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Abstract

ALAS aims to fill knowledge gaps on the impacts of marine alien species in the Aegean
Sea, and support marine managers and policy makers in prioritizing mitigation actions. The
project will focus on under-studied alien-native interactions, priority and vulnerable habitats
(such as shallow forests of canopy algae and underwater caves), and apply a multitude of
approaches. It will apply a standardized, quantitative method for mapping Cumulative
IMpacts of invasive Alien species on marine ecosystems (CIMPAL), according to which
cumulative impact scores are estimated on the basis of the distributions of invasive species
and ecosystems, and both the reported magnitude of ecological impacts and the strength
of such evidence. Towards that direction, ALAS will improve our knowledge base and
compile the needed information to estimate CIMPAL by (1) conducting a series of field
experiments and surveys to investigate the impacts of selected invasive alien species on
marine habitats, (2) producing high-resolution habitat maps in the coastal zone, refining the
results of previous research efforts through fieldwork, remote sensing and satellite imaging,
(3) producing species distribution models for all invasive species, based on extensive
underwater surveys for the collection of new data and integrating all existing information.
ALAS will incorporate skills and analyses in novel ways and provide high-resolution results
at a large scale; couple classic and novel tools and follow a trans-disciplinary approach,
combining knowledge from the fields of invasion biology, conservation biology,
biogeography, fisheries science, marine ecology, remote sensing, statistical modelling;
conduct for the first time in the Aegean Sea a comprehensive, high-resolution analysis of
cumulative impacts of invasive alien species; and report results in formats appropriate for

© Katsanevakis S et al. This is an open access article distributed under the terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.


https://doi.org/10.3897/rio.6.e53057
http://crossmark.crossref.org/dialog/?doi=10.3897/rio.6.e53057&domain=pdf&date_stamp=2020-4-13
http://crossmark.crossref.org/dialog/?doi=10.3897/rio.6.e53057&domain=pdf&date_stamp=2020-4-13
http://crossmark.crossref.org/dialog/?doi=10.3897/rio.6.e53057&domain=pdf&date_stamp=2020-4-13
mailto:stelios@katsanevakis.com
https://doi.org/10.3897/rio.6.e53057

2 Katsanevakis S et al

decision-makers and society, thus transferring research-based knowledge to inform and
influence policy decisions.
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Excellence

Main Goals, Objectives and Challenges

Alien species are taxa introduced to areas beyond their natural distribution by human
activities, overcoming bio-geographical barriers (Blackburn et al. 2011, Essl et al. 2018).
Biological invasions are a defining feature of the Anthropocene (Lewis and Maslin 2015),
as human activities are reshaping the distribution of species (Katsanevakis et al. 2014a,
van Kleunen et al. 2015, Dyer et al. 2017). Accelerating movement of humans, animals and
goods are driving an escalating rate of biological invasions, with many thousands of
species moving into new regions (Essl et al. 2015). The global rate of new introductions
keeps growing with no sign of saturation in the accumulation of alien species (Seebens et
al. 2017). In Europe alone, ~15,000 alien species have been recorded in the terrestrial and
aquatic environments, with an increasing trend in new introductions (Katsanevakis et al.
2015). In the Mediterranean Sea, ~1000 alien marine species have been introduced
through the Suez Canal, shipping, aquaculture and other pathways, and their number
keeps growing (Zenetos et al. 2012, Zenetos et al. 2017). Of these species, 214 have been
recorded in the Greek Seas (Zenetos et al. 2018).

Many alien species have become invasive with substantial impacts on biological diversity,
human health and ecosystem services. Nevertheless, our knowledge of the effects of alien
marine species on biodiversity and ecosystem services is mainly qualitative and largely
based on weak evidence (Katsanevakis et al. 2014b). Knowledge gaps about the life
history traits and the invasive strategies of alien species constitutes an important obstacle
to understanding their functional roles in marine ecosystems and their impacts. An
additional constraint to quantifying and mapping the impact of alien marine species is the
lack of coverage and resolution in the available data (such as spatial distribution of native
and alien species, habitat mapping), especially in data-poor regions such as the eastern
Mediterranean.

ALAS aims to contribute towards filling such data gaps and improving our knowledge
base on the effects of marine invasive alien species (MIAS) in the Aegean Sea. The
project focuses on under-studied alien-native interactions, priority and vulnerable
habitats (such as shallow forests of canopy algae and marine caves - habitat types 1170
and 8330 of the Habitats Directive, respectively), and applies a multitude of approaches
(such as field experiments, large-scale surveys, satellite imaging and remote sensing,
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species distribution modelling, and cumulative impacts assessments). It aims to provide
answers to important ecological questions on the mechanisms of alien species impacts
that will assist marine managers in better decisions of actions for marine conservation and
halting biodiversity loss in the region.

ALAS will apply a standardized, quantitative method for mapping Cumulative IMpacts of
invasive Alien species on marine ecosystems (CIMPAL), recently developed by
Katsanevakis et al. (2016). According to this model, cumulative impact scores are
estimated on the basis of the distributions of invasive species and ecosystems, and the
reported magnitude of ecological impacts. CIMPAL was initially applied in the
Mediterranean by Katsanevakis et al. (2016) at a coarse scale, based on presence-only
data of alien species, low-resolution basin-wide habitat mapping, and limited evidence of
the vulnerability of marine habitats to alien species. ALAS will improve our knowledge base
by

1. conducting a series of field experiments and surveys to investigate the impacts
of selected invasive species on marine habitats,

2. producing high-resolution habitat maps in the Aegean Sea, refining the results of
previous research efforts through fieldwork, remote sensing and satellite imaging,

3. producing species distribution models for all invasive species, based on

extensive underwater surveys for the collection of new data and integrating all
existing distributional information of alien species in the Aegean Sea (Fig. 1).
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Schematic representation of the ALAS concept. By conducting a number of field experiments
and surveys to assess impacts of invasive alien species on marine habitats, large-scale
habitat mapping of the entire marine area of the Aegean Sea, and distribution modelling of all
invasive alien species, it will be possible to conduct a large-scale cumulative impact
assessment of invasive alien species on the marine ecosystems of the Aegean Sea.
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State-of-the-Art

The last century, humanity experienced remarkably high rates of development and
economic growth. However, this development occurred against the natural capital and
without securing the sustainability of natural resources (Jackson et al. 2001, Butchart et al.
2010). European seas, especially coastal waters, were severely impacted by numerous
cumulative human pressures (Halpern et al. 2008, Micheli et al. 2013). Currently, marine
ecosystems have been substantially degraded, many biological resources have collapsed,
and a loss of biodiversity is observed (Jackson et al. 2001, Diaz and Rosenberg 2008).

Invasive alien species are considered a major driver of global biodiversity loss, due to their
severe impacts on ecosystems. Such impacts range from reduction in individual fithness of
native species to population declines and local or global extinctions, community-level
changes, effects on entire ecosystem processes and ecosystem functioning, health
problems in humans or even deaths, and substantial economic losses (Vila et al. 2010,
Mazza et al. 2013, Blackburn et al. 2014, Katsanevakis et al. (2014b), Bellard et al. 2016).

Despite the intensification of research efforts in recent years, there are still substantial
gaps in our understanding of the dynamics and implications of biological invasions across
regions and taxa. The Convention on Biological Biodiversity (CBD) recognized the need for
“further research on the impact of alien invasive species on biological diversity”.
Understanding the spread, establishment success, distribution, abundance, spatio-
temporal dynamics and invasiveness of alien species is challenging as biological, social,
geographic, economic and climatic factors influence the way an invasive species is
introduced and interacts with the native biota.

A recent global systematic review (Tsirintanis et al., unp. data) on the experimental
methods applied in the terrestrial and aquatic realms for the assessment of impacts of alien
species revealed that 20% of the 450 reviewed articles were conducted in the marine
environment, among which 13% in the Mediterranean Sea. Most surveys applied
manipulative experiments with removals or transplantations, with the chlorophyte Caulerpa
cylindracea being the most studied invasive species, followed by the macroalgae Caulerpa
taxifollia and Womersleyella setacea (e.g. Klein and Verlaque 2011, Cebrian et al. 2012).
Ecological field experiments were scarce in the Aegean Sea; during the last decade, only a
few caging experiments have been applied to assess the impact of herbivores on marine
benthic producers (e.g., Sala et al. 2011, Tsirintanis et al. 2018), and only one focused on
alien herbivores (Sala et al. 2011).

To inform management decisions and prioritize the available funds for actions to mitigate
the impacts of invasive alien species, many systematic scoring protocols have been
developed to integrate and synthesize the empirical evidence of invasive species’ impacts
(McGeoch et al. 2016, Gonzalez-Moreno et al. 2019). Such protocols include e.g. BINPAS,
FISK, GABLIS, GISS, NGEIAAS, AS-ISK, ALEX, and CIMPAL (Verbrugge et al. 2012,
Cinar and Bakir 2014, Copp et al. 2016, Katsanevakis et al. 2016, McGeoch et al. 2016),
each one developed with different specific objectives, with some accounting for
environmental impacts only, whereas others are broader and include socio-economic and
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ecosystem services impacts (Gonzalez-Moreno et al. 2019). CIMPAL focuses on negative
impacts on habitats and offers the remarkable feature of being inherently spatial, i.e. it
provides maps of the assessed impacts as outputs (Katsanevakis et al. 2016). Currently, it
has only been applied at a Mediterranean-scale level at a coarse resolution.

Scientific methodology

To apply the CIMPAL approach, the study area (Aegean Sea) will be divided into equal-
area cells. For each such cell cumulative impact scores I, will be estimated as
n m
Le=3"> AHjuw,
i=1j=1
where:

A;is an index of the state of the population of invasive alien species i in the specific cell,
transformed and normalized to range between 0 and 1. Abundance or relative abundance
data are preferable for this state variable. To estimate A;, species distribution models will
be developed for all invasive alien species. To develop such models, good datasets of alien
species records will be needed as well as GIS layers of important environmental variables
(bathymetry, temperature, salinity, primary productivity etc.). The former will be created by
combining existing datasets, e.g. by retrieving data from the European Alien Species
Information Network - EASIN - (Katsanevakis et al. 2015), and from the Ellenic Network on
Aquatic Invasive Species - ELNAIS - (Zenetos et al. 2015), and new data collected by
extensive underwater surveys organized in the framework of ALAS, following the
methodology and field protocols described in Issaris et al. (2012), Katsanevakis et al.
(2012), and Thanopoulou et al. (2018). GIS layers of environmental variables will be based
on the Marine Environment Monitoring Services of Copernicus, and on the outputs of
previous research projects such as MARISCA. Species distribution modelling will be based
on a Machine Learning Ensemble Modelling approach, as it offers better predictions and is
more robust than single-model approaches (Zhou 2012, Shabani et al. 2016).

H;is an index of the extent of habitat j in a specific cell, standardized to range between 0
and 1. Ideally it represents the % coverage of habitat j in the cell. ‘Habitat’ is herein used
as a recognizable space, distinguished from neighbouring areas by its physical
characteristics and associated biological assemblage. Habitats will be used as the basic
unit to identify impacts associated with individual invasive alien species, as they are easily
defined spatially. Habitat maps will be created by improving/expanding previous efforts in
the framework of the research project MARISCA (Sini et al. 2017, Topouzelis et al. 2018).
This improvement will be based on an object-based image analysis of fine resolution
satellite images (e.g. Sentinel-2 data of 10 m spatial resolution, which were recently made
freely available) and integration of data from various sources (research projects, published
studies etc.).

w;; is the impact weight for species i and habitat j (the higher the impact of species / on
habitat j, the higher the value of w;;). Impact weights will be based on an uncertainty-
averse approach as proposed by Katsanevakis et al. (2016). A main obstacle highlighted
by the latter study was that evidence for most of the reported impacts of marine alien
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species in the literature is weak, mostly based on expert judgement or dubious
correlations. ALAS will put substantial effort to fill such knowledge gaps and improve our
knowledge on the impacts of invasive alien species on marine habitats. Initially, all the
related knowledge will be compiled through a systematic review of the scientific literature,
updating and expanding the previous review by Katsanevakis et al. (2014b). Specific gaps
will be identified, and field experiments or surveys will be designed and implemented to
enrich existing knowledge. Special emphasis will be given to fragile habitats harboring
unique diversity, such as marine caves which constitute an emblematic feature of the
Aegean rocky coasts (Giakoumi et al. 2013, Sini et al. 2017) and are vulnerable to marine
biological invasions (Gerovasileiou et al. 2016). An indicative non-exhaustive list of such
field work includes: large-scale caging experiments to study the effects of alien herbivores
on macroalgae, manipulative experiments to assess space competition between invasive
species and important indigenous structural species, natural experiments to compare
communities over invaded and uninvaded habitats, and underwater visual surveys of fish
communities to estimate the alien-to-native ratio and invasibility of alien fish in relation to
environmental gradients and fishing pressure.

Novelty

ALAS will:

. combine skills and analyses in novel ways and provide results at a large scale and
high resolution

. combine classic and novel tools (e.g. remote sensing, field experiments and
surveys, species distribution modelling, cumulative impact assessments) and follow
a trans-disciplinary approach, combining knowledge from invasions biology,
conservation biology, biogeography, fisheries science, marine ecology, remote
sensing, and statistical modelling

. conduct for the first time in the Aegean Sea a comprehensive, high-resolution
analysis of cumulative impacts of MIAS based on detailed habitat mapping, state-
of-the-art species distribution modelling, and extensive field experiments and
surveys

. conduct large-scale research covering an entire ecoregion (Aegean Sea)

. report results in formats appropriate for decision-makers and society, thus
transferring research-based knowledge to inform and influence policy decisions and
the general public

. provide cross-cutting deliverables involving theoretical and applied understanding
of biological invasions science coupled with the delivery of outputs through
information and communication technologies (such as GIS), ultimately rendering
efforts for the management of invasive species more effective.

Impact

ALAS will advance marine biological invasions science by applying novel approaches
for impact assessments combining many classic and novel tools (remote sensing, field
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experiments and surveys, interviews, species distribution modelling, cumulative impact
assessments). ALAS will fill many knowledge gaps on the impacts of MIAS and the
spatial extent and variation of such impacts and will contribute in improving our
understanding of the mechanisms of impacts of MIAS on marine ecosystems. It will
provide data and results at a large-scale and high resolution, substantially enhancing our
perspective of the impacts of alien species in the Aegean Sea.

The cost of marine biological invasions to the economy and human health is huge
through a variety of impacts, e.g. causing the decline of commercial fish stocks, the
degradation of water quality through harmful algal blooms and the release of toxins, the
increase of coastal erosion through the degradation of important habitats for coastal
protection, the decline of the recreational value of beaches and coastal areas due to
jellyfish blooms, injuries, and degradation of habitats (Katsanevakis et al. 2014b). By
understanding such mechanisms and properly mapping impacts at high spatial resolution,
ALAS will contribute to the effective management of biological invasions and assist
marine managers and policy makers in prioritizing management actions to confront
economic and social impacts.

ALAS has a strong policy relevance and will support national, European, and
international environmental policies and legislation. Specifically, it will support CBD
and Aichi Biodiversity Strategic Goal B ( https://www.cbd.int/sp/targets/), in particular
Target 9, which states that “by 2020, invasive alien species and pathways are identified
and prioritized, priority species are controlled or eradicated, and measures are in place to
manage pathways to prevent their introduction and establishment”. To achieve Target 9,
identification and prioritization of invasive species is a prerequisite. The CIMPAL approach
allows for the identification of hotspots of highly impacted areas, and prioritization of sites,
pathways and species for management actions, and can thus guide marine managers in
their efforts to achieve Target 9 in the region. ALAS will also support the European
Biodiversity Strateqy, in particular its Target 5. EU Regulation 1143/2014 “on the
prevention and management of the introduction and spread of invasive alien species”
provisions the creation of a list of invasive species of Union concern, for which
management measures will be taken. A requirement for inclusion in the list is a risk
assessment and knowledge of the adverse impacts a candidate species has on
biodiversity and related ecosystem services. Currently, largely because of limited evidence
on the impacts of marine alien species and the difficulties of management measures in the
marine environment, the list of invasive species of Union concern includes almost
exclusively terrestrial or freshwater species. Hence, by improving our knowledge base on
the impacts of marine alien species, ALAS will support the implementation of the
Regulation in the marine environment. Finally, ALAS will contribute to the implementation
of the Marine Strateqy Framework Directive, specifically Descriptor 2 ‘Non-indigenous
species introduced by human activities are at levels that do not adversely alter the
ecosystems’, in particular Criteria D2C2 and D2C3 of the revised Commission Decision
2017/848.

ALAS will help young researchers (PhDs and PostDocs) to improve their career
perspectives and gain international recognition by engaging in novel and high-impact
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research, which is expected to lead to a number of publications in highly ranked scientific
journals. The knowledge, scientific skills, hands-on experience from fieldwork activities,
and working on a topic of high policy and socioeconomic relevance will allow young
researchers to gain high competence and experience, opening career opportunities.

Implementation
ALAS will be structured in the following 6 Work Packages:

. WP1 Project management: Coordination of the research team. Organization of
regular meetings. Internal communication. Administrative management of the
project. Communication with the Research Account of the University and the
Management Body.

. WP2 Integration of existing data and knowledge: Compilation, harmonization
and integration of existing data. Systematic review of reported impacts of MIAS in
the Mediterranean. Updating the inventory of alien species reported from
Mediterranean marine caves, along with their pathways of introduction and impacts.
Creation of GIS layers of existing species distribution data, habitat maps, and
environmental data.
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Workflow chart illustrating the main work packages (WP in bold) and tasks (regular) and their
links (arrows).
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. WP3 Field work — collection of new data: Design and implementation of field
experiments, surveys, interviews and questionnaires to (1) collect new data on the
distribution of alien species, and (2) assess impacts of MIAS on marine habitats,
with a special focus on understudied habitats (e.g. marine caves). Remote sensing
analysis to produce high resolution maps of shallow habitats.

. WP4 Species distribution modelling: Creation of species distribution models,
based on data from WP2 and WP3, applying a Machine Learning Ensemble
Modelling approach.

. WP5 Cumulative Impacts Assessment. Conducting a cumulative impacts
assessment of MIAS impacts on marine habitats in the entire Aegean Sea, based
on the CIMPAL index. Production of maps depicting the spatial variation of
CIMPAL. Identification of hotspots of highly impacted areas, and prioritization of
sites, pathways and species for management actions.

. WP6 Dissemination and outreach: Dissemination of the project goals and results
to the scientific community, marine managers, other stakeholders and the general
public. Developing and implementing a communication and dissemination plan,
website creation and updating, development and management of social networking
platforms, scientific publications, and participation in conferences.

Fig. 2 illustrates the workflow and links among work packages.

WP1: Project management (Months 1-36)
Objectives:
To carry out the management, co-ordination and reporting activities necessary to:

. Ensure effective implementation of the project in collaboration with the funder and
the Research Account of the University of the Aegean.

. Achieve smooth and timely flow of information among WPs, good internal
communication, efficient completion of all tasks and deliverables.

Description of Work

This work package covers all the management activities of the project. Management
activities must be adapted to the needs of the project as it evolves, but will include at least:

. Organize communication between the Research team, the Research Account of the
University of the Aegean and the Funder (HFRI) concerning project progress and
execution of the Contract.

. Set up and run financial accounting and budget reporting processes — budget
monitoring.

. Coordinate progress reporting.

. Monitor the progress of individual work packages, in terms of production of
deliverables according to schedule, and other key indicators of progress.

. Continuously monitor significant project risks: identify, assess probability and

consequences, and devise mitigation strategies.
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Propose any modifications in the project plan which might be necessary in the light
of experience in actually running the project, or due to factors external to the
project. Carry out the formal steps needed to obtain approval by HFRI.

Organize regular meetings among participants

The Principal Investigator (Stelios Katsanevakis) will be leading this WP, and all
participants will contribute and share responsibilities for producing the periodic and final
reports, as requested by the funder.

Tasks

T1.1: Coordination and monitoring activities. All monitoring and coordination
activities for the smooth progress of the project towards achieving the stated
deliverables. (Months 1-36)

T1.2: Progress Reporting. Organize the drafting of all periodic and final reports.
(Months 12, 24, 35-36)

T1.3: Financial accounting and budget reporting. (Months 1-36)

Deliverables

D1.1: First periodic report (Month 12)
D1.2: Second periodic report (Month 24)

D1.3: Final report (Month 36)

Milestones

M1.1: all contracts of the participants are approved and signed (Month 1)
M1.2: kick-off meeting (Month 2)

M1.3: mid-term assessment of the progress (Month 18)

WP2: Integration of existing data and knowledge (Months 1-12)

Objectives

To compile, harmonize and integrate all existing information, relevant for the species
distribution modelling and the estimation of CIMPAL. The specific objectives of this WP are:

To compile and harmonize all existing information on the distribution of habitats and
invasive alien species in the Aegean Sea (Task 2.1)

To update the inventory of alien species reported from Mediterranean marine caves
and analyze their pathways of introduction and impacts (Task 2.2)

To conduct a systematic review of reported impacts of MIAS in the Mediterranean
(Task 2.3)
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. To create GIS layers of existing species distribution data, habitat maps, and
environmental data (Task 2.4)

Description of Work/Tasks
Task 2.1 (Months 1-12)

All the existing information on the distribution of marine habitats and invasive alien species
from the scientific and grey literature (journal articles, project reports, dissertations, data
bases, monitoring programs etc.) as well as unpublished data (from research institutes,
universities, NGOs, citizens) will be compiled. Three types of sources will be utilized: (i)
sources of high reliability, i.e. published information that has been peer-reviewed or high-
quality databases with an editorial board for validating records, e.g. the European Alien
Species Information Network - EASIN - , and the Ellenic Network on Aquatic Invasive
Species - ELNAIS; (ii) sources that have not been peer-reviewed and thus further
assessment of the reliability of the data will be needed, e.g. project reports; (iii)
unpublished data available in the files of persons or organizations. The quality assessment
of the type (ii) and (iii) data will be conducted by the participating experts, and if needed
further advice of external experts will be sought or validation of the information through
targeted surveys will be needed (see Task 3.1). The target habitats will include at least the
marine habitats specified in the Habitats Directive (92/43/EEC) but also other habitats of
high conservation value. An indicative list includes: Posidonia oceanica beds, reefs,
coralligenous formations, marine caves, hydrothermal vents and cold seeps, sandy banks,
estuarine systems, and coastal lagoons. For habitat mapping we will build up and improve
the habitat maps produced in the framework of the MARISCA project (htip://
www.marisca.eu/index.php/en/) (Sini et al. 2017, Topouzelis et al. 2018). The targeted alien
species will include all alien species with documented negative impacts to biodiversity.
Such a list of species will be compiled based on the outcomes of Task 2.3.

Task 2.2 (Months 1-10)

Marine caves constitute an iconic feature of the Mediterranean Sea with more than 600
caves being distributed along the Aegean rocky coastline and specifically in the island-
dominated South Aegean Sea (Giakoumi et al. 2013, Sini et al. 2017). They are
characterized as “biodiversity reservoirs” of great conservation value, harboring a
considerable number of rare, protected, endemic and still undescribed species
(Gerovasileiou and Voultsiadou 2012). Despite the limited information on this habitat type
in the Eastern Mediterranean, during the last years there is evidence of decline in quality
due to water temperature rise, human activities and potentially the presence of alien
species (Giakoumi et al. 2013, Gerovasileiou et al. 2016). Until 2016 a total of 56 alien and
cryptogenic species were reported from Mediterranean caves, mostly in the south-eastern
basin (Gerovasileiou et al. 2016). Several of these species (30%) are among those
considered to have a high impact on the native biodiversity of the Mediterranean. In
addition, Gerovasileiou et al. (2016) noted that alien species which shelter in caves, coral
reef cavities and holes within their natural range of distribution constitute potential
newcomers in the local marine cave habitats. The aim of Task 2.2 is to update information
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from previous lists of alien and cryptogenic species in Mediterranean caves through a
detailed review in scientific and grey literature sources as well as unpublished data, such
as local ecological knowledge (see Task 2.1) in order to cover current introductions and
expansion of distribution range. This update will follow recent reassessments of the alien or
cryptogenic status of alien species as well as current trends in their taxonomy (Zenetos et
al. 2017, Zenetos et al. 2018). Any exclusion from previous lists will be also documented
and explained. Furthermore, the most plausible pathways of introduction in the marine
cave habitat and their uncertainties will be evaluated and listed along with the reported and
potential impacts.

Task 2.3 (Months 1-12)

The list of target species will include all alien species that are present in the Mediterranean
Sea and are flagged as high-impact species in EASIN or as ‘invasive’ in the Mediterranean
in recent published reviews (e.g. Karachle et al. 2017). A European assessment of the
impacts of MIAS on biodiversity and ecosystem services has been conducted by
Katsanevakis et al. (2014b). The aim of Task 2.3 is to conduct a new systematic literature
review that will build upon the Katsanevakis et al. (2014b) report but will focus in the
Mediterranean Sea. This review will provide updated information on the impacts of MIAS
and will include information on recently introduced/established MIAS that were absent in
the Katsanevakis et al. (2014b) review. A database of the impacts of MIAS on biodiversity
in the Mediterranean will be compiled. The type of evidence for all recorded impacts will be
assessed and a matrix of MIAS — habitat impacts will be compiled, following the
methodology of Katsanevakis et al. (2016). Such a matrix is needed for the estimation of
the ‘impact weights’ of the CIMPAL index. The matrix will be based on information from the
entire Mediterranean instead of only the Aegean Sea, as the available evidence specifically
from the Aegean Sea is limited, while the availability of studies is richer in other
Mediterranean sub-regions. With this approach, there is a risk of overestimating impacts as
many species can have varying impacts in different Mediterranean regions. However, in
the absence of more accurate local information, such a precautionary approach is
acceptable from a management perspective. In selected cases, more accurate data
specific for the Aegean Sea will be collected through the experimental work of WP3, and
the impact weights will be revised accordingly before estimating CIMPAL (in WP5).

Task 2.4 (Months 3-12)

Distribution maps of all the targeted marine habitats and MIAS in the Aegean Sea will be
created in GIS, based on the data compiled through Tasks 2.1 and 2.2.

Deliverables

D2.1: Systematic review paper of reported impacts of MIAS in the Mediterranean
(to be submitted for publication in Month 12).

D2.2: GIS layers of the distribution of marine habitats and MIAS in the Aegean Sea
based on available data (Month 12)
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Milestones
M2.1: The list of targeted habitats and MIAS is compiled (Month 2)

M2.2: Sources of existing information on the distribution of habitats and MIAS are
identified (Month 3)

M2.3: The systematic review of the impacts of MIAS is completed (Month 8)

M2.4: Collation of existing information on the distribution of habitats and MIAS is
finalized (Month 10)

M2.5: The inventory of alien species reported from Mediterranean marine caves
and related information is finalized (Month 10)

WP3: Field work - collection of new data (Months 6-30)
Objectives

To fill existing knowledge gaps regarding the distribution of marine habitats as well as
MIAS and their impacts on marine habitats.

The specific objectives of WP3 are:

. To collect new data on the distribution of MIAS (Task 3.1)

. To produce high resolution maps of shallow marine habitats through satellite image
analysis (Task 3.2)

. To design and implement field experiments and surveys to assess the impacts of
selected MIAS on marine habitats (Task 3.3)

Description of Work/Tasks
Task 3.1 (Months 12-28)

To fill the gaps in our knowledge of the distribution of MIAS in the Aegean Sea and to
validate information from sources of low reliability, collected in Task 2.1, surveys to collect
new data will be organized. For the needs of this task, a number of missions will be
organized utilizing both land means of transfer and vessels. Two types of surveys will be
contacted:

1. Diving surveys with SCUBA to document the presence and/or estimate the
abundance of selected MIAS. A combination of methods will be applied including:
strip transects and line transects for the estimation of abundance of alien fish and
invertebrate megafauna following the field protocols described in Thanopoulou et
al. (2018); repetitive presence/absence surveys to estimate occupancy by jointly
estimating detectability based on the methods of MacKenzie et al. (2006) and
following the field protocols developed by lIssaris et al. (2012) and applied in
Katsanevakis et al. (2017a); and photoquadrat sampling to estimate the coverage
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of alien macroalgae and encrusting fauna utilizing the software photoQuad for the
analyses, which has been developed in-house in the Department of Marine
Sciences (Trygonis and Sini 2012). At least 50 sites with rocky reefs or seagrass
meadows and at least 10 marine caves will be surveyed, scattered in the entire
case study area.

2. Interviews: (a) Interviews with fishermen to document the presence of alien fish.
Based on a structured questionnaire, inforrmation on the distribution of alien
species along with data on estimated catch of native and alien species, changes in
the quality and quantity of the catch over the years, and the perception of fishermen
on the impacts of MIAS will be retrieved. (b) Interviews with diving clubs / diving
associations to document the presence of alien fish, and to assess the perception
of divers and tourists on the impacts of MIAS.

Based on the new information the GIS layers of Task 2.4 will be updated.
Task 3.2 (Months 6-18)

High resolution maps of shallow habitats will be produced through satellite image analysis,
applying the methodology developed in the MARISCA project (Topouzelis et al. 2018). This
improvement will be based on an object-based image analysis of fine resolution satellite
images (e.g. Sentinel-2 data of 10 m spatial resolution, which were recently made freely
available). The methodological framework for this analysis will be based on four main
steps: (i) data selection by manually choosing among available satellite images on the
basis of cloud free snapshots, calm seas, and the absence of major oceanographic
phenomena such as fronts and eddies; (ii) pre-processing of the images, including
radiometric calibration, atmospheric correction, land masking, and image cropping; (iii)
object-based image processing, in which images are segmented into objects, classified,
and manually edited if needed; (iv) assessment of the quality of the produce habitat maps
through comparisons with ground-truthed data.

Task 3.3 (Month 8-30)

After the completion of Task 2.3, a gap analysis will reveal gaps in our knowledge of MIAS
impacts. Field experiments or surveys will be designed and implemented to enrich our
knowledge base, with special emphasis to habitats of conservation value that are
especially vulnerable to biological invasions, such as marine caves (Gerovasileiou et al.
2016), coralligenous aggregations (Ballesteros 2006) and rocky reefs (Vergés et al. 2014).
An indicative non-exhaustive list of such field work includes: large-scale caging
experiments across a latitudinal gradient to study the effect of alien herbivores on
macroalgal communities on rocky reefs; experimental removals and exclusion/inclusion
experiments that will manipulate the presence of exotic invasive algae and examine their
competitive interactions with native seagrasses and seaweeds or their impact as
ecosystem engineers on other indigenous communities or populations; manipulative
experiments to assess space competition between exotic MIAS and important indigenous
structural species of rocky reef habitats that are vulnerable to overgrowth; natural
experiments comparing communities over invaded habitats in contrast to uninvaded ones
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(controls); ecological characterization and impact assessments in marine caves; and
underwater visual surveys of fish communities to estimate the alien-to-native ratio and
invasibility of alien fish in relation to environmental gradients and fishing pressure. All
experimental setups will follow best practices for securing unbiased results and strong
inferential support.

Deliverables

D3.1: High resolution shallow habitat maps, as GIS layers (Month 18)

D3.2: A paper on distributional patterns of all MIAS in the Aegean Sea by
integrating all available distributional data from both Tasks 2.1 and 3.1 (to be
submitted for publication in Month 26).

D3.3: A paper on the ecological characterization and diversity of marine caves in
the Aegean, with a list of alien species recorded in Mediterranean marine caves
and an assessment of their impacts (to be submitted for publication in Month 28).

D3.4: A paper on the results of herbivore exclusion experiments documenting the
impact of alien herbivores on macroalgal communities (to be submitted for
publication in Month 26).

D3.5: A report on the results of all implemented surveys and experiments (Month
30)

Milestones

M3.1: Plan of diving surveys finalized (dates, sites) (Month 12)
M3.2: The design of all field experiments is completed (Month 12)
M3.3: Start of diving surveys (Month 13)

M3.4: All surveys and experiments completed (Month 23)

WP4: Species distribution modelling (Months 24-34)

Objectives

To:

1.

2.

create distribution models for all MIAS in the Aegean Sea, based on data from WP2
and WP3, applying a Machine Learning Ensemble Modelling approach (Task 4.1),
and

produce distribution maps for all these species in the Aegean Sea (Task 4.2).

Description of Work/Tasks

Task 4.1 (Months 24-34)
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An Ensemble Modelling approach (Araujo and New 2007) will be followed to model MIAS
distribution in the Aegean Sea. Ensemble methods are meta-algorithms that combine
several techniques into a unique predictive model to decrease variance (Zhou 2012), and
are more robust than single-model approaches (Shabani et al. 2016). A concrete finite set
of alternative models will be selected following best practices in the international literature
of species distribution modelling, including e.g. techniques such as Generalized Linear
Models (GLM), Generalized Additive Models (GAM), Multivariate Adaptive Regression
Splines (MARS), Classification Tree Analysis (CTA), Random Forests (RF), and Maximum
Entropy (MaxEnt). The R package ‘biomod2’ will be used for analyses (Thuiller et al. 2009,
Thuiller et al. 2013). The bathymetry of the study area will be retrieved by MARISCA. Data
on important environmental variables such as temperature, chlorophyll, diffuse attenuation
coefficient of light, and primary productivity will be retrieved from the COPERNICUS
Marine Environment Monitoring Service and the Environmental Marine Information System
(EMIS). These data will be processed to attain mean annual, minimum and maximum
values, which will be used as predictor variables in the models.

Task 4.2 (Months 31-32)

Based on the species distribution models and the spatial distribution of predictor variables
in the study area, prediction maps will be produced for each species. The ArcGIS 10.2.2
software (ESRI) will be used for all GIS operations.

Deliverables

D4.1: GIS maps of the modelled distribution of all MIAS in the Aegean Sea (Month
32)

D4.2: A paper on the modelled distribution of all MIAS in the Aegean Sea —
investigating patterns and environmental effects (to be submitted for publication in
Month 34).

Milestones

M4.1: All species distribution raw data and environmental datasets compiled and
available for modelling (Month 26)

M4.2: Ensemble models completed for all target species (Month 31)

WP5: Cumulative impacts assessment (Months 32-36)

Objectives

To conduct a cumulative impacts assessment of MIAS impacts on marine habitats in the
entire Aegean Sea, based on the CIMPAL index. To identify hotspots of highly impacted
areas, and prioritize sites, pathways and species for management actions.
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Description of Work/Tasks
Task 5.1 (Months 32-36)

The work of this task focuses on the estimation of the CIMPAL index at each cell of the
study area (Aegean Sea). The needed data to estimate cumulative impact scores will come
from the outputs of WPs 2, 3, and 4. Specifically, the state of the population of the MIAS,
A;, will be estimated by the species distribution models developed in Task 4.1 and their
predictions in the study area (Task 4.2), which will be based on the existing (Tasks 2.1, 2.2)
and new (Task 3.1) data of the distribution of MIAS in the study area. The index of the
extent of habitat j at each cell, H;, will be estimated through the habitat maps in the study
area (Tasks 2.1, 2.4, 3.2). The impact weight, w;, for species i and habitat j will be
estimated based on an uncertainty-averse approach as proposed by Katsanevakis et al.
(2016), utilizing the reviewed information (Task 2.3) and the new knowledge gained
through the field experiments and the surveys (Task 3.3) on the impacts of MIAS on marine
habitats. GIS layers of the distribution of CIMPAL will be produced, the results will be
analyzed to identify hotspots of highly impacted areas, and for the prioritization of sites,
pathways and species for management actions, following the proposed methodology by
Katsanevakis et al. (2016). In particular four indicators of impact will be estimated for each
species, to compare the relative importance of species on cumulative impacts across the
Aegean Sea: (D1) the total area of occurrence (as total number of cells, where each
species is present); (D2) the number of cells with impact >0; (D3) the sum of impact scores
of the species across the entire study area; (D4) the average impact across the range of
occurrence (i.e., the average impact score of a species, estimated across the cells where
the species is present).

Deliverables

D5.1: A paper on the assessment of the cumulative impacts of MIAS on marine
habitats in the study area — identification of hotspots, prioritization of species and
pathways (to be submitted for publication in Month 36)

Milestones

M5.1: All data needed to estimate CIMPAL is retrieved from the other WPs and
formatted accordingly (Month 34)

WPé6: Dissemination and outreach (Months 1-36)
Objectives

This work package focuses on the dissemination of ALAS results in order to guarantee a
sustainable impact of the project.

The specific objectives of WP6 are:

. To develop the project communication infrastructure (Task 6.1)
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. To develop and implement a successful dissemination plan (Task 6.2)
Description of Work/Tasks
Task 6.1 (Months 1-36)

This task will focus on the development and regular update of an external project website
hosted at the University of the Aegean as well as a Facebook page and a ResearchGate
project. The website and the social network pages will include information on project goals,
methodology, research team, and results; detailed descriptions of field protocols; photos
and videos from the fieldwork; scientific outputs (articles, posters etc.); and contact
information. The website will remain active for at least five years after the completion of the
project.

Task 6.2 (Months 1-36)

This task will focus on the dissemination strategy of the project results through a variety of
channels. At the beginning of Task 6.2, the ALAS team will specify the project’s
dissemination strategy and a time-plan, which will be re-assessed and refined periodically,
including dissemination activities organization and implementation, dissemination activities
impact and assessment analysis, participation in various events related to the theme of the
project. Dissemination methodologies will include conferences, publications, keynote
speeches, events, online resources, etc. The efforts will start at project kick-off with a
dedicated press release. Outreach to the public through press releases and interviews to
the mass media will be organized in collaboration with the Department of Public Relations
of the University of the Aegean. During the course of the project, the website and the
dedicated social networks will be regularly updated with news on the progress of the
project. In addition, the ALAS team will publish peer-reviewed scientific articles, which will
be published either as gold or green open-access articles. The task will also implement
cross-fertilization activities with running related projects, in particular with EASIN
(Katsanevakis et al. 2015) and the COST Actions MARCONS (Katsanevakis et al. 2017b)
and Alien CSI.

Deliverables
D6.1: Dissemination and outreach plan (Month 3)
D6.2: Website and social network pages fully functional (Month 4)

D6.3: Final report on dissemination and outreach, presenting the implementation of
the dissemination and outreach plan (Month 36)

D6.4: Policy brief presenting the results of ALAS in an accessible form for
managers and policy makers (Month 36)

Milestones

M6.1: mid-term assessment of the progress of the dissemination plan (Month 18)
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