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The effective conservation of marine biodiversity through an integrated ecosystem-based
management approach requires a sound knowledge of the spatial distribution of
habitats and species. Although costly in terms of time and resources, acquiring such
information is essential for the development of rigorous management plans and the
meaningful prioritization of conservation actions. Located in the northeastern part of the
Mediterranean, the Aegean Sea represents a stronghold for marine biodiversity. However,
conservation efforts are hampered by the apparent lack of spatial information regarding
marine habitats and species. This work is the first to address this knowledge gap by
assembling, updating, and mapping information on the distribution of key ecological
components. A range of data sources and methodological approaches was utilized to
compile and complement the available data on 68 ecological features of conservation
interest (58 animal species, six habitat categories, and four other vulnerable ecological
features). A standardized data evaluation procedure was applied, based on five
semi-quantitative data quality indicators in the form of a pedigree matrix. This approach
assessed the sufficiency of the datasets and allowed the identification of the main sources
of uncertainty, highlighting aspects that require further investigation. The overall dataset
was found to be sufficient in terms of reliability and spatiotemporal relevance. However, it
lacked in completeness, showing that there are still large areas of the Aegean that remain
understudied, while further research is needed to elucidate the distribution patterns
and conservation status of several ecological features; especially the less charismatic
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FIGURE 5 | Radar charts illustrating the data evaluation scores per group of ecological features, based on the five data quality indicators of the pedigree matrix.
R, Reliability indicator; C, Completeness indicator; T, Temporal relevance indicator; G, Geographical relevance indicator; Q, Data acquisition methods indicator.
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(164 km?) is deemed as incomplete, although reliable in terms
of data quality. Future research should focus on addressing
this knowledge gap by using higher spatial resolution satellite
images (e.g., Sentinel-2) and by creating a robust open-access
database for further validation and reference; this data repository
should also incorporate information on the geomorphological
characteristics, position, and bathymetric extent of rocky
areas.

Complementary to the data provided by Giakoumi et al.
(2013), the current cave dataset provides information on 120
additional cave locations (20% increase), summing up to a total of
622 caves that are scattered throughout the study area. Given the
complexity of the Aegean coastline and the ongoing geodynamic
processes, it is almost impossible to provide an exact number of
marine caves existing in this ecoregion, but the actual number
is assumed to be much higher. Thus far, the majority of records
(>85%) corresponds to semi-submerged caves, which are easier
to spot and access by scientists and recreational divers. However,
the increasing interest for the monitoring and protection of this
habitat type (UNEP-MAP-RAC/SPA, 2015a, 2017; Gerovasileiou
et al,, 2016), coupled with the new trends of recreational SCUBA
diving, including cave and deep diving, are expected to further
raise the number of existing records, especially those of the
entirely submerged caves.

For the ecological features that are found in the circalittoral
(>40m) and bathyal zones (>200m), the majority of
information scored low in completeness, temporal relevance,
and data acquisition methods, suggesting that more dedicated
research effort is needed in space and time to adequately map and
assess the biotic components of these hard to approach depth
zones. Rhodolith beds, coralligenous formations, and corals
of the sublittoral zone are widely recognized as characteristic
features of the Mediterranean seascape (Giakoumi et al., 2013;
Martin et al.,, 2014) which are severely affected by numerous
human-induced pressures, such as fisheries, marine litter and
climate change (e.g., Barbera et al., 2003; Salomidi et al., 2012;
Bo et al,, 2014; Angiolillo et al., 2015; Basso et al., 2016a). Yet
again, their wide bathymetric range poses several obstacles to
their accurate definition and assessment (Salomidi et al., 2012;
Basso et al., 2016a). Considering these difficulties, the current
distribution maps provide valuable information regarding their
presence in certain areas of the Aegean ecoregion. Additional
focused surveys, utilizing a combination of advanced marine
remote sensing techniques (e.g., multibeam echosounders, side
scan sonars; Zapata-Ramirez et al., 2013), and well-designed
ground truth sampling (i.e., through the use of SCUBA diving,
drop cameras, and ROVS) are needed to obtain more accurate
and representative estimates of their current distribution.
Dedicated deep water exploratory surveys are also expected to
enhance our knowledge regarding the presence of the—even
more neglected—coral communities of the bathyal zone, as well
as of the several protected anthozoans that are typically found
in the circalittoral zone, and the submarine structures made by
leaking gases.

With regards to protected species, our results suggest that
systematic quantitative information of their spatial distribution
is greatly missing for the majority of taxonomic groups. Such

information is only available for seabirds, cetaceans, monk seals,
and sea turtles, owing to the committed work conducted by
the respective environmental non-governmental organizations
(e.g., Frantzis, 2009; Karamanlidis et al., 2015). However, despite
the large amount of existing scientific evidence, no specific
management measures have been implemented so far to enhance
the conservation of these species. The only exception is the
National Marine Park of Alonissos Northern Sporades, which was
established for the protection of the Mediterranean monk seal.
Still, important populations of this pinniped remain unprotected
in many areas of the Aegean (Notarbartolo di Sciara et al,
2009), while declining trends have been observed for several
other charismatic, commercial, and protected species, including
bath sponges, the red coral, edible bivalves, and elasmobranchs
(Voultsiadou et al., 2013).

Information regarding the distribution of ichthyofauna is
mostly based on fisheries-dependent surveys. Hence, the spatial
patterns of the various elasmobranch and seahorse species
largely reflect the spatiotemporal characteristics of fishing effort,
rather than the actual extent of the species’ current distribution
range. Fisheries-independent surveys and the use of advanced
tools for remote tracking (Letessier et al., 2017) could greatly
improve current knowledge regarding the distribution trends
and population status of these species, and provide useful
insights regarding the existence of important breeding or nursery
grounds.

Further research is also needed to assess the current
status of the various benthic species considered herein.
Most of the data regarding the geographic distribution of
Porifera, Mollusca, Echinodermata, and Anthozoa come from
incidental observations, made by experts and non-experts
alike, following no systematic methodology. All of the alleged
strictly protected molluscan species continue to be commercially
exploited throughout the Aegean (Katsanevakis et al, 2008,
2011a), whereas systematic studies assessing their conservation
status need to be updated. Many sponges (and other sessile
invertebrates) often lack conspicuous external morphological
characteristics that would allow easy and reliable identification
in situ (Van Soest et al., 2012). Thus, additional criteria, such
as genetic divergence, should also be considered (Boury-Esnault
et al,, 2013), and new assessments are required to elucidate the
taxonomic status and distribution range of several species with
unresolved or controversial taxonomy (see Cook and Bergquist,
2002; Heim et al., 2007).

It is important to note that the input of non-experts,
volunteers, and recreational divers has greatly contributed to
the data acquisition process, not just of the present study but
also in the framework of long-term monitoring projects (e.g.,
the Hellenic Rescue and Information Network—RINT for the
Mediterranean monk seal; the National Rescue Network for sea
turtles). Complementary to scientific research, the production
of well-informed and illustrated identification guides, and the
strengthening of observatory networks, will foster the acquisition
of more reliable information from both expert scientists and non-
expert naturalists (Costello et al., 2010). Once dealt with in a
systematic manner (standardized and validated), this source of
information can greatly enhance our knowledge on the past and
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present distribution patterns of key marine habitats and species.
Citizen science is receiving growing attention as an effective tool
to collect ecological information at large spatial scales (Bonney
et al.,, 2009; Silvertown, 2009) and can be further utilized to
update and improve the present dataset.

Overall, the existing conservation measures in the study area
appear to be insufficient. Only 2.3% of the entire study area
corresponds to waters that have been designated as National
Parks or as Natura 2000 sites according to national and European
legislation, while there is a high overlap among localities of
different designation status. At the same time, only a small
fraction of the ecological features considered is sufficiently
represented within designated areas. The rather arbitrary criteria
recommended by the European Commission guidelines for the
selection of marine Natura 2000 sites (i.e., 20-60% of estimated
distribution range for non-priority habitats or species, and
>60% of priority habitats or species; ETC/BD, 2010) are only
partly met for 27 ecological features, including two priority
species, while 19 ecological features are never found within
designated areas. Even more so, of all the designated areas,
only a handful has a fully functional MPA status, i.e., following
specific legal, administrative, and operational guidelines. Most
of the designated areas have no legally binding framework or
management plan, and there is an overall lack of effective
surveillance and monitoring efforts.

The comprehensive data inventory presented in this study
establishes a baseline for the development of scientifically sound
spatial conservation plans that will safeguard the biodiversity
of the region. Future steps should aim to improve the current
maritime management regime and enhance conservation efforts
by combining this ecological information with equivalent socio-
economic data (i.e., distribution maps of human activities, on-
going pressures, and existing spatial management measures)
through a systematic spatial planning procedure. This will
allow the design of a connected, adequate, representative,
and efficient MPA network for the conservation of marine
biodiversity in the Aegean Sea. Newly acquired data, along
with information on the ecological status of distinct populations
and habitats (including the associated habitat communities)
can then be incorporated through adaptive management,
in order to update the management measures within each
protection zone, and readjust the spatial attributes of MPAs
(e.g., configuration and size) where/when necessary. The spatial
information presented herein may further be used as a starting
point for the implementation of the ecosystem-based Integrated
Monitoring and Assessment Program (UNEP/MAP, 2009),
which was recently adopted by the Contracting Parties of
the Barcelona Convention (2016). Species occurrence data
may also be incorporated into global species databases, online
repositories, and ongoing initiatives focusing on the cataloging
and sustainable management of biodiversity (e.g., Bailly et al,
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