators of biodiversity and so-called
indicator species that were used more routinely and for comparison with previous data sets more for

environmental purposes rather than biodiversity management (J-P Féral, pers. comm).

1.2. Objectives

The objectives of DEVOTES Workpackage 6.1, Task 6.1.3 were to list and review potential keystone
species or processes that are important for biodiversity at the community or ecosystem level for the
different habitats mainly in the European regional seas. This catalogue was to be based on literature
reviews, modelling and expert knowledge. Keystone species were classified and the possibility of using
them in an operational metric/indicator investigated. This document forms the major deliverable (D6.1)

of the Workpackage.
The purpose of this document is:

* to present the catalogue survey design and the catalogue of keystone species in European

regional seas at the major habitat level;



* to present the analysis of the catalogue;

*  to review keystone species leading to the definition of when keystone species/processes are

important for assessing biodiversity, and the possible production of an operational metric.

1.3. Defining Keystones in DEVOTES

With DEVOTES WP6.1.3 goal of listing keystones in European Seas the definition of Keystone species has
been loosened so that more potential species may be included. Based on the MARBEF definition
(Section 1.1) we decided to include: 1) keystone predator. Considering other species (or species groups)
that may have impacts on biodiversity, we also included 2) habitat forming species (e.g. foundation
species like seagrass), and 3) engineering species (e.g. large scale bioturbators that increase living space
by increasing oxygen fluxes affecting the de/nitrification processes, etc.). Whilst the original Description
of Work included keystone processes, we consider that most important processes (biogeochemical
processes) will be strongly mediated by engineering species, so we have incorporated them in the latter
group. In terms of processes, a separate substantial review (Strong et al., 2014) has been undertaken
within the DEVOTES 1.3.3 Task with the aim to investigate the Biodiversity Ecosystem Functioning (BEF)
relationship across and between biodiversity components (e.g. microbes, macroalgae, etc.) as well as
levels of biological organisation (cell, individual, population, community and ecosystem). In that review,
comparisons are made against a standardised ecosystem function list which includes biomass
production, organic matter transformation (e.g. organic matter decomposition), ecosystem metabolism
(e.g. carbon mineralisation), elemental cycling, physical structuring (e.g. reef building, microbial film
development), stability of ecosystem processes and the ecosystem properties of resistance and
resilience. The use of conceptual models linking mechanisms of pressures (mediating state change to
components and habitats) with risk assessment and management as well as of the potential of BEF
relationships to underpin monitoring principles and policy on the marine system as a whole is further

investigated in DEVOTES by Smith et al. (2014) and Strong et al. (2014).

2. Methods & Materials

The activities for the review entailed original presentation for the work plan by the Task leader at
DEVOTES meetings, feedback from the Workpackage participants, creation of the blank catalogue with
further feedback from the Workpackage participants, then distribution of the catalogue and the

accompanying Guidance Document (Smith and Papadopoulou, 2014) to the participants for filling in.
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The master catalogue was compiled from the participant contributions, returned complete to the

participants for checking, with a final compilation by the task leader.

2.1.

The DEVOTES Keystones Catalogue compilation

The DEVOTES Keystone Catalogue was compiled from participant entries. They were asked to provide

entries based on their self-knowledge, colleagues and literature search. The catalogue was a simple

Excel file with single row entries to be completed for individual keystone species and with a number of

column categories of information to complete. Some categories were for free entries; others were

restricted to a specific list (drop down menu). The catalogue had a ‘Read me’ datasheet (instructions

and clarifications), a ‘List’ datasheet (for visualising the drop down list options) and the ‘CATALOGUE’

datasheet to be filled in (along with a few additional sheets showing the relevant DEVOTES and MSFD

regions/subregions).

The entries were broken down into seven broad category groups and then individual categories in single

columns as described below.

2.1.1.

Data input identifier section

To identify data information source provider:

2.1.2.

Code: participant sequential number entry.
Institution: the institution of the person providing the data.
Name: name of the data provider.

E-mail: contact e-mail address.

Keystone

Common Name: if there is a common name for the keystone: e.g. Striped Dolphin, Dublin Bay
Prawn/Scampi, Amberjack, Cod.

Scientific name: e.g. Stenella coeruleoalba, Nephrops norvegicus, Seriola dumerili, Gadus
morhua. Species names standardised according to the World Register of Marine Species
(WORMS registry: www.marinespecies.org)

Keystone Type: selection from: predator (feeding on the same or lower trophic level), habitat
species, or engineer.

Biological Component: selection from MSFD/DEVOTES list: microbes, phytoplankton,
zooplankton, angiosperms, macroalgae, benthic invertebrates, fish, cephalopods, marine
mammals, birds, reptiles.

Biological Subcomponent: to provide extra detail e.g.:

* phytoplankton: nano-, pico-, dino-, etc.;



2.1.3.

2.1.4.

* benthic invertebrate: meiofauna, macrofauna, megafauna.

Importance

Primary Impact: impact on local biodiversity of the keystone species. Selection from reducer or
promoter.

* A reducer, for example, may be from competition/interference/reduction of living
space;

* A promoter from predation (e.g. Paine’s starfish preventing mussels from becoming the
dominant fauna) or a large bioturbator increasing living space.

Brief Description of Importance: free text on importance and vulnerability;
Size (cm): selection from (cm): <1, 1-5, 6-20, 21-100, >100;

This was considered to be the average adult gross size categorisation and includes the major
mass of the body. Plankton would mostly be <1, Nephrops 6-20, Cod 21-100, Striped Dolphin
>100 cm;

Abundance: selection from low, medium, high.

This is for a gross abundance category related in most cases to the abundance of similar species
categories around them. Plankton would mostly be high, Cod or Nephrops medium, Striped
Dolphin low;

Distribution: selection from scarce, patchy, widespread.

This was for a gross distribution within the local habitat. A low abundance species was most
likely scarce; many plankton species might be widespread. Nephrops perhaps patchy, Striped
Dolphin perhaps scarce;

Keystoneness: values that could be retrieved from the food web modelling approach Ecopath
with Ecosim (EwE) using the index described from Libralato et al. (2006). Keystoneness is a term
that has been used by EwE modellers to reflect species/group importance in relation to their
biomass and impact on trophic webs.

Habitat

Habitat types: selection from littoral, shallow sublittoral, shelf sublittoral, upper bathyal, lower
bathyal, abyssal, reduced salinity water, variable salinity water, marine water, ice-associated
habitats.

MSFD Habitats: selection of the predominant habitat the keystone resides where it is impacting
diversity from the list of MSFD defined habitats. This comprised of 24 defined habitats:

* Benthic habitats: littoral (LT: approx 0-1 m — intertidal zone), shallow sublittoral (Sh
Sub: approx 1-60 m), shelf sublittoral (Shelf Sub: approx 60-200 m), upper bathyal (UB:
approx 200-1100 m), lower bathyal (LB: approx 1100-2700 m), abyssal (Abyss: approx
>2700 m). With subdivisions of rock, biogenic, and sediment types. Depths were noted
approximate and extracted from Cochrane et al. (2010), DIKE (2011) and Howell (2010);

*  Water column habitats: reduced salinity (RSW), variable salinity (VSW), marine waters
(MWH) (coastal, shelf, oceanic);

* Ice habitats: ice-associated habitats (IAH).
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2.1.5.

2.1.6.

2.1.7.

2.1.8.

2.2.

Region

MSFD Region: geographical region, selection from drop down list (five options; Baltic Sea (BLT-
Baltic), North-East Atlantic Ocean (NEA), Mediterranean Sea (MED), Black Sea (BCK-Black), Non-
EU regional seas (Non-EU))

MSFD Sub-region: geographical sub-region, selection from drop down list (only applicable to
North East Atlantic and Mediterranean regions)

Other subdivision: free text, to A) clarify a non-EU area e.g. Norwegian Sea, or FAO Area 27 and
B) add a subdivision in any region, e.g. Gulf of Finland etc.).

More than one entry

More than one entry: selection from list (more than one, or one entry) depending on how many
lines have been added per species. Additional lines are added if the keystone species is found in
more than one region or habitat, or was assigned more than one keystone role/primary impact.

Source

Source: the information source concerning the keystone, selection from: Reference (a cited
source), Expert Knowledge (DEVOTES participants selection), Model (if the keystone species was
from model derived data)

Reference: the cited reference, if there is one for the Keystone.

Notes

Notes: Free text: any additional note/comment/habitat detail or additional information for that
keystone species.

The DEVOTES Keystones Catalogue meta-analysis

On receipt of the individual returned catalogues, an accession number was given to every entry and

another column for additional remarks was added (in order to elucidate specific aspects of the data

entries, e.g. information on type of organisms included under a specific guild; or clarify issues and/or

differences between partners, e.g. differences in habitat classification). Once the catalogue had been

collated and checked, a meta-analysis of the data was undertaken to highlight the different data

categories and ranges over, for example, coverage by regional sea, biological groups, importance, size

range, etc. Results are given in the following section.
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3. Results

3.1. Participants response

Catalogue responses were received from 10 Project participants each covering their own regional area
with the exception of JRC, who provided a major part of the entries covering all the regional seas, and
with the Norwegian Sea as an additional Regional Sea entry. Two of the participants, namely AKVAPLAN-
NIVA and MARILIM, were not originally part of the Work Task, but kindly provided data. For many of the
Participants there were multiple individual providers reported under the single institution. Data on the
participant contributions are given in Table 1. Please note that Species/Groups in Table 1 and in the rest
of the text refers to distinct species and groups of species either as a genera, higher groupings or

functional groupings of species as proposed by the experts or given by models.

Table 1. DEVOTES participant contributions to the keystones catalogue.

Partner Name Individual Entries Species/Groups Geographical
Area
5 UHULL 95 25 NE Atlantic
9and 18 I0-BAS and MHI-NASU 38 30 Black Sea
10 JRC 401 95 All Regional Seas
11 HCMR 79 30 Mediterranean
12 KU-CORPI 7 5 Baltic Sea
13 AKVAPLAN-NIVA 27 9 Norwegian Sea
15 NIOZ 112 7 NE Atlantic
19 MARILIM 25 13 Baltic Sea
20 CNRS-IMBE 61 61 W Mediterranean

3.2. The DEVOTES Keystone Catalogue

The full catalogue is briefly described in Annex 1 and is given in Annex 2. In the following sections, data
and metadata from the DEVOTES Keystone Catalogue is presented. Due to the large amount of data not
all aspects can be presented or easily summarised in single tables or graphs, and the reader is asked to

see the catalogue for specific queries.
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3.2.1. Catalogue overview
Overall, the DEVOTES Keystone Catalogue has 844 entries which includes 210 distinct species and 19
groups. Benthic invertebrates account for 50% of the reported species/groups (110 species and 5

groups), while macroalgae contribute with 17% (39 species and 1 group) and fish with 12% (24 species

and 4 groups) (Figure 1).

Zooplankton

Reptiles \ Angiosperms

Cephalopods

I
Birds

Figure 1. Major biological components contribution to the DEVOTES Catalogue of potential Keystone species.

Benthic invertebrates comprise most of the potential keystone species in all MSFD regions, except for

the Non-EU regional seas where fish predominate (Figure 2).

140

120

W Zooplankton

Reptiles
i Phytoplankton

80 i
W Marine Mammals

W Macroalgae

60 M Fish
M Cephalopods
40 M Birds

M Benthicinvertebrates

o

20 M Angiosperms
—
Balticsea Black Sea Mediterranean North-East Non-EU Regional
Sea AtlanticOcean Seas

Figure 2. Number of species per major biological component and Marine Strategy Framework Directive region.
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The detailed list of the proposed potential keystone species per major biological component and MSFD
region is presented in Table 2 along with information on their abundance and distribution. The
abundance and distribution type of the species have been considered in relation to the habitat or/and
the sub-region they appear, and therefore some of the species belong to more than one
abundance/distribution category. Angiosperm species are patchily distributed in all the habitats from
where they were reported, and their abundances ranged from medium to high. Benthic invertebrates
proposed as keystone species are either widespread or patchily distributed with mostly high
abundances (76 species and 2 groups) while only a few of them are scarcely distributed (4 species) or
with low abundances (7 species and 2 groups). Various cephalopod groups have been indicated as
keystone species only for the Mediterranean as a result of the application of the Ecopath with Ecosim
(EwE) model in different areas. Fish and marine mammal species exhibit the greatest variability with
regard to their abundance and distribution type and span all the major MSFD regions. It is important to
note that several species (e.g. Thunnus albacares, Thunnus thynnus, Phocoena phocoena) are considered
to have low abundances and either scarcely or widely distributed. Macroalgae species are widely
considered in the Mediterranean and they appear to have primarily high abundances and mainly patchy
distribution. As for the plankton (phyto- and zooplankton), most species and groups are highly

abundant, widely distributed in all seas and habitats.
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Table 2. Potential keystone species per Marine Strategy Framework Directive (MSFD) region. Species are sorted in
major biological components. Abbreviations are: BLT: Baltic Sea; BCK: Black Sea; MED: Mediterranean Sea; NEA:
North-East Atlantic Ocean; Non-EU: Non EU Regional Seas; H: High abundance; M: Medium abundance; L: Low
abundance. Font colour indicates the type of species distribution (Red: widespread; Purple: Patchy; Green: Scarce).
Note: when both a species and subspecies are listed this is the result of choice by the experts/data providers and
when this is shown for the same area it does not mean that there are two species/subspecies present.

MSFD Regions BLT BCK MED [\ [ Non-EU

Angiosperms

Cymodocea nodosa M

Halophila stipulacea H

Posidonia oceanica H

Ruppia sp. H H
Zostera sp. M

Zostera marina H/M H
Zostera noltei H H

Benthic invertebrates

Adeonella calveti M

=t

Aglaophenia spp
Amphibalanus improvisus H H H
Amphiura filiformis H
Anadara kagoshimensis
Anadara transversa
Anemonia viridis
Aplysina cavernicola
Arbacia lixula

S| = = s a2 ] e

Arcuatula senhousia
Arenicola marina M M
Asterias rubens L
Austrominius (Elminius) modestus
Axinella damicornis

Axinella polypoides

Axinella verrucosa

I I I T

Brachidontes pharaonis
Callianassa sp. H
Centrostephanus longispinus
Chaetaster longipes

T £ =<

Chama pacifica

Chamelea gallina M
Chondrosia reniformis

Cidaris cidaris

Clathrina clathrus

Cliona celata

Cliona viridis

I T

Corallium rubrum
Cordylophora caspia H

=

Corynactis viridis

<

Coscinasterias tenuispina
Crambe crambe H

Crangon crangon M
Crassostrea gigas H H
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MSFD Regions
Crepidula fornicata
Dentiporella sardonica
Donacilla cornea
Donax trunculus
Echinaster sepositus
Echinus esculentus
Echinus melo
Ensis directus
Epizoanthus arenaceus
Eunicella cavolini
Eunicella singularis
Ficopomatus enigmaticus
Hacelia attenuata
Haploops sp.

Hediste diversicolor
Hydroides dianthus
Hydroides elegans
Hydroides ezoensis
Lanice conchilega
Lentidium mediterraneum
Leptogorgia sarmentosa
Leptopsammia pruvoti
Limaria hians
Lithophaga lithophaga
Lophelia pertusa
Macoma balthica
Madracis pharensis
Marenzelleria neglecta
Marenzelleria viridis
Marthasterias glacialis
Modiolula phaseolina
Modiolus modiolus
Monoporeia affinis

Mya arenaria
Myriapora truncata
Mytilaster lineatus
Mytilus sp.

Mytilus edulis

Mytilus edulis/trossulus
Mytilus galloprovincialis
Nephrops norvegicus
Nucella lapillus

Oculina patagonica
Ophidiaster ophidianus
Ophioderma longicauda
Ophiothrix fragilis
Oscarella lobularis

Oscarella tuberculata
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H/M

H/L
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MSFD Regions BLT BCK MED NEA Non-EU
Ostrea edulis L H
Paracentrotus lividus H/M
Paramuricea clavata H
Parazoanthus axinellae H
Patella vulgata M
Pentapora fascialis H
Petricolaria pholadiformis H
Petrosia ficiformis H
Pholas dactylus L
Phorbas tenacior H

=

Pinctada imbricata radiata
Protula spp. H

Rapana venosa H/M

Sabellaria alveolata H
Sabellaria spinulosa H
Salmacina spp./Filograna spp. H

Serpula vermicularis M
Smittina cervicornis
Sphaerechinus granularis
Spirastrella cunctatrix
Spondylus spinosus
Spongia (Spongia) lamella
Spongia officinalis
Stylocidaris affinis

= 1= = = S =

Turbicellepora avicularis
Upogebia pusilla M
Urothoe poseidonis H

=
=

Venerupis philippinarum
Benthic invertebrates H

Burrowing megafauna M
Macrofauna that feed on detritus H

Bivalves L

Gorgonians/Sponges in coralligenous
habitats

Birds

Larus audouinii H
Phalacrocorax carbo M
Seabirds M/H

Cephalopods

Benthopelagic cephalopods
Cephalopods
Octopuses & cuttlefish

S ===

Squids

Fsh

Ammodytes tobianus H

Clupea harengus M M
Diplodus puntazzo M

Engraulis encrasicolus H H

Epinephelus marginatus H/ M/L
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MSFD Regions

Gadus morhua
Lagocephalus sceleratus
Merluccius merluccius
Pomatomus saltatrix
Salmo salar

Salmo trutta

Sander lucioperca
Sarda sarda

Sardina pilchardus
Sardinella aurita
Scomber scombrus
Scophthalmus maximus
Siganus luridus

Siganus rivulatus
Sprattus sprattus
Squalus acanthias
Thunnus albacares
Thunnus thynnus
Ammodytidae
Demersal (predatory) fish species
Large Pelagic Fish
Predatory fish

Sharks

BLT

<

BCK

MED

M/ M
M/ M

L/ M

NEA

ST r r

Non-EU

Macroalgae

16

Acrothamnion preissii
Alaria esculenta
Asparagopsis armata
Bonnemaisonia hamifera
Caulerpa cylindracea
Caulerpa taxifolia
Cladophora spp.

Codium bursa

Codium coralloides
Codium fragile subsp. fragile
Cystoseira amentacea
Cystoseira barbata
Cystoseira crinita
Cystoseira tamariscifolia
Flabellia petiolata

Fucus spp.

Fucus vesiculosus
Furcellaria lumbricalis
Gracilaria vermiculophylla
Grateloupia turuturu
Halimeda tuna
Laminaria digitata
Laminaria hyperborea

Laminaria ochroleuca

H/M

H/M
H/M

T T =2 =2 I T T

=

X



MSFD Regions BLT BCK MED NEA Non-EU
Lithophyllum cabiochiae
Lithophyllum stictaeforme
Lophocladia lallemandii
Mesophyllum alternans
Mesophyllum expansum

SN RSN ISR RN RN BEE

Peyssonnelia spp.

Phyllophora crispa H/M/L
Polysiphonia fucoides M

Polysiphonia morrowii M

Saccharina latissima H

=

Saccorhiza polyschides
Sargassum muticum
Stypopodium schimperi
Undaria pinnatifida H/M

Womersleyella setacea

== =R 1= Bl =

Maerl beds (Phymatolithon calcareum
+ Lithothamnion spp.)

Marine Mammals

Balaenoptera acutorostrata L

Delphinus delphis L

Delphinus delphis ponticus H

Halichoerus grypus L/M M M
Lagenorhynchus albirostris L L

Monachus monachus M

Pagophilus groenlandicus M
Phoca vitulina H/M H/M

Phocoena phocoena L L L

Phocoena phocoena relicta H

Pusa hispida L/M M

Tursiops truncatus L L

Tursiops truncatus ponticus H

Dolphins L

Phytoplankton

Alexandrium minutum H H
Alexandrium monilatum H
Coscinodiscus wailesii

Fibrocapsa japonica

Gymnodinium catenatum H

I I T T

Karenia mikimotoi H
Noctiluca scintillans H

X

Phaeocystis pouchetii H H
Pseudochattonella verruculosa H H

Reptiles

Caretta caretta L

Zooplankton

Aurelia aurita H H/M H
Beroe ovata H/M

Calanus finmarchicus H
Mnemiopsis leidyi H/M H

17



Deliverable 6.1. Keystone species

MSFD Regions BLT BCK MED NEA Non-EU
Rhizostoma pulmo H
Mesozooplankton H
Microzooplankton H
Zooplankton H

In Table 3, details about the species keystone type, primary impact and type of source of information
are provided. A total of 79 species were considered to act as engineers, 66 as habitat forming species,
74 as predators, while a few (9 species) were thought of having multiple roles in their marine
ecosystems (e.g. Posidonia oceanica, Modiolus modiolus, Salmo salar) (Figure 3). Most of the proposed
species (126 species and 7 groups) are believed to have a promoting role in marine communities, 61
species and 8 groups act as reducers, 16 species could have both roles depending on region, habitat, or
even abundance and distribution, while for 11 species the experts were unable to define their primary

impact (Figure 4).

Most of the proposed species (52%) were suggested by the DEVOTES partners after consulting the
literature (scientific papers, reports, books, thesis, guides and websites) and only a small number (10%)
was identified as keystones, mainly major groups (e.g. zooplankton, demersal fish, macrofauna, etc.)
after applying the EWE model (Christensen et al., 2004, Libralato et al., 2006) (Figure 5). This could be

marginally higher, as few expert/literature based choices mention models.

Figure 3. Percentage of Predators, Engineers and Habitat species appearing in the DEVOTES catalogue. MR:
Multiple Role.
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Figure 4. Percentage of Promoters and Reducers appearing in the DEVOTES catalogue. MR: Multiple Role;
Unknown: Experts were unable to define the primary impact.

Figure 5. Percentage of potential keystone species per type of source information reviewed by the providers.
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Table 3. Keystone type, Primary impact and Source of information for the proposed keystone species. Species are
sorted in major biological components. Abbreviations are: Ha: Habitat species; Eng: Engineer; Pre: Predator; P:
Promoter; R: Reducer; Ref: Reference; Exp; Expert Knowledge. Asterisk (*) denotes inability of the expert provider
to decide on the Keystone Type/Primary Impact. Note: when both a species and subspecies are listed this is the
result of choice by the experts/data providers and when this is shown for the same area it does not mean that
there are two species/subspecies present.

Keystone Type Primary Impact Source
Angiosperms
Cymodocea nodosa Ha P Ref
Halophila stipulacea Eng P Ref
Posidonia oceanica Ha/Eng P Exp/Ref
Ruppia sp. Ha P Ref
Zostera sp. Ha P Ref
Zostera marina Ha/Eng P Exp/Ref
Zostera noltei Ha/Eng P Exp/Ref
Benthic invertebrates

Adeonella calveti Eng P Exp
Aglaophenia spp Ha P Exp
Amphibalanus improvisus Eng P Ref
Amphiura filiformis Eng P Exp
Anadara kagoshimensis Eng R Ref
Anadara transversa Eng P Ref
Anemonia viridis Eng R Exp
Aplysina cavernicola Ha P Exp
Arbacia lixula Pre o Exp
Arcuatula senhousia Eng P Ref
Arenicola marina Eng P/R Exp/ Ref
Asterias rubens Pre R Ref
Austrominius (Elminius) modestus Eng R Ref
Axinella damicornis Ha P Exp
Axinella polypoides Ha P Exp
Axinella verrucosa Ha P Exp
Brachidontes pharaonis Eng R Ref
Callianassa sp. Eng P Exp
Centrostephanus longispinus Pre * Exp
Chaetaster longipes Pre R Exp
Chama pacifica Eng P Ref
Chamelea gallina Ha P Ref
Chondrosia reniformis Ha P Exp
Cidaris cidaris Pre < Exp
Clathrina clathrus Ha P Exp
Cliona celata Eng P Exp
Cliona viridis Eng P Exp
Corallium rubrum Ha P Exp
Cordylophora caspia Eng R Ref
Corynactis viridis Eng P Exp
Coscinasterias tenuispina Pre * Exp
Crambe crambe Ha P Exp
Crangon crangon Pre P Ref
Crassostrea gigas Eng P Ref
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Crepidula fornicata
Dentiporella sardonica
Donacilla cornea

Donax trunculus
Echinaster sepositus
Echinus esculentus
Echinus melo

Ensis directus
Epizoanthus arenaceus
Eunicella cavolini
Eunicella singularis
Ficopomatus enigmaticus
Hacelia attenuata
Haploops sp.

Hediste diversicolor
Hydroides dianthus
Hydroides elegans
Hydroides ezoensis
Lanice conchilega
Lentidium mediterraneum
Leptogorgia sarmentosa
Leptopsammia pruvoti
Limaria hians
Lithophaga lithophaga
Lophelia pertusa
Macoma balthica
Madracis pharensis
Marenzelleria neglecta
Marenzelleria viridis
Marthasterias glacialis
Modiolula phaseolina
Modiolus modiolus
Monoporeia dffinis

Mya arenaria
Myriapora truncata
Mytilaster lineatus
Mytilus sp.

Mytilus edulis

Mytilus edulis/trossulus
Mytilus galloprovincialis
Nephrops norvegicus
Nucella lapillus

Oculina patagonica
Ophidiaster ophidianus
Ophioderma longicauda
Ophiothrix fragilis
Oscarella lobularis
Oscarella tuberculata

Keystone Type
Eng
Eng
Eng
Ha
Pre
Pre
Pre
Eng
Eng
Ha
Ha
Eng
Pre
Eng
Eng
Eng
Eng
Eng
Eng
Ha
Ha
Ha
Eng
Eng
Ha
Eng
Ha
Eng
Eng
Pre
Ha

Eng/Ha
Eng
Eng
Eng
Ha

Eng/Ha
Eng
Ha
Ha
Eng
Pre
Eng
Pre
Pre
Pre
Ha
Ha

Primary Impact

X U U U X

P/R

*

W U ®¥ U U U X X®¥ X U U U U U U U U U U U U X U X U U U UV O

P/R

¥ X X®¥ U0V © U UV O

*

Source
Ref
Exp
Ref
Ref
Exp
Ref
Exp
Ref
Exp
Exp
Exp
Ref
Exp
Ref
Exp
Ref
Ref
Ref
Exp
Ref
Exp
Exp
Ref
Exp

Exp/Ref

Exp/Ref
Exp
Ref
Ref
Exp
Ref

Exp/Ref
Ref
Ref
Exp
Ref
Ref
Ref

Exp/Ref
Ref
Exp
Exp
Ref
Exp
Exp
Exp
Exp
Exp
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Keystone Type Primary Impact Source
Ostrea edulis Ha P Ref
Paracentrotus lividus Pre R Exp
Paramuricea clavata Ha P Exp
Parazoanthus axinellae Eng P Exp
Patella vulgata Pre P/R Ref
Pentapora fascialis Eng P Exp
Petricolaria pholadiformis Eng P Ref
Petrosia ficiformis Ha P Exp
Pholas dactylus Ha P Ref
Phorbas tenacior Ha P Exp
Pinctada imbricata radiata Eng P Ref
Protula spp. Eng P Exp
Rapana venosa Pre R Ref
Sabellaria alveolata Ha P Exp
Sabellaria spinulosa Ha P Ref
Salmacina spp./ Filograna spp. Eng P Exp
Serpula vermicularis Ha P Ref
Smittina cervicornis Eng P Exp
Sphaerechinus granularis Pre R Exp
Spirastrella cunctatrix Ha P Exp
Spondylus spinosus Eng P Ref
Spongia (Spongia) lamella Ha P Exp
Spongia officinalis Ha P Exp
Stylocidaris affinis Pre * Exp
Turbicellepora avicularis Eng P Exp
Upogebia pusilla Eng/Ha P Ref
Urothoe poseidonis Eng P Exp
Venerupis philippinarum Eng P Ref
Benthic invertebrates Ha P Model
Burrowing megafauna Eng P Ref
Macrofauna that feed on detritus * P Model
Bivalves Eng P Model
ﬁ:giz:;ans/Sponges in coralligenous Ha P e
Birds
Larus audouinii Pre R Model
Phalacrocorax carbo Pre R Model
Seabirds Pre R Model
Cephalopods
Benthopelagic cephalopods Pre R Model
Cephalopods Pre R Model
Octopuses & cuttlefish Pre R Model
Squids Pre R Model
Fish
Ammodytes tobianus Eng P Exp
Clupea harengus Pre R Exp/Ref
Diplodus puntazzo Pre R Model
Engraulis encrasicolus Pre P Exp/Model/Ref
Epinephelus marginatus Pre P/R Model/Ref
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Keystone Type Primary Impact Source
Gadus morhua Pre P/R Exp/Model/Ref
Lagocephalus sceleratus Pre R Exp
Merluccius merluccius Pre P Model
Pomatomus saltatrix Pre P Ref
Salmo salar Eng/Pre P/R Ref
Salmo trutta Pre R Ref
Sander lucioperca Pre R Ref
Sarda sarda Pre P/R Model/Ref
Sardina pilchardus Pre P Exp
Sardinella aurita Pre P Exp
Scomber scombrus Pre P/R Exp/Ref
Scophthalmus maximus Pre P Ref
Siganus luridus Pre R Ref
Siganus rivulatus Pre R Ref
Sprattus sprattus Pre P/R Ref
Squalus acanthias Pre R Ref
Thunnus albacares Pre R Ref
Thunnus thynnus Pre R Exp/Ref
Ammodytidae Pre P Ref
Demersal (predatory) fish species Pre w Model
Large Pelagic Fish Pre R Exp/Model
Predatory fish Pre < Model
Sharks Pre R Model

Macroalgae

Acrothamnion preissii Eng R Ref
Alaria esculenta Ha P Ref
Asparagopsis armata Eng R Ref
Bonnemaisonia hamifera Eng R Ref
Caulerpa cylindracea Eng R Ref
Caulerpa taxifolia Eng R Ref
Cladophora spp. Ha P Exp
Codium bursa Ha P Exp
Codium coralloides Ha P Exp
Codium fragile subsp. fragile Eng R Ref
Cystoseira amentacea Ha P Exp
Cystoseira barbata Ha P Ref
Cystoseira crinita Ha P Ref
Cystoseira tamariscifolia Ha P Exp
Flabellia petiolata Ha P Exp
Fucus spp. Ha P Ref
Fucus vesiculosus Ha P Ref
Furcellaria lumbricalis Ha P Exp/Ref
Gracilaria vermiculophylla Eng R Ref
Grateloupia turuturu Eng R Ref
Halimeda tuna Ha P Exp
Laminaria digitata Ha P Ref
Laminaria hyperborea Ha P Ref
Laminaria ochroleuca Ha P Ref
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Keystone Type Primary Impact Source
Lithophyllum cabiochiae Ha P Exp
Lithophyllum stictaeforme Ha P Exp
Lophocladia lallemandii Eng R Ref
Mesophyllum alternans Ha P Exp
Mesophyllum expansum Ha P Exp
Peyssonnelia spp. Ha P Exp
Phyllophora crispa Ha P Ref
Polysiphonia fucoides Ha P Exp
Polysiphonia morrowii Eng P Ref
Saccharina latissima Ha P Ref
Saccorhiza polyschides Ha P Ref
Sargassum muticum Eng R Ref
Stypopodium schimperi Eng R Ref
Undaria pinnatifida Eng/Ha P Ref
Womersleyella setacea Eng R Ref
Maerl beds (Phymatolithon calcareum Ha P Exp/Ref
+ Lithothamnion spp.)
Marine Mammals
Balaenoptera acutorostrata Pre R Ref
Delphinus delphis Pre R Ref
Delphinus delphis ponticus Pre P Ref
Halichoerus grypus Pre P/R Exp/Ref
Lagenorhynchus albirostris Pre R Ref
Monachus monachus Pre P Ref
Pagophilus groenlandicus Pre P Model
Phoca vitulina Pre P/R Exp/Ref
Phocoena phocoena Pre R Ref
Phocoena phocoena relicta Pre P Ref
Pusa hispida Pre P/R Ref
Tursiops truncatus Pre R Model/Ref
Tursiops truncatus ponticus Pre P Ref
Dolphins Pre P/R Model
Phytoplankton
Alexandrium minutum Eng R Ref
Alexandrium monilatum Eng R Ref
Coscinodiscus wailesii Eng R Ref
Fibrocapsa japonica Eng R Ref
Gymnodinium catenatum Eng R Ref
Karenia mikimotoi Eng R Ref
Noctiluca scintillans Pre R Ref
Phaeocystis pouchetii Eng R Ref
Pseudochattonella verruculosa Eng R Ref
Reptiles
Caretta caretta Ha/Pre P/R Ref
Zooplankton
Aurelia aurita Pre Ref
Beroe ovata Pre Ref
Calanus finmarchicus Pre Ref
Mnemiopsis leidyi Pre R Ref
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Keystone Type Primary Impact Source

Rhizostoma pulmo Pre R Ref

Mesozooplankton Eng P/R Model
Microzooplankton Eng P Model
Zooplankton Eng R Model

Angiosperm is the single category indicated by all expert providers to promote biodiversity in marine
ecosystems. Their role is mainly identified as habitat species, providing food, shelter, spawning and
nursery areas to many organisms, while at the same time their structures increase habitat complexity
and sediment stability, and therefore biodiversity. Angiosperms are also considered to be valuable
engineering organisms as they oxygenate waters and sediments, are part of biochemical marine cycles,
act as net carbon sinks, control the transparency of the water column by favouring retention of

suspended particles, and protect shorelines by their networks of rhizomes that stabilize sediments.

The benthic invertebrates proposed as potential keystone species are mostly believed to promote
marine biodiversity, acting either as engineer or habitat species, while some of them were indicated to
have a predator role in the food web, in which case they were viewed as reducers (e.g. Asterias rubens,
Chaetaster longipes, Rapana venosa). Nevertheless, there are certain species that are thought to exhibit

either a promoting or reducing impact on the community depending on conditions, for example:

* The impact of Arenicola marina appears to relate to population density and area of
consideration, as in the Baltic Sea where it is patchily distributed, it is considered a Promoter,

while in the NE Atlantic, where it is widespread, it was assigned as a Reducer.

* The role of the edible sea urchin Echinus esculentus (or other urchins in the catalogue) appears
to be density-dependent. When moderately abundant, its effect is believed to promote
diversity, whereas when highly abundant the effect is important (defloration, urchin barrens)
but whether the effect is disproportionate compared to the urchin abundance is unknown.

Therefore uncertainty is associated to this species keystone role.

*  Mytilus is a habitat-modifying genus that can influence biodiversity by facilitation and inhibition
of species (Norling and Kautsky, 2008). Regional assessment by the expert providers of a few
Mytilus species (M. edulis, M. trossulus, M. galloprovincialis) as keystone species leads to the
conclusion that their role can be viewed both as habitat and engineer species. For example, M.
edulis beds have a role in coastal sediment dynamics and provide an enhanced area of
biodiversity in an otherwise sediment-dominated environment. The spaces between the

mussels provide refuges for a diverse community of species increasing habitat complexity (role

25



Deliverable 6.1. Keystone species

as habitat species), while at the same time they can play a role in water purification, tackling
pollution and in the cycle of trace- and other important elements (e.g. oxygen, nitrogen,
hydrogen, carbon) (role as engineering species). The role of mussel beds can also be extended as
they are also considered crucial food reserves to birds (role as resource species). Mytilus species
are overall thought to promote biodiversity; however, they can also act as reducers when they

compete for space with perennial macroalgae.

*  Patella vulgata, the common limpet, grazes on fucoid algae, hence controlling their biomass and
the system productivity and functioning (including nutrient sequestration and export of detrital
material). This species is an example of a keystone species with a region-dependent effect on
biodiversity. Their ability in controlling vegetation, hence, their impact, depends on algal
recruitment, leading to latitudinal differences. While the species promotes small scale spatial
variability in the algal coverage and improves algal biodiversity in northern areas (southern
coast of UK, Isle of Man, Channel), thus acting as a promoter in these areas, in southern areas
(coast of Portugal), the species prevents the establishment of heterogeneous assemblages,

therefore its effect has been considered as a reducer (Coleman et al., 2006).

All birds and cephalopods species/groups in the catalogue are predators indicated as keystone species

through models, and are thought to act as reducers to the marine communities.

With the exception of Ammodytes tobianus, which was indicated as an engineering keystone species, all
other fish species/groups were classified as predators. While most of the fish species were assigned to
either one of the primary impact categories (promoter, reducer), there were a few species, which could
have both effects on biodiversity, depending on how they were perceived to act. For example, Salmo
salar is indicated as a potential keystone species in the Baltic Sea, which can however be considered to
have a twofold effect on the ecosystem: as a predator but also as an engineer. In the first case, it
reduces biomass by removing prey species from the food web, while when acting as a bioturbator (it
scours the river bed while spawning) it cleans river beds from excess organic particles, therefore
reducing over-sedimentation. However, it has to be pointed out that in most cases, when a dual primary
impact was assigned to a species (e.g. Sarda sarda, Gadus morhua, Scomber scombrus), it was due to
differences between the expert provider perspectives on what is the effect of the fish that act as food
wed regulator in the marine ecosystem. This also holds for large predators such as marine mammals

(dolphins, seals, porpoises) and reptiles (Caretta caretta).
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All phytoplankton species included in the catalogue are believed to have a reducing effect on the
ecosystem as engineers, except for Noctiluca scintillans, which is thought to have an effect on food webs
as a consumer of lower food levels. It is of course accepted that phytoplankton as a group, will play a

positive key role in ecosystems.

When considering zooplankton as a whole and major size classes (micro-, meso- zooplankton) it is
considered to have an engineering role in marine ecosystems; yet individual species reported in this
DEVOTES catalogue are considered predators mainly acting on phyto- and zooplankton stocks. Overall,
zooplankton is considered to enhance biodiversity, although specific species, i.e. Aurelia aurita,
Mnemiopsis leidyi and Rhizostoma pulmo act as reducers, primarily through strong grazing and

depletion of zooplankton stocks leading to cascading effects in the food web.

3.2.2. Keystone Size

Table 4 shows the distribution of keystone component groups by relative size. Five of the biodiversity
components (birds, cephalopods, marine mammals, phytoplankton and reptiles) appear under one size
category only, two under three size categories (fish and zooplankton), two under four size categories

(angiosperms, and macroalgae) and benthic invertebrates cover all size classes.

Table 4. Number of keystones by size category and biodiversity component (* number includes two subspecies).

Bio Component <icm 1-5cm 6-20cm 21-100cm >100cm
Angiosperms 1 2 4 1
Benthic Invertebrates 4 39 47 25 2
Birds 3
Cephalopods 4
Fish 7 17 5
Macroalgae 2 18 14 11
Marine Mammals 14*
Phytoplankton 9
Reptiles 1
Zooplankton 4 3 1
Total Species 17 42 77 68 34
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Deliverable 6.1. Keystone species

Size category <1 cm

Keystones in the size category <1 cm for biological component phytoplankton are represented by nine
species. All nine species are stated to be of wide distribution and high abundance in the marine coastal
water habitat. All nine species are reducers and eight out of nine are engineers (Keystone type, KT) and
invasive alien species creating harmful algal blooms; the final one (Noctiluca scintillans), a predator, is a
heterotrophic dinoflagellate noted as a dead-end of the food web. All regional seas are represented
with 1, 3, 4 and 7 phytoplankton species for the Baltic, Black, Mediterranean Seas and NEA, respectively.
Examples include Alexandrium minutum for the Mediterranean and NEA, N. scintillans for the Black,
Pseudochattonella verruculosa for the Baltic and Phaeocystis pouchetii for Mediterranean-NEA.
Keystones in the size category <1 cm for biological component zooplankton are represented by one
calanoid copepod species (Calanus finmarchicus) and 3 groups micro-zooplankton, meso-zooplankton
and zooplankton. All species/groups are stated to be of wide distribution and high abundance in the
marine water coastal, shelf and oceanic habitats. C. finmarchicus is stated as a predator with a pivotal
role in supporting food webs in the NEA but the expert was unable to decide on primary impact and to
choose between key or keystone species. The zooplankton groups are all model chosen in the
Mediterranean, their primary impact is as Engineers and their KT is stated as reducers and promoters
(different experts, different opinion). Keystones in the size category <1 cm for biological component
benthic invertebrates are represented by four species. All four of them are crustaceans (one shrimp,
one barnacle and two amphipods) and their primary impact is as engineers. The barnacle is a reducer,
while the amphipods and shrimp are promoters as food web regulator, and bioturbator, respectively.
Baltic and NEA regional seas are represented with one (Monoporeia dffinis, one of the two amphipods)

and three species respectively.

Size category 1-5 cm

Three biological components provide 42 species/groups under this size category, namely angiospermes,
macroalgae and benthic invertebrates. While benthic invertebrates of this size span all benthic habitat
types except for the deep sea, and have a considerable number of species/groups (36 species and 3
groups), the other two biological components are represented by only a few species in the shallow
sublittoral. Most species have high or medium abundances and their distributions are mainly patchy,
some of them are widespread (e.g. Corynactis viridis, Crangon crangon, Nucella lapillus), while only the
anthozoan Madracis pharensis is scarce. The only species of angiosperm in this size is Halophila
stipulacea, reported as an invasive alien, engineer species in the Mediterranean Sea with a promoting
impact on biodiversity. This is not only because of the previously described promoting role angiosperms

have on ecosystems, but also because when growing on previously barren areas as a pioneer species, it
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provides new topography and shelter for the mobile fauna. The two species of macroalgae in this size
category are Acrothamnion preissii and Womersleyella setacea, both described as invasive alien,
engineer species in the Mediterranean Sea with a reducing effect on biodiversity. The first one impacts
the Mediterranean ecosystems by reducing the diversity of seagrass and algal beds, by growing over
calcareous red algae in maerl beds, by negatively affecting the available substrata for other epiphytic
macro-organisms to settle on, and by reducing light for other species. Womersleyella setacea colonizes
wide zones throughout the Mediterranean Sea, forming thick persistent carpets that completely cover
deep sublittoral rocky substrata. It negatively affects the available substrata for other epiphytic macro-
organisms to settle on and by reducing the light for other autotrophs, with substantial negative effects
on native communities. It also modifies benthic assemblages, reduces diversity, affects food webs, and

outcompetes key species.

The 39 benthic invertebrates of this size span all EU seas. In the Baltic they are in low number; the three
species in this region are two bivalves, the Mytilus hybrid population Mytilus edulis/trossulus and
Macoma balthica, and the barnacle Amphibalanus improvisus. The Mytilus population is considered
promoter, habitat species that as a bioconstructor provides additional living space for macroalgae and
invertebrates and also serves as a feeding ground for invertebrates, fish and birds. However, in some
areas of the Baltic Sea Mytilus can act as a ‘reducer’ as it is a competitor for living space with perennial
macroalgae and is, to a certain point, more favoured by nutrient and organic enrichment compared to
perennial macroalgae. On the other hand, Macoma balthica is considered an engineer species
promoting biodiversity by improvement of benthic-pelagic coupling of organic material and nutrients,
oxygen fluxes in the sediment and benthic microflora and microfauna, while at the same time it is
valuable food source for fish and birds. A similar role is described for A. improvisus (engineer and
promoter species), which increases the 3-dimensional surface available for associated macro- and
meiofauna in shallow-water hard bottoms and can enhance detritus-based food chains by supplying
their habitat with particulate detritus. A. improvisus can promote the settlement success and further
development of filamentous algae probably by increasing nutrient availability in benthic systems

through biodeposition. On the other hand, it is a strong competitor for space.

In the Black Sea the 11 benthic invertebrate species reported are all thought to be promoters. With the
exception of one polychaete and two crustacean species, the rest are bivalves all of which are
considered habitat species except for Donacilla cornea; the latter along with the remaining three non-

bivalve invertebrates act as engineers.
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Among the 16 benthic invertebrates reported from the Mediterranean, only two are reducers, i.e. the
bivalve Brachidontes pharaonis and the limpet Crepidula fornicata, both of which are invasive alien
species in the Mediterranean acting as engineers. The establishment of massive beds of B. pharaonis
has had significant effects on the biota of intertidal rocky areas, especially on the ecology of the
vermetid platforms, a habitat that is unique to the Levantine basin, by excluding some species and
facilitating others. It locally displaces the native mytilid, Mytilaster minimus. C. fornicata is a habitat
engineer which causes substantial large scale changes in ecosystems such as trophic structure
modification, changes in phytoplankton composition, enhanced siltation due to accumulation of faeces
and pseudofaeces, and changes in benthic sediments and near-bottom currents. Such accumulating
sediments on maerl beds cause their degradation. Dense populations spread and completely cover the
ground, so that the sediment disappears under their stacks and water exchange is limited. The rest of
the benthic invertebrates in this size category are mostly engineers (12/16) belonging to bivalves (e.g.
Anadara transversa), polychaetes (e.g. Ficopomatus enigmaticus), and anthozoa (e.g. Corynactis viridis)

promoting ecosystem’s biodiversity through habitat modification, bioturbation and bioconstruction.

A total of 16 benthic invertebrate species including polychaetes, bivalves, gastropods and crustaceans
were also reported in the NE Atlantic Ocean, with most of them (10) considered as engineering species.
Among the 10 engineers only one, C. fornicata has a reducing effect, similar to the one described above
for the Mediterranean. The polychaetes Sabellaria alveolata and S. spinulosa are habitat species. These
worms form reefs (Sabellaria reef/crust) that provide structure for other organisms as crevices and
shelter, thus supporting rich and diverse assemblages compared to similar habitats where the species
are not present. Sites with Sabellaria reefs have been found to have more than twice as many species
and almost three times as many individuals as sites with very few, or no Sabellaria; therefore, their
primary impact is as promoters. Two gastropods (Nucella lapillus and Patella vulgata) and the decapod
Crangon crangon are predators promoting biodiversity, except for the case of P. vulgata in southern

latitudes, which, as described in an earlier section, has a reducing effect.

Size category 6-20 cm

Potential keystones in the size category 6-20 cm for Angiosperms include two species of littoral or
shallow sublittoral habitats; the ditch grasses Ruppia sp. in the Baltic and the dwarf eelgrass Zostera
noltei in the NEA and the Black Sea. Their primary impact is as promoters and their keystone role is as
habitat or habitat and engineer species. Keystones for Benthic Invertebrates include a large variety of
taxa (47) and taxa types; Polychaeta, Bivalvia, Crustacea, Anthozoa, Porifera, Echinodermata, Bryozoa,

Hydrozoa, Gastropoda. All EU regional seas are represented in littoral, shallow and shelf sublittoral as
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well as upper bathyal habitats. As expected, with such variety of species they display different roles and
impacts. Keystones for Fish include seven species of pelagic or benthopelagic fish. All EU and non-EU
regional seas are represented in a large variety of water and sediment habitats including reduced
salinity water (Clupea harengus). They display different roles (as predators and engineers) and impacts
(promoters or reducers). Keystones for Macroalgae include 18 species/taxa in littoral and shallow or
shelf sublittoral habitats of all four EU regional seas. They display different roles; nine species are
engineers and invasive alien reducers (e.g. Caulerpa cylindracea and Codium fragile in the
Mediterranean and NEA respectively) and nine are habitat species acting as promoters such as
Cladophora sp. and Phyllophora crispa in the Baltic and Black sea respectively. Keystones for
Zooplankton include three jellyfish species in marine waters of the Baltic, the Black Sea and the NEA.
Mnemiopsis leidyi (NEA, Black Sea) is an invasive alien reducer and Beroe ovata (Black Sea) is an invasive
alien promoter. M. leidyi is an invasive species also for the Baltic Sea. After the first detection in 2006
(Javidpour et al., 2006) its abundance, distribution and spreading into the central Baltic Sea were
studied (Jaspers et al., 2011la,b; Schaber et al., 2011). Similar negative effects on the Baltic Sea
ecosystem as documented for the Black Sea, could not be verified and therefore this species is currently
not regarded as a keystone species for the Baltic Sea. Aurelia aurita reported in all three areas is a

reducer, but there is low confidence in its keystone role in the NEA.

Size category 21-100 cm

Potential keystones in the size category 21-100 cm for angiosperms include four species of littoral or
shallow sublittoral habitats of all four EU regional seas; Neptune grass Posidonia oceanica, eelgrass
Zostera marina and little Neptune grass Cymodocea nodosa. Their primary impact is as promoters and
their KT is habitat and engineer species. Keystones for Benthic Invertebrates include a large variety of
taxa (25) of a few taxa types; Bivalvia, Echinodermata, Bryozoa, but mostly corals and sponges in littoral,
shallow and shelf sublittoral habitats, all of them present in the Mediterranean and one species
Crassostrea gigas, is also found in the NEA. As expected with such variety of species they display
different roles and impacts. Examples include Eunicella cavolini and Chondrosia reniformis as habitat
species and promoters, and Crassostrea gigas as engineer and promoter. The only reducer of the group
is the invasive alien coral Oculina patagonica. Seabirds appear in the keystone list of this size category
with two species and as a group (model output for the Mediterranean). There are all predators and
reducers. The cormorant Phalacrocorax carbo is representing the Norwegian Sea and the Audouin's gull
Larus audouinii the Mediterranean. Cephalopods also appear in the keystone list of this size category
with various groups (e.g. octopuses & cuttlefish) as model outputs for the Mediterranean. There are all

predators and reducers. Keystones for fish include 17 species/taxa of demersal, pelagic or benthopelagic
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fish. All EU and non-EU regional seas are represented in a large variety of water and sediment habitats
including reduced salinity water (Sander lucioperca). They are all predators (one is thought to be
engineer too) and marginally more promoters than reducers with a few (4) cases stated as both by
different or same expert. Keystones for macroalgae include 14 species/taxa in littoral and shallow or
shelf sublittoral habitats of the MED, Baltic and Black seas. Polysiphonia morrowii is the only invasive
alien engineer and promoter species, the rest are all promoter habitat species such as the Bladder wrack
Fucus vesiculosus and Phyllophora sp. in the Baltic and Black Sea respectively. Zooplankton appears in
this size category with the barrel or dustbin-lid jellyfish Rhizostoma pulmo, a Black Sea keystone species,
a predator and a reducer, which can grow to very large size. Reptiles appear in the keystone list of this
size category in the Mediterranean with the sea turtle Caretta caretta. It is thought to act as both a
promoter and habitat species (the live carapace providing habitat to other species) as well as a reducer

and a predator.

Size category >100 cm

Keystones in this size for angiosperms include the promoter species Zostera marina in the Baltic Sea.
Benthic invertebrates include two species; the cold water coral Lophelia pertusa in the Norwegian Sea
and Celtic Seas and the red gorgonian Paramuricea clavata in the Mediterranean, both as habitat
species and promoters. Keystones for fish include five species/taxa of pelagic fish in the Mediterranean,
NEA and Black Sea in coastal, shelf and oceanic water habitats. They are all predators and reducers.
Examples include sharks and Bluefin tuna for both the NEA and Mediterranean. Keystones for
macroalgae include 11 species/taxa in shallow habitats of all EU and non-EU regional seas. The invasive
alien Japanese seaweed Sargassum muticum is the only reducer species, the rest (including the only
other invasive alien species in this category the Japanese kelp Wakame Undaria pinnatifida) are all
promoters. The two invasive alien species are engineers, the rest are habitat species. Marine mammals
appear in this size category with 14 species and subspecies belonging to three groups: whales, seals, and
dolphins in marine water habitats of all EU and non-EU regional seas. They are all predators. The whales
are stated as reducers while the seals and dolphins can be promoters or reducers depending on species,

area and expert.
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3.2.3. Keystones By Regional Sea

More than half the potential keystone species are proposed from the Mediterranean (129
species/groups) while the NEA follows with 74 keystones (Table 5) (we do accept that this had the
highest input of expertise and may reflect that effort). The poorest, by far, area is the Non-EU region,
from where only 9 species have been listed in the catalogue. The Mediterranean is the only region
where all biodiversity components (10 out of 10) are represented by at least one species/group, for the
other three EU regional seas this number is seven and for the non-EU this is five. Benthic invertebrates,
macroalgae, fish and marine mammals are represented in all regions with benthic invertebrates ranking

first in all 4 EU-regional seas.

Table 5. Number of keystones by region and biodiversity component (Baltic: Baltic Sea; Black: Black Sea; MED:
Mediterranean Sea; NEA: North-East Atlantic Ocean; Non-EU: Non EU Regional Seas; * includes three subspecies).
Note: number in parenthesis denote actual number of species present, the bracketed number is the result of use
of subspecies and experts not agree on this and roles.

Bio Component Baltic Black MED NEA Non-EU

Angiosperms 2 2 3 3

Benthic Invertebrates 10 14 71 34 2
Birds 2 1
Cephalopods 4

Fish 6 7 13 7 3
Macroalgae 6 3 26 14 1
Marine Mammals 5 7* 2 6 2
Phytoplankton 1 3 4 7

Reptiles 1

Zooplankton 1 4 (4) 3 3

Total Species/Taxa 31 41%* 129 74 9
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Table 6. Number of unique catalogue keystone species/taxa in the biological components per regional sea (Baltic:
Baltic Sea; Black: Black Sea; MED: Mediterranean Sea; NEA: North-East Atlantic Ocean; Non-EU: Non EU Regional
Seas). Note: unique in this case means that they have been proposed for one regional sea only, for example
Phyllophora beds are only proposed for the Black Sea and Reptiles only for the Mediterranean (despite the fact
that Caretta caretta is a widely distributed cosmopolitan species and in that sense not unique to any region).

Unique Species Baltic Black MED NEA Non-EU
Angiosperms 1 3
Benthic Invertebrates 5 10 65 22 1
Birds 2 1
Cephalopods 4
Fish 3 3 10 5
Macroalgae 5 3 18 5
Marine Mammals 5 1 1 1
Phytoplankton 2 2
Reptiles 1
Zooplankton 2 3 1
Total Species/Taxa 13 26 107 36 3
Grand Total 193

Species/Taxa

Table 7. Number of common catalogue keystone species in common to 4, 3, or 2 regional seas by biological
components.

Bio Component 4 Regions 3 Regions 2 Regions

Angiosperms 3
Benthic Invertebrates 1 2 9
Birds

Cephalopods

Fish 1 6
Macroalgae 1 8
Marine Mammals 2 4
Phytoplankton 1 4
Reptiles

Zooplankton 1 1
Total Species/Taxa 1 8 35
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Table 8. Number of common catalogue keystone species between regional seas (Baltic: Baltic Sea; Black: Black Sea;
MED: Mediterranean Sea; NEA: North-East Atlantic Ocean; Non-EU: Non EU Regional Seas).

Seas Baltic Black MED NEA Non-EU
Baltic -

Black 5 -

MED 2 6 -

NEA 16 9 19 -

Non-EU 3 1 0 4 -

Out of 229 species/taxa (Table 5) 185 (81%) are unique (i.e. uniquely proposed for one regional sea only)
to one region only (Table 6). The number of unique species/taxa per region varies between 33% (non-
EU) to 83% (Mediterranean). Examples of such unique potential keystone species include endemic,
endangered, commercial, invasive alien and native species of all the biodiversity components, such as
Cordylophora caspia and Sander lucioperca in the Baltic, Beroe ovata and Monachus monachus in the
Black Sea (although the latter is in very low abundance), Posidonia oceanica and Caretta caretta in the
Mediterranean, Sabellaria spinulosa and Fibrocapsa japonica in the NEA and Pagophilus groenlandicus

in non-EU.

There is only one species that is keystone in all four EU regional seas (Table 7), the bivalve Mya arenaria.
M. arenaria is stated to be an engineer and reducer species, showing invasive alien properties
dominating in the soft substratum communities, causing regime shifts and replacing native species,
causing structural changes in native communities. Its high abundance, high filtration capacity, ecosystem
engineering characteristics and importance in food-web interactions, suggest that this species has

dramatically impacted shallow coastal ecosystems (Katsanevakis et al., in press).

Eight species are common to three regions and 35 species are common in two regions (Table 7). The
common species between regions ranges from zero (between Mediterranean and non-EU) to 19 species
(between Mediterranean and NEA)(Table 8). Cephalopods and reptiles are not relevant to the Baltic and

Black Seas.
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Baltic Sea

For angiosperms two keystone species are included, Ruppia sp. and the eelgrass Zostera marina, both
promoters, habitat and engineer species. Eelgrass beds provide habitats for a wide range of species
(shelter and food). The leaves and rhizomes provide substrata for the settlement of epibenthic species
as well as nursery grounds for many commercially important species or endangered species (seahorses).
Due to its low salinity limitation, Zostera marina is distributed from the Western Baltic Sea up to the
Gulf of Finland. In lower salinities of the Bothnian Sea/Bay freshwater plants assume its role as habitat
species. Ruppia sp. has a similar function to Zostera marina, but inhabits shallower areas and dominates
within the large coastal lagoons and shallow bays along the southern coastline forming an important

habitat for resting and migrating birds.

Benthic invertebrates, include, bivalves, polychaetes, and one amphipod, barnacle and hydroid. The
blue mussel Mytilus edulis/trossulus is a habitat species. It is the only epibenthic invertebrate of the
Baltic Sea that can grow in high densities, forming reef- or bank-like structures. Stable mussel banks
provide habitats for a variety of epibenthic invertebrates (e.g. hydrozoans, bryozoans, sponges,
barnacles) and filamentous algae. Between the mussel shells amphipods, isopods and predatory
polychaetes are distributed. Additionally mussel beds form an important feeding ground for ducks. They
also stabilise the sediment, act as sediment trap and influence the flux of organic particles so also acting
as an engineer species. The other benthic invertebrates are all regarded as engineer species. In an
organic rich environment, species reworking and oxygenating the sediment (e.g. Arenicola marina or
Monoporeia dffinis) are of special importance. The blue mussel and the Baltic clam or Baltic tellin
Macoma balthica are high-medium abundance promoters. Five (out of 10) species are invasives of which

only one is promoter, the bay or acorn barnacle Amphibalanus improvisus.

The six species of fish are primarily reducers (one both reducer and promoter). Gadus morhua, Clupea
harengus and Sprattus sprattus have a wide distribution and are fundamental food-web species.
Whereas Gadus morhua is regarded as a promoter (as predator for young herring and sprat) the others
are regarded as reducers as high abundances of planktivorous fish negatively impact zooplankton
abundance and diversity, leading to higher organic input (phytoplankton) to the benthic environment
(Casini et al., 2012). Sander lucioperca is distributed in low salinity areas only, where it acts as keystone
predator. Salmo salar and Salmo trutta are the most important migrating species but due to their low
number, their importance as predators is currently very low and the engineer role of S. salar is restricted

to rivers and has therefore no effects for the Baltic Sea ecosystem.
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habitat species — providing food, shelter, spawning and nursery grounds — and engineer organisms as
they oxygenate waters and sediments, recycle nutrients, contribute to cycling carbon, help control the

transparency of the water column and stabilize sediments.

The benthic invertebrates considered as keystones in the Black Sea (14 species/groups) are primarily
bivalves acting mostly as habitat species that promote biodiversity (Mytilus galloprovincialis, Ostrea
edulis, Modiolula phaseolina, Mytilaster lineatus, Donax trunculus). Among the bivalves, Mya arenaria

has also an invasive alien role, which has been described in a previous section.

Seven species of pelagic predator fish are indicated as potential keystone species. Only one of them is
considered as a reducer, namely the dogfish Squalus acanthias, which feeds on several organisms, such
as algae, molluscs, crustaceans and bony fish, while the rest are considered promoters. Among them are
the large, migratory predators Sarda sarda, Pomatomus saltatrix and Scomber scombrus, the small
pelagic planktivorous Engraulis encrasicolus and Sprattus sprattus, acting as prey for larger fish, and the

demersal Scophthalmus maximus, which also sustains larger animals in the food web.

All three macroalgae species suggested as keystones are habitat species and promoters having a similar
role to the angiosperms. The three phytoplankton species considered as keystones in the Black Sea are
reducers, with two of them being engineer species (Alexandrium monilatum, Phaeocystis pouchetii) and
one, the heterotrophic dinoflagellate Noctiluca scintillans, a predator. The latter is thought to have a
reducing effect on the marine communities leading to a dead-end in the food-web, causing
hypoxia/anoxia conditions at the bottom during bloom episodes. As for the four zooplankton species
reported from the area, i.e. Aurelia aurita, Beroe ovata, Mnemiopsis leidyi and Rhizostoma pulmo, they
are all considered predator species as they are consumers in the food web, but only B. ovata acts as
promoter feeding on M. leidyi. As has already been stated in a previous section (Overall sub-section
above), the rest of the zooplankton species have a reducing effect, primarily through strong grazing and

depletion of zooplankton stocks leading to cascading effects in the food web.

Four marine mammals, the dolphins Tursiops truncatus ponticus and Delphinus delphis ponticus, the
porpoise Phocoena phocoena relicta and the monk seal Monachus monachus are identified as keystones

for the Black sea promoting biodiversity as top predators of the food web.

38



Mediterranean Sea

Three species of angiosperms are proposed as keystones for the Mediterranean Sea, i.e. Halophila
stipulacea, Cymodocea nodosa and Posidonia oceanica. As has already been described elsewhere, the

role of angiosperms in the marine environment is multiple and enhancing for marine communities.

The largest number of macroalgae keystones is reported from the Mediterranean Sea, 26 in total,
including the association of Phymatolithon calcareum and Lithothamnion coralloides, which form
widespread maerl beds. These formations are considered promoting habitat species, which by
increasing habitat complexity increase marine biodiversity. Several invasive alien macroalgae are also
reported in the catalogue (e.g. Acrothamnion preissii, Asparagopsis armata, Bonnemaisonia hamifera,
Caulerpa cylindracea, Caulerpa taxifolia, Lophocladia lallemandii), all of which are considered reducer
engineers that may outcompete native species for space and light and become dominant. In the western
Mediterranean the nine macroalgae species proposed as keystones are viewed as habitat species with a
promoting role. The same stands for the two Cystoseira species, C. amentacea and C. tamariscifolia,

reported from the eastern Mediterranean.

No specific zooplankton species is proposed as a keystone, although as a group (including two size
categories, micro- and meso- zooplankton) zooplankton is believed to have, being engineer organisms,
either a reducing or promoting role in marine communities. The four species of phytoplankton listed in
the catalogue (Alexandrium minutum, Karenia mikimotoi, Gymnodinium catenatum, Phaeocystis

pouchetii) are all small-size, engineer species that create harmful algal blooms and act as reducers.

The high number of benthic invertebrate keystones from the Mediterranean (68 species and 3 groups)
includes several components, such as bivalves, gastropods, polychaetes, corals, echinoderms, etc.
Polychaete species (e.g. Ficopomatus enigmaticus, Hydroides dianthus) are engineer species that act as
promoters. Bivalves have also been considered as engineers for the Mediterranean but their role can be
either as promoters (e.g. Chama pacifica, Crassostrea gigas), or reducers (e.g. the invasive aliens
Brachidontes pharaonis and Mya arenaria). Echinoderm species have been proposed as keystones from
the western Mediterranean (e.g. Opbhiothrix fragilis, Echinaster sepositus, Hacelia attenuata,
Marthasterias glacialis) and in all cases they were regarded as predators with either a reducing or
unknown effect on the communities. In contrast, the sponges species proposed from the W.
Mediterranean (e.g. Cliona celata, Crambe crambe, Spirastrella cunctatrix) were in all cases considered

to promote biodiversity either as habitat or engineer species.
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Deliverable 6.1. Keystone species

Birds and cephalopods have been indicated as keystones at the group level through the application of
the model EwE in different Mediterranean areas, the only exception being the bird Larus audouinii. In all

cases, they were regarded as predator species with a reducing role.

A total of 13 fish species and groups spanning a wide range of habitats are predators that mostly have a
reducing effect in Mediterranean ecosystems although a few, such as Merluccius merluccius, Engraulis
encrasicolus, Sardina pilchardus, are believed to have a promoting primary impact. Among the proposed
fish species are also included the invasive aliens Siganus luridus, S. rivulatus and Lagocephalus
sceleratus. The Siganus species in particular, are thought as keystones because they greatly modify
sublittoral ecosystems, creating and maintaining barrens, as they transform the ecosystem from one

dominated by lush and diverse brown algal beds to another dominated by bare rock.

Dolphins are denoted by models as keystones in the Mediterranean, not only as a group but also
through the bottlenose dolphin Tursiops truncatus. Dolphins are top predators and they are considered
to be scarce and in low abundances in the Mediterranean. As a group they can have either a reducing or
promoting effect, depending on which aspect of the community is considered; however, T. truncatus is
believed to have a reducing effect in the central Mediterranean and the lonian Sea. Caretta caretta, the
only reptile species reported in the DEVOTES catalogue, appears also to be scarce and in low abundance
in the eastern Mediterranean and can be viewed as both a habitat and predator species. In the first
case, it promotes the ecosystem’s biodiversity by hosting over 100 species from 13 phyla (such as
barnacles, shrimp, algae and even small fish) on t