#MedSymposia

fa N Mediterranean ~———————

N M J -
U N Wy Y, Action Plan m
environment ) Barcelona ==
programme Convention SPA/RAC

symposia.spa-rac.org

4t MEDITERRANEAN SYMPOSIUM
ON THE CONSERVATION OF CORALLIGENOUS
AND OTHER CALCAREOUS BIO-CONCRETIONS

20121 September 2022
Genoa, Italy

Partners Universits

niversita

i Genova
Donors /e\/ Co-funded by

MA\/A the European Union
X

The Mediterranean Symposia are an Ocean Decade Action @,}
endorsed by |[OC-UNESCO 2()2] United Nations Decade

of Ocean Science
2030 for sustainable Development



Disclaimer

The designations employed and the presentation of material in this publication do
not imply the expression of any opinion whatsoever on the part of the Specially
Protected Areas Regional Activity Centre (SPA/RAC), United Nations Environment
Programme/Mediterranean Action Plan (UNEP/MAP) or the Secretariat of the Uni-
ted Nations concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries.

Copyright

All property rights of texts and content of different types of this publication belong
to SPA/RAC. Reproduction of these texts and contents, in whole or in part, and in
any form, is prohibited without prior written permission from SPA/RAC, except for
educational and other non-commercial purposes, provided that the source is fully
acknowledged.

© 2022

United Nations Environment Programme
Mediterranean Action Plan

Specially Protected Areas Regional Activity Centre
Boulevard du Leader Yasser Arafat

B.P.337 - 1080 Tunis Cedex - TUNISIA
car-asp@spa-rac.org

For bibliographic purposes, this document may be cited as:

UNEP/MAP — SPA/RAC, 2022. Proceedings of the 4" Mediterranean Symposium on
the conservation of Coralligenous & other Calcareous Bio-Concretions (Genova,
ltaly, 20-21 September 2022). BOUAFIF C., OUERGHI A., edits, SPA/RAC
publi., Tunis, 184 p.

Cover photo
©SPA/RAC, University of Seville

This publication has been prepared with the financial support of the MAVA Founda-
tion and the European Union.

For more information
www-spa-rac.org
symposia.spa-rac.org



Proceedings of the

4™ Mediterranean Symposium

on the Conservation of the Coralligenous
and other calcareous bio-concretions






FORWARD

Dear Colleagues,

The United Nations Environment Programme Mediterranean Action Plan — Specially Protected Areas Regional
Activity Centre (UNEP/MAP — SPA/RAC) — Barcelona Convention has initiated since year 2000 a series of
scientific symposia, dedicated to key habitats and NIS by organising the first Mediterranean Symposium on
Marine vegetation. This initiative while aiming essentially to take stock of the recently available scientific data
and to promote the cooperation between specialists and key actors working in the Mediterranean, has evolved
since then to cover now Coralligenous, Dark Habibtats and Non-Indigenous species as well.

These symposia have been initiated as implementation of the UNEP/MAP regional action plans related to (i)
the Conservation of Marine Vegetation in the Mediterranean Sea (adopted by the Contracting Parties to the
Barcelona Convention in 1999 and updated in 2012), (ii) the Conservation of Coralligenous and other
calcareous bio-concretions of Mediterranean (adopted by the Contracting Parties to Barcelona Convention
in 20018 and updated in 2016), (iii) the conservation of habitats and species associated with seamounts,
underwater caves and canyons, aphotic hard beds and chemo-synthetic phenomena in the Mediterranean
Sea (Action Plan for Dark Habitats adopted by the Contracting Parties to the Barcelona Convention in 2013),
and (iv) the Action Plan concerning Species Introduction and Invasive Species (Adopted by the Contracting
Parties to the Barcelona Convention in 2003 and updated in 2016).

The “Mediterranean Symposia on Marine Key Habitats and NIS” are an important output, not only of the
UNEP/MAP Medium-Term Strategy for the period 2022-2027 (Decision 1G.525/1), but also for NTZ/MPA
project “Empowering the legacy: scaling up co-managed and financially sustainable No-Take Zones / Marine
Protected Areas”, financed by MAVA foundation under its Mediterranean Strategy and by the EU-funded
IMAP-MPA project “Towards achieving the Good Environmental Status of the Mediterranean Sea and Coast
through an Ecologically Representative and Efficiently Managed and Monitored Network of Marine Protected
Areas” .

For more than two decades, the symposia have provided, within the framework of the MAP Barcelona
Convention, a platform for dialogue between the scientific community, managers, and decision makers.

This year, SPA/RAC in collaboration with the Italian Institute for Environmental Protection and Research
(ISPRA), the university of Genoa and its Department of Earth, the Environment and Life Sciences of the
University of Genoa (DISTAV) and the association “Societa Italiana di Biologia Marina” (SIBM), organizes a
new edition of the Mediterranean Symposia in Genoa, from 19 to 23 September 2022, as follows:

= 7™ Mediterranean Symposium on Marine Vegetation (19-20 September 2022)

= 4" Mediterranean Symposium on the conservation of coralligenous and other calcareous bio-

concretions (20-21 September 2022)
= 3" Mediterranean Symposium on the conservation of dark habitats (21-22 September 2022)
= 2" Mediterranean Symposium on the non-indigenous Species (22-23 September 2022)

This edition will also be a good opportunity to discuss new topics such as monitoring and definition of Good
Environmental Status (GES), monitoring and assessment scale in the Mediterranean and, in this way, contribute
to enhancing Science-Policy interface and to strengthening links and cooperation between SPA/RAC and
Barcelona Convention system and scientists and scientific institutions in the Mediterranean.

Khalil ATTIA Tatjana Hema
SPA/RAC Director UNEP/MAP Coordinator
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THE NEED FOR CHANGE IN A CHANGING WORLD: FISHING
IMPACT WITHIN THE TAVOLARA-PUNTA CODA CAVALLO MPA

Abstract

Professional and recreational fishing has an important impact on seabed habitats and related fishery
resources. Between 2016-2020, this study was conducted on the benthic community, on the impacts
associated with artisanal and sport fishing and on the settlement of alien species within the Marine
Protected Area of Tavolara - Punta Coda Cavallo (NE Sardinia, Mediterranean Sea). In the channel
between the islands of Tavolara and Molara, the study area ¢ 300 ha, 2% of the MPA area) is
included in the zone C (with lower protection) and is the more affected by fishing. It is characterized
by granite outcrops, emerging from a detrital plain. Rocks host a peculiar benthic community of
great ecological importance, dominated by large erect sponges (mainly protected under Barcelona
Convention), where coralligenous concretions (sensu stricto) are residual. Gorgonians are
widespread, and other particularly protected species under Barcelona Convention are diffusely
distributed. The surveys on 82 sites showed that fishing gears were found in 81% of the investigated
sites, proving a significant impact on the area. In 37% of the sites, eradicated or dead erect species
were found. In 61% of the sites, gorgonians were observed with conspicuous signs of mechanical
damage (necrosis and growth of epibionts). Moreover, while the presence of plastic debris affects
17% of the sites, the propagation of Caulerpa cylindracea was found on 49% of the sites. Overall,
the habitat of high naturalistic value demonstrates an extensive state of suffering. The recorded data
support the need to review the previous estimates of vulnerability and usability of the area, in order
to develop management activities aiming at the protection and conservation of this unique habitat.

Key-words: fishing impact, gorgonians, lower protection level, conservation, Mediterranean Sea

Introduction

The mass mortality episodes involving coral forests and other marine benthic species have
progressively increased due to accelerated global warming phenomena (Cerrano et al.,
2000; Coma et al., 2009; Huete-Stauffer et al., 2011; Ventura et al., 2019). Moreover, due to
their morphology, erected species such as gorgonians and massive sponges are highly
susceptible to a wide variety of anthropogenic impacts (Harmelin & Marinopoulos, 1994;
Bavestrello et al., 1997; Bo et al., 2014, Angiolillo et al., 2015; Betti et al., 2020), and, in
particular, to recreational and professional demersal fishing activities, that, through gear
physical contact, cause severe abrasion, branch breaks or total organisms extirpation
(Bavestrello et al., 1997; Otero et al., 2016), also favoring the development of epibionts,
which, in turn, lead to greater mechanical stress. Moreover, the stress due to positive
thermal anomalies or NIS species (Cebrian et al., 2018) adds to the mechanical impacts,
reducing not only the fishery resources but also the ecosystem integrity and compromising
the whole functionality.

Although most of the studies regard sporadic sites within Marine Protected Areas
(Cupido et al., 2009; Coma et al., 2009; Gambi et al., 2010; Crisci et al., 2011) the lack
of detailed information about the location of vulnerable habitats reduces the efficacy
management measures by Bodies.

The Tavolara — Punta Coda Cavallo Marine Protected Area (NE Sardinia) hosts a
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remarkable natural heritage (Trainito & Navone, 2008). In particular, recent studies have
shown the presence of a peculiar benthic community developed on granite outcrops,
characterized by a limited growth of crustose corallines, the dominance of erect sponges
and irregular distribution of gorgonians; in addition to these peculiarities, the presence of
protected species contributes to making this habitat a distinctive facies with a high
conservation value (Canessa et al., 2021). It should be emphasized that the survey area
considered here is located in zone C (with a lower level of protection) and that its relevance
for conservation purposes was assessed by Rovere et al. (2012) on the basis af data
available at that time. The need for strict protection was assessed only on a small portion of
the area (target specie A. poypoides and S. savaglia), which anyway was classified as
medium-low level of environmental quality, medium-low level of vulnerability, and high or
maximum level of susceptibility to use.

The aim of this study was to investigate the real threat on benthic assemblages due to
artisanal and sport fishing pressure, evaluate the health status of erected species, the
presence of alien species, and the distribution of species living in areas of particular interest
in the Mediterranean Sea (ASPIM species) in the channel between the island of Tavolara
and Molara and contribute to the reevaluation of the area for conservation purposes.

Material and methods

Data from professional and artisanal fishing sites were collected between 2018-2020, as
part of different activities and monitoring campaigns. The GPS coordinates of signal
buoys were collected for fishing gears, classified in gillnets (trammel and monofilament
gillnets), pots and bonitos and used to reconstruct their track on QGIS platform.

During 2016-2020, scuba diving photo surveys and video ROV transects in 82 sites from 35
to 70 m depth allowed to obtain evidence that also sport fishing gears contribute to
mechanical damage and to collect data for the construction of three synthetic indexes: (V)
Vulnerability - combines the presence and abundance (absent, rare, diffuse, widespread) of
the sensitivity of species to mechanical damages (absence of erected species, erected species
not P. clavata, erected specie + P. clavata, erected species + P. clavata + S. savaglia). (1)
Impacts - results from the sum of six types of damages: i) extirpation; ii) partial mechanical
breaking of branches and/or the more or less extensive removal of the tissue; iii) abandoned
lines/fishing gears; iv) anthropogenic debris; v) occurrence of Caulerpa cylindracea; vi)
presence of the Filograna/Salmacina complex, as an indicator of thermal stress. (A) BC
species - indicates the occurrence of species protected under Barcelona Convention.

Results

In total, 86 cove fishing sites were detected: 83 gillnets (trammel and monofilament
gill), 2 pots and one bonito. The entity of fishing pressure within Tavolara MPA resulted
mainly located in the middle of the Tavolara Channel (Fig. 1).

The rocky outcrops here present were characterized by the peculiar benthic community
described in Canessa et al. (2021). It is shaped by erect species, mainly gorgonians
(Eunicella cavolini, E. singularis, E. verrucosa, Paramuricea clavata), erect sponges
(Axinella polyploides, Spongia officinalis (Fig. 3G), Sarcotragus foetidus) and branched
bryozoans. In some sites, protected species under the Barcelona Convention (Savalia
savaglia (6 sites), Aplysina cavernicola (32 sites), Cystoseira zosteroides (29 sites))
were recorded; only 17 (21%) hosted coralligenous sensu stricto bioconstructions of
very limited extension.

In correspondence to this area, the assessment of the impacts and stress on benthic
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communities was evaluated (Fig. 2-3).
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Fig. 1: Geolocalization of the 86 cove sites collected in 2018-2020, within the Tavolara — Punta
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Fig. 2: Map of the study area:.the 82 diving sites investigated are highlighted in blue, all
located within Zone C. The red arrows indicate the signal buoys; the tracks of gears were
estimated and are represented by the red dashed line.
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Fig. 3: A. Two colonies of S. savaglia broken by mechanical impacts (white arrows); B. A large
colony of S.savaglia extirpated and covered by epibionts; C. Colonies of P. clavata affected by
warming in the distal parts, on the bottom a pile of dead and extirpated skeletons; D. Colonies
of P. clavata affected by warming in the distal parts, colonized by Salmacina/Filograna, on the
bottom a dead extirpated skeleton; E. A colony of E. verrucosa damaged at the base by a lost
sporting line; F. Silty bottom covered by C. cylindracea and bryozoans extirpated by a line. G.
A fishing line damaging S. officinalis; H. A lost line damaging an A. polypoides facies.

Impacts were recorded in all the investigated sites except one (81 of 82), in particular, made
by lost fishing gears, both professional and sports (Fig. 3E), and mechanical abrasion,
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recorded in 61% of the sites; damages were more evident and recurrent in sites were P.
clavata was particularly abundant, while other erected species resulted less affected. On
many colonies, the injured part was colonized by a wide variety of epibionts, such as
bryozoans, hydrozoa, sponges and algae. Among the 19 recorded BC protected species,
occurring in 81 out of 82 sites, also colonies of S. savaglia were found with broken
branches or completely extirpated and covered with epibionts (Fig 4 A-B). The most
diffused erect sponge, Axinella polypoides was also found extirpated or damaged in many
sites (Fig. 3 H). Caulerpa cylindracea (Fig. 3H) was found in 40 sites (49%), while the
Filograna/Salmacina complex (Fig. 3D) was observed in 29 sites (35%), as gorgonian’s
epibiont.

Discussion and conclusions

The study of the impacts of artisanal and sport fishing on benthic communities within
the Tavolara - Punta Coda Cavallo MPA highlighted a strong pressure in correspondence
of a very small area (actually included in zone C, where both the activities are allowed),
where sensitive habitat occurrence has recently been assessed. The state of health was
assessed to understand the conservation value of the study area and the risks to which
they are subjected. In general, the significant presence of erect organisms, especially
gorgonaceous and erect sponges, in an evident state of suffering, has been widely
documented in these sites. Beyond the widespread presence of extirpated colonies (Fig.
3C-D), the other specimens reported naked skeleton portions at the basal implant of the
colonies, as obvious signs of mechanical damage, clearly different from the heating
effect, which, on the contrary, mostly affect the apical part of the organism (Cerrano et
al., 2000) (Fig. 3C). The concurrence of both the types of stress (fishing mechanical
impacts and global warming) magnifies the risk for the gorgonians and other erected
species and favours the diffusion of epibionts and alien invasive species, like Caulerpa
cylindracea.

In conclusion, fishing activities act a significant impact on the communities living in the
investigated areas, currently included in a low protection zone. The need for a more accurate
assessment of the threats and of the real location of sensitive habitats and species appears a
good opportunity to improve the sustainable management of these resources of high
ecological value. Quick response in terms of regulations and of zoning delimitations is
increasingly urgent, opposite to the sudden change in habitats under the pressure of global
warming.
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INSIGHTS ON THE BIODIVERSITY OF CORALLIGENOUS
AND DARK HABITATS FROM NORTHERN TUNISIA, WITH
FOCUS ON BRYOZOANS

Abstract

Sciaphilous communities from an overhang located at 78 m depth at Cap Negro (northern
Tunisia) were collected by diving in 2014. Bryozoans are the most diverse group of epibionts
on benthic organisms acting as substrata, i.e., the red coral Corallium rubrum and
other skeletonised species such as the solitary scleractinian Caryophyllia calveri and
the brachiopods Lacazella mediterranea and Joania cordata, these two latter so far
unreported from Tunisia. In addition, some bryozoans sorted from a dredged coralligenous
sample from the Cap Bon Peninsula at 38 m depth and conserved since 2006 were also
studied.

The preliminary inventory allowed the identification of 27 species. Most of these are rare;
four species from Cap Negro (Microporella appendiculata, Prenantia cf. inerma, Plagioecia
sarniensis, and Crassimarginatella mathildae) are new records for Tunisian waters.
Savignyella lafonti and Schizomavella halimedae are newly reported from the Cap Bon
Peninsula. The discovery of colonies belonging to Carbasea cf. carbasea from the same
locality could bear on its long-time questioned occurrence in the Mediterranean.
Further species are not yet included in the inventory because the material needs a deeper
taxonomic study pending their recovery and examination from further samples collected in
similar deep and/or dark habitats. Some new records are illustrated with scanning electron
micrographs and discussed briefly when necessary.

Although preliminary, the present results are significant additions to the bryozoans and
brachiopods diversity of Tunisian remarkable habitats and point to the need for a greater focus
on these still understudied ecosystems and their underestimated biodiversity.

Key-words: benthos, epibiosis, diversity, new records, overhang.

Introduction

Bryozoan diversity from Tunisian waters, especially in sciaphilous habitats is
inadequately studied. Only five bryozoan species were identified from six Tunisian
marine caves (Dridi et al., 2019). d’Hondt & Mascarell (2004) listed 201 species
using data from a limited number of old scattered studies and by identifying others
in the collections of the Muséum national d’Histoire naturelle, Paris. Other new
occurrences from Tunisian waters have been published by Ayari et al. (2008; 2012a-
b); Ayari & Taylor (2014) and Ben Ismail et al. (2009; 2012). The total number of
223 bryozoan species known from Tunisia (Ayari & Taylor, 2014) represents
nearly 40% of the total number of Mediterranean bryozoans listed by Rosso & Di
Martino (2016). Ayari & Taylor (2014) pointed out that the bryozoans have been
neglected in Tunisian ecological studies due to taxonomic difficulties, and that
estimating their true diversity will require sampling different regions and habitats,
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coupled with the use of scanning electron microscopy. Aiming to enhance our
current knowledge about Tunisian bryozoans, coralligenous localities from Cap Bon
Peninsula and the fauna associated with the red coral Corallium rubrum within Cap
Negro overhang are studied focusing on bryozoans.

This preliminary work represents an overview of sciaphilous calcareous organisms and
a first assessment of bryodiversity from some remarkable Tunisian habitats
(overhangs and coralligenous bottoms) which possibly host specific bryozoan
assemblages.

Materials and Methods

Samples (20 x 20 cm scraped quadrats) were collected using SCUBA diving from Cap
Negro (north-west Tunisia) (Fig. 1) at 78 m in 2014. They were obtained in
cooperation with coral divers within red coral habitats. Other samples from the
dredging of coralligenous bottoms from Cap Bon Peninsula (Fig. 1) had been dried
and conserved since 2006. The studied one was taken in front of El Haouria at 38 m
depth.

Detached and cemented bryozoans were sorted and examined under a
stereomicroscope at the Biodiversity Laboratory of the National Institute of Marine
Science and Technology (INSTM). To obtain information on small-scale features
and to differentiate between some congeneric species, some specimens were scanned
uncoated using a JEOL IT500 microscope operating at low-vacuum and back-
scattered electron mode at the Natural History Museum, London.

Only new records from this preliminary inventory are presented below; most of
these are figured and discussed when necessary.
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Fig. 1: Location of the sampling stations of Cap Negro and Cap Bon Peninsula in northern
Tunisia.
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Results
A total of twenty bryozoan species were found in the Cap Negro overhang. Most
of them occurred cemented to scleractinians, Coralium rubrum, serpulid tubes and
brachiopods. This last taxonomic group is represented by Joania cordata (Risso,
1826) (Fig. 2A-B) and Lacazella mediterranea (Risso, 1826) (Fig. 2C-D) which are
reported here and figured for the first time from Tunisia. Sponges also were
represented by the calcarean Leucandra sp. Haeckel, 1872 (Fig. 4A-C).
New bryozoan records from the overhang at Cap Negro

Crassimarginatella mathildae Pica & Berning, 2022 (Fig. 3A-B), Plagioecia
sarniensis (Norman, 1864) (Fig. 3 C-D) and Microporella appendiculata (Heller,
1867) (Fig. 5D) are newly reported from Tunisian waters. The third of these,
previously known from dark habitats (Di Martino & Rosso, 2021), is here shown to
have a geographical distribution extended to the southern coasts of the Mediterranean
basin. Prenantia cf. inerma (Calvet, 1906) (Fig. 3E— F), newly recorded in Tunisian
waters, was recently added to the Mediterranean bryozoan fauna by Rosso & Di
Martino (2016) following Pizzaferri (2010). Prenantia cf. inerma encountered in
the Cap Negro overhang has a suboral imperforate area coarsely granular and very
large lateral areolar and frontal pores, features not previously seen in the genus
Prenantia.
On the same scleractinian skeleton spatial competition was observed resulting in the
overgrown of Cribrilaria radiata by Crassimarginatella mathildae (Fig. 3A-B) and
mostly by the dominant sponge competitor Leucandra sp. (Fig. 4C).

Fig. 2: (A-B) Joania cordata (Risso, 1826) complete specimen (stereomicrograph): (A)
ventral view; (B) dorsal view; (C-D) Lacazella mediterranea (Risso, 1826), scanning
electron micrographs: (C) inner view of dorsal valve; D, inner view of ventral valve.
Scale bars: A, B, C, D =1 mm.

New bryozoan records from the coralligenous bottom of the Cap Bon Peninsula
Colonies of Savignyella lafontii (Audouin, 1826) and Schizomavella halimedae
Gautier, 1955, newly reported from Tunisian waters, respectively encrust an
ascidian of the family Didemnidae and the green alga Flabellia petiolata (Turra)
Nizamuddin, 1987. Among other species encountered, Carbasea cf. carbasea (Ellis
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& Solander, 1786) was reported detached from its substrate (Fig. 5A-C).
However, some authors (e.g. Zabala & Maluquer, 1988; Hayward & Ryland, 1998)
have questioned its presence in the Mediterranean where Chartella papyrea (Pallas,
1766) has been reported, a similar species with which C. carbasea could be
confused. The main morphological features mentioned by Prenant & Bobin (1966) for
distinguishing C. carbasea from C. papyrea, are the absence of ovicells (embryos
brooded in internal ovisacs) and the presence of narrow lateral kenozooids bordering
fronds in the former species. These characters, including the presence of kenozooids
twice the length of the autozooids, occurred in colonies figured by Ayari & Taylor
(2014) and are present in the presently examined new specimen. Comparison of our
specimen with type material is, however, needed to ascertain the conspecificity.

— », ‘ -‘; e 57

Cribrilaria radiata (arrowed): (A) Two types of vicarious avicularia with narrow downcurved
mucro; (B) Ovicellate zooids and avicularia, a primary orifice of Cribrilaria radiata
(arrowed); (C-D) Plagioecia sarniensis (Norman, 1864): (C) Colony; (D) secondary
nanozooids developed on closing plates; (E-F) Prenantia cf. inerma (Calvet, 1906): (E) group
of autozooids; (F) Details of autozooids. Scales bars: A, B, D, F = 200 um ; C,E =500 pm.
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Fig. 4: (A-C) Leucandra sp. Haeckel, 1872: (A) Dried specimen encrusting a scleractinian
(stereomicrograph); (B) details of giant and small choanosomal triactines; (C) the same
specimen overlapping Cribrilaria radiata. Scales bars: A =300 um; B, C =500 pum.
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Fig. 5: (A-C) Carbasea cf. carbasea (Ellis & Solander, 1786): (A) Colony morphology: (B)
Frontal side with some autozooids; (C) Reverse side; (D) Microporella appendiculata (Heller
1867): some autozoecia. Scale bars: A=2 cm; B, D =200 um; C =500 pm.

Discussion and conclusions

The skeletonised organisms identified here have not been previously recorded from
Tunisia and/or from the southern coasts of the Mediterranean basin. This
overview provides new information about the presence and the distribution of deep
water scleractinian epibionts from Tunisian coralligenous and dark habitats. These
preliminary results produce significant additions to brachiopod (two species) and
bryozoan (seven species) diversity of the Tunisian waters. In total, six species from
the overhang of Cap Negro, and three bryozoans from the coralligenous bottom of
the Cap Bon Peninsula are newly reported, pointing to the need of focusing on
these still understudied ecosystems and their underestimated biodiversity. Such
records are required for biodiversity monitoring and conservation planning.
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VARIABILITY BETWEEN OBSERVERS IN RAPID VISUAL
ASSESSMENT OF CORALLIGENOUS ASSEMBLAGES IN THE
MARINE PROTECTED AREA OF PORTOFINO (LIGURIAN SEA)

Abstract

Coralligenous reefs are a habitat of high conservation value, which needs continuous monitoring
for its management. Among the vast array of existing methods, visual criteria are to be preferred
as they are not destructive and make immediately available the data collected. However, a
problem often neglected is the variability between observers, which might blur the efficiency of
habitat characterization and evaluation. Observers might differ for both their expertise (e.g.,
specialization) and experience (e.g., number of scuba surveys done or length of the scientific
career). In this paper, we compare the output of vertical transects carried out by an expert diving
scientist and a trainee on five coralligenous reefs in the Marine Protected Area of Portofino
(Ligurian Sea). Both observers recorded on a diving slate the occurrence and semi-quantitative
abundance of conspicuous epibenthic sessile species every 5 m of depth between 25 m and 50 m.
Three main assemblages were recognized, discriminated mainly by depth: i) Association with
algae such as Zanardinia typus, Dictyota dichotoma and Dictyopteris polypodioides at around
25-30 m depth; ii) Association with Cystoseira zosteroides at around 30 m depth; and iii) Facies
with Paramuricea clavata at around 40 m depth. Differences between observers were always
significantly lower than environmental variability, the latter being essentially due to species
patchiness.

Key-words: scuba surveys; temperate rocky reefs; depth; slope; NW Mediterranean Sea

Introduction

Coralligenous reefs represent, in terms of extent, biodiversity and production, one of the
most important coastal marine habitats in the Mediterranean Sea, capable of creating an
extremely complex and diverse seascape (Ballesteros, 2006; Montefalcone et al., 2017),
whose value is comparable to that of tropical coral reefs (Bianchi, 2001). Coralligenous
reefs are a vulnerable ecosystem, due to its susceptibility to mechanical damage (caused
for example by fishing gear) and to the slow growth rates of its component species
(Ferrigno et al., 2017).

Despite its vulnerability and high conservation value, coralligenous reefs are not formally
protected, being not included in the list of Sites of Community Importance (SCI) defined
by the Habitats Directive (92/43/EEC). Only recently, in the framework of the Marine
Strategy Framework Directive, they have been defined as a "special habitat™: the
assessment of its health status is considered a valuable contribution in defining the
Environmental Status of Mediterranean marine regions or sub-regions (E.C., 2008).
Coralligenous reefs have also been included in the European Red List of marine habitats,
where they are classified as "data deficient"”, highlighting the need of surveys and accurate
monitoring plans.
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As for the type of surveying method to be adopted, the use of non-destructive techniques,
which do not require the collection and sacrifice of specimens, are to be preferred and
highly recommended for the study and the monitoring of valuable habitats such as
coralligenous reefs (Bianchi et al., 2022). Rapid Visual Assessment (RVA) responds to
this need, based on observations and measurements made directly underwater. This
method allows for adequate taxonomic detail and for a comprehensive data collection, as
it integrates topographical and ecological information (Gatti et al., 2015).

Although visual surveys are the most appropriate techniques in the study of coralligenous,
they undoubtedly may have an inherent limit in the "observer effect": information
collected by different diving scientists may be biased by their dissimilar expertise (e.g.,
specialization) and experience (e.g., humber of scuba surveys done or length of the
scientific career) possibly influencing sampling quality and data analysis (Azzola et al.,
2022 and reference therein).

The aim of the present work is to evaluate observer effect in the characterization and
evaluation of the coralligenous assemblages of Portofino Marine Protected Area (MPA).

Materials and methods
Portofino (MPA) covers 345 ha of sea in the Ligurian Sea (NW Mediterranean). The sea
bottoms of Portofino MPA are mainly characterized by vertical and sub-vertical rocky
cliffs that, below 20-25 m depth, host extensive coralligenous formations (Bavestrello et
al., 2022).
Underwater surveys were carried out in five sites by two diving scientists, with different
expertise and level of experience (one expert and one trainee). In each site, they carried
out vertical transects of 4 m total width, every 5 m depth from 50 m to 25 m, also
recording substratum slope. Along the vertical transects, the percentage cover of
conspicuous species (i.e., species of a size that would allow their recognition and
identification underwater) was visually estimated (Gatti et al., 2015, 2017) and directly
recorded on a diving slate. The percentage cover of all the conspicuous species was
organized in a data matrix (depth x slope x observer) x species to perform statistical
analyses.
Different assemblages of the Portofino MPA coralligenous were recognised through
Cluster Analysis and then assimilated and named according to the SPA/RAC habitat
classification (SPA/RAC-UNEP/MAP, 2019; Montefalcone et al., 2021).
To highlight observer effect in the characterization of each assemblage, variability
between observers was compared with environmental variability. The percent
dissimilarity between the two diving scientists was measured by the following formula:
Dissimilarity % = (1 - BC) x 100,
where BC is the Bray Curtis Index; environmental variability was estimated by
subtracting the variability between observers from the overall variability within the
assemblage. Differences between observer variability and environmental variability were
evaluated by Student's t-test.
All the statistical analyses were performed by the free software PaSt (Hammer et al.,
2001).

Results

Three assemblages were identified (Fig. 1): i) one dominated by the brown algae
Zanardinia typus, Dictyota dichotoma; and Dictyopteris polypodioides; ii) one dominated
by the brown alga Cystoseira zosteroides; and iii) one dominated by the sea fan
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Paramuricea clavata. They closely match the SPA/RAC habitats MC1.513a (Association
with algae, except Fucales, Laminariales, Corallinales and Caulerpales), MC1.512a
(Association with Fucales or Laminariales), MC1.514b (Facies with Alcyonacea). All the
habitats identified showed some typical coralligenous traits: MC1.513a, despite being
dominated by algae, is also characterized by the presence of the sea fans Paramuricea
clavata and Eunicella cavolini; while MC1.512a and MC1.514b, despite being dominated
by two different species, are both characterized by a considerable abundance of encrusting
corallinales (Lithophyllum/Mesophyllum complex).

The distribution of the three assemblages recognised in the coralligenous of Portofino
MPA was mainly discriminated by depth, and secondarily by substratum slope:
MC1.513a was distributed between 25 m and 40 m depth, and especially at around 30 m;
MC1.512a occurred between 30 m and 40 m depth; and MC1.514b was widely distributed
between 25 m (on sub-vertical substrates) and 50 m (on gently sloping substrates) peaking
at 40 m depth. MC1.513a was located in the depth zone most prone to the colonization
by the invasive alga Caulerpa cylindracea and the development of mucilaginous
aggregates (Acinetospora crinita) (Fig. 1).

Within each assemblage, dissimilarity between the two observers was always
significantly lower than environmental variability (Fig. 2). This may be due to species
patchiness: for MC1.513a none of the species was present in all the observations made in
that assemblage in different sites; for MC1.512a and MC1.514b only the dominant
species (i.e., C. zosteroides and P. clavata, respectively) was recorded in all the relevant
observations.
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Fig. 1. Cover (%) of the most important species (i.e., species with a mean cover > 5%) of the
three coralligenous assemblages identified with Cluster Analysis: a) MC1.513a Association
with algae, except Fucales, Laminariales, Corallinales and Caulerpales; b) MC1.512a
Association with Fucales or Laminariales; ¢) MC1.514b Facies with Alcyonacea.
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Fig. 2: Dissimilarity (%) due to the environmental variability (Env) was always significantly
higher compared to the differences between observers (Obs): a) MC1.513a (p = 5E-24); b)
MC1.512a (p = 7E-17); ¢c) MC1.514b (p = 3E-88).

Discussion and conclusions

The rocky reefs of Portofino MPA have been the stage of one of the first experiences of
study based on visual observations by diving (Tortonese, 1958, 1961; Bianchi and Morri,
2000), thanks to the unprecedented collaboration between the sport diver Duilio Marcante
(1914-1985) and the natural scientist Enrico Tortonese (1911-1987). Nearly 70 years
after, our study - however preliminary and partial - indirectly corroborates the results of
that pioneer investigation. Gatti et al. (2017) were indeed capable of comparing the data
of Marcante and Tortonese with later visual data collected in the 1980s through the 2000s
to detect change over time and estimate the magnitude of such change, mostly linked to
the climate shift of the 1980s-90s (Bianchi et al., 2019).

Although the present work involved surveys at only five sites by only two observers, the
significance of the results suggested that the difference between observers may be
negligible in the characterization and evaluation of coralligenous assemblages. Gatti et
al. (2015) showed that the assessment of coralligenous state of health was not affected by
the experience of different diving scientists who collected visual data. Field observations
resulted objective and reliable, with the advantage of obtaining data immediately, without
further time-consuming analyses of photos or videos in the laboratory (Bianchi et al.,
2004). Similarly, in a study on the rocky reefs of Capo Carbonara MPA, conducted at two
different times by four observers through visual surveys, it was shown that the observer
effect did not hamper detecting change over time in the benthic communities under the
effect of global and local pressures (Azzola et al., 2022).

Our result confirm that visual methods may be considered robust to observer bias, and
should become part of the fundamental training of diving scientists. On the other hand,
visual surveys protocols should always take into account the assessment of observer
variability in the characterization and evaluation of coralligenous assemblages.
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EVALUATION OF THE ECOLOGICAL STATUS OF VERMETID
REEFS ALONG THE LEBANESE COAST, EASTERN
MEDITERRANEAN SEA

Abstract

Vermetid reefs are key habitats that provide crucial ecosystem services. Unfortunately, they are
under siege due to local anthropogenic pressure and global climate change, with documented
decline in the Eastern Mediterranean. This study evaluates the ecological status of vermetid reefs
along the Lebanese coast (Eastern Mediterranean), where seawater warming, habitat degradation,
non-indigenous species, fishing activities, and coastal urbanization threaten the two main reef-
builder species: Dendropoma anguliferum and Vermetus triquetrus. Ten sites were randomly
selected among those belonging to three impact classes: i) not impacted (i.e., protected), ii)
moderately impacted (i.e., low anthropogenic pressure), and iii) impacted (i.e., high anthropogenic
pressure). Two non-destructive methods (photo-quadrats and point intercept transects) were applied
to assess the presence of living/dead vermetids. Living individuals of the endemic reef-builder D.
anguliferum and of V. triquetrus were found mainly at the not impacted site. Regular monitoring of
the vermetid reefs along the Lebanese coast is highly recommended for their conservation.

Key-words: Vermetid reefs, Dendropoma anguliferum, Vermetus triquetrus, Eastern
Mediterranean, Lebanese coast.

Introduction

Vermetid reefs are widespread along the warmer sectors of the Mediterranean Sea,
including the Lebanese coast (Badreddine et al., 2019; Terradas-Fernandez et al., 2019;
Gordd-Vilaseca et al., 2021). Nevertheless, these unique biogenic reefs are poorly
studied, and rarely the object of appropriate management activities (Milazzo et al.,
2017; Badreddine et al., 2019). In the Eastern Mediterranean they are collapsing due to
multiple global (e.g. acidification, sea level rise, ocean warming, Rilov, 2016) and local
impacts (e.g. coastal urbanization, Di Franco et al., 2011, and pollution, Rilov, 2016)
whose occurrence has been growing in the last few decades (Rilov et al., 2019, 2020a,
2020b; Albano et al., 2021). Vermetid reefs have been listed in the Mediterranean Red
Data Book of threatened seascapes (Boudouresque et al., 1990) and in the IUCN Red
List of vulnerable habitats (Gubbay et al., 2016). The reef-building vermetids belonging
to the “Dendropoma petraeum complex” are included in the Annex II of the Protocol
for Specially Protected Areas and Biodiversity in the Mediterranean Sea (Barcelona
Convention), and Dendropoma spp. and Vermetus triquetrus are considered as species
deserving protection (Milazzo et al., 2017; Badreddine et al., 2019; Gordo-Vilaseca et
al., 2021).

Vermetid reefs along the Lebanese coastline are suffering from marine sand and gravel
extraction, sewage and oil dumping, unsustainable and illegal fisheries, habitat
degradation, recreational uses, coastal urbanization, and non-indigenous species, along
with large-scale impacts such as the effects of climate change (Badreddine, 2018 and
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references therein). This study aims to assess the current conservation status of the
vermetid reefs along the Lebanese coastline.

Materials and Methods

Ten sites from the south to the north of Lebanon were randomly selected in areas with
different levels of human pressures (Tab. 1). Human pressures were assessed based on
LUSI (Land Use Simplified Index, Flo et al., 2011), as reported in Badreddine et al.
(2018). Surveys were conducted at low tide and under calm water conditions. The
numbers of living and dead vermetids belonging to the species Dendropoma
anguliferum (Monterosato, 1878) and Vermetus triquetrus Bivona-Bernardi, 1832 were
assessed by photo-quadrats and point intercept transects.

Photo-quadrats consisted of ten 10x10 cm plots randomly placed both in the inner (5
photo-replicates) and the outer edges (5 photo-replicates) of the reefs, and photographed
with a digital camera (Sony, DSC-W550). Living individuals were distinguished from
empty shells by the presence of the shell operculum, which goes lost in dead
individuals. Counts were performed using the open access ImageJ software and reported
as number of individuals/100 cm?.

Point Intercept Transects consisted of 10 random 5 m long transects, laid parallel to the
coastline along both the inner edge (5 transects) and the outer edge (5 transects) of the
reefs. The presence of living vermetids was assessed every 20 cm for each transect (25
points/transect), and values were expressed as percent frequency.

Tab.1 Sites considered for the assessment of vermetid reefs along Lebanese coast, their
coordinates, the corresponding LUSI index and conditions (see Flo et al., 2011 for further
details)

Sites Latitude, Longitude LUSI Conditions
Nakoura 33°8'25.15"N, 35° 9'14.82"E 0 Not-Impacted
Tyre 33°16'33.58"N, 35°11'34.64"E 3 Moderately-Impacted
Saksakiyeh 33°26'22.99"N, 35°16'27.34"E 3 Moderately-Impacted
Beirut 33°54" 9.15” N, 35°29° 2.02 28  Impacted
" E
Jbeil 34°7'19.04"N, 35°38'31.34"E 7 Moderately-Impacted
Batroun 34°15" 1.26” N, 35°39’ 5 Moderately-Impacted
2397" E
Hannoush 34°18'20.04"N, 35°40'29.32"E 5 Moderately-Impacted
Enfeh 34°21'13.48"N, 35°43'49.69"E 4 Moderately-Impacted
Tripoli 34°26" 15.77" N,  35°48’ 31  Impacted
40.03" E

Palm Island Nature Reserve  34°29'45.20"N, 35°46'26.24"E 1 Not-Impacted

Results

Based on photo-quadrats (Fig. 1), the maximum living vermetid density was recorded
along the reef of Nakoura (protected site) with a maximum of 25 individuals + 0.1/100
cm? (Mean * S.E.) of Dendropoma anguliferum in the outer edge, and 35 individuals +
3.2/100 cm? (Mean + S.E.) of Vermetus triquetrus in the inner edge. D. anguliferum was
also recorded in the outer edge of the protected site of Palm Island Nature Reserve (2
individuals + 0.1/200 cm?), and in the moderately impacted sites of Tyre (2 individuals
+ 0.1/100 cm?) and Enfeh (1 individual + 0.1/100 cm?). V. triquetrus was also recorded
in the protected site of Palm Island Nature Reserve (15 individuals + 3.0/100 cm?), and
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the moderately impacted reefs of Tyre (15 individuals + 1.0/100 cm?), Saksakiyeh (13
individuals + 2.1/100 cm?), Jbeil (8 individualst 2.1/100 cm?), Batroun (10 individuals
+ 1.3/100 cm?), Enfeh (10 individuals + 3.3/100 cm?), and Hannoush (6 individuals +
2.5/100 cm?).
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Fig. 1: Mean density (+ standard error)/100 cm? of living and dead vermetids
(Dendropoma anguliferum and Vermetus triquetrus) at the ten sites monitored. White: not
impacted; grey: moderately impacted; black: impacted.

According to the transect method (Fig. 2), D. anguliferum occurred on the outer reef
edges of Nakoura (with a mean frequency of 38.6%), Palm Island Nature Reserve
(6.7%), Tyre (17.5%), and Enfeh (4.1%). V. triquetrus was recorded in patches in the
inner edge of Nakoura, Tyre, Saksakiyeh, Jbeil, Batroun, Enfeh, and Hannoush (with
average frequency ranging from 27% to 60%). Both vermetid species were absent in the
impacted sites of Beirut and Tripoli.
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anguliferum and Vermetus triquetrus in the ten reefs studied. White: not impacted; grey:
moderately impacted; black: impacted.

Discussions and conclusions

This study confirmed that living individuals of the main reef builder species
Dendropoma anguliferum and Vermetus triquetrus are still present along the Lebanese
coast. This finding is important considering that D. anguliferum is an endemic species of
the Levantine Sea, whose local extinction seems to be presently underway (Badreddine et
al., 2019 and references therein). Living individuals of D. anguliferum were observed
mainly in the non-impacted sites (Nakoura and Palm Island Nature Reserve), and with low
densities in some moderately impacted sites (Tyre and Enfeh). V. triquetrus has been
recorded in both non impacted and moderately impacted reefs. V. triquetrus has specific
resistance to human pressures, and its dispersal potential is high (Badreddine et al., 2019
and references therein). No living individuals of D. anguliferum have been recorded in the
last years along the Levantine coast, except on the Lebanese coast where a low density of
living D. anguliferum was recorded in 2002 and 2017 (Badreddine et al., 2019 and
references therein). However, the high densities of dead shells of D. anguliferum in the non-
impacted and moderately impacted sites confirm that its population along the Lebanese
coast confronts a regional loss. The low abundance of dead shells in the high impacted site
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of Beirut and Tripoli could be the sign of an older loss of D. anguliferum followed by the
erosion of the shells.

Vermetid reefs along the Lebanese coast are subjected to many pressures.
Artificialization concerns more than 32% of the Lebanese coastline (Badreddine et al.,
2018). Trampling by the public, especially fishers, and especially in summer, may affect
settlement and survival of vermetid recruits. Pollution from the asbestos mines or
factories producing phosphate fertilizers, and illegal sewage (urban, industrial and
agricultural) discharges affect the whole biota of the vermetid reefs. Fishers who collect
worms, crabs, shrimps, mollusks, and even some macroalgae associated with the
vermetid reefs, and use them as bait for fishing. Marine litter and accidental oil spills
affect the longevity of some species associated with the vermetid reefs. Other major
pressures include the seawater warming, the continuous income of invasive species
(especially the mussel Brachidontes pharaonis) from the Suez Canal, the proliferation
of some toxic algae, and acidification, which may cause the dissolution of vermetid
shell (Milazzo et al., 2017 and references therein).

The implementation of restoration actions of D. anguliferum is complex because of the
characteristics of the species. The living individuals of D. anguliferum observed in Nakoura
and Palm Island Nature Reserve, and the low density in Tyre and Enfeh, should be regularly
monitored (using non-destructive methods). From a regional point of view, it is highly
recommended to update the information on the D. anguliferum population along the
Levantine coast, to investigate their ecology and to guarantee their protection and
conservation.
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Abstract

Astrospartus mediterraneus (Risso, 1826) (Echinodermata: Ophiuroidea) is an emblematic
Mediterranean species yet, it has few reports and hasn’t received much attention from the
marine scientific community to date. In the framework of a project to assess how to mitigate the
impact of artisanal fishing on benthic communities at the Site of Community Importance (SCI)
of Cap de Creus (NW Mediterranean) (MITICAP Project), an unusually high abundance of the
basket star (A. mediterraneus) was observed in 2018 as part of the by-catch of the local
artisanal fishers. Indeed, the fishers involved in the project reported that this species had
increased in abundance and expanded its distribution over the past years, ultimately interfering
with their fishing activity. This work benefits from the Local Ecological Knowledge of the
fishers, analyses field surveys and aims to elucidate the abundance, distribution, size, and
structure of A. mediterraneus populations; as well as to examine the possible impact this
species has on the artisanal fisheries performance. Data collection was performed through by-
catch photo analysis of regular fishing events from May to August, analysis of video-transects
recorded by means of Remote Operated Vehicles and conducting interviews with fishers to
identify the impact. Basket stars were associated with rocky substrates with presence of
gorgonians located between 50 to 80 m depth, preferentially occurring on sloping areas.
Despite their high abundances (0.45+0.71 ind/m?), the aggregations witnessed in the Cap de
Creus area could not be determined as an outbreak due to the lack of longtime monitoring data
thus, yet it seems apparent based on the LEK of the fishers that the species has been on the rise
for the past years and they unanimously consider that its proliferation causes them a handicap
in terms of monetary and time losses.

Key-words: Ophiuroid blooms, artisanal fishing, Local Ecological Knowledge, ROV,
Mediterranean Sea

Introduction

The basket star Astrospartus mediterraneus (Risso, 1826) is the sole representative of
the Gorgonocephalidae family in the Mediterranean Sea (Ocafia & Pérez-Ruzafa, 2004),
where it is considered as a rare and emblematic species (Fitori et al., 2022; Mallol,
2010; Zibrowius, 1978) in need of conservation and protection (Cocito et al., 2015;
Fitori et al., 2022). Yet with almost no information regarding its biology or ecology
(Zibrowius, 1978). In 2018, within the frame of the MITICAP Project which aimed to
reduce the impacts derived from artisanal fishing in the Cap de Creus Natural Park and
SCI, fishers from the guilds of Port de la Selva and Cadaqueés (Alt Emporda, Catalonia)
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stated that over the past 5 years they noticed a substantial increase inA.
mediterraneus abundances. Indeed, after assessing the fishing by-catch generated by
different gears it was evident that A. mediterraneus represented a large proportion of
captured organisms (Santin et al., 2022). This situation started to be perceived by
fishers from both guilds as a problem. In this context, this research aims to gain insight
on these topics and determine their relation and affectation to artisanal fisher’s
performance.

Materials and methods
This study was conducted on the fishing grounds shared by both collaborating guilds
which are mostly located in the north side of the Cap de Creus (CdC) area (42°19°12”
N, 03°19°34” E) located in the north-western region of the Mediterranean Sea (Fig 1.).

3.20°E 3.30°E 3.40°E

42.4°N

42.3°N

Fig. 1 : Cap de Creus marine area. The yellow circles indicate the survey stations with
presence of A. mediterraneus. Red squares Indicates where videotransects took place

Members of the research team joined the artisanal fishers' fleet from Port de la Selva
and Cadaqués guilds (Alt Emporda, Catalonia, Spain) during regular fishing journeys.
The fishing events took place coinciding with the spiny lobster (Palinurus elephas J. C.
Fabricius, 1787) and scorpion fish (Scorpaena scrofa (Linnaeus, 1758)) fishing season.
For each fishing event data about sea conditions, type of gear used, setting and
collection time of fishing gear data, gear depth, and coordinates were gathered
(Montseny et al., 2019). Astrospartus mediterraneus caught in trammel nets were
untangled and photographed with a graduated grid in centimetric units for scale. To
characterize the artisanal fishing grounds in the Cap de Creus area, a total of 19 video
transects were recorded onboard the vessel ‘Atlantic Explorer’ using a Perseo ROV. For
every individual of A. mediterraneus observed during the transect, the following
information was compiled: elapsed time since the beginning of the video, universal time
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coordinates, depth, associated substrate type (including epiphyted organisms, if any),
and the geographical coordinates. Moreover, each sampling unit’s substrate type and
slope were also registered, following the categories in Santin et al. (2018). To
accurately estimate the impact of the basket star' possible outbreak, fishers completed a
survey about this issue. In order to be eligible to take the survey, the selection criteria
were: (i) being an active artisanal fisher and (ii) working on the Catalan coast.

Results

The average disc diameter size was 2.67 + 0.97 cm, ranging between 0.19 — 6.67 cm.
Most aggregations from cluster analyses showed 60% of individuals with a size-
frequency between 2 and 3 cm, followed by classes of 1 to 2 cm (20-30%) and 3 to 4
cm (10%). Statistical analysis showed populations with a dominance of small to
medium size classes (1 to 5 cm) and a prevalence of 2-3 cm individuals. Results show a
species’ prevalence in the northern and eastern parts of the Cap de Creus area. However,
largest densities are found at the northwest flank of the study area where the species
showed its densest aggregations (Fig.2b). Even so, the greatest abundances (over 150
individuals) occurred in just a few points, spread along the entire sampled area (Fig.2a).
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Fig. 2: Geographic distribution of A. mediterraneus in the study area, based on by-catch
(abundance (a) and videotransect (density) (b) data.
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Both data from video analyses and fishing events showed a similar bathymetrical
distribution for the species, with an overall distribution between 35 — 85 m, but with a
high incidence of A. mediterraneus restricted between 50 and 80 m depth. In this regard,
there is a clear density increase for A. mediterraneus in the continental shelf below 50 m
depth. Regarding the relationship between species’ density and the presence of
ecosystem engineers, there was an evident preference of the basket star for gorgonian
forests. A. mediterraneus was also associated with sloping areas, showing a prevalence
for this type of habitat.

Regarding the survey’s analysis, 26 fishers answered the questionnaire, from 9 different
fishers’ guilds located on the Catalan coast. The answers were stated as follows: 69.2%
of surveyed fishers believe that there is an abundance increase of basket star individuals
on the Catalan coast. Among them, 42.1% answered that between 40 and over 50
baskets stars get entangled daily in their fishing gear and 47.6% devoted 1-3 hours to
clean the fishing gear from the species. Yet all of them agreed that it constitutes an
obstacle to their job performance. About the economic cost of this bycatch on their
fishing gear, they estimate a monetary loss of 30-100€ per week in bycatch cleaning and
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fixing damaged gears provoked by this species, but all of them coincide in the
difficultness to assess a specific quantity.

Discussion

According to the data obtained, Astrospartus mediterraneus abundance and density
higher values do occur in the studied area and present a high relation with deep rocky
substrates with presence of gorgonian assemblages, preferentially occurring on slopping
areas. Results show, as the fishers had suspected, the presence of unusual A.
mediterraneus’ aggregations in the area appears to be proven, with up to 150
individuals caught in a single fishing event, and density values far above those of other
Mediterranean areas (Terribile et al., 2016). Nevertheless, although the mean number of
individuals in the video transects was 0.45+0.71 ind/m?, basket stars’ density values
were not homogeneous with the Cap de Creus area, with dense aggregations (1.07 +
2.51 ind/m?) occurring within a well-defined bathymetric range, between 55 to 80 m
depth. The highest densities mainly occurred on sloping rocky outcrops, where they
frequently occurred atop gorgonians. The average disc diameter (2.67 £ 0.34 cm) might
suggest that present-day aggregations in the study area have appeared quite recently,
pointing towards a recent outburst mainly formed by relatively young individuals. A
plausible cause for the spectacular population outbreaks registered for these species
could be linked to an increment both in quantity and quality of their food source due to
water eutrophication (Duineveld et al., 1987; Josefson et al., 1993), increased water
temperatures derived from climate change (Billett et al., 2001; Wigham et al., 2003), or
lack of predators in the area (Cheser, 1969; Duineveld et al., 1987). Nevertheless, while
several factors or combination of factors could explain the recorded outburst of A.
mediterraneus in the studied area, the lack of long-term data and the scarcity of
information regarding the ecology of the studied species only allow for speculative
hypothesis on the matter, with the exact causes that have triggered the population
outburst remaining unknown. As a result of the surveys conducted, it is clear that basket
stars are perceived negatively by the fisher’s communities as their increase in
abundance is associated with an economic loss for artisanal fishers and constitutes an
obstacle to their job performance. A possible solution for the fishers affected by this
problem in the area would be to modify their fishing habits in order to avoid, or at least
reduce, the basket star bycatch incidence on their fishing gear. Nevertheless, this might
not be a solution for artisanal fishers in the area, as their main targeted species (spiny
lobster and scorpion fish) are strongly associated with mid-deep rocky outcrops (Diaz et
al., 2001), as it is the case of A. mediterraneus, which points towards a problem without
a near solution.

Conclusions

The ecological traits and habitat preference for the Cap de Creus Astrospartus
mediterraneus aggregations have been stipulated. Basket stars have a habitat preference
for sloping rocky substrates with the presence of gorgonians in a depth range between
50 to 80 m depth, preferentially occurring on slopping areas. Cap de Creus' aggregations
could not be determined as an outbreak because of the lack of long time-sensitive data.
Nevertheless, comparing the central disc size among other Mediterranean regions, they
are considered aggregations of young individuals. On the socio-economic impact and
concerning fishers’ perception on this topic, there is unanimity about the existence of a
problem on this issue. They consider that the basket star’s increase causes them a
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handicap in terms of monetary and time losses. Despite the new ecological insights
provided by this study, there is still a massive gap in knowledge regarding the biology
of A. mediterraneus. To properly assess this issue, additional biological studies are
further needed as they will be of paramount importance to improve our knowledge and
better understand the outbreak origin of A. mediterraneus in the Cap de Creus marine
area.
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IMPACT, REMEDIATION, AND DYNAMICS OF CORALLIGENOUS
REEFS AFTER CONCORDIA SHIP WRECKAGE

Abstract:

We present results from the 10-years monitoring (from 2012 to 2021) of the structure of
coralligenous assemblages assessed through FULL-HD recorded videos from 45 up to 70 m
depth, following the Concordia shipwreck. After the baseline surveys aimed at defining the
natural assemblages (2012), coralligenous reefs were heavily impacted during the shipwreck
removal activities (2013-2014). From 2015 to 2018, the seabed was cleaned from fine sediment
and heavy debris that represented the major pressures affecting the reefs, and the re-colonization
of bare surfaces started. Currently |, the reefs’ recovery is still far from being achieved; several
opportunistic taxa dominate the initial stages of assemblages’ development that differ from those
of 2012. The application of the COARSE index reveals a slight increase in the reefs’ ecological
quality compared to the assessment carried out in 2014.

Key-words: recovery, resilience, impact assessment, ecological quality, opportunistic taxa

Introduction

The synergic pressure of Global Change and human activities is rapidly undermining the
structure and functioning of rocky reef communities in the Mediterranean Sea, leading to
fast and unpredictable degradation trends. The multitude of human activities taking place
all over the Mediterranean basin produce impacts on almost all of its surface
(Gerovasileiou et al., 2019). The increasing concern for coralligenous reefs is due to the
loss of long-living ecosystem engineers (e.g., encrusting red algae and erect
invertebrates). Such process leads to community oversimplification, promotes non-
indigenous species spread, and drastically alters the functioning of the bioconstruction
(Bevilacqua et al., 2021). In the past twenty years, the effects of anthropogenic
disturbances on coralligenous reefs have been extensively investigated through field
surveys and experiments, especially in the Tyrrhenian Sea, allowing the development of
several ecological indices (Deter et al., 2012; Gatti et al., 2015; Piazzi et al., 2021). If this
significantly increased the identification of sensitive taxa and impacted assemblages, only
a few studies have investigated the dynamics of impacted reefs so far. Understanding the
mechanisms capable of driving the re-colonization dynamics of impacted coralligenous
reefs is pivotal in defining regime shifts and quantifying recovery potential.

The Concordia cruise ship sank a few hundred meters northern from Giglio Porto on the
13" of January 2012. The wreck removal operation started a few months after the disaster
and ended in July 2014, when the wreck was refloated and then towed to Genoa harbour.
Fine sediment dispersion, debris release, and installation of man-made structures affected
the integrity and the ecological status of the coralligenous reefs within the wreckage area
(Casoli et al., 2017). After the wreck removal, the seafloor was accurately cleaned (2015 —
2018) from all the abovementioned disturbances: as a consequence, dead portions of
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coralligenous reefs were revealed, representing unique substrates to study the natural re-
colonization processes on impacted bioconstruction. The present study aimed to i)
describe the 10-year dynamics of coralligenous reefs impacted by Concordia wreck, ii)
identify the taxa leading the re-colonization process, and iii) quantify the ecological status
and the recovery of the bioconstructions.

Materials and methods

Field activities were carried out along the east coast of Giglio Island (central Tyrrhenian
Sea, Italy), in the area interested by the Concordia ship wreckage and its subsequent
removal activities. The seafloor at this location is characterized by two monzogranite
rocky ridges (identified as the S and N ridges), where the shipwreck laid, developing from
a few meters up to 80 m depth, separated from each other and surrounded by sandy
sediments. Closed Circuit Breathing Apparatus (CCUBA) divers carried out HD video
acquisition in the summer of 2012, 2013, 2014, 2018, 2019, 2020, and 2021, covering the
same route every year (Fig. 1), swimming and filming at a distance of 1 m above the
substratum. We identified four stations (between 45 and 70 m depth) per rocky ridge and
in the proximity of each station we extracted 12 HD pictures from videos for qualitative
and quantitative analyses of the coralligenous assemblages.
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Fig. 1: Map of the study area showing seafloor topography (MBES acquired in 2015), the
position of the wreck, routes where videos were acquired (red dotted lines), and location of

the sampling stations (white dots).

The presence/absence of taxa, identified at the lowest possible taxonomic level, was
recorded in each picture; the presence of debris, sediments, and bare surfaces affecting
the coralligenous reefs was also registered. The structure of benthic assemblages at the
different stations was assessed by measuring the frequency of occurrence of each taxon.
The differences in the structure of coralligenous assemblages according to years were
visualized through a Principal Component Analysis (PCA). For a visual representation,
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we aggregated the information at the taxonomical group level. An Analysis of Similarities
(ANOSIM) was carried out on a Bray-Curtis similarity matrix calculated on the frequency
of occurrence data to test differences in assemblages' structure according to years. Then,
we calculated the mean number of species (o diversity) and the mean distance of all
stations from centroids calculated in the PERMDISP analysis (B diversity), and the value
of the COARSE index, according to the modification proposed by Casoli et al. (2017).
The variation of the three descriptors according to time was tested using Multivariate
permutational analyses of variance (PERMANOVA).

Results

A total of 69 taxa (14 algae, 55 invertebrates) were recognized through image analysis.
The differences in the structure of coralligenous assemblages were evident on the factorial
plane of the PCA (32.80% of the total variance explained), where four groups were
evident, constituted respectively by 2012 samples, 2013-2014 samples, 2018 samples,
and 2019-2020-2021 samples (Fig. 2). The ANOSIM revealed significant differences in
the composition of the coralligenous assemblages among years (R = 0.400; p < 0.01).

77N
2

A~

Fig. 2: Results of the PCA performed on the structure of coralligenous assemblages. The
left panel shows the taxonomical groups defining the multifactorial plane; in the right
panel, the sample distribution grouped according to the explanatory variable “year” with
959% confidence ellipses on the group means.

We observed a shift from assemblages dominated by encrusting red algae, fan corals, and
erect green algae in 2012, to impacted reefs with sediment, debris, and bare surfaces in
2013, 2014, until the end of seafloor cleaning in 2018. The succession on impacted reefs
was led by the spread of species that rapidly re-colonized the bare surface: Reteporella
grimaldii (Jullien, 1903), Carpomitra costata (Stackhouse) Batters, 1902, Arthrocladia
villosa (Hudson) Duby, 1830, Antho (Antho) inconstans (Topsent, 1925), and
Halocynthia papillosa (Linnaeus, 1767).

The a diversity and COARSE index showed a similar pattern with significant differences
among years (Fig. 3; p < 0.05): the two descriptors decreased during the wreck removal,
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if compared to the baseline survey (2012), and increased since 2018, after the seafloor
cleaning operations. In the last three sampling events, the mean number of species was
higher than the pre-disturbance condition in 2012. The B diversity showed an inverse
trend, with higher values measured in 2014. However, differences among years were not
significant.

Distance from centroids

2012 2013 2014 2018 2019 2020 2021 2012 2013 2014 2018 2019 2020

COARSE
= &

b [
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Fig. 3: Trends of the three descriptors used to assess the ecological status of the
coralligenous reefs: Number of species (o diversity), distance from centroids (p diversity),
and COARSE index.

Discussion and conclusions

The results of the present study highlight a significant shift in the structure of
coralligenous assemblages toward a different stable state dominated by opportunistic
taxa. This pattern reflects the conceptual framework proposed for the Mediterranean
rocky reefs by Bevilacqua et al. (2021). Even if all the disturbances have been removed
through the active remediation interventions, the recovery of the assemblages is far from
being achieved, and returning to the original state will likely require a long time. This is
particularly evident for habitat-forming organisms, such as fan corals, which show low
recovery potential that could need more than a decade in the current scenario of Climate
Change (Gomez-Gras et al., 2021).

The re-colonization process was rapid but not complete because bare surfaces still
characterize some of the investigated reefs; the increase of a diversity and COARSE
index in the last four years was mostly due to the colonization of opportunistic taxa. The
larval dispersion, substrate selection, ability to colonize bare bottoms, absence of
competition, fast dynamics and growth rate might play a pivotal role in favoring the
spread of these taxa (Casoli et al., 2020; 2021). The identification of taxa driving the re-
colonization process is of special interest to assessing the loss of ecological functions and
understanding future trajectories of change of coralligenous reefs. Furthermore, the
provided results confirm the low recovery potential of one of the most valuable
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Mediterranean coastal ecosystems, highlighting the urgent need to reduce human
pressures and increase restoration efforts.
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STATE OF KNOWLEDGE ON THE DEEP CORALLIGENOUS
RINGS OF CAPE CORSICA FOLLOWING THE SCIENTIFIC
EXPEDITION GOMBESSA 6 (2021)

Abstract

Described in 2012, «coralligenous atolls» are rings (diameter = 25 m) composed of a
coralligenous central core and a crown made of rhodoliths. Thousands exist in a unique place: a
4-km2 area at 115 m depth in the Natural Marine Park of Cape Corse and Agriate (French
Mediterranean) and outside the French exclusive economic zone. In summer 2021, the Gombessa
6 expedition used oceanographic tools and then an innovative diving technique (autonomous
saturation diving with electronic rebreathers) in order to implement the protocols of 41
researchers. The aim was to discover the mysterious origin of the rings, evaluate their age and
dynamics of change, and study their associated flora and fauna. Two central cores were cored by
divers; results are expected for the autumn. The central cores seem to gradually disappear under
sedimentation and crevices according to 3D models compared between 2014 and 2021. Fifty
species of fish were detected using environmental DNA metabarcoding. Sediment samples
analyses are still in progress in order to study the diversity and functions of micro-organisms and
to study the trophic conditions (carbohydrates, proteins, lipids) in relation to the presence (if any)
of particular substances (gas, fresh water). Measures of current velocity did not show any gas or
water vertical effusion. Fine bathymetry was surveyed over 6,815 ha in order to complete the
existing maps of 2011 and 2014. The analysis of these maps, coupled with images from divers
and ROV and geologic maps showed that the rings are located between faults and next to a fossil
coastline presenting an alignment of large underwater caves over 5 km. The knowledge about this
unique ecosystem is well advanced and the enigma of the origin of the rings is perhaps being
solved. A sequel to the expedition is being planned for summers 2022 and 2023.

Key-words: eDNA, caves, coralligenous atolls, mapping, rhodoliths

Introduction

Discovered in 2006 (Pluquet, 2006) and described in 2012 as «coralligenous atolls»
(Bonacorsi et al., 2012), this new coralligenous morphotype is composed of a «central
massive coralligenous core, a halo of detritic bottom (ten meters wide) and a peripheral
crown (one to three meters wide) consisting of a coralligenous structure, combined with
free rhodoliths (pralines) and many invertebrates (including sponges, bryozoans and
echinoderms)». For the moment, this morphotype is known in a unique site located 25
km off northern Cap Corse (Bonacorsi et al., 2012) within the Parc Naturel marin du Cap
Corse et de I’Agriate (PNMCCA, French Mediterranean) and outside the French
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exclusive economic zone. Since then, two oceanographic campaigns (using side scan
sonar, multibeam echosounder, sparker, ROV and submarine with 3D photogrammetry)
attempted to inventory and characterize theses structures (Pergent-Martini et al., 2014).
Different typologies understood as atolls at different stages of evolution in relation to
phenomena of bioerosion or bioconstruction were observed and led to the hypothesis of
a biological origin, with the original formation occurring during a period when the sea
level was lower, several thousand years ago (Pergent-Martini et al., 2014).

The oceanographic campaign Gombessa 6 «Cap Corse» was carried out in summer 2021
with the aim of validating the origin of these structures, evaluate their age and their
dynamics of change, to know the associated fauna and flora and to evaluate the threats to
these unique ecosystems renamed coralligenous rings to avoid confusion with coral atolls.

Materials and methods
The Gombessa 6 oceanographic campaign consisted of four work packages.
1) Complete the existing mapping using multibeam echosounder (Sonic 2022), a ROV
(ULISSE) and divers in May and June 2021
i) Better characterize the coralligenous rings and their dynamics by implementing a
core sample within two central cores, measuring environmental parameters
(temperature sensors and autonomous SeaBird SBE 19 plus V2 SeaCAT Profiler
CTD) and hydrodynamics (acoustic doppler velocimetry), building 3D models
(photogrammetry)
iii) Make an inventory of the associated fauna and flora (species, sediment, acoustic,
water sampling and pictures/videos)
iv) Quantify the threats to these ecosystems (acoustics and marine traffic)
Work packages ii and iii were led using an innovative diving techniques invented and
tested in 2019 during the campaign Gombessa 5 «Planéte Méditerranée»: the autonomous
saturation diving with electronic rebreathers.

Results and discussion

The bathymetric campaign involved a total acquisition area of 6850 ha, of which 5165 ha
were within the perimeter of the PNMCCA and 1650 ha outside the Park in the northern
part of the Cape. A total of 1417 rings was counted (271 with a central core, 386 without
any core, 760 with an unknown status), 508 were within the PNMCCA. These rings were
detected between 90 and 135 m depth but the majority were situated between 110 and
120 m depth. The analysis of this data, coupled with images from divers and ROV and
geologic maps showed that the rings are located between faults and next to a fossil
coastline presenting an alignment of large underwater caves (at 94 m depth) over 5 km.
Between 1st and 12th July 2021, nine dives were made between 94 and 120 m depth for
a total exploration time of 128 h (32 h x 4 divers, the longest dive took 4h30, Fig. 1). This
particularly long dive time allowed the implementation of all the planned protocols. Two
cores (40 and 90 cm long) were sampled; the analyses are still in progress in order to
know the heterogeneous composition, age and growth rate.
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Fig.1: Example showing the location of site G6-15 on [1] the Digital Terrain Model made in June
2021 and [2] existing sonar mosaic (CAPCORAL). The divers' exploration route is in red.

Two temperature sensors were installed for one year. Environmental data (depth, salinity,
temperature, pH, conductivity, density, oxygen, % oxygen saturation, turbidity,
fluorescence, and light) is being published and made available on Seanoe. ADV measured
a current speed between 20 and 30 m-sec and did not detect any evidence of significant
vertical effusion during its measurement (13 days). The visual comparison of two pictures
of the same core taken in 2014 and 2021 showed an increase in crevices and sedimentation
but no changes concerning the cover of conspicuous species. Three other rings were
rendered in 3D by photogrammetry (Marre et al., 2019) for archiving and precise
measurement of dimensions showing that rings are finally domes (0.36+£0.09 m high)
overhung by a core (0.67+0.37 m high).

Benthic biodiversity sampled on the core, within the halo, crown and outside the ring area
were studied using environmental DNA metabarcoding. The great amount of sequences
is still being analyzed. eDNA metabarcoding (water samples: Boulanger et al., 2021) was
also used for a fish inventory: 50 species were detected (Table 1).
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Tab. 1: List of fish detected by eDNA metabarcoding (N= 6 water samples)

class order family scientific name
Actinopteri Anguilliformes Congridae Conger conger
Actinopteri Anguilliformes Muraenidae Muraena helena
Actinopteri Aulopiformes Chlorophthalmidae Chlorophthalmus
Actinopteri Blenniiformes Blenniidae Blenn.iu.s ocellaris
Actinopteri Blenniiformes Blenniidae Parablennius rouxi
Actinopteri Caproiformes Caproidae Capros aper
Actinopteri Carangiformes Carangidae Seriola dumerili
Actinopteri Carangiformes Carangidae Trachurus sp.
Actinopteri Gadiformes Gadidae Merlangius merlangus
Actinopteri Gadiformes Macrouridae Coelorinchus
Actinopteri Gobiiformes Gobiidae Cry'stallliogobius linearis
Actinopteri Gobiiformes Gobiidae Lebetus guilleti
Actinopteri Gobiiformes Gobiidae Lesueurigobius suerii
Actinopteri Istiophoriformes Istiophoridae Istiophorus albicans
Actinopteri Istiophoriformes Xiphiidae Xiphias gladius
Actinopteri Labriformes Labridae Coris julis

Actinopteri Labriformes Labridae Labrus mixtus
Actinopteri Lophiiformes Lophiidae Lophius piscatorius
Actinopteri Myctophiformes Myctophidae Ceratoscopelus
Actinopteri Myctophiformes Myctophidae Larﬁpanyétus sp.
Actinopteri Myctophiformes Myctophidae Myctophum punctatum
Actinopteri Myctophiformes Myctophidae Notoscopelus elongatus
Actinopteri Perciformes Scorpaenidae 'Scorpa{ena scrofa
Actinopteri Perciformes Sebastidae Helicolenus

Actinopteri Perciformes Serranidae Anthias anthias
Actinopteri Perciformes Serranidae Serranus cabrilla
Actinopteri Perciformes Triglidae Chelidonichthys cuculus
Actinopteri Perciformes Triglidae Chelidonichthys lucernus
Actinopteri Perciformes Triglidae Chelidonichthys sp.
Actinopteri Perciformes Triglidae Triglidae

Actinopteri Pleuronectiformes Scophthalmidae Lepidorhombus boscii
Actinopteri Priacanthiformes Cepolidae Cepola macrophthalma
Actinopteri Scombriformes Scombridae Auxis sp.

Actinopteri Scombriformes Scombridae Euthynnus alletteratus
Actinopteri Scombriformes Scombridae Scomber colias
Actinopteri Scombriformes Scombridae Thunnus thynnus
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Tab. 1 (continue): List of fish detected by eDNA metabarcoding (N= 6 water samples)

class order family scientific name
Actinopteri Spariformes Sparidae Boops boops
Actinopteri Spariformes Sparidae Pagellus acarne
Actinopteri Spariformes Sparidae Pagellus bogaraveo
Actinopteri Spariformes Sparidae Pagellus erythrinus
Actinopteri Spariformes Sparidae Sparidae
Actinopteri Spariformes Sparidae Spondyliosoma
Actinopteri Syngnathiformes Callionymidae Callionymus maculatus
Actinopteri Syngnathiformes Centriscidae Macroramphosus
Actinopteri Syngnathiformes Mullidae Muilus surmuletus
Actinopteri Tetraodontiformes Molidae Mola mola
Actinopteri Uranoscopiformes Uranoscopidae Uranoscopus scaber
Actinopteri Zeiformes Zeidae Zeus faber
Chondrichthyes Myliobatiformes Dasyatidae Pteroplatytrygon
Chondrichthyes Rajiformes Rajidae IR;aj'a sp.

Octocorals were sampled for population genetics (waiting for funds) and phylosymbiosis
study between bacterial microbiota and octocorals. Callogorgia verticillata colonies
(suborder Calcaxonia) sampled on three cores presented a distinct microbiome in
comparison to the members of the Haloxonia (Eunicella spp. and Paramuricea clavata)
that cluster separately and follows the phylogeny along the lines of host species (Prioux
et al., 2022). Tritonia callogorgiae, the large nudibranch inhabiting Callogorgia
verticillata forests recently described (Chimienti et al., 2020), was frequently observed.
Other species identifications/validations are in progress.

The two hydro phones installed for 13 days on two different rings 1 km apart showed
high noise pollution (maritime traffic), numerous active cetaceans and a low diversity of
biological sounds; however rare and unknown sounds were detected and are still being
analyzed. The acoustic biodiversity of these ecosystems was totally different from what
we know from coastal coralligenous reefs (Di lorio et al., 2021). High maritime traffic
was confirmed using AIS (Automated Identification System) data and numerous fishing
ghost nets were observed by the divers.

Conclusions

The results of the Gombessa 6 "Cap Corse" expedition complete the previous descriptions
of the coralligenous rings. The innovative diving technique used (autonomous saturation
diving) allowed the implementation and success of all the planned protocols. Many
analyses are still in progress. An ancient biological origin linked to a particular local
geological history is currently favored to explain the unique presence of these rings in the
Cape Corsica area. New data acquisition is planned for summer 2022 and 2023 in order
to validate the hypothesis and complete our understanding and the biodiversity inventory:
seismic reflection, hydrophones, ADV on another site, cave exploration. Our observations
suggest that an erosion process is underway and that the distance to the coast does not
protect the rings from threats that are similar (fishing) or higher (maritime traffic) to what
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is known for coastal coralligenous habitats. This knowledge will help the marine park in
its action plan.
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A RAPID ASSESSMENT METHOD FOR CITIZEN-SCIENTISTS
TO MONITOR THE CONSERVATION STATUS OF
MEDITERRANEAN CORALLIGENOUS ASSEMBLAGES

Abstract

Coralligenous assemblages are one of the highly diverse habitats in the Mediterranean Sea.
During the last decades, they have suffered severe mass mortality events driven by marine
heatwaves. The large spatio-temporal scales of these events emphasize the urgency of
establishing cost-effective methods to assess their impacts. In this sense, citizen-science has
become a powerful tool to enlarge the spatio-temporal scales of observation. To date,
researchers have used different measures to assess the impacts that determine the conservation
status of gorgonian populations, such as the use of different demographic parameters. Despite
their effectiveness, these methods are time-consuming and require expertise. Thus, our aim is to
validate a rapid, easy, and large-scale assessment method for scientists and citizen-scientists to
examine the conservation status of Mediterranean gorgonians populations, which can be
transferred to other organisms (e.g. sponges, bryozoans). The proposed method is based on the
quantification of the percentage of affected colonies. To validate it, we benefit from an extensive
database including >47.500 observations on Paramuricea clavata populations in 7 North-
Western Mediterranean locations between 1999 and 2021. We first established the significant
relationship between both methods (r?=0.84; p<0.001). Then, the method was applied and
validated through the citizen-science approach, by comparing the data obtained by volunteers
and scientists. Data obtained from volunteers showed more variability - although it diminished
after only one training - and were able to assess the same impact category as scientists. In
conclusion, the rapid assessment method “Percentage of affected colonies” is a powerful tool to
be applied by scientists and citizen-scientists to monitor the conservation status of coralligenous
assemblages.

Key-words: Mediterranean coralligenous assemblages, Gorgonians, Mortality assessment,
Marine heatwaves, Citizen Science.

Introduction

Coralligenous assemblages are unique calcareous formations of biogenic origin in the
Mediterranean Sea, produced by the accumulation of encrusting algae growing in dim
light conditions, with high ecological importance and exceptional biodiversity,
harbouring approximately 10 % of Mediterranean species (Ballesteros, 2006). Some key
species, especially octocorals and sponges, are characterized by slow population
dynamics and long lifespans, which is translated to a high vulnerability to natural and
anthropogenic stressors (Garrabou & Harmelin, 2002). For instance, Mediterranean
coralligenous assemblages are highly impacted by global warming, in particular by
marine heatwaves (MHWSs; Garrabou et al., 2009). These extreme events, characterized
by abrupt and prolonged periods of high sea surface temperature at a particular location
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(Oliver et al., 2018) drive Mass Mortality Events (MMEs) affecting several phyla,
spatial scales and depths (Garrabou et al., 2009).

To gain a more comprehensive understanding of the population conservation status, to
date, researchers have used “The mean percentage of injured surface” as the main
method to assess the impact of MHWs on coralligenous assemblages. This robust
method has been broadly used for more than 2 decades and in different Mediterranean
regions for gorgonians (e.g. Linares et al., 2005; Sini et al., 2015), but also bryozoans
(e.g. Pagés-Escola et al., 2018) and sponges (Cebrian et al., 2011). Despite its
effectiveness, it is time-consuming and requires some level of expertise. Thus, this
demands the exploration of new methods to rapidly assess the conservation status of the
gorgonian population, not only for scientists but also for citizen-scientists.

Citizen science is a growing practice in ecology (Brown & Williams, 2019), in which
scientists and citizens collaborate to produce new knowledge and enhance learning for
science and society (Vohland et al., 2021). Marine citizen science (MCS) is a field
continuously growing although it is still underrepresented compared with its terrestrial
counterparts (Sandahl & Tettrup, 2020). MCS projects are mainly focused on species
occurrences (Vohland et al., 2021). However, the use of citizen-generated data can
transcend the monitoring of species occurrences, contributing to marine conservation,
and even being also integrated into the Sustainable Development Goals framework
(Fritz et al., 2019). Despite this, data quality, precision, and accuracy records generated
by citizen-scientists remain a concern (Aceves-Bueno et al., 2017), thus becoming one
of the most investigated aspects in citizen science (Lukyanenko et al., 2020). However,
several works confirm that they can be improved over time (Pescott et al., 2015), expert
validation, and training (e.g. Kosmala et al., 2016), techniques frequently used in
biological surveys (Falk et al., 2019) and included in robust data quality assurance
methods (Wiggins et al., 2011).

In this context, the aim of this work is to validate a rapid, easy, and large-scale
assessment method for scientists and citizen-scientists to examine the conservation
status of Mediterranean gorgonian populations that can be applied to other organisms
(e.g. sponges, bryozoans). Thus, the main objectives of this study are twofold. First, we
validate the proposed method based on quantifying the percentage of affected colonies,
by providing a comparison with the mean percentage of injured surface, as a common
metric used in scientific studies. Data were obtained from different North-Western
Mediterranean gorgonian populations that have been studied by our research group. The
second objective is to validate the rapid assessment method through the citizen science
approach, by comparing data obtained by scientists and citizen-scientists volunteers in a
specific location, depth, and day. This will enable us to test the sampling ability of the
volunteers and if they improve by experience, in order to integrate a long-term
perspective. Taken together, our result formally validates the rapid assessment method
for scientists and citizen-scientists to monitor the conservation status of coralligenous
assemblages at large spatio-temporal scales.

Material and methods

The rapid assessment method “percentage of affected colonies” is based on quantifying
the percentage of the injured colonies in about 100 colonies for each species, locality,
and depth range. Since the method is mainly focused on the impact of MHWSs, the depth
range of affected colonies provides a good indicator of the bathymetrical distribution of
mortality. Based on previous studies, we considered a colony to be affected by mortality
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when it shows injuries or surface covered by epibionts >10% of its surface (Linares et
al., 2008). As the final aim, we determined the conservation status of the population by
dividing the mortality impact into four severity classes: non-impacted populations
(<10% of affected colonies), low impacted populations (>10, <30% of affected
colonies), moderately impacted populations (>30, <60% of affected colonies), and
severely impacted populations (>60% of affected colonies). To compare between
methods, a total of 47.523 gorgonian colonies were sampled from 7 North-Western
Mediterranean locations between the years 1999 and 2021 using randomized biological
visual sampling. Despite visual sampling is involved in both methods, a different
approach was applied in this case; the mean percentage of the injured surface method
was applied in situ, while the percentage of affected colonies method was calculated ex-
situ based on the first method. The red gorgonian Paramuricea clavata was chosen as
the target species for this study although other species were sampled. Both assessment
methods were correlated using Pearson’s correlation.

To validate the rapid assessment method through the citizen science approach, we
conducted 5 different campaigns on the rocky coast of Costa Brava (Catalunya, Spain).
In each campaign, a total of 7-8 volunteers and 2-3 scientists performed the sampling
protocol individually. We evaluate the expertise improvement by repeating the sampling
with the same volunteers a second time, thus they were assigned as beginner or trained
volunteers. Each sampling campaign started with a theoretical approach, followed by
the sampling protocol. To accurately validate it, two marks were introduced on the
vertical wall of the coralligenous population to indicate the beginning of the sampling
transect. Each observer implemented the rapid assessment method in the same site and
depth, starting from the reference point and moving throughout the same direction
without exceeding a depth of +2 m. The impact category determined by the
quantification of the percentage of affected colonies, and the total number of sampled
colonies, were used as the two variables to validate the accuracy and precision of the
citizen-scientists, by comparing their results with scientists and among them (beginners
and trained). Consequently, we evaluate the ability of volunteers to assess the same
impact category as scientists, and if they reach the reference minimum value of sampled
colonies (100). Finally, the non-parametric Kruskal-Wallis test was used to assess the
effect of the three expertise levels on the total number of sampled colonies.

Results

Both conservation assessment methods were highly positively correlated (Pearson’s
correlation, r> = 0.84; p < 0.001), indicating that the higher the percentage of injured
surface the greater the number of affected colonies. To reinforce these results, the high
adjustment of confidence intervals observed in our study (0.80-0.87) reveals few
uncertainties in the correlation prediction; however, they slightly expand as the impact
category increases, in relation to the low sample size.

The application of the rapid assessment method into the citizen science approach
revealed contrasting patterns between beginner and trained volunteers in both variables,
showing an improvement over time (Tab. 1). Data obtained from volunteers showed
more variability than those obtained by scientists but were able to assess the same
impact category in terms of mean values (Tab. 1). Specifically, the impact category was
tighter in expert volunteers, with a 78.57% of success with respect to the category
determined by scientists (Tab. 1), while beginner volunteers succeed was 68.18% (Tab.
1). Regarding the total number of sampled colonies, beginners did not broadly reach the
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minimum of 100 colonies (74.65 + 26.88; Tab. 1), showing statistically fewer sampled
colonies than trained volunteers (109.21 + 18.07; Tab. 1) and scientists (112.5 + 10.31;
Kruskal-Wallis; p = 0.0029; p < 0.001, respectively). In contrast, a vast majority of
trained volunteers exceed the minimum reference value of sampled colonies and
showed no statistical differences with scientists (Kruskal-Wallis, p = 0.18)

Tab. 1: Percentage of affected colonies assessed by volunteers and scientists (mean and
standard deviation, SD) by sampling campaign. The proportion of volunteers that assess
the same impact category as scientists (black) or different (grey), and the total number of
sampled colonies (mean and standard deviation, SD), by expertise group

Percentage of affected colonies Pll’oportionhof Total number of
Volunteer (mean + SD) volunteers that sampled colonies by
) assess the same .
expertise o : volunteers expertise
Volunteers Scientists | !Mmpact category as (mean + SD)
scientists -
37.00 = 14.87 43.32 +4.43
Beginner 41.40 +10.21 43.66 +5.18 74.65 + 26.88
33.80+£13.34 4516 +1.31
50.19 £9.23 43.43 +2.84
Expert 109.21 £18.07
68.31 +8.61 79.03+7.26

Discussion and conclusions

Our results confirm that the percentage of affected colonies method provides a reliable
assessment of the gorgonian conservation status and can therefore infer their impact
category. As important as unravelling the population health status, are the implications
of this method for conservation and management planning at broad spatio-temporal
scales. Given that some coralligenous species were more affected than others in
different MMEs linked to warming, the rapid assessment method should have the
potential to adapt to other species from Mediterranean coralligenous assemblages, as
they can be dominated by different species. For instance, it has applied to other
gorgonian species (Eunicella cavolini, E. singularis, and Leptogorgia sarmentosa),
octocorals (Corallium rubrum), but also scleractinian hexacorals (Balanophyllia
europaea, Cladocora caespitosa, Leptopsammia pruvoti, Madracis pharencis, Oculina
patagonica), and sponges (Sarcotragus fasciculatus; Garrabou et al., 2009; Sini et al.,
2015; Kruzi¢ et al., 2016).
Our study strengthens the relevance of training and expert validation in citizen science
projects and is in line with other empirical validations (e.g. Pescott et al., 2015; Falk et
al., 2019). It is noteworthy that the volunteers variability already diminishes after only
one training, confirming that data quality, precision, and accuracy are improved over
time in citizen science (Kosmala et al., 2016). Thus, results demonstrate that citizen-
scientists are competent to implement the rapid assessment protocol and categorize the
same impact category as scientists, although with higher variability between them. For
this reason, we recommend that first-time volunteers perform the sampling protocol,
then report the mean number of affected colonies among them to avoid precision and
accuracy problems; while, after the training, volunteers are sufficiently qualified and
skilled to report the results individually or with those of the diving colleague.
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In conclusion, the rapid assessment method percentage of affected colonies is a cost-
effective, and low time-consuming strategy that can be easily performed by non-experts
such as citizen-scientist. This powerful tool provides robust information to monitor the
conservation status of coralligenous assemblages, revealing its utility in covering large
spatial, temporal, and taxonomic scales.
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T-MEDNET CLIMATE CHANGE COASTAL OBSERVATION
NETWORK: TRACKING AND ASSESSING CHANGES ON
THERMAL REGIMES AND THEIR EFFECTS IN
MEDITERRANEAN COASTAL ECOSYSTEMS

Abstract

T-MEDNet is a long-term collaborative initiative devoted to the building of a pan-
Mediterranean observation network on climate change effects in marine coastal ecosystems
(www.t-mednet.org). T-MEDNet has been fostering international cooperation between marine
scientists and Marine Protected Areas managers (MPAs). Over the past two decades it has
supported the implementation of cost-effective monitoring protocols on seawater temperature
conditions in coastal areas as well as on biological indicators on the onset of mass mortalities
and shifts in native and exotic fish species distribution. To date, the network gathers managers
from more than 25 Marine Protected Areas and more than 80 researchers from 15 countries.
Seawater temperature time-series are being acquired in more than 70 sites covering all
Mediterranean ecoregions. In T-MEDNet, seawater temperature is being measured
continuously at high frequency (every hour) using data loggers deployed by divers at standard
depth levels, every 5 m from the surface down to 40 m depth or more. Observations, back to
1997 for the oldest, are managed in a centralized way and continuously updated, resulting in a
harmonized and quality-checked database of over 20 million in situ T° measurements. These
data have proved key for the characterisation of thermal regimes in the highly dynamic coastal
zone and trend analysis at climatic time scales (e.g. warming and marine heatwaves).
Regarding the mass mortality events, T-MEDNet provides the most updated comprehensive
inventory of mass mortality events in the Mediterranean with about 2000 records encompassing
more than 90 species from 9 different phyla. Finally, T-MEDNet hosts the results of the
monitoring efforts to track shifts in the distribution of fishes encompassing more than 3000
transects including the information on the abundance of 15 indicator species. Overall, the
information provided by T-MEDNet contributes support to adaptive management strategies
from local to regional scale face to climate change.

Key-words: Climate change, marine heatwaves, mass mortality events, indicator species, alien
species

Introduction

The Mediterranean Sea is warming at an unprecedented rate, faster than the global
ocean, and there is an increasing need to understand and manage this rapid
transformation that affects marine ecosystems and the services they provide to our
societies (Garrabou et al., 2022a). Besides the complexity of these changes, we are
witnessing today a number of macroscopic and measurable impacts, a novel scenario,
which in its most extreme manifestation is driving the collapse of native biodiversity.
Despite that the ongoing changes are affecting most coastal Mediterranean key habitats,
the coralligenous and other calcareous bio-concretions (e.g. vermetid reefs, Cladocora
caespitosa banks) are among the most affected habitats. After the observation of the
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unprecedented mass mortality in 1999 affecting mainly the coasts of the NW
Mediterranean and realizing the lack of coastal temperature series, a monitoring strategy
on the thermal conditions using temperature data loggers was setup (Bensoussan et al.
2019). This was the origin of the T-MEDNet network devoted to track climate change
effects in the Mediterranean coastal ecosystems (www.t-mednet.org). Over the past two
decades, T-MEDNet has been supporting the implementation of cost-effective
monitoring protocols on seawater temperature conditions in coastal areas, in parallel
monitoring protocols devoted to track biological indicators on the onset of mass
mortalities and shifts in native and exotic fish species distribution have been
implemented. In this communication, we present the main outcomes of this successful
collaborative monitoring network.

Materials and methods

T-MEDNet network has developed a harmonized monitoring strategy to track climate
change effects across the Mediterranean Sea with the support of research teams and
MPAs managers. A landmark of this effort is the development of a web platform
(www.t-mednet.org) and the preparation of complete toolkits for each monitoring
protocols to ensure an effective and efficient implementation. All together, these
materials provide a system to support the entire process, from the sampling design and
data collection (field activities), to the analysis and interpretation of data, up to the final
assessment of climate change impacts in the monitored areas as well as at more global
level (Figure 1).

SUPPORTING

INDICATORS
DATA analysis

ASSESSMENT

MANAGEMENT
advices

INTERPRETATION

Fig. 1: Conceptual scheme of the T-MEDNet monitoring strategy. This is aimed to assist
participants in tracking Climate Change impacts, from data-collection during fieldwork to
data analysis and assessment.

T-MEDNet has fully implemented three monitoring protocols, the description of these
protocols and all related materials are available in the T-MEDNet platform and in the
monitoring protocols booklet (Garrabou et al. 2022b).

Temperature conditions. Temperature protocol is designed to acquire long-term and
high-resolution information on temperature conditions along the depth gradient in
coastal waters. In this protocol we propose characterizing sea water temperature
conditions recording temperature every hour using data loggers (HOBO Tidbit v2 and
HOBO U22) deployed and recovered over an annual or a semi-annual basis. Data
loggers are placed every 5 m from surface down to 40 m or deeper in order to acquire
information about seasonal stratification dynamics and temperature conditions at depth.
Run over the long-term these data series build robust baselines and track hydrological
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changes (e.g. warming, marine heatwaves, shifts in seasonality, stratification) to better
understand the impacts of climate warming on marine coastal biodiversity.

Mass mortality. The mass mortality protocol stems from the scientific and field
experience gathered during the impact assessment of mass mortality events in different
areas of North-Western Mediterranean. The protocol has been successfully applied to
monitor the effects of mass mortality events in macrobenthic species such as
gorgonians, sponges and bryozoans, but can be adapted to other benthic species. The
mass mortality protocol provides quantitative information on the impact on local
populations. We consider a local population as a group of colonies/individuals of the
same species (ranging from tens to thousands colonies/individuals depending on the
species) dwelling in a specific geographic location defined by spatial coordinates and
depth range. The surveys quantified the percentage of affected colonies/individuals for
each species either directly in the field or from photographic/video sampling. The
observations on mortality across taxonomic groups may depend on the timing of the
surveys and the duration of the specimens’ structures (e.g. soft vs hard skeletons)
attached to the substratum after their death. In the case of clonal species (e.g.,
gorgonians, bryozoans, sponges), we considered an individual/colony to be affected by
mortality when it showed recent tissue necrosis over 10% of its surface (Garrabou et al.
2009, 2019).

Climate Fish protocol. The Climate Fish protocol focuses on a group of target species
chosen on the basis of their responsiveness to temperature conditions (thermal affinity),
widespread distribution and easy identification. These criteria were discussed within a
large network of Mediterranean scientists. The species monitored include: Epinephelus
marginatus, Thalassoma pavo, Sparisoma cretense — indigenous warm affinity species
with documented northward expansions (Milazzo et al. 2016); Coris julis and Sarpa
salpa — indigenous temperate species, for which there is evidence of shrinking of their
preferred habitat (Milazzo et al. 2016). We also included the native Serranus scriba and
S. cabrilla, because of their ecological similarity and taxonomic relatedness, associated
with a different thermal affinity. Besides the indigenous, the protocol includes eight
Lessepsian fishes (which entered the Mediterranean through the Suez Canal) which are
currently expanding from the Eastern Mediterranean, namely: Fistularia commersonii,
Siganus luridus, Siganus rivulatus, Pterois miles, Stephanolopis diaspros, Parupeneus
forskali, Pempheris rhomboidea and Torquigener flavimaculosus. Fish counts were
performed along standard visual census transects of 5 minutes at a standard speed of 10
m-min™ (corresponding to an approximate area of 5 x 50 m).

Results

Seawater temperature time-series are being collected in more than 70 sites across all
Mediterranean ecoregions, from Gibraltar straight to the West, to S-Turkey to the East.
Observations, back to 1997 for the oldest (>20 years data series), are managed in a
centralized way and continuously updated, resulting in a harmonized and quality-
checked database of over 20 million in situ T° measurements (Figure 2). The
temperature data series allowed to characterize coastal thermal regimes and the trend
analysis at climatic time scales (e.g. warming and marine heatwaves). Besides, these
data are being key to analyze biological responses to warming, considering episodic
events, in particular the onset of mass mortality events affecting the benthic biota, but
also changes in species distribution and phenology (see below).
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Successful Coastal Climate Change Observation Network
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Fig. 2: Overview on the implementation of monitoring protocol on temperature conditions
in the coastal areas: sites, years, number of data as well as temporal and spatial patterns.

The implementation of the mass mortality protocol provided the most updated
comprehensive inventory of mass mortality events in the Mediterranean, with almost
2000 records encompassing more than 90 species from 9 different phyla. The most
affected taxa are cnidarians, sponges and bryozoans from the coralligenous habitats.
The most widespread mass mortality events were recorded in 1999, 2003 and during the
five year period 2015-2019. While the 1999 and 2003 mass mortality events mainly
affected the western Mediterranean, in the 2015-2019 all Mediterranean ecoregions
were affected. In all events, populations from surface down to >45 m depth suffered
mortality impacts. Different analysis with the temperature conditions recorded during
the mass mortality clearly indicated the relationship between the onset of the events and
the exposure to high temperature conditions (T max and marine heatwaves) (Garrabou
et al. 2022a).

The Climate Fish protocol already provided 3142 underwater observations from
different Mediterranean ecoregions. For some areas, up to 9 consecutive years of census
are available. Overall, 101,771 individuals belonging to the 15 target species were
counted. The most represented species were S. salpa (38,201), C. julis (26,620), and T.
pavo (12,718). The database also contains observations on 8 non-indigenous species
(NIS). These species, mostly distributed in the eastern sectors of the Mediterranean, are
currently underrepresented in the database, but counts of non indigenous species are
expected to grow along with the future implementation of the Climate Fish protocol in
the eastern sector of the Mediterranean.

Discussion and conclusions

The T-MEDNet can be considered a successful collaborative observation network
initiative. The main pillar for this success is to promote the implementation of
harmonized monitoring actions by local actors across the Mediterranean to provide a a
general picture on climate change effects. Thanks to the trust and collaboration of
research teams and MPA managers from 15 Mediterranean countries and the data
validation and reporting by the scientific coordination team, T-MEDNet is providing
key information on climate change effects across the basin.
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The T-MEDNet monitoring tools respond to the principles of the Ecosystem Approach
undertaken under the auspices of UNEP/MAP Barcelona Convention and share many
commonalities with the implementation of the EU Marine Strategy Framework
Directive (MSFD; Directive 2008/56/EC) (EC 2008a), which aims at reaching the good
environmental status (GES) through informed management decisions. The monitoring
protocols and their associated indicators have been chosen on the basis of their scientific
relevance, feasibility, and cost effectiveness.

The amount and quality of results obtained through T-MEDNet are able to reconstruct
past changes, set baselines and to regularly quantify climate-related changes and
impacts. The monitoring protocols are also valued for surface and model validation in
the coastal zone, contributing to more realistic information for vulnerability assessment
in support to adaptive management strategies from local to regional scale. The chosen
approach of proposing cost-effective protocols and support to participants over the
entire implementation process, from field implementation, data management and
validation and informing management options, proved to be solid. This was possible
thanks to the development of adapted tools including the organization of trainings,
preparation of related documents, video tutorials, data reports and user-friendly web
platform. Besides the three protocols presented here, other protocols have been
developed to track other dimensions of climate change impacts. For the development of
these new protocols the same philosophy was applied (Garrabou et al. 2022b). We
expect to be able to fully implement them in the T-MEDNet platform as we did for the
three protocols presented here.

T-MEDNet is seeking for support and collaboration to continue and enlarge the network
representativeness. Ensuring recurrent funding of such international collaborative
initiatives both at local and for the network coordination is identified as the main
challenge to continue T-MEDNet activities. In the future, T-MEDNet priority is
integrating more Marine Protected Areas to the observation network. Since other human
activities are restricted in the MPAs, these areas are privileged sentinel zones to track
climate change. Bearing in mind the current environmental and conservation framework
on marine ecosystems, i) the commitments at EU and Barcelona convention on the
protection targets, 30% by 2030, and ii) to reach the Good Environmental Status in the
Mediterranean (see above), we contend that the proposed T-MEDNet protocols can
support both processes. In fact, the adoption of this view, with the proposed protocols
and others developed under the same philosophy, may represent an excellent
opportunity to support long-term observation schemes. To promote this vision, we
propose to launch the “100x30 MPA challenge” which seeks by 2030 to have 100
MPAs implementing harmonized monitoring protocols as those developed within T-
MEDNet.
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CIGESMED FOR DIVERS: A SUCCESSFUL APPROACH COMBINING
SCIENCE AND CITIZEN INVOLVEMENT FOR THE MONITORING OF
NW MEDITERRANEAN CORALLIGENOUS REEFS

Abstract

CIGESMED for divers is a citizen science program developed in 2016 by an international
scientific team. It aimed to provide a scientifically-based simplified protocol for recreational
divers to get involved in the monitoring of coralligenous reefs. Between 2016 and 2021, about
150 observations were collected by volunteer divers in and around the area of the Calanques
National Park (Marseilles, France). The data collected allowed the qualitative and semi-
guantitative description of the benthic communities of 27 diving sites and the assessment of some
natural and anthropic pressures. Data were analysed by gathering observations over three
consecutive years to get enough data to reduce the observer bias, and to allow temporal
comparisons of the most frequented diving sites. It was then possible to characterise the
abundance of the main taxa, as well as the pressures that occurred in this habitat. Their variation
over time was also highlighted. Considering the limitations imposed by scuba diving to citizens’
involvement, as well as the lack of knowledge from recreational divers and diving instructors
regarding coralligenous communities, those results were only made possible because of the
enthusiastic coordination of a local network. Indeed, a diving and scientific organisation
(Septentrion Environnement) proposed, every year, training sessions (theory and practice) and
scheduled dives dedicated to CIGESMED for divers. By encouraging a feedback flow with the
participants, it promoted the long-term involvement of citizens. CIGESMED for divers has proved
to be an effective tool for the long-term monitoring of coralligenous reefs, particularly for local
management purposes. It has also demonstrated to be a great tool for educational and training
activities.

Key-words: long-term monitoring; coralligenous reefs; pressures; citizen science; local network

Introduction

Over the past decade, the active participation of volunteer divers has greatly assisted
researchers in the inventory and monitoring of marine biodiversity (Thiel et al., 2014)
and it still continues. In the Mediterranean Sea, some notable examples of Citizen Science
(CS) programs focused on marine biodiversity concern the study and monitoring of non-
indigenous species (Giovos et al., 2019; Zenetos et al., 2013), vulnerable emblematic
species (Bramanti et al., 2011), aggregates of jellyfish and other gelatinous plankton (e.g.
www.jellywatch.org), fish populations (Arvanitidis et al., 2011), gorgonians and corals
mortality and/or reproduction (e.g. Coral Alert! Observadores del Mar platform), or long-
term variations in marine benthic rocky communities linked to climate change (Turicchia
etal., 2021).

Although a multitude of CS projects concern tropical coral reefs on a global scale, few
focus on their Mediterranean counterparts: the coralligenous reefs. This is likely due to
the depth at which this biocenosis usually develops, which requires more experienced
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scuba divers than for observing shallow water reefs. At the same time, the complex
structure and remarkable biological and functional diversity contribute significantly to
the high aesthetic value of coralligenous reefs (Tribot et al., 2016). Thus, they are
extremely popular among scuba divers and are, without a doubt, among the most valued
dive sites of the Mediterranean Sea.

In the framework of CIGESMED SeasEra (ERAnet) international project, the citizen
science initiative "CIGESMED for divers" was launched in 2016 in France, Greece and
Turkey. A simplified scientific protocol based on observation was created and theoretical
training material was provided.

This initiative was launched to involve enthusiastic divers in the study and monitoring of
Mediterranean coralligenous assemblages. It also aimed to introduce citizen to the
gathering of basic information regarding the spatial occurrence and the assemblage
structure of coralligenous reefs, as well as it participates to the awareness concerning
pressures or threats that may be encountered (Gerovasileiou et al., 2016). One of the
objectives of CIGESMED for divers was to provide tools for recreational divers to
continue to study and monitor coralligenous reefs after the official end of the CIGESMED
project (2016). Willing to make divers aware of the ecological concerns in regard to
coralligenous reefs and to promote their privileged position as the first observers of
environmental changes, this initiative hand over the coordination to local actors and while
maintaining a context of strong collaboration with scientists.

In this context, the partnership between Septentrion Environnement, via its citizen science
platform POLARIS (Barth, 2020), and CIGESMED for divers has proven to be coherent
and fruitful since its beginnings in 2016. POLARIS has become increasingly involved in
the theoretical and practical training of diver-observers. It has developed a training
process that is now autonomous and operational, which has proven to be essential for the
effective application of the coralligenous habitat observation protocol. Two to three dive
sessions per diving season are entirely dedicated to CIGESMED for divers which enable
POLARIS to collect data and monitor coralligenous reefs year after year, particularly in
the Calanques National Park (Gatti & Barth, 2020).

Six years after the beginning of this program, the data collected by volunteers have
provided many information about coralligenous reefs communities in Marseilles’ Bay,
and the long-term monitoring of the most frequented diving sites has been initiated. This
study aimed to discuss the initial objectives and the implementation strategy of
CIGESMED for divers. More precisely, it identified which goals have been achieved, and
discussed how to improve the dissemination strategy to support coralligenous reefs
monitoring elsewhere in the Mediterranean Sea.

Materials and methods

The study area included 27 dive sites in the marine side of the Calanques National Park
(Marseilles, France), in the NW Mediterranean Sea. With only two exceptions from the
“buffer zone” (PNCAL-A-87, -64, and -141), most of the study sites was located in the
“restricted zone” of the Park.

Data collection was supported by submersible slates provided to the volunteer divers. The
slates contained all the required information for the characterization and assessment of
coralligenous assemblages. More precisely, was observed a) the basic topographic and abiotic
features for the preliminary description of each site; (b) the semi-quantitative abundance
(abundance ranks: O - absent; 1 - rare; 2 - common; 3 - very common) of 23 typical
conspicuous species distributed throughout the whole Mediterranean; and c) the semi-
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quantitative abundance (abundance ranks: 0 - absent; 1 - limited; 2 - extended) of pressures
and imminent threats (see Gerovasileiou et al., 2016 for more details about the protocol).
Prior to their first dive considered in this study, all volunteers have participated to a
theoretical and practical training provided by POLARIS’ team. After the dive, each
participant shared their data via the POLARIS’ mobile application.

After checking the validity of the data, the number of observations collected in each
diving site was computed in order to highlight the most frequented dive sites, which will
be selected for long-term monitoring.

Data were analysed by gathering observations over three consecutive years (TO: 2016-
2018; T1: 2018-2021) to reduce the observer bias, and to ensure that long-term
monitoring of the most frequently visited sites was possible.

For coralligenous assemblage characterization, species were grouped according to their
higher taxonomic affinity (Algae, Porifera, Cnidaria, Bryozoa, Crustacea, Echinodermata
and Osteichthyes); endangered and protected species (according to IUCN Red List and
local conservation measures) where grouped as well. The average abundance of each
group (taxonomic and endangered/protected) per site was calculated as the sum of the
average abundance of the species in each group. The temporal comparison of the
assemblage composition and of the endangered/protected species was possible only for
sites that presented sufficiently high and similar number of observations in the two
periods (TO and T1). The average abundance rank of each pressure and threat was
computed taking into consideration all the study sites, in order to get an overview of their
overall contribution and temporal variation in the Calanques National Park.

Results

Globally, 151 observations were collected between 2016 and 2021, including about 10% of
non-exploitable contributions. The observed depth range varied from 11 m to 38 m. The
observations were not evenly distributed among the study sites. In most of the sites, less than
5 observations were registered over TO+T1, while only 4 study sites had more than 10
observations (PNCAL_C 106, 103, 007 and PNCAL_A_087) (Fig. 1). The site
PNCAL_C 106 was the only one that accounted for more than 20 observations almost evenly
distributed between TO and T1 (12 and 15, respectively). It was therefore selected for the
temporal comparison of coralligenous assemblages that follows. The coralligenous reef of
PNCAL_C_106 (Les Pharillons) developed on vertical walls from 14 m to 38 m depth and
were exposed to all cardinal points. The bioconstruction was discontinuously distributed over
an horizontal extent of more than 20 m and have shown medium to small crevices. Whatever
the depth and time, the community was dominated by Cnidaria, followed by Algae
(calcareous red algae and Peyssonnelia spp.), Porifera, Bryozoa and Osteichthyes;
Echinodermata and Crustacea which were less represented (Fig. 2a). The temporal
comparison between TO and T1 highlighted negligible changes in protected/endangered
species abundance (Fig. 2b) and in the majority of taxa, with the exception of Porifera which
increased their abundance rank of more than 1 unit over time (Fig. 2a).

Pressures and threats over all study sites were mostly represented by “Organisms
necrosis” and “Mucilaginous aggregations” at both TO and T1, and did not changed over
time. “Asparagopsis spp.” was the second major pressure in TO, but dramatically
decreased in T1. “Caulerpa cylindracea”, “Fishing gear” and “Divers recklessness”
contribution was less important, both showing a slight reduction over time.
“Sedimentation” was also low, but lightly increased in T1. Finally, “Anchoring” and
“Litter” have shown negligible abundance and temporal variation.
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Fig. 1: Total number of observations collected in the Calanques National Park over 27
diving sites, and their distribution between TO (dark grey) and T1 (light grey).
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Fig. 2: Site PNCAL_C_106 (Les Pharillons) - a) Average (+SD) taxa abundance at TO (dark
grey) and T1 (light grey); b) average (+SD) abundance of protected/endangered species at
TOand T1.

Discussion and conclusion

The spatial distribution of the observations highlighted a very dispersed sampling effort.
Since now, no limits were imposed to the participants on the choice of diving site.
However, opting for a large set of sites reduced the number of observations in a site, as
the replication process was then limited. The data acquired wasn’t sufficient to be
analysed in a different way than descriptive purposes, or a long-term monitoring. At the
same time, the results highlighted that a handful of sites were regularly frequented,
because of their strategic position, protected from the prevailing winds in the area (NW
and SE winds). A temporal analysis was possible in only one site: observations were
carried out regularly at TO and T1, which was not the case for the other sites. For these
latest sites, it would be necessary to wait until T2 (2021-2024 data) to start a long-term
monitoring. Then, from a scientific point of view, it would be useful to concentrate the
dives dedicated to CIGESMED for divers (three per diving season, at Septentrion
Environnement) on these few sites, in order to obtain enough data to continue monitoring.
This strategy would be in agreement with the feedback received from other diving
facilities that we have been trained to the protocol: most of them usually dive on the same
sites (four to five at the most). It will therefore be useful to encourage them to choose a
couple of sites to do CIGESMED for divers, in order to concentrate the sampling effort
and obtain useful data for the long-term monitoring and statistical analyses. Nonetheless,
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during autonomous dives, volunteer observers will still have the opportunity to choose
the observation site. Such information will feed the participative coralligenous database
even if it is scattered.

The minimal changes observed for taxa between TO and T1 were in agreement with the
general characteristics of the coralligenous biocenosis, dominated by long-lived and
slow-growing organisms (Ballesteros, 2004). The positive variation observed for Porifera
could be traced to an improvement in the identification of Agelas oroides and Cliona spp.
Volunteer divers have often shown difficulty in identifying those species, and this has led
us to particularly insist on this issue during the training sessions. The same problem was
encountered for the "Sedimentation” pressure, which however remained a particularly
difficult element to identify for voluntary observers.

The overview of pressures and threats indicated “Organisms necrosis” as the most
abundant at both TO and T1 (Fig. 3). In fact, as in other areas of the NW Mediterranean
Sea, the populations of gorgonians in the Calanques National Park are regularly affected
by episodes of necrosis due to summer heat waves (Coma et al.,, 2009). Some
“Mucilaginous aggregations” were also observed each year. This pressure causes necrosis
in several taxa of ecosystem engineers and an increase in algal turf, affecting the
ecological state of the coralligenous biocoenosis (Piazzi et al., 2018). The participative
observation of these phenomena has contributed concretely to their long-term monitoring
in the area. In the meantime, recreational divers have become aware of the impact of
seawater warming on their favorite playground.
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Fig. 3: Average abundance of each pressure and threat observed over all study sites at TO
(dark grey) and T1 (light grey).

CIGESMED for divers has proved to be an effective tool for the long-term monitoring of
coralligenous reefs, particularly for local management purposes. It has also demonstrated
to be a great tool for educational and training activities.

Considering the limitations imposed by scuba diving to citizens’ involvement, as well as
the lack of knowledge from recreational divers and diving instructors regarding
coralligenous communities, those results were only made possible because of the
enthusiastic coordination of a local network, by the ONG Septentrion Environnement and
its POLARIS platform, in constant interaction with the scientific team of CIGESMED for
divers. By encouraging a feedback flow with the participants, the training sessions and
the submersible slate were regularly improved and adapted according to their suggestions,
reducing the observer bias and promoting the long-term involvement of citizens (Cerrano
etal., 2017).

CIGESMED for divers successfully took over the CIGESMED project in the monitoring
of coralligenous reefs in France, as its implementation along the French Mediterranean
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coasts is now encouraged by the French Biodiversity Office through the MarHa Life
project (2020-2022).
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REVIEW OF THE GEOGRAPHIC AND BATHYMETRIC
DISTRIBUTION OF MAERL BEDS IN TUNISIAN WATERS

Abstract

Maérl beds are aggregations of living and dead of free-living calcareous rhodophytes. These
slow growing organisms that cover a wide benthic marine areas and are recurrent in fossil
deposits are threatened by numerous anthropogenic activities particularly dredging,
eutrophication and by changes in the dynamics of currents on the seafloor. Tunisian maérl
communities have been poorly studied due to lack of taxonomic expertise and regular surveys.
According to the scientific, grey literature, technical reports available, studies on the specific
diversity and bathymetric distribution of these biogenic habitats in Tunisia are fragmentary,
rare or even absent for many areas. In order to fill this gap, this study aimed to provide an
overview of the geographic and bathymetric distributions of maérl beds of the Tunisian coast.
Information was collected from literature review, local ecological knowledge surveys of divers
and scuba diving between 2021 and 2022. The presence of Maérl beds is documented in the
northern coasts at depths between 1-60 m. Nine maerl-forming algal species were identified in
Tunisia; 8 Corallinaceae: Lithothamniom corallioides (P.Crouan & H.Crouan) P.Crouan &
H.Crouan, 1867, Lithothamnion minervae Basso, 1995, Lithothamnion valens Foslie, 1909,
Phymatolithon calcareum (Pallas) W.H.Adey & D.L.McKibbin ex Woelkering & L.M.Irvine,
1986, Neogoniolithon brassica-florida (Harvey) Setchell & L.R.Mason, 1943, Lithophyllum
racemus (Lamarck) Foslie, 1901, Mesophyllum alternans (Foslie) Cabioch & M.L.Mendoza,
1998 and Mesophyllum lichenoides (J.Ellis) Me.Lemoine, 1928; and one Peyssonneliaceae:
Peyssonnelia sp Rhodolith shape varied from non-spherical to spherical and rhodolith
morphotypes ranged from rhodoliths with very thin and fine branches to rhodoliths having short
finger-like branches. Information obtained in this work provides a first baseline for future
monitoring and hope of guiding future conservation and management actions for maérl beds in
Tunisia.

Key-words: Maérl beds, Tunisia, Central Mediterranean, Coralline algae, Bioconcretion

Introduction

Maérl beds are aggregations of free-living coralline algae that constitute habitats with a
high species diversity over broad geographical and depth ranges and cover extensive
benthic areas of subtidal environments worldwide (Sciberras et al., 2009; Neves et al.,
2021). Rhodoliths could be unattached on the seabed (Bosence, 1983) or may form
substantial beds in coarse, fine and muddy sediments (Foster 2001), from the tropics to
polar waters and from the low intertidal zone down to more than 100 m deep (Foster
2001; Riosmena-Rodriguez et al., 2017).

Due to their important longevity and their high biodiversity, the conservation
importance of maérl beds is increasingly recognized. In addition and because these
habitats can provide a variety of ecological niches for a highly diverse range of species,
they constitute potential benefits for commercial fisheries (Hall-Spencer et al., 2008).
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Although maérl beds are both of economic importance and conservation interest, data
on their biogeography and their associated communities are lacking. Mapping these
habitats is a basic step required to implement effective management and conservation
measures. In general, there is a knowledge gap in the geographic and bathymetric
distribution of maérl beds in the Mediterranean. However, information on the
distribution of these assemblages along the southern Mediterranean coasts is very
scarce. The information available in Tunisian marine waters was compiled over four
decades ago by Azouz (1973) during investigations of dredged bottoms in northern
Tunisia or extracted from benthic bionomics studies (Ben Mustapha et al., 2002 a and
b) or from some biodiversity inventories (Afli et al., 2005; Ben Mustapha & Afli, 2007;
Ramos-Espla et al., 2011).

The main goal of this work was to provide an updated overview of the distribution of
maérl beds found in Tunisian marine waters.

Materials and methods
The study was carried out along Tunisian coasts including the main islands. To present
the information on the distribution of maérl beds along Tunisian coasts, three sectors
were considered:
e Sector 1, from the Algerian border to Kélibia, which covers 393 km of coastline
and is part of the western basin of the Mediterranean Sea (WMED));
e Sector 2 comprises the area between Kélibia and Ras Kapudia (261 km of
coastline) and;
e Sector 3 from Ras Kapudia to the Libyan border, including the Gulf of Gabés
(482 km coastline).
A literature survey was carried out using several bibliographic databases for the period
from 1950 to the present. The research was done using different combinations of
keywords, such as Mediterranean, maérl beds, bioconcretion, benthic biocenoses, and
Tunisia. In addition, information was obtained from technical reports published by
Tunisian national institutions. The site coordinates were taken from either the references
or the maps included in the publications. Species occurrences were also obtained from
the LEK approach via interviews with professional and recreational divers. A total of 9
interviews were conducted. To ensure the quality of the information acquired, the
interviews were performed by showing photographs of the maérl beds. A total of 5
localities were surveyed for the presence of maérl beds using scuba diving. The sites
were selected after analyzing the literature and the results of the LEK surveys of divers,
and were based on information on the nature of the bottom. The surveys were conducted
also in insular areas (Table 1). Diving surveys were carried out to a maximum depth of
40 m and for each site, GPS coordinates were recorded.

Results

Maérl beds are almost present in the northern coasts at depths between 1-60 m. Nine
maérl-forming algal species were identified in Tunisia; 8 Corallinaceae: Lithothamniom
corallioides (P.Crouan & H.Crouan) P.Crouan & H.Crouan, 1867, Lithothamnion
minervae Basso, 1995, Lithothamnion valens Foslie, 1909, Phymatolithon calcareum
(Pallas) W.H.Adey & D.L.McKibbin ex Woelkering & L.M.lIrvine, 1986,
Neogoniolithon brassica-florida (Harvey) Setchell & L.R.Mason, 1943, Lithophyllum
racemus (Lamarck) Foslie, 1901, Mesophyllum alternans (Foslie) Cabioch &
M.L.Mendoza, 1998 and Mesophyllum lichenoides (J.Ellis) Me.Lemoine, 1928; and one
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Peyssonneliaceae: Peyssonnelia sp (Tab.1). Rhodolith shape varied from non-spherical
to spherical and rhodolith morphotypes ranged from rhodoliths with very thin and fine
branches to rhodoliths having short finger-like branches.

Table 1. Maérl beds distribution in Tunisian waters with geographic position, depth range
and source of information

Sector | Locality | GPS Coordinates Depth Species Source
(m)
36°58°646”N 15-25 Lithothamniom This study
Tabarka 8°44°499”E corallioides,
Mesophyllum sp
36°58°505”N 25 Lithothamniom This study
8°45°216"E corallioides
Sector 37°29°53”N 35- 62 Lithothamnion Andromeéde
1 Galite 8°53’09”E valens, L. (2010a)
Island minervae,
Lithophyllum
racemus,
Phymatolithon
calcareum
Cap Serrat 37°14°32”N 15- 20 Peyssonneliacea PNUE/PAM-
Cap Negro 9°13’22"E and Corallinacea CARJ/ASP,
2016
Bizerte 37°15’10”N 0.5-3 Lithothamniom This study
9°59°30”E corallioides
Cani Island 37°21°220”N 25-40 LEK Survey
10°07°450”E
Banc 37°45’200”N 15-60 LEK Survey
Esquerquis 10°48’620"E
Zembra 37°08'441"N 5-15 Lithothamniom Andromede
Island 010°47'736"E corallioides, (2010b) &This
Mesophyllum sp, study
Phymatolithon
calcareum
37°08'200"N 0-15 Lithothamniom Androméde
010°48'160"E corallioides, (2010b) &This
Mesophyllum sp study
37°02°607”N 15-18 Mesophyllum sp This study
Haouaria 11°04°650”E
37°03’11”N 3-5 Lithothamniom This study
10°58’51"E corallioides,
Phymatolithon
calcareum
37°03°48”N 7 Mesophyllum sp This study
11°00°19”E
Sector Banc 36°31°870”N 25-35 Mesophyllum sp This study
2 Korba 11°05’810"E
Banc 35°34°650”N 39- 45 Lithothamnion sp. | Ben Mustapha
Hallouf 11°32°050”E & Afli, 2007
35°46°12”N Lithothamnion sp, CAR/ASP -
Kuriat 11°00°07”E 0.5-7 Lithophyllum sp, PNUE/PAM,
Islands 35°48°21"N Mesophyllum sp 2014
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11°02°03"E
Sector | Kerkennah 34°33°48”N 21-45 Lithothamnion Ramos Espla et
3 Island 11°19°54”E corallioides, L. al., 2011
minervae,
Phymatolithon
calcareum et
Mesophyllum
alternans
Bibane 33°18’15”N Neogoniolithon Langar et al.,
Lagoon 11°11'53"E brassica-florida 2011

Discussion and conclusions
In this study, we have provided comprehensive geo-referenced data on the geographic
distribution and bathymetric ranges of maérl beds in the Tunisian coastal waters by
conducting field work and gathering all published information. This effort provided a
compilation of information and new records for Tunisian waters for several species in
different areas. A total of nine species of rhodoliths were found in Tunisian waters. The
depth range of the rhodolith beds described in the present study varied between 0.5 and
62 m even though the depth range for all the sites where rhodolith-forming species were
observed/reported is much larger (8-129 m) (Rebelo et al., 2018; Otero-Ferrer et al.,
2020).
As maérl depend on light interception and absorption for photosynthesis, depth is
determined by water turbidity which could explain its presence on high depths in insular
sites.
Maérl beds are threatened by numerous anthropogenic activities including dredging,
eutrophication, fishing, and mariculture (Ballesteros 2006). In Tunisian coasts, the main
threat to maérl beds is from bottom trawling (Ramos Espla et al., 2011).
Maérl beds are now receiving local and international protection and some maerl-
forming species such as Lithothamnion corallioides and Phymatolithon calcareum are
both included in Annex V of the EC “Habitats Directive’ 1992. In fact, the review of the
distribution and richness of these biodiversity hotspots in Tunisian waters could be
considered a basic step that will contribute to the implementation of management and
conservation strategies for these emblematic Mediterranean habitats.
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NO ONE IS SAFE: DESTRUCTION OF CORALLIGENOUS
CONCRETIONS AND OTHER BENTHIC SCIAPHILIC
COMMUNITIES IN THE MPA CAPE GRECO (CYPRUS)

Abstract

In the current state of a changing world, understanding the role of disturbance, anthropogenic
or natural, as a driving force behind biodiversity, communities, and habitats and ecosystems is
more relevant than ever. On-going mass-mortality events in the marine realm are only
surpassed by the consequences of man-made activities. This study assessed the dramatic
destruction of coralligenous concretions and benthic sciaphilic communities in the MPA Cape
Greco (Cyprus), which was documented a few days after large vessels anchored in the MPA'’s
buffer zone at the beginning of 2021. At 23m depth, more than 30 large boulders (the largest ca.
12m®) were dislodged or broken off from the rocky sea bottom and displaced far from the
detachment points. It was also observed meters-long scars on the bottom, large slabs and
sockets from where the broken pieces of rock came from. Anchors and chains from large vessels
usually leave this tell-tale type of damage. Sciaphilic communities that originally thrived below
the large boulders were directly exposed to sunlight. The absence of clear signs of necrosis and
onset of general mortality in those organisms at the time of the initial survey, suggests that the
destruction occurred a few days before the visit. In order to document the damage on those
communities, the benthic cover was determined with the use of photo-quadrats and assigned to
main categories, such as live/necrotic/dead corals, calcareous algae, and sponges. The
preliminary results suggest that important sciaphilic biodiversity was affected and irremediably
lost. Given that many of these species are usually confined to dark habitats, mortality is usually
the final outcome when exposed to direct sunlight for prolonged periods of time and to
predation by biological agents. The damage to the sea bottom and biodiversity was of
geological proportions.

Key-words: Disturbance, dark habitat, coral mortality, biodiversity loss, human impact

Introduction

In the actual scenario of a changing world, understanding the role of disturbance,
natural or anthropogenic, as a driving force behind selection, resilience, biodiversity,
communities, assemblages and entire habitats and ecosystems is more relevant than ever
(Coleman & Wernberg, 2020; Gissi et al., 2021). Mass-mortality events in the marine
realm, causing a plethora of effects on various time scales, are often exacerbated by the
consequences of man-made activities (Newman, 2019; Gissi et al, 2021; Garrabou et al.,
2022). Even deep-sea habitats are not spared from ecosystem-scale changes. Coastal
areas are particularly affected by disturbances of land and sea origins (Ingrosso et al.,
2018). It is crucial to study ecological disturbances and to record their impacts on the
marine communities in order to formulate realistic conservation and management
activities (Newman, 2019). In the present study, we evaluated the percentage of
epibenthic cover in a boulder field area at 23-27m depth in the MPA Cape Greco
(Cyprus), before and after the dramatic alteration of the bottom topography due to
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anthropogenic activities that dislodged and moved large boulders in January/February
2021. We postulate that the ultimate fate of the coralligenous accretions and sciaphilic
communities that originally were under the boulders (dim, semi-dark environments),
will be an extensive mortality due to the unnatural position of flipped-over boulders.

Materials and methods

The MPA Cape Greco (Natura 2000, CY3000005), eastern coast of Cyprus in the
Levantine Sea (Fig.1), harbours important marine habitats, such as Posidonia oceanica
meadows, rocky reefs and shores, vermetid platforms, dark habitats including partially
submerged caves, coralligenous concretions, and rhodoliths. The specific place of the
study is a boulder field within the buffer zone of the MPA (34.973183° Lat.,
34.082233° Lon.), which has been monitored by our research team since 2010 and on a
systematic way (photo-quadrats) since 2016 (EU project PROTOMEDEA, Towards the
establishment of Marine Protected Area Networks in the Eastern Mediterranean) and on
a seasonal frequency since 2021 (LIFE-IP Physis, Managing the Natura 2000 network
in Cyprus and shaping a sustainable future). The epibenthic communities were recorded
with photos taken every 25cm using a 13cm x 19 cm frame along transect lines
following the contours of the boulders’ exposed (lit) surface (Fig.2). For the purpose of
this preliminary study, we concentrate on two surveys (July 2016 and February 2021).
From the pool of photos (n=187) positioned over boulders (not on sand, pebbles or
crevices), 33 from each survey were randomly selected. The benthic cover was
calculated using photoQuad image processing software (Trygonis & Sini, 2012) with a
systematic lay-out of 200 points.

Fig. 1: Location of the MPA Cape Greco (Cyprus, Levantine Sea) where alteration of the
sea bottom and extensive destruction of coralligenous concretions and sciaphilic
communities were documented in 2021. Position of shipwrecks mentioned in the text:
T=Touba, Z=Zenobia, C=Cricket.
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Fig. 2: Epibenthic communities surveys in July 2016 (a, b) and February 2021 (c, d) at the
boulder field in MPA Cape Greco. Quadrats (13cmx19cm) where laid along transects
(dashed line) following the sea bottom heterogeneity provided by the boulders (23-27m

depth). Volume of flipped-over boulder (c) approximately 2m?.

Sessile organisms (>1mm) were identified to the lowest taxonomic group and
percentage of cover was classified into nine main categories (substrate, calcareous
algae, macroalgae, bryozoans, cyanobacteria, sessile molluscs, porifera, corals, and
other organisms) according to other similar surveys in Cyprus (Jimenez et al., 2017a,
2017b). Here, the analysis of the data will be limited to these categories as a whole; a
more detailed description of the data and analysis is in preparation. Diversity among the
two surveys (2016, 2021) was examined using Shannon-Wiener diversity index (H’),
Species richness (S), and Pielous evenness (P). Statistical analysis for the comparison of
the community structures across the two surveys were conducted using the ‘vegan’
package in the software R, version 4.0.2. Species compositions were clustered into
single matrices per session, and plotted using Non-Metric Multi-Dimensional Scaling
(NMDS) based on Bray Curtis dissimilarity distance matrices of 0.05, and a stress value
of 0.11 (k =2, trymax = 500). To test whether the centroids of the clusters from the
NMDS differed, a Permutational Multivariate Analysis of Variance using Distance
Matrices known as adonis was performed (permutations = 1000, method = Bray, level =
0.05). Then to identify which of the nine benthic categories, fed into the separation of
the clusters a MAVONA and an Analysis of Variance (aov) was run (level = 0.05).

Results

During a particular period of unsettled weather, strong winds and hight swells, large
vessels anchored at sheltered areas in the MPA’s buffer zone at the beginning of 2021.
A few days after, at 23m depth, more than 30 large boulders (the largest ca. 12m?®) were
dislodged or broken-off from the rocky sea bottom and displaced far from the
detachment points. It was also observed meters-long scars on the bottom, large slabs
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and sockets from where the broken pieces of rock came from. Sciaphilic communities
that originally thrived below the large boulders were directly exposed to sunlight (Fig.
2c). The absence of clear signs of necrosis and onset of general mortality in those
organisms at the time of the initial survey (Fig. 2d), suggests that the destruction
occurred a few days before the visit. These exposed sciaphilic communities unnaturally
increased epibenthic diversity. The indices revealed that the community composition
that describes the 2021 survey (H’= 1.625, S=9, P=0.739) has a greater overall diversity
compared to 2016 (H’=0.883, S=5, P=0.549). This is a result of a combined increase in
the total number of species/categories present in the area, and a more equally distributed
species/categories abundance.

The NMDS and adonis (R*=0.26, p=0.001) have shown that the surveys in 2016 and
2021 were classified with different community compositions (graphics not shown here).
The 2016 had a greater abundance in the species categories Macroalgae and Calcareous
algae, while the 2021 survey had a higher composition in the species categories
Bryozoan, Corals, Porifera, Cyanobacteria and Mollusca. This analysis is further
supported by the Analysis of Variance (aov), which revealed that clustering was a result
of the categories Macroalgae (F=172.1, p<0.001), Calcareous algae (F=99.6, p<0.001),
Cyanobacteria (F=35.8, p<0.001), Mollusca (F=16.06, p<0.001), Porifera (F=131.9,
p<0.001), Bryozoan (F=47.2, p<0.001), Corals (F=460.2, p<0.001), and others (F=4.8,
p=0.03).

02016 N2021
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Others
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Bryozoan =
Porifera  Seshasssssssseswswssy———————————
Mollusca g—
3
AARARAMANAAY
AAAASNAAN

Cyanobacteria

Calc. Algae

Macroalgae

0 10 20 30 40 50 60 70
Cover (%)

Fig. 3: Percent benthic cover (meanz1SD) at the boulder field in 2016 and 2021 according
to nine categories.

The categories and the corresponding mean percentage of benthic cover (Fig. 3) clearly
show the unnatural epibenthic composition of the communities found in the 2021
survey. Four of the categories found in 2021 (coral, bryozoan, Mollusca and
cyanobacteria) on the surface of the boulders exposed to the light, were absent in 2016.
The species in two categories, coral (ca. 28% cover; Madracis pharencis) and bryozoan
(ca. 2% cover; Celleporina caminata), for example, are known members of sciaphilic
communities and rarely or almost never are found on flat surfaces exposed directly to
light. The composition of species in the other categories that appeared in both surveys,

77



4th Mediterranean Symposium on the conservation of Coralligenous & other Calcareous Bio-Concretions
(Genoa, Italy, 20-21 September 2022)

such as Porifera, is also different. The species in the 2021 survey (ca. 25% cover) tend
to be more cryptic and abundant in semi-dark habitats (e.g., encrusting Spirastrella
cunctatrix) than the species in 2016 (e.g., massive Sarcotragus sp.).

Discussion and conclusions

We have documented a large-scale destruction of the sea bottom at a boulder field in
MPA Cape Greco. Incipient coralligenous accretions and sciaphilic communities were
left exposed, on an unnatural position, directly to the light. The percentage of cover
from two main components of the sciaphilic communities in the affected area, is not
negligible. For illustrative purposes, selected available information of percentage of
cover of coral and sponges, from other sciaphilic communities in south-eastern Cyprus
(Fig. 1) is presented in Tab.1. The artificial substrates (metallic shipwrecks) are 42 to 74
years old and exhibit well developed sciaphilic communities and incipient biogenic
(coralligenous) accretions. The communities that developed in the dim and dark
undersides of the boulders, were of unknown age and in comparison, exhibited high
percentages of cover. It is necessary to point out that these are communities that
developed on natural substrate and are considered important repositories biodiversity.

Table 1: Percentage of cover (meanzSD) of coral and sponge from the shipwrecks Touba,
Cricket and Zenobia (Thermistor station), and at the boulder field in the MPA Cape
Greco.

Substrate characteristics Coral Sponge  Reference
Touba wreck, sunk 1974, 35 m depth 8.619 26.9+27 Jimenez et al. 2017a
Cricket wreck, sunk 1947, 32 m depth 19.3+13 27.6+26 Jimenez et al. 2017a
Zenobia wreck, sunk 1980, 17-42m depth 25.1+6 6.3£7.8 Jimenez etal. 2017b
Large boulders, 23-27m depth 29.1+11 25.2+15 This study

Which was the agent of change that modified to such extent the topography of the
boulder field? Scars, tracks, ruts and broken slabs of rock all over the boulder field are
circumstantial evidence of dragging across and hauling over heavy boulders. Sizable
anchors, cables and chains from large vessels usually leave this tell-tale type of damage
(e.g., Giglio et al., 2017). We are not making mountains out of mole hills. The extent of
the bottom modification (e.g., uprooting, dislodgement, and displacement of boulders)
and its associated destruction of coralligenous concretions and other sciaphilic
communities, is beyond any reasonable doubt an unprecedented mortality agent in the
study area. Sciaphilic communities that originally thrived below the large boulders were
directly exposed to sunlight. During subsequent visits to the boulder field in 2021,
widespread mortality and necrosis of organisms increased with time (Jimenez,
unpublished data). Given that many of these species are usually confined to dark
habitats, mortality is usually the final outcome when exposed to direct sunlight (i.e., UV
irradiation) for prolonged periods of time and to predation by biological agents.

The type of anthropogenic disturbance (mechanical) and extent of the damage surpassed
any other ecological or biological factors of change that would have otherwise regulated
the sciaphilic communities at 23-27m depth in the affected area of MPA Cape Greco. It
was a sea bottom transformation of an almost geological scale. This poses a challenge for the
management and conservation of the high biodiversity found in the coralligenous concretions
and sciaphilic communities of MPA Cape Greco. Enforcement of regulatory measures for
vessel transit and, in particular, anchoring is necessary to prevent further deterioration of the
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boulder field and other areas in the MPA. Lastly, it is only through periodic monitoring and
long-time series that changes are easier to detect (Bianchi et al., 2022).
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CORALLIGENOUS AND OTHER CALCAREQOUS BIO-
CONCRETIONS WITHIN THE INTEGRATED MONITORING
AND ASSESSMENT PROGRAMME OF THE MEDITERRANEAN
SEA

Abstract

The aim of this work was to assess the implementation status of the Integrated Monitoring and
Assessment Programme (IMAP) with the emphasis on two Common Indicators (Cls) related to
marine habitats: CI1 - Habitat distributional range and CI2 - Condition of the habitat’s typical
species and communities. Here we focus on coralligenous and other calcareous bio-concretions
(algal platforms/rims, vermetid reefs, Cladocora caespitosa reefs and rhodolith beds) and
elaborate on elements such as scales of monitoring, scales of assessment and assessment
criteria as well as threshold and baseline values retrieved from the available data, obtained
through extensive literature review and consultation with experts. The analysis revealed that at
least one of the selected biogenic habitats was represented in the national monitoring
programmes of 70% of the Contracting Parties (CPs) to the Barcelona Convention. The
information was unavailable for 15% of CPs. Herein we discuss a way towards a more
standardized and coherent monitoring and assessment of the IMAP Common Indicators related
to marine habitats in preparation of the 2023 Mediterranean Quality Status Report.

Key-words: Barcelona Convention, IMAP, GES, biogenic habitats, coralligenous habitat

Introduction

The Integrated Monitoring and Assessment Programme (IMAP) of the Barcelona
Convention Ecosystem Approach process aims to monitor biodiversity and non-
indigenous species, pollution and marine litter, coast and hydrography in an integrated
manner (UN Environment/MAP, 2017). As such, IMAP aims to facilitate the
implementation of article 12 of the Barcelona Convention and several other monitoring
related provisions under different Protocols with the main objective to assess the Good
Environmental Status (GES) across the Mediterranean Sea and take measures to achieve
it. In the scope of the UNEP/MAP-SPA/RAC Programme of Work (2020-2021 and
2022-2023) and with the financial support of the EU funded project IMAP-MPA,
SPA/RAC has been working on the elaboration of assessment criteria, thresholds and
baseline values for habitats and species with adequate data availability, following the
recommendations of the 2017 Mediterranean Quality Status Report (2017 MED QSR,
Decision 1G.23/6). In this regard, our goal was to assess the implementation status of
two IMAP Common Indicators (Cls) related to marine habitats: CI1 - Habitat
distributional range and CI2 - Condition of the habitat’s typical species and
communities. Here we focus on coralligenous and other calcareous bio-concretions
(algal platforms/rims, vermetid reefs, Cladocora caespitosa reefs and rhodolith beds).
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Materials and methods

Extensive literature review and consultation process were undertaken to gather
structured inputs from the key national actors involved in the implementation of the
IMAP and the relevant EU Directives i.e. Marine Strategy Framework Directive
(MSFD), Water Framework Directive (WFD) and Habitat Directive (HD) as well as
marine habitat specialists and the informal Biodiversity Online Woking Group
members. These inputs were used to elaborate on scales of monitoring (spatial and
temporal resolution), scales of assessment (scale at which the determination of whether
GES has been achieved or not takes place) and assessment criteria as well as threshold
and baseline values (as defined by UN Environment/MAP, 2016). In this work we
report on coralligenous and selected calcareous bio-concretions, included among the
priority habitat types by the IMAP (UN Environment/MAP, 2017). We follow the
updated Barcelona Convention classification of benthic marine habitat types of the
Mediterranean Region (SPA/RAC-UN Environment/MAP, 2019; Montefalcone et al.
2021), and consider specifically: MA2.5 Littoral biogenic habitat (MA2.51 Platforms of
encrusting Corallinales and MA2.53 Reefs of Vermetidae), MB2.53 Reefs of Cladocora
caespitosa, MB3.511 Association with maérl or rhodoliths (in infralittoral), MC1.5
Circalittoral rock (MC1.51 Coralligenous cliffs and MC1.52a Coralligenous outcrops),
MC2.51 Coralligenous platforms and MC3.52 Coastal detritic bottoms with rhodoliths.

Results

At least one of the selected biogenic habitats was represented in the national monitoring
programmes of 70% of the Contracting Parties (CPs) to the Barcelona Convention. The
information was unavailable for 15% of CPs. The implementation status of monitoring
activities related to CI1 and CI2 differed across habitats (Fig. 1). The highest proportion
of CPs include coralligenous and circalittoral rhodolith beds in their national monitoring
programmes, i.e. >60% to assess CI1 and >50% to assess CI2 (Fig. 1). However, only
14% of CPs have a clearly ongoing monitoring to assess Cl1, whereas the status could
not be determined for 25 - 30% of them. To assess the condition of these habitats (C12),
<25% of CPs have confirmed ongoing programmes (Fig. 1). Related to littoral biogenic
habitats, algal platforms/rims are monitored by 33% of CPs, most often by the CARLIT
method based upon the extensive mapping of the mid-littoral and upper infralittoral of
the rocky coastline but this does not imply that in all cases condition of the
bioconstructor species is assessed as well. Furthermore, vermetid reefs are included in
the national monitoring programmes of 14% of CPs (namely Israel, Lebanon and
Tunisia). Notably, condition of Cladocora caespitosa reefs was only envisaged for
monitoring by Tunisia and infralittoral rhodolith beds are only being monitored by
Turkey (Fig. 1). For CI1, spatial and temporal scales of monitoring were rarely defined.
In the case of Cl2, when scales of monitoring were indicated, they most often referred
to <10 sites with ongoing or planned monitoring activities, to be repeated every 2-3
years. Exceptionally, between 101 and 250 coralligenous sites are monitored by Italy
and France, and 36 sites are initially planned to be monitored by Croatia. The
assessment scale referred to coastal/territorial waters (further subdivided if applied in
the scope of WFD/MSFD in the EU Member states). For CI1, the assessment criteria
may be identified as the extent of loss of the habitat type, resulting from anthropogenic
pressures/physical disturbance. However, related to thresholds, to date no CP has
established the maximum allowable extent of habitat being lost or disturbed as a
proportion of the total natural extent of considered biogenic habitats in the assessment
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area (which should take into account regional or subregional specificities). For CI2 the
assessment criteria range from alive/dead ratio of the main bioconstructor to elaborated
Ecological Quality Ratio (EQR) of indices focused on coralligenous. Whereas there are
no clear thresholds in the case of the former CI2 assessment criteria, class boundaries
are determined for at least 9 ecological indices used to evaluate the status of the
coralligenous habitat. Existing baselines are operational, with rare availability of
historical ones.
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Fig. 1: Implementation status of Habitat Monitoring Protocols (HMP) for the IMAP
indicators CI1 (above) and CI2 (down) for the 11 selected habitats covering depth zones
from the mediolittoral to the bathyal. Herein, calcareous bio-concretions are represented
as: MA2.5 Littoral biogenic habitat, MB2.53 Reefs of Cladocora caespitosa, MB3.511
Association with maerl or rhodoliths, MC1.5 Circalittoral rock (as MC1.51 Coralligenous
cliffs and MC1.52a Coralligenous outcrops), MC2.51 Coralligenous platforms and MC3.52
Coastal detritic bottoms with rhodoliths.
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Discussion and conclusions

This work provides the very first overview of the status of implementation of IMAP
regarding benthic habitats at the Mediterranean scale, identifying certain progress but
also important knowledge and data gaps, and herein we discuss a way towards a more
standardized and coherent monitoring and assessment of the IMAP Common Indicators
related to marine habitats in preparation of the 2023 MED QSR. Recommendations
include but are not limited to the need for: i) improving channels to share information
and data relevant to implementation of CI1 and CI2 in different CPs, ii) establishing
methodological standards for data collection at the Mediterranean level, in order to
foster consistent datasets, iii) enhancing habitat mapping efforts and adjusting reporting
formats on habitat range and extent to benefit from other monitoring schemes, iv)
defining clear thresholds for achieving GES both related to the maximum allowable
habitat being lost or disturbed and related to the condition of bioconstructions other than
coralligenous outcrops and v) validation and inter-calibration of existing ecological
indices among different regions.
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CORMEDNET: BUILDING A DATABASE ON THE
DISTRIBUTION, DEMOGRAPHY AND CONSERVATION STATUS
OF SESSILE SPECIES FROM MEDITERRANEAN
CORALLIGENOUS ASSEMBLAGES

Abstract

Coralligenous assemblages are one of the biodiversity-richest ecosystems in the Mediterranean
Sea, hosting up to 10% of the Mediterranean marine biodiversity; however, it is increasingly
affected by several local and global stressors. Besides the recognition of the relevance of
Mediterranean coralligenous assemblages at European and regional levels as well as the
increasing research efforts to study this key habitat, there is a lack of updated and
comprehensive information about basic data on coralligenous species. Here, we present
CorMedNet, an initiative that aims to gather information on distribution, demography and
conservation status of key coralligenous species, such as octocorals, bryozoans and sponges. At
present, this dataset has gathered information, obtained between 1882 and 2019, from
published scientific papers, grey literature and technical reports using different search
strategies in the ISI Web of Knowledge and Google Scholar, introducing distinct sets of
keywords, and contacts with researchers across the Mediterranean. Now, the database includes
4656 records for more than 230 species covering all Mediterranean ecoregions, but with a
strong bias towards the north-western basin. CorMedNet is being developed as a collaborative
database to promote a continuous update from research efforts conducted by the scientific
community. Gathering all the available information is crucial to guide management strategies
to enhance the conservation of coralligenous assemblages across the entire Mediterranean Sea.

Key-words: Coralligenous, Sessile invertebrates, Distribution, Demography, Conservation

Introduction

Coralligenous reefs are one of the biodiversity-richest ecosystems in the Mediterranean
Sea, hosting more than 1600 species (up to 10% of the Mediterranean marine
biodiversity) (Ballesteros, 2006). In fact, they represent a mosaic of different habitats
allowing the development of assemblages ranging from the dominance of calcareous
algae to invertebrates such as corals, sponges, bryozoans or tunicates. Beyond the
inherent natural value of their exceptional biodiversity, coralligenous assemblages
provide highly valuable ecosystem services and benefits and have a fundamental role in
supporting human wellbeing (Paoli et al., 2017). These habitats provide humans with
several services belonging to provisional (i.e., food, pharmaceutical molecules),
regulating (i.e., carbon sequestration, nutrient recycling), and cultural ecosystem
services, including numerous services (i.e., high biodiversity, fish abundance) that
enhance the quality and the enjoyment of underwater recreation activities (Ville
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d’Avray et al., 2019). The relevance of Mediterranean coralligenous assemblages has
been recognised in different international, European, and national conservation
frameworks (e.g., Habitats Directive; European Water Framework Directive). Despite
the research efforts to study this habitat (e.g., Ballesteros, 2006; Gémez-Gras et al.,
2021), there is a lack of updated and comprehensive information about basic aspects
such as distribution, demography or they conservation status (Kipson et al., 2011). Such
information is vital to guide management strategies to ensure the conservation of
coralligenous assemblages in the Mediterranean Sea (Cinar et al., 2020), specially
bearing in mind the increasing threats affecting this habitat such as the recurrent impact
of marine heatwaves (Garrabou et al., 2019). To fill this gap, here we present the
CorMedNet dataset, which was created to compile data on geographic and depth
distribution, demography and mortality of different habitat-forming invertebrate species
dwelling in Mediterranean coralligenous assemblages, such as octocorals, bryozoans,
and sponges, among others.

Material and methods

The CorMedNet completed database is deposited in https://www.emodnet-
biology.eu/toolbox/en/download/occurrence/dataset/6462 and updated in the online
version https://cormednet.medrecover.org, where users can visualize, download, and
update data to enhance collaboration and interoperability. The CorMedNet database
includes published scientific papers, grey literature, and technical reports from both in
situ SCUBA sampling and video-photo surveys. A literature survey was conducted by
using different search strategies in the ISI Web of Knowledge and Google Scholar,
combining the word “Mediterranean” and different key-words, such as the names of the
specific target species from the phyla Cnidaria, Bryozoa, and Porifera (e.g.,
Paramuricea clavata, Eunicella singularis, Corallium rubrum, Pentapora fascialis,
Spongia officinalis). The last date of our literature search was October 2020.

Database description
One database record corresponds to the observation or sampling of a local population in
a specific geographic location (site), depth range, and time (or period). A local
population is considered as a group of colonies, specimens, or individuals of the same
species, ranging from tens to thousands, depending on the species.
For each database record, the following distribution and demographic information are
provided:
Distribution information

e Site name;
Taxa/species;
Ecoregion (following Spalding et al., 2007), country;
Geographic position (latitude and longitude in decimal degrees, datum WGS84);
Depth range in meters of the sample record (upper and lower limits);
Year of the survey (starting and ending year);
Habitat type if available (boulders, cave, overhangs, vertical walls);
Protection level of the database record at the time of the sampling (protected and
unprotected), and marine protected area identification;
e Species habitat map (species habitat map reported: yes/no);
e Demography (demographic data reported: yes/no);
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Genetics (genetic data reported: yes/no);

Other type of study or description;

Data availability (public/private);

Publication id (identification of the corresponding scientific publication and/or

data source).

Demographic information
e Year of the survey;

e Sampling technique of the database record (in situ, photo or video surveys,
living specimen, material sample);

Sampling strategy of the database record (permanent or random survey);

Date of the survey (following the 1ISO 8601);

Colonies density per square meter of the database record,;

Colonies height measures of the database record in mm (sample size, mean,

standard deviation, maximum, minimum, and percentage of C. rubrum colonies

equal or larger than 100 mm in height);

e Colonies diameter of the database record in mm (sample size, mean, standard
deviation, maximum, minimum, and percentage of C. rubrum colonies equal or
larger than 7 mm in diameter);

e Mortality measures of the database record (mean and standard deviation of the
percentage of necrosis, and percentage of colonies affected by necrosis —
considering a colony affected by necrosis when it is equal or larger than 10 % of
the total tissue);

e Recruitment measures of the database record (mean number of recruits per

square meter observed in the population).

Geographic coordinates were extracted from the publication source and standardized to
decimal degrees in the World Geographic System 1984 (WGS 84) coordinates system.
When geographic coordinates were not specified nor in the publication source nor in the
auxiliary information, latitude and longitude were estimated whenever possible using
figures and maps provided in the publication. When the position was inaccurate, we
removed the data from the database.

The protection level is assigned using Marine Protected Areas in the Mediterranean GIS
database = (MAPAMED; Marine Protected Areas in the Mediterranean
www.mapamed.org). MAPAMED integrates information about both Marine Protected
Areas and the more general sites of interest to the conservation of the marine
environment. MAPAMED latest version is incorporated into the CorMedNet database
in order to visualize the most updated version of the protection level.

The CorMedNet database was integrated into the EMODnet Biology catalogue. It is
linked to the Ocean Biodiversity Information System (OBIS, 2020), so our database is
also introduced to this international open access platform. This helps us to use different
international system protocols to standardize the CorMedNet database, as the Darwin
Core Archive (DwC-A) standards for the biodiversity informatics data — recommended
by GBIF (2022) — the species validation using WoRMS matched tool, or the use of
international dates following the ISO 8601 standard. Moreover, it helps us to revise all
the database records with the LifeWatch and EMODnet-Biology Quality Control tool,
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the BioCheck (https://rshiny.lifewatch.be/BioCheck/), which uses for example
bathymetric layers to check all the depth range parameters.

Results

The CorMedNet dataset includes 4656 records from more than 230 species covering all
Mediterranean ecoregions, but with a strong bias towards the northwest basin (Figure
1). Most of the available information belongs to the 3 major taxonomic groups, in order
of importance: Cnidaria, Porifera and Bryozoa (Fig. 1). Regarding the type of
information, density is the parameter estimated in most of the studies, followed by size
of colonies and mortality (Fig. 2). Most information concerns the northern
Mediterranean coast while there is almost a complete lack of reports from the southern
and eastern Mediterranean coasts, from Morocco to Lebanon (Fig. 1 and 2).
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Fig. 1: Taxonomic coverage of the CorMedNet database across Mediterranean
ecoregions. Note that the Western Mediterranean was divided into three sub-ecoregions:
Balearic Sea, Ligurian Sea, and Tyrrhenian Sea. The number of occurrences is expressed
by bubble width.
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Fig. 2: Distribution of the type of information reported in CorMedNet database across
Mediterranean ecoregions. Note that the Western Mediterranean was divided into three
sub-ecoregions: Balearic Sea, Ligurian Sea, and Tyrrhenian Sea. The number of
occurrences is expressed by bubble width.
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Discussion and conclusions

We contend that this collaborative initiative is a unique opportunity to build a regional
map of distribution and conservation status of coralligenous species while identifying
knowledge gaps (e.g., geographic, depth ranges, species) to be incorporate in the future.
CorMedNet is being developed as a collaborative database to promote a continuous
update from research efforts conducted by the scientific community. Gathering all the
available information is crucial to guide management strategies to enhance the
conservation of coralligenous assemblages across the entire Mediterranean Sea
(Giakoumi et al., 2013; Doxa et al., 2016). We expect researchers and managers of
Marine Protected Areas, technical staff of environmental to contribute with non-
published information. Besides, the database will benefit from including the information
gathered by citizen science actions such as Observadores del Mar and ReefCheck. In the
next future, the database will include data from genetics and species traits.
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ECOLOGICAL STATUS OF THE LIGURIAN CORALLIGENOUS HABITATS
ASSESSED BY THE MEDSENS INDEX

Abstract

MedSens is a biotic index developed to provide information on the environmental status of
subtidal rocky coastal habitats, based on data collected by trained scuba diver volunteers using
the Reef Check Mediterranean Underwater Coastal Environment Monitoring (RCMed-UCEM)
protocol. The index is based on 25 selected species, incorporating their sensitivities to the main
pressures indicated by the European Marine Strategy Framework Directive (MSFD) and open
data on their distributions and abundances. According to benchmark levels and a literature
review, the species' sensitivities were assessed relative to their resistance and resilience against
physical, chemical, and biological pressures, and averaged in the study area.

The large availability of data collected by volunteers using the RCMed-UCEM protocol offers
the opportunity to assess the ecological status of the coralligenous habitats in the Ligurian region
(Italy). MedSens index was applied to the coralligenous habitats belonging to the different
municipalities in this region, providing the mean sensitivity of the assemblages to the pressure
categories. MedSens can help conservationists and decision-makers identify the main pressures
acting in coralligenous habitats, as required by the MSFD, supporting them in implementing
appropriate marine biodiversity conservation measures and better communicating the results of
their actions.

Key-words: Temperate reef, impact assessment, environmental monitoring, human pressures,
anthropogenic disturbances

Introduction

In the Mediterranean Sea, coralligenous reefs are among the most threatened marine
habitats (Micheli et al., 2013). Environmental quality assessment tools for these habitats,
based on the integrity of marine communities, are not only urgent but also essential to
fulfil the European Marine Strategy Framework Directive (MSFD, 2008/56/EC). Marine
citizen science (MCS) projects may provide community-based ecosystem monitoring,
expanding our ability to collect data across space and time. However, the data from MCS
are often not effectively integrated into institutional monitoring programs and/or not
effectively used for conservation purposes. This limitation is partially due to difficulties
in accessing the data and the lack of tools and indices for proper management application
at intended spatial and temporal scales. The growing need to assess the environmental
status of Mediterranean habitats and the large availability of data collected by Reef Check
Mediterranean Sea volunteers in coralligenous reefs (Turicchia et al., 2021b) offers the
opportunity to use innovative and reliable indices that may support decision-makers in
applying conservation strategies, particularly important for Marine Protected Areas
(MPAs). MedSens is a biotic index developed to provide information on the ecological
status of subtidal rocky coastal habitats, including coralligenous reefs, filling a gap
between MCS and coastal management in the Mediterranean Sea (Turicchia et al.,
2021a).
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The Ligurian region (Italy) represents a narrow strip of land bordered by the Alps and the
Apennine Mountains, overlooking the homonymous sea in the north-western
Mediterranean Sea. Along its 350 kilometres of coastline, the continental shelf is very
narrow and often suddenly drops to considerable depths. Rocky cliffs, shoals and shelf
outcrops are rich in coralligenous habitats that attract numerous diver tourists (Canessa et
al., 2017, and reference therein). Part of these habitats are included in the 26 sites of
community importance and the 6 national or regional marine protected areas (established,
i.e., Portofino, Cinque Terre and Bergeggi Island, or in the process of being established).
In this region, many protected area managers and dive centres have long collaborated on
marine conservation and actively promoted citizen science programs, including the Reef
Check Mediterranean Underwater Coastal Environment Monitoring (RCMed U-CEM)
protocol, since its establishment (Cerrano et al., 2017). The aims of this study are to
provide an overview of the commitment over the years of volunteers in applying the
RCMED U-CEM protocol in the Ligurian region and to assess the ecological status of the
area by using the MedSens biotic index from 2006 to 2021.

Materials and Methods

Since 2006 trained snorkelers, freedivers, and scuba diver volunteers (hereafter called as
EcoDivers) have made independent observations along random swim. collecting data on
the occurrence, distribution, abundance, prevailing habitat, and bathymetric range of
selected key marine species along the Ligurian coasts by using the RCMed U-CEM
protocol (www.reefcheckmed.org). Not encountered but actively searched taxa are
reported as absent, while no data are provided for not searched taxa (Cerrano et al., 2017;
Turicchia et al., 2021c¢).

The included algae, invertebrates, and fishes were selected by a combination of criteria,
such as ease of identification and being key indicators of ecological shifts in
Mediterranean subtidal habitats due to local pressures and climate change. Following the
ten principles of Citizen Science (Kelly et al., 2020) and the FAIR (findable, accessible,
interoperable, and reusable) data principles (Wilkinson et al., 2016), the dataset obtained
using the RCMed U-CEM protocol is openly accessible across different platforms
(Turicchia et al., 2021b; Turicchia et al., 2021c).

The MedSens index is based on a subset of 25 species, among the 43 available in the
RCMed U-CEM protocol, incorporating their sensitivities to the main pressures indicated
by the European Union’s Marine Strategy Framework Directive (MSFD, 2008/56/EC)
and open data on their distributions and abundances, collected by the EcoDivers (Cerrano
et al., 2017; Turicchia et al., 2021b; Turicchia et al., 2021c). The species’ sensitivities
were assessed relative to their resistance and resilience against physical, chemical, and
biological pressures, according to benchmark levels and a literature review following the
marine evidence-based sensitivity assessment approach (Tyler-Walters et al., 2018). The
MedSens index was calibrated on a dataset of 33,021 observations carried out by 569
volunteers from 2001 to 2019 along Croatian, French, Greek, Italian, Spanish, and
Tunisian coasts (Turicchia et al., 2021a). A free and user-friendly QGIS plugin was
developed to allow easy index calculation for areas and time frames of interest
(https://plugins.qgis.org/plugins/medsens).

The MedSens index provides the mean sensitivity of the species assemblages recorded by
EcoDivers within a territorial unit and time frame. It can be calculated for the physical
(MedSensphy), chemical (MedSensche), biological (MedSenswio), and overall pressures
(MedSenstot) on the species, based on the corresponding mean sensitivity values derived
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from the sensitivity assessment, weighted for the abundance of the taxa (Turicchia et al.,
2021a).

The MedSens index was calculated for each municipality along the Ligurian coast for the
overall fifteen years period, from 2006 to 2021. Only data from predominantly rocky
bottoms within 5 km from the coastline were used.

Results

The number of EcoDivers involved in monitoring the Ligurian coralligenous habitats has
shown a fluctuating trend over the years. Between 2006 and 2021, an average of 25 + 4
EcoDivers per year (x standard error, se) took part in the surveys, with peaks of
involvement in 2014 and 2021 (Fig. 1a). Overall, 844 + 247 mean observations per year
were carried out (with a maximum of 3953 in 2014; Fig. 1b), and the EcoDivers dedicated
37 = 2 minutes per survey (Fig. 1c).
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Fig. 1: Inthe Ligurian Sea from 2006 to 2021, applying RCMed U-CEM protocol: a) number
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Between 2006 and 2021, the most searched species was the yellow cluster anemone
Parazoanthus axinellae (Fig. 2a, b), followed by the invasive algae Caulerpa
cylindracea, and the gorgonians Paramuricea clavata, Corallium rubrum and Eunicella
cavolini.
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Fig. 2: a) Number of records (including absences) for each target species searched in the
Ligurian region from 2006 to 2021; b) the most searched species, Parazoanthus axinellae.

Based on the data available, the MedSens index was calculated for 17 out of 70
municipalities. In the period 2006-2021, the mean overall sensitivity of the assemblages
varies from very high (at VVado Ligure) to low (at Albenga) and very low (at Genova,; Fig.
3a). Assemblages with high sensitivities were observed in many municipalities both on
the eastern side (Portofino, Sestri Levante) and western side (e.g., Bergeggi, Noli, Diano
Marina, Santo Stefano al Mare) of the Ligurian region. The sensitivity of the assemblages
to physical pressures follows a similar pattern, with better assemblages at VVado Ligure
and Santo Stefano al Mare, and those worse in Genova and Albenga; however, here the
sensitivity did not reach the value “very low” (Fig. 3b).

Assemblage’s sensitivity toward chemical pressures, including for example pollution and
organic enrichment, ranged from very low (at Genova) to very high sensitivity (Vado
Ligure), meanwhile Imperia and Santa Margherita Ligure showed low sensitivity (Fig.
3c). The sensitivity of the assemblages toward biological pressures (e.g., invasion of non-
indigenous species) resulted very high at VVado Ligure and Noli, whereas at Genova and
Albenga, it was very low (Fig. 3d).

Discussion and conclusions

The present study provides a broad overview of the ecological status of the Ligurian
coralligenous habitats based on the data provided by scuba diver volunteers. As could be
expected, coralligenous habitats close to major cities such as Genova and Imperia showed
possible effects of pollution. In general, municipalities that have protected areas perform
a little better; however, signs of attention are coming from different areas that have been
hit in the past years by the invasion of Caulerpa cylindracea (see Bianchi et al., 2018;
Montefalcone et al., 2015; Morri et al., 2019).

Marine citizen science is a promising and powerful tool to enhance engagement in marine
conservation worldwide, as envisaged by the United Nations Decade of Ocean Science
for Sustainable Development Goals 2021-2030 (SDG 14, Life Below Water).
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Fig. 3: Coralligenous assemblage sensitivities in the Ligurian region: a) overall assessment
(MedSenstt) and physical pressures (MedSensghy), b) chemical pressures (MedSenscre), and
c) biological pressures (MedSensyio). Yellow dots display the included Reef Check
Mediterranean Sea MedSens data points (EPSG:32632 - WGS84/UTM zone 32N).

In particular, the RCMed U-CEM protocol is a simple but effective visual census with
species that encompass the key ecological aspects of the Mediterranean subtidal habitats.
It can provide a large amount of timely, up-to-date geo-referenced data. Its data quality
is ensured by rigours participant training courses (subject to learning tests), numerous
surveys by independent observers, and quality control procedures. Similarly, the MedSens
index can provide a proxy of the mean sensitivity of the coralligenous assemblages to
natural and anthropic pressures listed by MSFD. Higher average assemblage sensitivities
are associated with low disturbance level, indicating good environmental conditions. It is
particularly suitable for monitoring marine protected areas or specific dive spots and
represents a bridge between MCS and coastal management in the Mediterranean Sea,
allowing the effective integration of lasting community-based environmental monitoring
into ecosystem-based management policies. It can help conservationists and decision-
makers identify the main pressures acting in these habitats, as required by the MSFD,
supporting them in implementing appropriate marine biodiversity conservation measures
and better communicating the results of their actions.
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MONITORING CORALLIGENOUS REEFS IN ITALIAN
COASTAL WATERS WITHIN THE MARINE STRATEGY
FRAMEWORK DIRECTIVE

Abstract

Coralligenous reefs are one of the most relevant and endemic assemblages of the
Mediterranean Sea, supporting high levels of biodiversity. Due to their functional role and
importance for ecosystems conservation, Italy has included coralligenous habitat in the
monitoring activities of the Marine Strategy Framework Directive (MSFD, 2008/56/EC) to
assess the maintenance or achievement of good environmental status (GES). For this purpose,
an extensive monitoring program has been conceived for the Italian coastal waters within the
three MSFD Mediterranean sub-regions. The national approach, coordinated by the National
System for the Environmental Protection (SNPA), which includes all Italian Regional
Environmental Protection Agencies (ARPA) and ISPRA, planned the application of a
standardised protocol based on multibeam echosounder, side-scan sonar, and Remotely
Operated Vehicle surveys. This study synthesises the data collected during the first cycle of
MSFD implementation (2015-2019) in the seventy-three monitored areas at depths ranging
from 42 to 127 m. To organise the data, a specific ArcGIS Geodatabase (GDB) was designed,
implementing a series of tables with feature classes and attributes to obtain spatial and
biological information about the coralligenous reefs, such as species composition, abundance
and health status of habitat-forming species, marine litter distribution and its impact. The data
analysis provides the first baseline for an initial assessment of the health status of coralligenous
reefs in the lItalian sub-regions, allowing future comparisons and thus evaluating the
effectiveness of the measures undertaken in the framework of the MSFD to enable the
achievement of the GES.

Key-words: Coralligenous, Marine Strategy Framework Directive, ROV-imaging,
Mediterranean Sea, baseline

Introduction

Coralligenous is an endemic biogenic benthic assemblage of the Mediterranean Sea
formed by the stratification of calcareous, encrusting algae (Rhodophyceae), later
consolidated by the growth of structuring taxa such as bryozoans, sponges and
cnidarians, mainly anthozoans (Ballesteros, 2006; Gori et al., 2017). It develops
between 25 and 200 m in depth in special environmental conditions such as low and
relatively constant temperature, clear water, moderate hydrodynamics, moderate
sedimentation rate and low luminosity. Coralligenous represents one of the most
important "hot spots" of Mediterranean biodiversity and one of the main marine
ecosystems in terms of distribution, biomass and role played in the carbonate cycle, but
it is also one of the most sensitive and vulnerable habitats to environmental alterations,
both on a local and global scale (Angiolillo and Fortibuoni, 2020; Ingrosso et al., 2018).
Hence the need to implement activities according to the specific "Action Plan for the
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Conservation of the Coralligenous and Other Calcareous Bio-concretions in the
Mediterranean", adopted under the Barcelona Convention, to investigate the distribution
and health status of coralligenous habitat in order to promote its protection. At the
European level, the Marine Strategy Framework Directive (MSFD) 2008/56/EC
(European Commission, 2008) (implemented in Italy by Legislative Decree 190/2010)
promotes an integrated approach to ensure that European marine waters are in good
environmental status (GES). To pursue this goal, each state must implement a specific
strategy by undertaking monitoring activities and implementing a specific program of
measures. In this context, Italy has identified the coralligenous as a benthic assemblage
to be monitored precisely because of its ecological importance and vulnerability to
human activities. The activities of the Marine Strategy made it possible to assess the
distribution and condition of coralligenous reefs and the pressures to which they are
exposed in the studied areas, linking three MSFD descriptors, namely D1
(Biodiversity), D6 (seafloor integrity), and D10 (marine litter). These descriptors are
considered together to assess, within the Italian context, the health status of the
coralligenous habitat. All these activities are fully in line with the requirements of the
ecosystem approach (EcAp) of the Barcelona Convention (UNEP-MAP, 2008) and with
the IMAP guidelines (Integrated Monitoring and Assessment Programme of the
Mediterranean Sea and Coast) (UNEP-MAP, 2016).

Materials and methods

The data analysed in this study are related to the first cycle of Italian MSFD monitoring
(2015-2019) on coralligenous habitats. The monitoring activities were conducted by
ARPAs (Regional Environmental Protection Agencies) in each Italian region where the
presence of coralligenous habitat was known, namely Abruzzo, Calabria, Campania,
Lazio, Liguria, Puglia, Sardinia, Sicily, and Tuscany. The monitored areas were
identified on bibliographic data within 12 Mn from the Italian coasts and/or 100 m
depth, selecting those that are as representative as possible of the different
environmental conditions of each Italian region, including Natura 2000 sites or Marine
Protected Areas. The data collected included preliminary surveys carried out using two
sophisticated sonars (Multibeam and Side Scan Sonar) to acquire bathy-morphological
data on the nature and conformation of the substrate over areas large 25 kmz, to obtain
high-resolution digital terrain models (DTMs) and backscatter maps of the seafloor.
These maps were used to identify rocky areas where to verify the presence and extent of
coralligenous habitats through Remotely Operated Vehicles (ROVs) following an ad-
hoc MSFD protocol (MATTM-ISPRA, 2019). In each area, three sites were identified,
and, in each of them, three 200 m long transects were carried out on the coralligenous
reefs. Data on coralline algae cover, sedimentation, biocoverage, bottom type,
exposition and slope, species richness, size structure, density, rate of mortality and
epibiont covers were collected for 22 target habitat-forming species to allow
coralligenous characterisation. In addition, the quantity, composition, and spatial
distribution of marine litter and its impact on habitat-forming species (entanglement)
were assessed. The collected data were edited and validated by the Italian Institute for
Environmental Protection and Research (ISPRA). The geo-referenced tabular and
cartographic data acquired were organised within a geodatabase in the ArcGIS
environment to provide a tool for data storage, organisation and management. The
geodatabase is populated by feature class and by four feature datasets containing data on
all the areas, sites, and transects organised by year and region. The geodatabase also
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contains several object classes related to environmental and biological parameters. All
feature and object classes are related to each other through relationship classes.

Results

Overall, 73 areas (Fig. 1), 214 sites, and 620 transects (each covering an area of 100 m?)
were monitored between 2015 to 2019, afferent to the three sub-regions of the
Mediterranean Sea on which Italy is facing, for a total of 62,000 m2? of explored
seafloor. The higher number of sites monitored in the WME sub-region is explained by
the greater presence of coralligenous seabed areas, whereas soft bottoms mostly
characterize the Adriatic coasts.
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Fig. 1: Areas investigated with monitoring activities in the 3 sub-regions of the
Mediterranean Sea

The ROV-imaging analysis revealed the presence of more than 100 taxa per sub-region
belonging to the following phyla: Rhodophyta, Chlorophyta, Ochrophyta,
Magnoliophyte, Porifera, Cnidaria, Annelida, Mollusca, Bryozoa, Arthropoda,
Echinodermata, and Chordata (Tab. 1). Porifera and cnidarians were the dominant
recorded taxa.

In the survey areas, 22 target species were identified, 5 demosponges (Axinella
cannabina, A. polypoides, Spongia lamella, Sarcotragus foetidus, Calyx nicaeensis), 15
anthozoans (Antipathella subpinnata, Callogorgia verticillata, Cladocora caespitosa,
Corallium rubrum, Dendrophyllia cornigera, D. ramea, Eunicella cavolini, E.
singularis, E. verrucosa, Leptogorgia sarmentosa, Paramuricea clavata, P. hirsuta, P.
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macrospina, Savalia savaglia, Ellisella flagellum) and 2 gymnolaemata (Pentapora
fascialis and Myriapora truncata).

The most occurring and abundant target species were P. clavata and E. singularis, with
an average density of 12 and 2 colonies m™, respectively. Both species are most
abundant in the Sicily region (Fig. 2). The geodatabase contains a total of 74,821
records, including all parameters considered.

Tab. 1: Coralligenous Species Richness derived from ROV-imaging analysis by Italian

region
Phylum Abruzzo | Calabria | Campania | Lazio | Liguria | Puglia | Sardegna | Sicilia | Toscana
Rhodophyta 2 11 4 5 0 4 1 20 1
Chlorophyta 0 7 8 4 0 9 4 11 5
Ochrophyta 3 5 3 4 0 1 1 5 1
Magnoliophyta 0 1 0 1 0 0 0 0 0
Porifera 10 20 20 27 13 30 12 47 1
Cnidaria 6 21 11 25 19 20 15 16 8
Annelida 3 11 3 4 4 4 4 11 0
Bryozoa 1 11 7 9 7 9 5 25 6
Echinodermata 1 14 9 5 4 11 7 16 0
Chordata 3 3 3 12 1 4 5 54 0
Mollusca 2 7 0 3 2 3 0 7 0
Arthropoda 1 1 0 1 2 1 1 2 0
Tot. Taxa 32 112 68 100 52 32 55 115 6
Structural 2 1 8 15 10 9 3 1 6
Species
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Fig. 2: Species abundance distributions of Paramuricea clavata and Eunicella singularis in
Italian regions

Overall, 4,316 litter items were recorded along Italian coralligenous reefs. The most
common category was artificial polymer materials (89.5%), followed by undefined
(5.3%), metal (1.6%) and glass/ceramics (1.5%). Fishery-related litter (lines, ropes and
nets) was the most abundant type (86.5%). Plastic bags, glass and metal objects, tyres,
anchors and oil barrels were other recorded items. The mean litter density was 5.5 items

99



4th Mediterranean Symposium on the conservation of Coralligenous & other Calcareous Bio-Concretions
(Genoa, Italy, 20-21 September 2022)

100 m? (range: 0-120 items 100 m'?. The Adriatic Sea presented the lowest litter
densities (average = 1.9 items 100 m™; min-max = 0-17 items 100 m), whereas the
Western Mediterranean Sea was the most polluted (average = 6.7 items 100 m™; min-
max = 0-120 items 100 m™). Abandoned, Lost or otherwise Discarded Fishing Gear
(ALDFG, i.e. lines, ropes, and nets) affected rocky reefs in almost all monitored areas
(94%), particularly in the Western Mediterranean Sea. The entanglement was not
recorded in all regions, so it was not considered in the analysis.

Discussion and conclusions

The data collected provide the baseline information for conducting a more in-depth
assessment of the ecological status of the coralligenous in the different sites studied.
They will be useful for comparing the data collected to date, with those that will be
acquired during the next MSFD cycles.

This will then provide reference values for future monitoring activities so that the
effectiveness of the management measures introduced by the MSFD can be assessed.
Overall, the combination of geo-technology with geomorphological analysis, video and
position data provided by the ROV, resulted in a powerful tool for the assessment of the
distribution and the health status of the coralligenous habitats (i.e. Pierdomenico et al.,
2021; Enrichetti et al., 2019). Nevertheless, despite initial difficulties in applying an
innovative protocol for monitoring the coralligenous, a large amount of validated and
standardised data has been collected on a large scale. The creation of a referenced
archiving system in the ArcGIS environment, designed within the GES scenario, is a
valuable tool for archiving and analysing environmental data on benthic habitats. It
allows datasets to be implemented and updated over time with data collected during
future monitoring campaigns. Data analysis is in progress, and the multi-parameter
Mesophotic Assemblages Conservation Status (MACS) index (Enrichetti et al., 2019)
will be used to define the environmental status, allowing further assessments and the
basis for defining a "threshold value™ to distinguish areas in good from those in poor
environmental status. This integrated approach will provide important feedback on the
extent and diversity of these bio-constructions, providing stakeholders with appropriate
management measures to ensure the sustainable development of coastal areas and the
conservation of valuable ecosystems (Pierdomenico et al., 2021).
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TEMPORAL VARIABILITY IN THE RESPONSE TO THERMAL
STRESS IN THE RED GORGONIAN, P. CLAVATA: INSIGHTS
FROM COMMON GARDEN EXPERIMENTS

Abstract

Recurrent mass mortality events (MMESs) linked to marine heatwaves (MHWSs) have been
observed in the Mediterranean Sea affecting thousands of kilometers of coastline.
Coralligenous habitats were among the most impacted during these events. Information on how
the exposure to recurrent MHWSs is affecting the coralligenous is critical to anticipate the
consequences of climate change and implement actions to enhance their resilience. Combining
field surveys with experiments in controlled conditions allowed to dilucidate the differential
responses to thermal stress among species, populations and individuals and to explore the
spatial and taxonomic variability response to thermal stress linked to MHWSs. Yet, the temporal
variability in the response to thermal stress remains to be characterized. Thus, we aim to fill
this gap focusing on the temporal variability in the response to thermal stress of the
coralligenous key habitat-forming species Paramuricea clavata (Plexauridae). We replicated
thermal stress experiments during 3 consecutive years following a common garden setup
(control vs. thermal stress) involving the same individuals from the same three populations.
Considering different phenotypic responses including the level of tissue necrosis during the time
of the experiment and the survival of the individuals, we found that the average percentage of
tissue necrosis per population variated greatly across years while the probability of survival
was considerably reduced in 2017. During the experiments, several individuals from the 3
populations systematically showed reduced level of tissue necrosis suggesting resistance to
thermal stress. Overall our data will contribute to help better inform further conservation
strategies of habitat-forming coral species in the Mediterranean Sea.

Key-words: Marine heat-waves, octocorals, temporal series, population genetics, conservation.

Introduction

The Mediterranean Sea, considered as a hotspot of marine biodiversity and climate
change (Cramer et al., 2018), has been affected by recurrent mass mortality events
(MMES) linked to marine heat waves (MHWSs) with differential impacts among species,
populations and individuals (Garrabou et al., 2022). Habitat-forming octocorals such as
Paramuricea clavata (Risso, 1827) were strongly impacted with up to 80% of
individuals affected in some localities (Cerrano et al., 2000; Garrabou et al., 2009;
2021; 2022). This Mediterranean octocoral is characterized by slow population
dynamics and restricted dispersal abilities (Linares, et al., 2008; Arizmendi-Mejia et al.,
2015), thus, the high mortality rates induced by MMEs question its evolutionary
trajectory. Moreover, P. clavata has a key ecological role increasing habitat complexity
in biogenic coralligenous communities. Thus, its decline owing to MMES may have
cascading effects on associated communities and related ecosystem functioning
(GOomez-Gras et al., 2021).
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Differential responses to MMEs among individuals and populations have been reported
from the field and from experimental approaches in this species (Garrabou & Harmelin,
2002; Crisci et al., 2011; Linares et al., 2015), suggesting spatial variability in the
response to thermal stress with some individuals/populations able to better resist to
MMEs. Yet, these studies have not included observations across consecutive years.
Accordingly, the level of temporal variability in the response to thermal stress is totally
unknown. This study aims to analyze the differential response to thermal stress between
individuals and populations of Paramuricea clavata across three consecutive years, to:
i) characterize the yearly temporal response variability; ii) refine estimation regarding
the response variability at local scale (1 km?) and iii) explore the potential underlying
genetic and environmental factors.

Materials and methods

Samples of P. clavata were collected yearly from 2015 to 2017 in early September from
three different localities at the Medes Island (Spain, 42°02'60.00" N 3°12'60.00" E).
Thirty healthy adult colonies (>50 cm) were initially tagged in 2014 at each location
within a depth range of 15-20 m. From each marked colony, apical fragments were
collected every year and allocated in the Aquarium Experimental Zone (ZAE) of the
Institut de Ciéncies del Mar (ICM-CSIC) in Barcelona. After one week of acclimation
in an open aquarium system at 17-18 °C, each colony branch was divided into two and
the common garden experiments were conducted with one control (18 °C) and one
stress treatment (25 °C).

For control treatment, seawater temperature was maintained between 16-18 °C during
the whole experiment. For the stress treatment, the temperature was increased stepwise
from 18 to 25 °C over a period of 3 days. Once the temperature reached 25 °C, thermal
conditions were maintained for 25 days following Crisci et al., (2017). Feeding was
carried out three times per week in each tank.

Phenotypic response and Statistical analysis

Firstly, the percentage of tissue necrosis (extent of injury) was used as a proxy of
colony response to thermal stress. Each individual was monitored visually every day
until the end of the experiment. Then, we estimated the mean (and SD) extent of injury
for each population and each year by using the average of injured tissue across all
individuals. Secondly, the survival probabilities for each colony and population during
the time of the experiment (i.e. having less than 100% of injured surface) was evaluated
using a series of COX models under the survival R-package (Therneau et al., 2022).
Finally, since we sampled the same individuals every year, we also reported the daily
trajectory of tissue necrosis for each colony each year separately in order to look for
temporal variability at the population and individual levels. Following Garrabou et al.,
2022, we identified individuals as potentially “resistant” if the levels of tissue necrosis
were between 0 and 30% at the end of the experiment of any of the tested years.
Remaining individuals were considered as “sensitive”.

Results

Tissue necrosis was observed for all populations in the three experiments. In 2015 and
2016, the extent of injury was below 40% at the end of the experiment (day 25™). In
contrast for 2017, colonies were totally affected (100% of tissue necrosis) by the 18™
day, except for Pota del Llop where a 100% of tissue necrosis was reached at day 24th.
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(Fig. 1a). In addition, there were no significant differences in the survival probability
comparing between localities for any given year. Significant differences in the survival
probability of colonies from the three localities were found across years (p<0.001). In
2015 and 2016, the probability of surviving slightly decreased only after day 15. In
contrast, in 2017, the probability of survival sharply decreased after day 10. The
probability of surviving in 2015 and 2016 was higher in comparison with 2017 (Fig. 1b).
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Fig. 1:. a) Average tissue necrosis in common garden experiments in La Vaca, Pota del
Llop and Tascons from 2015 to 2017. b) Differences in survival probability (i.e. mortality)
across years in P. clavata when exposed to thermal stress Kaplan-Meier survival curve
(p<0,0001).

Figure 2 shows the temporal variability of individual tissue necrosis among the three
years. In each population, the level of tissue necrosis varied greatly among individuals.
Considering the three years, around 40% of the total individuals (black arrows) in each
population show between 0-30% of tissue necrosis in at least one of the tested years at
the beginning of the second week of the experiment (~13 day). Thus, they were
considered as potentially more resistant.
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Fig. 2: Trajectory of tissue necrosis in every experimental year for individual colonies of P.
clavata at each locality. Each column represents the tissue necrosis in one individual
during the 25 days of the experiment for each year. Black arrows indicate potential
“resistant” individuals.
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Discussion

In this study we conducted the characterization of the spatial and temporal variability in
the responses to thermal stress between individuals and populations of the red
gorgonian P. clavata. We considered a local scale within 1 km? with three populations,
while the temporal scale accounts for three consecutive years. We found no significant
response to thermal stress when comparing the survival probability among populations
for any given year. These results are in line with previous thermal stress experiments
with the same species. In fact, as in our study, the response of populations from the
same geographic area were not significantly different (Crisci et al., 2017). The factors
and processes underlying this level of spatial variability remain poorly understood in P.
clavata. Nevertheless, the influences of local thermal environment and recent thermal
history on the spatial variability to thermal stress seem to be low (Gomez-Gras et al.,
2022). This result contrasts with different studies conducted in tropical corals species
and point towards the implication of other processes, in particular genetic drift, driving
the differential response among populations (Crisci et al., 2011; Linares et al.,
2013;Howells et al., 2012; Palumbi et al., 2014).

We demonstrate a high variability in the percentage of tissue necrosis among
individuals from the same population for a given year. This result is also in line with
previous studies with P. clavata (Crisci et al., 2017). For instance, physiological
aspects, including reproductive status (male vs. female) of the colonies were also
suggested as important drivers controlling the differential response among individuals
(Coma et al., 2009; Arizmendi-Mejia et al., 2015). In the present case, all the sampled
colonies were adults (> 50cm), and they were feed during all the experiments, most
likely buffering the impact of physiological and reproductive status. Therefore, on-
going population genetics and transcriptomics studies should provide further insights
into this level of variability. Noteworthy, this individual sensitivity has been proposed
as a fuel for adaptation and directional selection of resistant individuals to new thermal
regimes in other coral populations over time (Morikawa & Palumbi, 2019).

Finally, we demonstrate a strong temporal variability in the response to thermal stress
for all three populations. We found that the survival probability of colonies was strongly
reduced in 2017 experiment. Even though, we found several potentially resistant
individuals of P. clavata at every locality, we observed that mortality is reached faster at
year 2017 in at least two of the three populations (100% tissue necrosis by day 18™).
Two non-exclusive hypotheses may potentially explain this result: 1) impact of past
thermal conditions (i.e. years before the experiment); ii) impact of recent thermal
conditions (i.e. summer before the experiment). In 2017, the study area suffered a
severe marine heatwave in the sea surface (Bensoussan et al., 2019). Besides
preliminary results comparing 2017 with 2015 and 2016 thermal conditions at the depth
where the populations dwell (15-20m) point toward a stronger and longer thermal
disturbance (>23°C) observed during June to September of 2017 in comparison with
2015 and 2016. In any case, the populations in the field were slightly affected by
mortality (Hereu et al., 2020). This study indicates that determining the thermal
response of populations and individuals may not be straightforward, as we showed that
it may depend on the yearly environmental conditions. Despite of this, we also found
some potential sensitivity/resistance patterns that may support climate adaptation
conservation measures.
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BRIDGING TOGETHER RESEARCH AND TECHNOLOGICAL
INNOVATION: FIRST RESULTS AND EXPECTED BEARINGS OF
THE PROJECT CRESCIBLUREEF ON MEDITERRANEAN
CORALLIGENOUS

Abstract

Coralligenous developed off Marzamemi (SE Sicily, lonian Sea) is being investigated in the frame
of the project FISR 04543 “CRESCIBLUREEF - Grown in the blue: new technologies for
knowledge and conservation of Mediterranean reefs”” aimed at understanding time and mode of
its inception and accretion and at developing non-invasive technologies for its sampling. First
achievements include: 1) mapping of the coralligenous field; 2) first quantitative characterisation
of the internal structure of two bioconstructions (frame builders, cavities and sediment); 3)
characterisation of cavity-filling sediments including entrapped bioclasts and micrites; 4)
preliminary data about biodiversity associated with the bioconstructions; 5) development of a
prototype for underwater non-invasive coring of coralligenous bioconstructions.

Key-words: Benthic diversity, coralligenous reef, priority habitat, non-invasive sampling,
lonian Sea

Introduction

Coralligenous (C) is a relevant habitat in the Mediterranean with high aesthetic,
economic and ecological value representing a hot spot of biodiversity seemingly
sustained by its complexity and heterogeneity (Hong, 1980; Ballesteros, 2006 and
references therein). However, coralligenous accretion rate is slow (vertical estimated
values of ca. 0.26-0.27mm per year: Di Geronimo et al., 2001; Bertolino et al., 2020)
and constituent organisms are extremely sensitive to natural and anthropogenic
environmental changes (e.g. Montefalcone et al., 2017). For these reasons,
Coralligenous is a relevant but fragile and threatened habitat that has since long time
been the object of special interest by the UNEP (United Nations Environmental Plan)
RAC/SPA (Regional Activity Centre for Specially Protected Areas) and considered
among the priority habitats for monitoring and conservation by the European
Community, and currently included in the EU Biodiversity Strategy for 2030. In this
context, the 2-years project FISR 04543 “CRESCIBLUREEF - Grown in the blue: new
technologies for knowledge and conservation of Mediterranean reefs” aims at: 1)
understanding the tempo and mode of the Coralligenous inception and development,
focusing on its growth rate (also in the framework of the Holocene climate fluctuations),
the type of accretionary structures that sustain its biodiversity and the canopy of soft-

108



4th Mediterranean Symposium on the conservation of Coralligenous & other Calcareous Bio-Concretions
(Genoa, Italy, 20-21 September 2022)

bodied engineer species developing on its surface; 2) understanding the role that
sponges and microbial communities play in strengthening/weakening these biostructures
and seemingly promoting their early diagenesis; 3) developing new non-invasive
sampling technologies to complement the existing techniques for remote and direct
monitoring. Members of the permanent staff of three universities are involved in the
project lead by the University of Milano Bicocca, with the collaboration of the
universities of Catania and Calabria. The project also benefits of the collaboration of
specialists from other institutions and of several researchers as temporary staff.

Materials and Methods
A field of Coralligenous bioconstructions occurring off Marzamemi, SE Sicily (W
lonian Sea) was selected for this project (Fig. 1).

3 £ Gt
Fig. 1: Location of the study area: (A) In Italy and the Mediterranean Sea. The SE sector of
Sicily (asterisk) is enlarged in B; (B) The surveyed area offshore Marzamemi (large
rectangle) and the sampling sites (small rectangle); (C) underwater view of some build-ups.

Coralligenous was known in this area since the early 1980 (Violanti et al., 1990) and
pillar-like bioconstructions were first detected by scuba diving at the end of the 1990s.
The associated biodiversity and internal composition and architecture were investigated
on a discrete structure (Di Geronimo et al., 2001; 2002; Rosso & Sanfilippo, 2009).
Dating of the basal part of that bioconstruction at about 2000 years pointed to its recent
inception and to a low growth rate in the range of other similar coralligenous structures
(see Di Geronimo et al., 2001). Many aspects, however, remained to be investigated,
including the extension of the biocoenosis in the area and its relationships with the
surrounding soft bottoms, the inception of the build-ups and the relationships with the
substratum, the possible spatial variability and the role of organisms in its accretion.

Owing to the multiple aims of the project several methods are being employed to fulfil
the different challenging investigation topics. To define the extension of the
Coralligenous and acquire the marine geomorphology and seascape, multibeam
echosounder coupled with ROV surveys has been employed. Photogrammetry was
performed on selected clusters of bioconstructions for their remote description and
visualization. Chirp profiles were employed to investigate the deep inception of
Coralligenous in the area. Coring in selected sites is also planned. Several types of
samples were collected by scuba diving, including the use of an airlift suction sampler
to collect small vagile fauna, a scraping method on definite surfaces (20x20 cm) to
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obtain the canopy and the superficial concretion layer in order to investigate present-day
biodiversity, the collection of two discrete bioconstructions, to study the internal
structure; the constructional organisms’ composition, role and relationships; the
sediments filling cavities, their nature and meaning; the microbial communities, early
diagenesis and age. Airlift and scraping samples are being routinely processed through
stereomicroscopy and scanning electron microscopy (SEM) for the identification of
organisms. The two sampled build-ups were investigated through photogrammetry,
image analysis and computed axial tomography. Sediments inside cavities are being
analysed for the recognition of entrapped biogenic remains of both organisms living in
the build-ups and their surroundings. Muds have been investigated through optical
microscopy, UV-epifluorescence and SEM to figure out about a direct marker of
biological activity or not.

The need to perform minimally invasive sampling on coralligenous build-ups forced the
development of a coring device that could be operated both by divers, for shallow
depths, and by ROVs, for deeper sites. Various laboratory experiments were conducted
to determine the main specifications of the robotic coring system, by using different
coralligenous samples. A test bench has been manufactured to determine the system
specifications in terms of rotational speed, torque and axial force needed to core the
build-ups. The design and prototyping of the coring device was then performed, and a
prototype has been assembled and successfully tested in the pool.

Results

After the first year of the project, several results have been reached. A high-resolution
bathymetric map of the area was produced (Varzi et al., in press) allowing the
localisation of the coralligenous outcrop and its extent (ca. 17 km?) in a belt between ca.
36 and 100 m depth. First interpretation of acquired data point to a good correlation
between C distribution and the local terraced seascape (Varzi et al., in press).

Image analysis and computed axial tomography applied to two bioconstructions allowed
to identify and quantify for the first time the cavities within the structure and the role of
the different components on the surface and inside the framework, confirming the main
building role of crustose coralline algae in the Mediterranean C (Bracchi et al., 2022;
Basso et al., in press). Other constructional taxonomic groups were subordinate to
negligible, except for bryozoans (ca. 3-12%) on the surface of one of the examined
build-ups. Preliminary analyses of the communities associated with the canopy, mainly
consisting of soft algae (Flabellia petiolata, Peyssonnelia rubra, Halimeda tuna,
Rodrigueziella pinnata, Palmophyllum crassum and locally Acrodiscus vidovichii,
Osmundaria volubilis and slender thalli of the invasive alien species Caulerpa
cylindracea) and occasionally of the large-sized bryozoan Margaretta cereoides, point
to a high associated biodiversity. Focusing on skeletonised taxa (study still ongoing)
bryozoans and serpulids are the most obvious groups, especially with some large-sized
species, whereas all other taxonomic groups are very rare and not obvious. Bryozoans
account for more than 100 species nearly all with living colonies; few species, among
which Celleporina caminata, Mecynoecia delicatula and Scrupocellaria delilii,
dominate. Serpulids occur with about 35 species, most with living specimens; the
serpulines Josephella marenzelleri, Metavermilia multicristata and Spirobranchus
triqueter and the spirorbine Neodexiospira pseudocorrugata dominate. Molluscs are
present with ca. 80 species, but mostly with dead specimens; a couple of vermetids have
a role in the construction of the build-up while bivalves show a range of mode of life,
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from byssate on the surface to boring the algal carbonate (e.g., Lithophaga lithophaga)
or nesting within cavities (Gregariella semigranata). Brachiopods are subordinate, with
only three species and few specimens, except for Argyrotheca cuneata. Verruca
spengleri is the only detected barnacle. Among small-sized taxa, foraminifera are
numerous with ca. 130 species, several with only dead specimens. Elphidiidae,
Hauerinidae and Cibicididae dominate. Miniacina miniacea and Cornuspiramia
adherens directly encrust the build-ups. Ostracods include 20 species nearly all alive;
taxa in the genus Xestoleberis dominate. Sponges (more than 20 already identified
species) are common constituents on both the surface and within cavities; the most
abundant species are the massive Agelas oroides and the boring Cliona schmidtii.

Fig. 2: Representatives of some taxonomic groups. (A) The bryozoan Celleporina caminata;
(B) the serpuline Spirobranchus triqueter and the spirorbine Pileolaria psudomilitaris; (C)
The foraminifera Elphidium crispum; (D) The ostracod Aurila convexa; (E) The brachiopod
Argyrotheca cuneata; (F) The bivalve Gregariella semigranata; (G) The gastropod Vermetus
granulatus. Scale bars: A, F, G: 1 mm; B: 5 mm; C, D: 200 um; E: 500 pm.

Preliminary results indicate the occurrence of autochthonous and allochthonous micrite
strictly associated with skeletal remains. While the former consists of amorphous high-
magnesium calcite engulfing sponge spicules and shows bright epifluorescence under
UV excitation, the latter consists of sub-euhedral crystals engulfing bioclasts, including
insinuating and boring sponge spicules, and small intraclasts and does not show
epifluorescence under UV treatment. Coccoliths entrapped within cavities consist of
remains of both present-day species and reworked material entrapped in the structure.
The first laboratory testing on the robotic coring system demonstrated that the device is
able to extract samples with a diameter of 60 mm, but the main issues to be solved relate
to need of its proper anchoring to prevent breakage of the sample.
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Discussion and conclusions

Remote analyses allowed identification of different build-up morphologies (sensu
Bracchi et al., 2017) and to hypothesise a relationship between the Coralligenous
offshore Marzamemi and the inherited seascape morphology (Varzi et al., in press), but
more in-depth investigations and new results from dating are needed to understand the
particular conditions leading to C inception in the area during the Holocene sea-level
raise.

Although subordinate as builders and carbonate production, organisms associated with
the build-ups and trapped in the cavities are numerous and ongoing research will
contribute improving knowledge about Coralligenous biodiversity, mostly for some
previously understudied groups. The identified species of bryozoans and serpulids
largely outnumber the figures for these two groups found on a previously studied build-
up from shallower waters in the area (9 bryozoans and 7 serpulids: Di Geronimo et al.,
2001) and those from deeper coralligenous fragments (ca. 100 m depth: 60 bryozoans
and 11 serpulids) from a nearby site (Rosso & Sanfilippo, 2009). Though diversified,
bryozoans and molluscs show less species than the total numbers reported for the whole
Mediterranean, i.e. 219 (Rosso & Di Martino, 2016 and references therein) and ca. 130
species (see Ballesteros, 2006, based on Hong, 1980), respectively. In contrast,
foraminifers and ostracods exceed the 61species and 10 species, respectively reported
by Ballesteros (2006 and references therein) for the Coralligenous in the whole
Mediterranean. Comparisons are more difficult for serpulids usually merged within
polychaetes. Preliminary data and literature in the area also suggest a relevant spatial
heterogeneity in species distribution to be further investigated.

Further analyses are needed to elucidate the relationship between the high abundance of
sponges inhabiting the Coralligenous (e.g., Costa et al., 2019) and micrite sediments.
Assessing the biomineralization processes involved in the autochthonous micrite
deposition will add information about the syndepositional cementation and
strengthening of the coralligenous framework, and enable comparison with other
bioconstructions, such as cave biostalactites (e.g., Guido et al., 2022). The pool trails of
the robotic coring system have demonstrated the feasibility of the concept, even if the
system still does not implement all the functions that have been designed and some
issues are arisen about the anchorage to the seabed. Sea trails will probably give more
information about other issues to be solved and then a complete prototype is expected to
be manufactured. First data from still under- or un-explored aspects (e.g., biogenics
entrapped in the cavities) are also promising in helping to reconstruct the
palaeoenvironmental conditions during inception and accretion of the studied
biostructures.
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SOFT CORAL AND GORGONIAN ASSEMBLAGES EXEMPTED
OF THERMAL STRESS BUT THREATENED BY HIGH
ANTHROPOGENIC PRESSURES IN THE SEA OF MARMARA

Abstract

The Sea of Marmara, characterized by peculiar oceanography, harbours unique alcyonarian
assemblages below the halocline layer (approximately below 20 m), where Mediterranean
originated waters flow at dim light conditions, roughly 15 °C, year-round. These conditions
allow the co-presence of species with relatively large bathymetric distribution like Eunicella
cavolini and Paramuricea clavata together with species with deeper distribution, like P.
macrospina and Spinimuricea klavereni, within scuba diving limits. Distribution and density of
these assemblages in northeastern Marmara are being monitored since 2013. Demographic and
genetic structure of the yellow gorgonian E. cavolini populations were studied in 2016 and
2021. Also, the microbiomes of some alcyonarians were studied in 2018. Alcyonarians, which
are among the most impacted and threatened organisms by thermal anomalies that affect
Mediterranean assemblages, are eventually protected from climatic threats in more or less
constant temperatures of the Marmara lower layer. However, they are threatened by other
anthropogenic impacts, mainly fisheries, high sedimentation and pollution, the impacts of which
are evidenced in results of our various studies. In Marmara, alcyonarian microbiomes included
Endozoicomonas bacteria like most alcyonarians, however notably less abundant than
previously reported in Mediterranean gorgonians, possibly due to high anthropogenic stressors.
Populations of the yellow gorgonian in Marmara seem well-structured but displayed high
proportion of mortality and extent of injury, especially at large size classes, showing a strong
impact. These populations were characterized by high genetic structure, low levels of diversity
and high private allelic richness. Alcyonarians in Marmara were lately impacted from a severe,
basin-wide mucilage event that took place in 2020, that resulted in sharp decreases of colony
numbers in northeastern Marmara. Urgent actions to protect the vulnerable assemblages are
required and should be considered as part of the recent status of “Special Environmental
Protection Area” and the 2021 Marmara Action Plan.

Key-words: Coral assemblages, disturbance, population genetics, demographic structure,
microbiomes

Introduction

The Sea of Marmara, with unique oceanography and high nutrient availability,
constitutes a favourable environment for suspension feeders including soft corals and
gorgonians (Alcyonacea) and supports high biodiversity along with high abundances
(Topcu and Oztiirk 2015). Soft corals and gorgonians are absent on sea bottom of the
brackish upper layer, formed by the Black Sea water mass flowing into the Marmara
Sea through the Istanbul Strait. They are present below the halocline layer, at 20 — 22 m
shallowest, or deeper, depending on the species. The lower layer is characterized by

114



4th Mediterranean Symposium on the conservation of Coralligenous & other Calcareous Bio-Concretions
(Genoa, Italy, 20-21 September 2022)

dim-light and a year-round roughly 15 °C temperature, conditions that allow several
alcyonarians to be found, including species with relatively large bathymetric
distribution like Eunicella cavolini (Koch, 1887) and Paramuricea clavata (Risso,
1826) together with species with deeper distribution (in general below 50 m), like
Paramuricea macrospina (von Koch, 1882) and Spinimuricea klavereni (Carpine and
Grasshoff, 1975), at depths that can be reached by regular scuba diving.

Prince Islands where diverse alcyonarian assemblages are present, is a group of islands
facing the megacity of Istanbul. Soft corals and gorgonians in the area were monitored
and were subject to several studies since 2013. This study briefly summarises results
from various recent studies in Prince Islands including (i) octocorals distribution and
abundance, (i) demographic structure of yellow gorgonian populations, (iii) and their
genetic diversity, and (iv) microbiome composition of two gorgonian species.

Materials and methods

The materials and methods used in various studies can be summarised as follows.

(i) Octocoral species in Prince Islands were monitored at 9 stations by counting colonies
in 20 m? transects on more or less horizontal bottoms or in 20 quadrats haphazardly
placed in case of steep bottoms (Topcu and Oztiirk 2015; Topcu et al. 2019 and
unpublished data in 2021). The health status of colonies is also noted, as healthy, showing
partial mortality > 10% of colony surface or dead (entirely denuded, bare skeleton).

(if) Numbers, sizes, and percentage of recent/old necrosis ofzyellow gorgonian colonies
(Eunicella cavolini) were studied in haphazardly placed 1 m“ quadrats for populations’
demographic structure at 3 stations in 2016 and 2021 (Fig. 1).

(iii) In order to determine the genetic diversity in populations of the Sea of Marmara
and reveal genetic connectivity with populations of the Aegean Sea, four populations in
the Sea of Marmara were compared to seven population in the northern Aegean Sea by
genotyping five microsatellite loci from 30 colonies/population.

(iv) The bacterial microbiome composition of 2 gorgonian species (Paramuricea
clavata and E. cavolini) were studied by using 16S rRNA amplicon sequencing-based
profiling.

Results

The monitoring of octocoral assemblages in Prince Islands indicate significant decreases
in all species as response to recent stressors (Fig. 1). Following the excessive
sedimentation in 2015 - 2016, soft corals in Prince Islands decreased by 91.6 % (Topcu
et al. 2019). Even most common species like Alcyonium palmatum Pallas 1766 has
become rare at all sites. In 2021, the long-lasting and basin-wide mucilage caused
another decrease of soft corals by 76.7 %, leading to an almost suppression of soft
corals in Prince Islands.

Considering only those completely denuded, gorgonians were decreased by 66.4 %,
following the excessive sedimentation. The mucilage induced another decrease by 19.2
% of gorgonians but not all species were similarly impacted. Paramuricea macrospina
and Spinimuricea klavereni were the most affected species from both stressors.

The demographic structure of the yellow gorgonian populations was characterized by
high numbers of small sized colonies along with the presence of large size classes in
2016 (Topcu et al. unpubl. data). In 2021, the number of large size classes highly
diminished while the number of necrosed and dead colonies were increased. On the
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other hand, the number of small colonies had considerably increased, resulting in a
significant shift in populations’ demographic structure.
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Fig. 1: Location of Prince Islands in the Sea of Marmara and the Mediterranean Sea (at
top); diving sites are shown with red dots. Graphics of changes in the demographic
structure of the yellow gorgonian in Sivriada (A); changes in colony numbers of
gorgonians (B) and soft corals (C) at Prince Islands in different years marked by dramatic
events. The pictures show a red gorgonian (right bottom) and a yellow gorgonian (top)
covered by mucilaginous aggregates, and yellow gorgonians covered with sediment in 2015
at Yassiada (center).

The results of the genetic study indicate an important genetic differentiation among
Marmara and Aegean populations (Dogan et al. unpubl. data). Inside each area, a
significant differentiation is observed among populations as well. We found that
populations in the Marmara have the least genotypic richness and diversity.
STRUCTURE results showed that the Aegean and Marmara populations are clustered
regionally. This pattern is confirmed by Fst values and differentiation tests. When we
consider the averages of pairwise differences between populations the highest value is
observed between Marmara and Aegean populations.

The microbiomes of Eunicella cavolini and P. clavata were significantly different from
each other and their identified core microbiome consisted of twelve bacterial taxa for E.
cavolini and 19 for P. clavata (Steinum et al. unpubl. data).

Discussion and conclusions

Mucilage and sedimentation impact soft corals in similar ways, mainly by covering
coenenchyme resulting in suffocation (Airoldi, 2003). Due to coverage by sediment or
entanglement of mucilaginous aggregates, gorgonians might die-off, especially at small
sizes or show partial mortality of colony surface and recover once the aggregates
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disappear (Mistri and Ceccherelli, 1996a; 1996b; Giuliani et al., 2005). In Prince
Islands, these two stressors highly impacted alcyonarian assemblages, leading some
species to become regionally very rare. Following disturbance, soft corals that do not
have an axis (Alcyoniina) disappear from the bottom and leave no traces behind, unlike
gorgonians whose bare skeleton can easily be detected and form a substrate for epibiont
organisms. Among gorgonians present in the area, those with relatively fast growth, i.e.
S. klavereni (Topgu and Oztirk 2016) and P. macrospina (Bo et al. 2011), were
eventually the first to show signs of necrosis and die-off whereas species with slower
dynamics showed higher resilience to these disturbances. P. clavata colonies in Prince
Islands are present at sites highly impacted from industrial fisheries and has a
decreasing trend since a long time (Topgu and Oztiirk 2015). Several colonies died-off
during both disturbances, putting at risk the regional continuity of the species.
Currently, large size colonies that survived the mucilage are found only at 2 sites. The
yellow gorgonian forms dense forests at 3 sites in Prince Islands and large size colonies
seem highly impacted from mucilaginous cover. The increase in the number of small
size colonies might be related to higher survival of small sizes thanks to the umbrella
effect of large size colonies (Ponti et al. 2018) and a higher recruitment following
sedimentation/mucilage due to increased availability of substrates cleared of large sizes.
The Sea of Marmara is an isolated basin and the connectivity of sessile benthic
organisms ‘populations with Mediterranean populations is not yet reported in literature
and might be highly limited. The yellow gorgonians populations in Prince Islands form
locally dense forests but tend to decrease with recent impacts and their demographic
structure seems to shift to small sizes, which may impact reproductive output and
further recruitment in following years. These populations, restricted and isolated in
space, have low genetic diversity. Along with decreasing numbers, they might be at risk
of a bottleneck.

As for microbiome composition, environmental factors seemed more important in
determining it than host identity. Endozoicomonas bacteria were present as core
members but notably less abundant (Steinum et al., unpubl. data) than previously
reported in Mediterranean gorgonians (as in Bayer et al. 2013; Vezzulli et al. 2013),
which could reflect community shifts in response to anthropogenic stressors in the
Marmara.

The Sea of Marmara, with particularly favourable environmental conditions for
alcyonarians, e.g. more or less stable temperature as from 20 m, should present a safe
haven for macrozoobenthic species, highly impacted from climatic threats in the
northwestern Mediterranean (Cerrano et al., 2000; Garrabou et al. 2019) but they are
threatened by other anthropogenic impacts, mainly fisheries, high sedimentation and
pollution, the impacts of which are evidenced in results of our various studies.
Following the severe mucilage in 2020 - 2021, the Ministry of Environment,
Urbanization and Climate Change implemented an Action Plan to reduce pollution and
increase water quality, and declared the Sea of Marmara as a Special Environmental
Protection Area (SEPA) in 2021. Thus, if anthropogenic pressures are minimized
through the appliance of the action plan and the consecutive integrated strategic plan for
the Sea of Marmara, we can expect a natural recovery of soft coral and gorgonian
assemblages, although we should probably envisage tens of years to fully recover
habitat complexity and all ecosystem services (Montero-Serra et al. 2018; Cerrano et al.
2019). In order to protect yet healthy assemblages from mechanical damages (caused
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by fishing nets, fishing lines, anchoring ...) restricted zones should be considered as
effective measures.
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NEW INSIGHTS ON BIOEROSION PROCESSES IN THE
NORTHERN ADRIATIC CORALLIGENOUS REEFS

Abstract

The northern Adriatic continental shelf hosts many coralligenous reefs rising from the
sedimentary bottom and characterized by high spatial heterogeneity. The bioerosion processes
have been experimentally studied in the field using calcareous tiles exposed for 12 years in
three different sites off Chioggia. Based on their shape and size, the bioeroded volumes of the
boring sponges of the genus Cliona were measured through high-resolution Computed
Tomography (CT). The Cliona spp. eroded a mass from 3.48 to 15.83 kg m™ compared to the
initial size of the experimental tiles after 12 years of exposure.

The distribution of Cliona spp. in the three experimental sites and surrounding 10 sites was
assessed through their superficial evidence (i.e., papillae of the sponges) by means of
photographic sampling. Through a regression analysis between measured mass bioeroded and
borers abundance, the estimated mass bioerosion of reefs in the whole area off the coast of
Chioggia was evaluated. This approach could improve our understanding and ability to
quantify bioerosion processes over large areas and possibly relate it to the environment quality,
anthropogenic impacts, and climate change.

Key-words: Mediterranean Sea, ecological processes, biogenic structures, 3D visualization,
mesophotic

Introduction

The northern Adriatic continental shelf hosts many mesophotic coralligenous reefs,
scattered on the sedimentary bottom (www.marine-geo.org/tools/search/entry.php?id=
NorthernAdriatic_Reefs) and characterized by heterogenous benthic assemblages (Ponti
et al., 2011). These reefs can be considered as peculiar coralligenous “banks” (sensu
Ballesteros, 2006) ranging in size from a few to thousands of square meters and
distributed between 15 and 40 m in depth, where twilight conditions occur due to high
water turbidity (Ponti et al., 2011). The coralligenous reefs are considered a “hot spot”
of species diversity, shaped by bioconstruction and erosion processes, geological events,
human impacts, and climate changes (Ballesteros, 2006). Coralligenous assemblages are
threatened by anthropogenic disturbances (Claudet & Fraschetti, 2010; Coll et al.,
2010), and climate change-related disturbances (Garrabou et al., 2019; Ponti et al.,
2021; Teixido et al., 2013; Turicchia et al., 2018).

The boring sponges of the genus Cliona represent one of the leading agents of
bioerosion in coralligenous reefs producing a vast system of branched and
interconnected galleries in the substrate and communicate with the surface through
numerous openings. In particular, Cliona viridis (Schmidt, 1862) is regarded as one of
the Mediterranean Sea's most abundant and effective borers (Bertolino et al., 2013),
especially in the northern Adriatic mesophotic reefs (Ponti et al., 2011; Turicchia et al.,
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2022). Species from the Cliona viridis complex indeed commonly display high

bioerosion rates, up to 29.5 kg m=2 y-1 (Calcinai et al., 2007; Schonberg et al., 2017 and

references therein). The aim of the present study is to shed light on bioerosion process
taking place in the northern Adriatic coralligenous reefs. Starting from the experimental
measure of masses eroded by Cliona spp. on tiles deployed underwater for 12 years
(Turicchia et al., 2022) and the boring sponges’ superficial evidence (i.e., papillae of the
sponges) on photographic samples, the eroded mass was estimated for ten coralligenous
reefs in the area in front of Chioggia.

Materials and methods

In the coralligenous reefs off Chioggia, 3 main typologies of benthic assemblages have
been recognized according to their relative abundance of encrusting calcareous
rhodophytes (ECRs), algal turf, sponges, and colonial ascidians. As a general pattern,
reefs closer to the coast are dominated by algal turfs, while those further away are
dominated either by ECRs or by erect sponges (Ponti et al., 2011). Based on these
findings, three sites were randomly chosen, each to represent a different assemblages
typology (site P204 dominated by algal turfs, P213 dominated by erect sponges, and
MRO08 dominated by ECRs) to deploy forty-eight rough travertine tiles (15.0 x 11.5 x
1.0 cm = 172.5 cm®) in August 2005.

Four tiles from each site were randomly retrieved in August 2017 to quantify the
bioerosion process. Before collection, each tile was photographed underwater using a
Canon PowerShot G15 digital camera, equipped with an aluminum underwater case and
an INON D2000 S-TTL strobe (Fig. 1a). The boring sponges bioerosion has been
assessed at genus level. Shapes and volumes of the Cliona spp. bioerosion traces were
non-destructively identified and measured through high-resolution computed
tomography (CT) on experimental tiles following the methodology in Turicchia et al.,
2022 (Fig. 1b). Moreover, ten photographic samples (21 x 28 cm) of the natural
substrate were randomly collected at 6 sites in 2014 and 4 sites in 2017 in the area off
Chioggia (Fig. 1c, Tab. 1).

The percent cover of Cliona spp. was calculated through their superficial evidence (i.e.,
papillae of the sponges) and quantified by superimposing a grid of 400 squares of equal
size using the PHOTOQUAD freeware software (Trygonis & Sini, 2012) on both the
photos of the experimental tiles and those of the natural substrate. The percentage cover
was related to the total readable area of each image, obtained by subtracting dark and
blurred areas or portions covered by mobile organisms (Ponti et al., 2011).

The possible relationship between the percent cover of Cliona on the travertine tiles and
the Cliona eroded mass in the tiles were explored by the regression linear model. Based
on the calculated regression linear model, from Cliona eroded mass, the mean Cliona
bioerosion and the corresponding lower and upper limit values (at 95% confidence
interval) have been predicted for each site. The potential bioeroded mass estimation was
extended to the entire area through spatial interpolation using the ordinary kriging
method (Zhang et al., 2015).
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Fig. 1: a) example of travertine tile (delimited by the white dotted line) deployed
underwater for 12 years at the MRO08 site; b) computed tomography graphic
reconstruction of the tile in figure 1A, in which the erosion pattern of the boring sponge
Cliona is shown in green; c) photographic sampling of the natural substrate at the MR08
site (steel frame 21 x 28 cm). Scale bars are 1 cm long.

Results

Boring sponges from the genus Cliona were found in all experimental tiles from the 3
study sites, both inside and on the surface. The percent cover of Cliona spp. on the
surface of the experimental tiles varied from 1.01% (site P204) to 71.16% (site MRO08).
Likewise, the corresponding bioeroded mass by Cliona spp., as measured through CT
image analysis, ranged from 3.48 kg m™ (site P204) to 15.83 kg m? (site. MROS).
Regression analysis allowed to calculate the following biomass estimation equation:

Bioeroded mass [kg m?] = 5.88 + 16.08 Cliona surface cover [0..1]
(R?=0.69, p < 0.001, n = 12; Fig. 2a)

The surface cover of Cliona spp. on natural substrate was estimated for ten sites, six
photographically sampled in 2014 (MRO08, P204, P208b, P213, TM1 and TQS; Tab. 1)
and four in 2017 (ALO6, East Bike, MR08 and P213; Tab. 1). Cliona spp. was present at
all the study sites, confirming its wide distribution in the area. Its lowest percent cover
was at TM1 site (0.41 + 0.41%), while the highest at MRO8 site in 2017 (10.68 +
3.45%). The related mean bioeroded mass at the study sites, based on the Cliona surface
cover assessed from the photographic samples, ranged from 5.95 kg m at the TM1 site
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(with 0.02 kg m™ as lower and 11.88 kg m™ upper prediction limit), to 7.60 kg m? at
the MRO8 site in 2017 (with 1.88 kg m™ and 13.32 kg m™ as the lower and upper
prediction limit), respectively (Fig. 2b, Tab.1).
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Fig. 2: a) regression linear model between Cliona surface cover [0..1] on experimental tiles
and corresponding eroded mass, measured by CT analysis; b) estimated mean bioerosion
mass at the study sites based on the surface cover of Cliona, assessed by photographic
sampling.

Tab. 1: Study sites with their geographical coordinates (Latitude and Longitude, Datum
WGS84), photographic sampling year, mean percent cover of Cliona spp. * standard error
(se), and the corresponding estimated bioerosion including lower and upper prediction
limits (95%CL).

st L Lon phoographic ML oo St i

[%cover £se]  [kgm?  [kgm?] [kg m?]

ALO6 452028  12.4207 2017 2.86 +1.92 6.34 0.47 12.21
East Bike 45.1606 12.9486 2017 1.07 £0.95 6.05 0.14 11.97
MRO8  45.2305 12.4892 2014 2.34+0.63 6.26 0.38 12.14
MRO8  45.2305 12.4892 2017 10.68 + 3.45 7.60 1.88 13.32
P204 452111 12.3844 2014 1.65+1.18 6.15 0.25 12.05
P208B  45.1945 124247 2014 0.86 +0.53 6.02 0.10 11.94
P213 451712 12.5169 2014 5.05 +1.91 6.69 0.87 12.52
P213 451712 12.5169 2017 2.07 +1.81 6.22 0.33 12.11
T™M1 452045  12.4049 2014 0.41+0.41 5.95 0.02 11.88
TQS 452891  12.5631 2014 10.54 + 3.82 7.58 1.86 13.30

The computation of the potential mass bioeroded by Cliona spp. was extended to the
area off Chioggia through spatial interpolation. The highest value (7.53 kg m™) was on
the north side of the area, close to TQS site; the estimated values tend to decrease
following a southward gradient; however, the lower values (5.99 kg m™) were located
both at the east and west extremes of the interpolated area (Fig. 3).
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Fig. 3: Map of the potential Cliona bioerosion in the study area. Yellow dots represent the
study sites (Map projection UTM33N/WGS84).

Discussion and conclusions

The activities of boring sponges shape the coralligenous habitats by eroding the substrate
and creating shelters for many organisms (Cerrano et al., 2001), but simultaneously, they
reduce the mechanical stability of the reefs. Some studies provided allometric equations to
estimate boring sponge volumes from surface cover appraisal in tropical coral reefs (Rose
& Risk, 1985; Schonberg, 2001), and in the Adriatic Sea (Calcinai et al., 2011). Based on
experimental evidence, this study provides a rapid method to estimate Cliona’s erosion,
including associated uncertainty. Cliona sponges are abundant in the northern Adriatic
coralligenous reefs, and their bioerosion activities can mine these fragile systems;
therefore, quantifying their bioerosion capacity in space and time is of paramount
importance for nature conservation purposes and should be included in environmental
monitoring programs. Thus, although with relatively large uncertainty, this type of
bioerosion estimation could complement regular photographic monitoring.
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CLIMATE ADAPTATIVE MANAGEMENT IN MARINE
PROTECTED AREAS: THE CASE OF MARINE HEATWAVES
AND DIVING FREQUENTATION ON THE CONSERVATION OF
CORALLIGENOUS HABITAT FORMING SPECIES

Abstract

During the last two decades, different Marine Heatwaves (MHWSs) have affected coralligenous
assemblages in the Mediterranean Sea, causing catastrophic mass mortalities of several habitat-
forming invertebrates such as gorgonians, corals and sponges. Moreover, whether Marine
Protected Areas (MPASs) are contributing to effectively protect marine ecosystems from extreme
climatic events is currently being challenged. Furthermore, recreational diving represents an
important activity in Mediterranean MPAs, which has shown detrimental effects when high number
of divers are allowed to visit these areas. Here, we assess if a climate-adaptive management of
MPAs can delay the impact of climate change focusing on the case study of the Medes Islands MPA,
one of the most visited by divers. To achieve this, we benefit from a 6 year monitoring of permanent
transects encompassing six sites with red gorgonian Paramuricea clavata, which combined with
data prior to the effects of firsts MHWs in 2016 allowed us to assess the impacts caused by climate
change and scuba diving. Besides, based on the empirical dataset, we modelled the long-term
viability of this species under different managing and mass mortality scenarios. Overall, our results
show a clear decline of the red gorgonian populations and predict a local extinction for shallow
depths (<25 m) in the next 20 years, caused by the synergic effect of diver over-frequentation and
climate change. However, the simulated scenarios show how a climate-adaptive management of the
diving activity under climate change can enhance the long-term viability of this key Mediterranean
habitat-forming octocoral. This study provides one of the few quantitative evidences of how an
adaptive management is crucial to delay climate change impacts in Marine Protected Areas.

Key-words : Coralligenous, Marine Heatwaves, Marine Reserve, Paramuricea clavata,
adaptive Management

Introduction

Marine Protected Areas (MPAs) are one of the main management tools to ensure
biodiversity conservation and to achieve significant ecological gains in marine
ecosystems (Lubchenco & Grorud-Colvert, 2015). However, the accelerated biodiversity
loss caused by overexploitation and climate change is raising major concerns about their
effectiveness (Hughes et al., 2003). Related to ocean warming, marine heatwaves
(MHWSs) are increasing their frequency and severity across ecosystems (Smale et al.,
2019). In the current context of MHWS, the effectiveness of existing MPAs is under
debate as the majority were designed without considering this global warming stressor
(Bruno et al., 2018). In view of this concern, a climate-adaptive management of MPAs
has been proposed as a tool to face climate change at a local scale (Roberts et al., 2017).
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Global stressors such as warming and MHWs are not the only threat for MPAs, as not all
protected areas are sustainably managed, and many are still under local stressors
(Giakoumi et al., 2017). Even in well-established no-take areas, the presence of SCUBA
diving, has been documented to be detrimental (Giglio et al., 2020). Considering the
interaction between global and local stressors is especially relevant when enforcing an
adaptive management, as they can not only worsen the conditions through an additive
effect, but also through a synergistic interaction. Particularly, in shallow depths both
affected by MHWs and high diving pressure, a strong synergic relation has been found
affecting key habitat-forming gorgonians (Linares & Doak, 2010).

The present study focuses on the interaction of diving and MHWSs in The Medes Islands
Marine Reserve, which was created in 1983 and currently represents one of the most
frequented no-take areas in the Mediterranean Sea. The main goal of the study is to
explore how local climate-adaptive measures within MPAS can be crucial to ensure the
conservation of a key habitat-forming gorgonian (Paramuricea clavata). Firstly, we
performed a demographic monitoring to assess the impact of MHWSs and diving as well
as their interaction. Secondly, we used the field data to predict the long-term viability of
this species through size-structured matrix models. Finally, we explored how different
climate and local management scenarios can ensure the conservation of marine
biodiversity.

Material and methods

We used monitoring data from 2016 to 2021, when unexpected extreme climate events
occurred in this area: an anomalous mucilage growth in 2017, causing an outbreak that
entangled P. clavata branches (visually observed by authors), and the Storm Gloria in
2020, one of the largest historical storms over the western Mediterranean basin (Amores
et al., 2020). Moreover, analyzing the in-situ, hourly temperature obtained during the last
20 years, shows that 2017, 2019 and especially 2018 were affected by MHWSs that
surpassed the red gorgonian thermotolerance.

A total 659 colonies were individually identified and mapped during six years. For each
colony, the maximum height was measured and the extend of injury was estimated as the
percentage of each colony’s total surface that showed either a denuded axis or overgrowth
by other organisms (Linares et al., 2005). From this data the following descriptors were
obtained: density, biomass, mean height, colony size distribution, partial mortality and
total mortality.

We also examined the long-term viability of Paramuricea clavata through size-structured
matrix populations (Lefkovitch, 1965). For the model, a set of 7 size-defined classes were
implemented based on the life cycle of this species (Linares & Doak, 2010). The transition
matrixes were constructed by estimating survival, growth, shrinkage and reproduction
rates for each class. With the matrixes constructed, deterministic lambdas were estimated
(L) together with a stochastic lambda (As), obtained from randomly drawing the annual
matrices (Caswell, 2000; Morris & Doak, 2002). Finally, to underpin the need of MPA
management adapting their conservation strategies to climate change, we estimated the
stochastic lambda for a large variety of future combinations between the local (high
diving activity) and global (mainly temperature driven MMES) stressors. To simulate the
effect of the local impact of diving, we simulated a reduction and an increase on the
mortality of adult colonies corresponding to different levels of diving activity. The effect
of the global impact has been simulated by changing the proportion on which the model
randomly draws the annual transitions that present climate change impacted growth rates.
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Results

During the study period, a clear drop has been recorded on the density and the biomass
of the studied colonies (Fig. 1AB). Both parameters follow a similar pattern, a large
decline up to 2018 followed by a milder one the rest of the years, causing a cumulative
reduction of the density and biomass of around 40% for the entire period. The mean height
showed a small decline to smaller sizes (Fig. 1C). The percentage of affected colonies by
partial mortality doubled from 2016 to 2018 and maintained stable for the rest of the study
(Fig. 1D). In a similar pattern, the extend of injury per colony tripled in these two years
(Fig. 1E). Distinguishing between types of injury, a clear peak of recent injuries was
recorded in 2018, observed both in the affected colonies and the extend of injury.
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Fig. 1: Demographic parameters for the studied Paramuricea clavata colonies

Total mortality rate of adult colonies (> 10 cm height) was also high during this period,
9.75 = 1.73% per year, mean + s.e.). When determining the cause of mortality, mortality
caused by colony detachment was 7.60 = 1.85% per year, while mortality by fully injured
surface (overgrowth) was 2.15 + 0.68 % per year. Examining how the detachment rate
varies, depending on the level of injuries presented the year prior to their disappearance,
shows a clear increase the higher their surface was injured (Tab. 1).

Tab. 1: Annual total mortality rate (t1) estimated for colonies categorized by the injured
surface they presented the previous year (t0)

Partial mortality t0 Detachment rate t1 Overgrowth rate t1

(Colonies in each category) (%/y, mean + s.e.) (%/y, mean + s.e.)
Healthy (57.24%) 6.89 + 1.66 1.39+0.40
Mildly Injured (26.37%) 7.09 +1.52 1.72 £0.86
Highly Injured (16.40%) 9.34 +3.97 5.74 + 1.60
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The annual populations growth rates indicate a negative population growth rate for all
transitions (ranging from 0.840 to 0.983). Stochastic simulations predict a quasi-
extinction occurring in the next 12 to 20 years for 95% of the scenarios. Plotting the
estimated stochastic lambda for a multitude of combinations between the local and global
stressors shows a synergistic interaction (Fig. 2). The synergistic effect is observable in
the curved pattern formed by the lambda isoclines, as an additive relation would create
parallel isoclines. The combination of an increase on both impacts causes a bigger
reduction on the stochastic lambda, than the one obtained by adding the reduction that
each impact causes individually.
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Adult mortality caused by local impact
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Fig. 2: Stochastic lambda ()) for multiple combinations between the local and global stressors

Discussion and conclusion

There is an increasing concern that existing MPAs may not be enough to protect marine
ecosystems from the recurrent warming impacts (Bruno et al., 2018). In this context, our
study highlights: i) the interaction of local and global stressors cause an important decline
in a relevant habitat-forming species within MPAs; and ii) adaptative conservation
strategies such can delay the impacts caused by climate change, enhancing the long-term
viability of a key Mediterranean octocoral.

For the past 6 years a significant decline of Paramuricea clavata has been recorded in the
Medes Islands Marine Reserve. The cumulative reduction observed in colony density and
biomass is comparable to the one described in previous MME of this species (Gomez-
Gras et al., 2021; Linares et al., 2005). On the other hand, only 2018 presents values of
partial mortality that are within the moderate range of other MHW-induced mortalities
(Garrabou et al., 2009). This miss-match between density/biomass loss and partial
mortality data might have been enlarged by the mucilage event and the extreme storm.
Nevertheless, 2017 and 2019 recent injury values are still higher than the ones recorded
in this MPA during the 2003 large-scale MHW. This indicates that temperature conditions
have worsen to the point where the red gorgonian is now showing signs of temperature
stress.

The estimation of total mortality rate further clarifies why such a steep decline has
occurred, since the main reason of colony death is the detachment of a colony from its
substratum. This mortality has been previously associated to the high diving activity
occurring within the Medes Islands MPA (Coma et al., 2004) and is supported by multiple
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studies describing the impact that over-frequentation of divers cause on branching
organisms (reviewed in Giglio et al., 2020). As a result, the combined effect of the local
diving impact with the increase of temperature-driven mortality has caused a bigger
decline than the expected taking in account the mentioned events. This effect gets
magnified by the synergistic behavior between these two impacts (Linares & Doak,
2010), which is clearly observable in the detachment rates, as an increase occurs the more
injured the colonies were the year prior to their disappearance.

The growth rates detected during this period reflect the observed decline and the overall
resulting stochastic growth rate and their long-term viability projection truly show the
detrimental effect that occurs as a combination of the present impacts. Even though this
outcome could seem over pessimistic, as it implies that such a decline will occur
repeatedly every five years, a scenario of increasing frequency of MHWs is expected in
the future (Smale et al., 2019). Moreover, a recent study on red gorgonian populations
that were affected by recurrent heatwaves showed a collapsed trajectory in only 15 years
(Gomez-Gras et al., 2021), a time similar to the one projected with our data.

In view of the future viability of P. clavata and the clear presence of a local impact
worsening the effects of climate change, it is crucial to properly manage the high diving
activity occurring in this MPA, especially considering that the global stressors are
difficult to manage at local scales. This is clearly exemplified when simulating the
viability of these colonies under different scenarios of global and local impacts, as the
synergistic nature of these impacts make it more beneficial to achieve a reduction of adult
mortality the more temperature conditions worsen. These modelling efforts give useful
insights to managers to assess different adaptive conservation strategies, as the control on
the local impact can be tweaked around a climate-responsive design which is based on
biological criteria.
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STRUCTURE OF CORALLIGENOUS COMMUNITIES OF
AYVALIK ISLANDS NATURE PARK

Abstract

Coralligenous formations are defined as calcareous bioconcretions produced by sciaphilic coralline
algae. Coralligenous communities (CCs) are an important component of Mediterranean hard-bottom
environments with great structural and functional complexity. These communities are particularly
impacted by disturbances such as overfishing, excessive recreational diving, anchoring, anthropogenic
sedimentation, invasive species, mucilage and particularly in last decades, thermal anomalies. Hence
there is a dire need for studies on coralligenous to better preserve them. Most studies are concentrated
in the NW Mediterranean and only few studies are present in the easternmost Mediterranean. The aim
of this study was to assess the CCs of a MPA in Ayvalik, NE Aegean Sea, which harbours dense
Eunicella cavolini gorgonian populations. In the present study, the structure of coralligenous in the
Ayvalik Islands Marine Park (AIMP) was investigated by comparing 2 stations dominated by
gorgonians and 2 stations without gorgonians by SCUBA diving and photoquadrats. Ecological status
of coralligenous was assessed through a standardized procedure, differences in the structure of
coralligenous with and without gorgonians were analysed through PERMANOVA. Overall, a total of
61 benthic taxa were identified, with 47 taxa in gorgonian dominated coralligenous and 50 taxa in
non-gorgonian assemblages. The CCs were mainly characterized by high number/percent cover of
sponges and low number/percent cover of erect bryozoans/tunicates in accordance with other reports
from the Aegean. Despite being a 28 years MPA, the AIMP has no actual protection since there are no
on-site management. Impacts by fishing activities and traces of the invasive algae Caulerpa racemosa
(Chlorophyta) are clear on the CCs of the MPA.

Key-words: Gorgonians, marine protected area, Aegean Sea, biodiversity, Caulerpa racemosa

Introduction

Coralligenous environments are an important component of hard-bottom habitats. Long-lived
endemic species in coralligenous communities, for instance gorgonians such as Eunicella
cavolini (Koch, 1887), greatly enhance marine diversity. This gorgonian commonly found in
the Mediterranean coralligenous assemblages was reported in dense populations at Ayvalik.
The Ayvalik Islands Marine Park (AIMP) was established in 1995 but despite the existence of
a management plan, there is no on-site management. The aim of this study was therefore to
assess the ecological status of coralligenous communities in the AIMP and compare yellow
gorgonian dominated assemblages to those without gorgonians.

Materials and methods

The field study was performed by SCUBA diving in September 2020 within the AIMP
located in the northeast Aegean Sea at 4 stations: Ayvalik Taglar and Hayalet Taslart
(coralligenous communities dominated by the yellow gorgonian E. cavolini, “G” stations) Vs
Giines Adasi and Kralice Taslar (coralligenous communities without gorgonians ‘“nG”
stations). Samples were collected at a depth of 30 — 35 m. Two replicates of 4m* transects per
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station were performed, with 10 photoquadrats of 0.2 m?ftransect. Ecological status of
coralligenous was assessed through the standardized procedure of STAR (STAndaRdized
coralligenous evaluation) procedure (Piazzi et al., 2019).

Fig.1. Location of Ayvalik Islands Nature Park

Results

Among “G” stations, benthic coverage for sponges was 42.03%, 23.93% for chlorophytes and
16.73% for rhodophytes. 45.56% of “nG” stations were covered by rhodophytes, 35.73% by
chlorophytes and 16.30% by sponges. Statistical analyses underlined that “G” stations were
defined by high coverages of sponges/tunicates, while “nG’”” were characterized by increased
coverages of sediment /rhodophytes/chlorophytes. PERMANOVA analysis did not yield any
significant differences between “nG” and “G” groups, however significant differences were
observed between Ayvalik Taslar1 (G) and Giines Adasi (nG) (N=80, p-value = 0.048).

Discussion and conclusions

Results underline the prevalence of sponges when coralligenous assemblages harbour E. cavolini,
which enable a higher heterogeneity for the spatial distribution of the benthos. Gorgonian
dominated habitats provide a complex three-dimensional micro-habitat which in turn enhance the
local diversity. The present study is in concordance with other studies undertaken in the Aegean
Sea (Cinar et al., 2020, Sini et al., 2019). Non-gorgonian stations were defined by increased algal
turf coverage. The presence of Caulerpa racemosa and fishing nets at Giines Adasi and Kralige
Taslar1 were also reported. In conclusion, AIMP hosts valuable coralligenous communities but
they are under high pressure from fisheries, sedimentation and the invasive species C. racemosa.
The management plan in 2004 needs to be urgently updated and effectively applied.
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TOWARDS AN ECOSYSTEM-BASED INDEX TO ASSESS THE
ECOLOGICAL STATUS OF MEDITERRANEAN COASTAL
DETRITAL BOTTOMS

Abstract

In the Mediterranean Sea, Coastal Detrital Bottoms (CDB) are one of the most extensive
habitats of the continental shelf. The EU Marine Strategy Framework Directive has embraced
the concept of a socio-ecosystem-based approach to consider the functioning of marine habitats
and their related services. We propose an ecosystem-based quality index (EBQI) for CDB based
on a conceptual model of this ecosystem (functional compartments, their relative weight,
assessment methods and potential descriptors). Twenty-nine sites were sampled along the
French Mediterranean coast. Study sites encompassed a wide range of hydrological conditions
and human pressures. A contrasting range of ecological status was recorded, driven by local
natural features and human activities, attesting to the interest of applying the EBQI to CDB.

Key words: Coastal Detrital Bottoms, EBQI, EU MSFD, NW Mediterranean

Introduction

Coastal Detrital Bottoms (CDB) are a Mediterranean circalittoral biocenosis constituted
by recent organogenic and bioclastic sediments, both autogenous and allochtonous
(Péres & Picard, 1964). CDB provide important ecosystem services but also CDB are
facing intensive issues related to human activities and global change. Current
knowledge about CDB is mainly related to assemblage description of endofauna or
macrophytes (Joher et al., 2015 and references therein). The aim of our work is to apply
an ecosystem-based approach (Boudouresque et al., 2020) to CDB, proposing an
Ecosystem-based Quality Index (EBQI) for CDB in accordance with the Marine
Strategy Framework Directive.

Material and Methods

A conceptual model of CDB, functional compartments, compartment weights and
descriptors per compartment have been designed. Descriptors were chosen to assess the
11 boxes (B) of CDB (Astruch et al., 2021): Rhodolith cover at upper and intermediate
zone (B1), perennial macroalgae cover (B2), Seasonal macroalgae cover at upper and
intermediate zone (B3-4), diversity of herbivores (B5), % of fine sediment <63 um
(B6), % of organic matter of the sediment (B7), cover by detritic litter (B8), density of
detritivores (B9a-9b), filter and suspensive feeders density (B10), planktivorous teleosts
specific richness (B11) and taxonomic richness of carnivorous invertebrates (B12a) and
vertebrates (B12b). The EBQI is calculated using the formula: EBQI = [Y12,(W; X
S/ 22 (Wi X Spax) 1 X 10. Wi is the weight of the box, S; the status of the box and
Smax Maximum status (4/4). Twenty-nine sampling sites were investigated along the
littoral of Provence and French Riviera (France). Two depth ranges were sampled at
each site: (i) upper zone (between 28 to 43 m according to sites) and the intermediate
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deep zone (between 48 to 78 m depth). In situ observations, sediment sampling,
photoquadrats and seascape videos were carried out. Full details of the method are given
in Astruch et al. (2021).

Results and Discussion

EBQI notation ranges from 2.05/10 to 8.06/10; 8 sites present a Good or Very Good
status while 10 present a Poor or Bad status. The CI was reduced for box 7 (Endofauna)
for all sites because of the method used (organic matter assessment instead of
macrofauna analysis). The CI remains Very Good for all sites, ranging from 88 to 93 %.
EBQI notation is explained by local specificities and the proximity or not of Human
activities. Principal Component Analysis shows a gradient following Axis 2 (16.8 %)
from Poor to Very Good sites. Good and Very Good EBQI notations are explained by
high status for boxes 1, 2 and 3-4 (Primary producers). Boxes 7 (Endofauna), 8 (Detritic
litter) and 12 (Carnivores) are less discriminating. The aim of this work is to provide a
useful tool for managers and to advocate for a better assessment of this key habitat. Our
analysis provides evidence that sites far from urbanization and without trawling show
the best notation. According to our results, EBQI applied to CDB seems to provide
accurate results. However, it would have been more useful to assess properly the
macrofauna of the sediment instead of measurement of the organic matter, which would
have improved the quality of the assessment. The next step will be to apply and test
EBQI on CDB in areas with other biogeographic specificities and other pressures (e.g.
oligotrophic, warmer, impacted by NIS).
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MAPPING COMMUNITY INTEREST HABITATS IN THE
COLUMBRETES ARCHIPELAGO, AN EXTRAORDINATY HOT
STOP OF BIODIVERSITY

Abstract

The Columbretes Archipelago and their submerged surroundings are part of an unusual,
Pleistocene volcanic field located in the Western Mediterranean designated as a Site of
Community Importance (SCI) of the Natura 2000 Network. In the present study, 4 benthic
habitats of community interest (1110, 1170, 1180 and 8330) have been identified by analyzing
several sources of information. Generalized additive models (GAMSs) have been used to model
the potential distribution of reefs (1170) and maérl beds (1110). Our results highlight the
diversity and extent of these habitats and allow comparisons to other marine SCls of Spain. This
can be attributed to the variability of the environment of this site. The Columbretes Islands
combine a relatively shallow environment with volcanic structures, hydrothermalism with active
degassing, current-driven sedimentary lobes and the influence of inland flows. Understanding
high biodiversity spots is crucial as they offer natural laboratories to describe how ecosystems
respond to the effects of global change. The knowledge obtained will be of paramount
importance for the conservation of species and habitats. Furthermore, it will establish a
baseline for future monitoring and assist in the development of effective management plans.

Key-words: Benthic communities, Marine Protected Area, Distribution Modeling,
Generalized Additive Models, Habitat Biodiversity

Introduction

The Columbretes Archipelago has been protected since 1987 and included as an SCI in
2006. However, poor information about its habitats has been available until now.
Previous studies have described some specific spots (Linares et al. 2012). This study
develops the first cartography of the habitats distribution covering the whole protected
site by means of distribution modeling (DM) following the steps developed by Serrano
et al. (2017).

Materials and methods

Data were collected in multidisciplinary surveys carried out in two periods (2009-2013,
2018-2021). The habitat data consisted of a total of 5427 points separated every 5
meters within transects, in accordance with the spatial resolution of the environmental
data (fig. 1). Habitats presence was linked to the environmental variables using of
binomial GAMs in R software. ArcGIS was used to create the map combining the
distribution of the different habitats (fig. 1b).

139



4th Mediterranean Symposium on the conservation of Coralligenous & other Calcareous Bio-Concretions
(Genoa, Italy, 20-21 September 2022)

Results

We have found a total surface of 3.96 km? of the occupied by these two communities,
meaning 2.96% out of the total surface of the SCI (tab. 1). Compared to other marine
SClIs of Spain where these analyses have been conducted, we have found a higher
quantity of directive habitat presence.

Table 1: A) Comparison of Habitats Directive communities between Spanish SCls

Site of Community Interest 1110 (%) 1120 (%) 1170 (%) 1180 (%) 8330 (n?9)
Columbretes (K) 2.3 - 0.65 Not measured 8
Seco de los Olivos (K) 1.77* Not measured| 9.24 (15.01%) -

Banco de la Concepcién (TSS) - - 16.52

Banco de Galicia (K) - - 26.72

* Percentage including habitats suggested to be included within the category. K = Kappa, TSS = True Skill Statistic

Fig. 1: A) Sampling transects. B) Cartography of the Habitats Directive communities.

Discussion and conclusions

Our results have produced the first continuous map of the benthic habitats by means of
SdM in this protected site. This study will provide a baseline to track changes in habitat
distribution and support management measures.
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CURRENT STATE OF THE MARINE BIODIVERSITY IN THE
NATIONAL PARK OF AL HOCEIMA (ALBORAN SEA,
MOROCCO)

Abstract

The National Park of Al Hoceima (NPAH) is the unique protected area officially declared
in 2004 on the Mediterranean coast of Morocco. Moreover, it has been recognized as
Specially Protected Areas of Mediterranean Importance (SPAMI) since 2009. Within the
framework of the MedKeyHabitats Il project, implemented by SPA/RAC with the financial
support of MAVA Foundation, the marine area of the NPAH (0 — 50 m depth) was
prospected and ecologically characterized in 2019 using multiple approaches (bathymetry,
habitat mapping, benthic profiles, underwater visual fish census, census of the giant limpet
Patella ferruginea and socio-economic characterization). The NPAH fully deserves its
status as a protected area and SPAMI at a regional scale. Overall, 49 protected species
were observed in the marine area of the NPAH in 2019 versus 25 species observed in 2002.
In addition, the mapping of benthic habitats in the marine area between 10 and 50 m depth,
carried out for the first time in the NPAH, allowed the identification of 27 habitats among
which 16 habitats of particular conservation interest in the Mediterranean such as
coralligenous and seagrass meadows. The main threats on benthic habitats observed in the
marine area of the NAPH were related to illegal fishing, in particular bottom-trawling, by-
catch of protected species (e.g. Dendrophyllia ramea and Charonia lampas) and invasive
non-indigenous species, especially the brown algae Rugulopteryx okamurae.

Key-words: National Park of Al Hoceima, marine Biodiversity, habitats mapping,
vulnerability, ecological state.

Introduction

The National Park of Al Hoceima (NPAH) is the unique protected area officially declared
in 2004 on the Mediterranean coast of Morocco. Moreover, it has been recognized as
Specially Protected Areas of Mediterranean Importance (SPAMI) since 2009. Here we
present the most updated scientific data on the marine biodiversity of the NPAH.

Materials and methods

The marine area of the NPAH (0 — 50 m depth) was prospected and ecologically
characterized in 2019 using multiple approaches (bathymetry, habitat mapping, benthic
profiles, underwater visual fish census, census of the giant limpet Patella ferruginea
and socio-economic characterization).
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Results

Overall, 49 protected species were observed in the marine area of the NPAH in 2019
(Fig. 1) (SPA/RAC-ONU ENVIRONNEMENT/PAM, 2020). In addition, the mapping of
benthic habitats in the marine area between 10 and 50 m depth, carried out for the first
time in the NPAH, allowed the identification of 27 habitats among which 16 habitats are
of particular conservation interest in the Mediterranean (SPA/RAC-UN
ENVIRONMENT/MAP, 2019). The main threats on benthic habitats observed in the
marine area of the NAPH were related to illegal fishing, in particular bottom-trawling,
by-catch of protected species (e.g. Dendrophyllia ramea and Charonia lampas) and
invasive non-indigenous species, especially the brown algae Rugulopteryx okamurae.
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0 5 10 15 20 25 30
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Fig. 1: Number of protected species recorded in the marine area of the National park of Al
Hoceima

Discussion and conclusions

The NPAH fully deserves its status as a protected area and SPAMI at a regional scale.
The update scientific data provided in 2019 will help in the development of an
integrated management plan for the National Park of Al Hoceima.
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COMPOSITION, DISTRIBUTION AND STATE OF THE
CORALLIGENOUS FROM FUTURE EDOUGH MARINE
PROTECTED AREA (SW MEDITERRANEAN, EAST ALGERIA)

Abstract

This work completes the preliminary studies for the creation of the Edough marine protected
area, west of Annaba, within the framework of the GENBI program "environmental governance
and biodiversity" of the GI1Z Algeria . Pre-coralligenous and coralligenous concretions are well
represented in the Edough MPA, but their distribution is heterogeneous. The coralligenous
bottoms spread out and cover important surfaces mainly on the vertical walls and the external
part of the sea caves developing coralligenous cords between 11 and 50 m deep. Communities
of great species diversity were observed and 193 species were recorded. There are many signs
of a healthy coralligenous community due to the absence of direct anthropic action on the
environment, such as urban or industrial discharges, and only artisanal fishing is recorded in
the area studied. This situation is not likely to last given the planned tourist extension projects.

Key-words: coralligenous assemblage, conservation, Algeria, SW Mediterranean

Introduction

Within the framework of the program GENBI “environmental governance and
biodiversity" of the GIZ Algeria in the aim of the integrated management of the coastal
zone and within the framework of the Action Plan for the Conservation of
Coralligenous and other Calcareous Bioconcretions in the Mediterranean, a study was
carried out on the coralligenous communities within the framework of an integrated
management of the future MPA of the Edough. The objectives are to (i) identify the
types and species of coralligenous facies; (ii) determine the distribution and mapping of
coralligenous communities; and (iii) identify the remarkable species of the
coralligenous; Set up an action plan for the monitoring of coralligenous communities

Materials and methods

The future MPA Edough located west of the city of Annaba extends over a coastal stretch,
between Cap de Garde and Cap Axine, of about 40 km. To cover its entire surface, we
explored 25 stations between -11 and -50 m depth. The dives was carried out between
September 2021 and February 2022. Depending on the scale and precision needed, data was
collected in 4 different ways: Diving towed by hydroplane for the localization of the
coralligenous and the bathymetric extension with an accuracy of 10 m; Punctual dive for the
characterization of assemblages along transects for an accuracy of 1 m; Underwater
photography as recommended by Kollman & Stachowitsch (2001) and macrobenthic
sampling with accuracy < 1 m; Direct determination of the species in the laboratory.

Results and Discussion
Coralligenous is well represented in the study area. These assemblages are spread over
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large deep rocky bottoms, mainly on vertical walls and on the outer part of marine caves
forming coralligenous strips between 11 and 50 m depth. Less important but nevertheless
present, the coralligenous “plateau” is observed below 40 m.

A total of 193 taxa were recorded, showing the great biological diversity of these
assemblages. The most characteristic and dominant species are: Calcareous rhodophyta
(Lithophyllum, Mesophyllum, Neogoniolithon,...), Sponges (Agellas oroides, Spongia
virgultosa, Axinella damicornis), Gorgonians (Paramuricea clavata, Eunicella cavolini,
Leptogogia sarmentosa), Other cnidarians (Parazoanthus axinellae, Astroides calycularis,
Corallium rubrum), Bryozoans (Pentapora fascialis, Reteporella grimaldii, Smittina
cervicornis), Ascidians (Halocynthia papillosa, Aplidium), Echinoderms (Centrostephanus
longispinus) and Fish (Sciaena umbra, Epinephelus marginatus).

Compared to the other Mediterranean regions, the coral in the study area corresponds more
closely to that in the South-West African zone: Ceuta (Ocafia et al., 2009) and Chafarinas
(Sanchez-Tocino et al., 2009), where gorgonians (Eunicella, Paramuricea, Ellisella spp.)
are predominant, as well as Astroides calycularis. Paradoxically, towards the East, we note
differences with the Tunisian North (Ben Mustapha et al., 2004) and the region of El Kala,
as the total absence of the epiphytic alcyonacea Parerythropodium coralloides and the
Paramuricea clavata (Belbacha et al., 2009). The coralligenous of the area can be
considered healthy based on (1) abundance of the presence of calcareous algal slats
(Lithophyllum spp., Mesophyllum) growing three-dimensionally, (2) the presence of
Cystoseira spp., (2) the presence of large gorgonians of all size classes without necrosis, (3)
the abundance of large bryozoans, (4) the clean coralligenous bottoms with very little silt
and (5) the presence of remarkable species (grouper, large cicada, red coral).

Conclusion

The coralligenous of the future MPA of Edough is well developed with a great
biological diversity marked by the presence of various protected Mediterranean species
and characterized by the absence of major threats (trawling, wastewater discharge).
However, to avoid overfishing of targeted species, to protect threatened habitats and to
conserve the remarkable marine biodiversity, it is necessary to accelerate the
classification of this area to face the tourism expansion projects planned in the area.
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A FIRST CONTRIBUTION ON CORALLIUM RUBRUM ASSESSMENT IN
SARDNINIAN WATERS

Abstract

Coralligenous is among the main benthic communities in the Mediterranean Sea and represents
one of the most important biodiversity hotspot. This work is focused, in particular, on Corallium
rubrum (Linnaeus, 1758), being also a key resource of Sardinians waters fishery and currently
showing a decrease in landings in the whole Mediterranean Sea. General Fishery Commission
for Mediterranean Sea (GFCM) put in place several safeguard actions for monitoring and
protect this important resource. The objective of this study is to provide a first evaluation of the
status of the Corallium rubrum populations status in North-Western Sardinian waters. The
assessment was carried out using a length-based method for data-limited fisheries based on
spawning potential (LBSPR) applied on samples collected in Alghero, Bosa and Fertilia in
2012, 2013, 2014 and 2015. Growth parameters were also estimated fitting a von Bertalanffy.
The results show that the fishery selects the colonies characterised by a diameter above the size
at first maturity. The results show that the stock spawning potential could be deteriorated and
highlight a moderate overexploitation situation.

Key-words: Corallium rubrum, Sardinia, stock assessment, LBSPR, Mediterranean Sea

Introduction

Coralligenous is among the main benthic communities in Mediterranean Sea and
represents one of the most important biodiversity hotspot. This work is focused on the
red coral, being also a key resource of Sardinians waters fishery and currently showing
a decrease in landings in the whole Mediterranean Sea. General Fishery Commission for
Mediterranean Sea (GFCM) put in place several safeguard actions for monitoring and
protect this important resource, towards an Adaptive Management Plan for red coral in
all  Mediterranean ~ (Recommendation =~ GFCM/36/2012/1;  Recommendation
GFCM/35/2011/2; Recommendation GFCM/41/2017/5). The objective of this study is
to provide a first evaluation of the status of the Corallium rubrum populations in North-
Western Sardinian waters (GSA 11, sensu GFCM).

Materials and methods

Samples of C. rubrum colonies harvested by SCUBA divers were collected for 2012,
2013, 2014 and 2015 from three ports of North-Western Sardinian waters (Alghero,
Bosa and Fertilia); the basal diameter in mm was measured by observers on board for
each colony. Growth parameters were estimated fitting a von Bertalanffy growth
function on the age data collected according to the thin section— organic matrix
staining method (Marschal et al. 2004). On the basis of the estimated parameters, the
natural mortality was derived by a combination of different methods
(http://barefootecologist.com.au/shiny m). The assessment was carried out using the
LBSPR method (Length Based Spawning Potential Ratio, Hordyk 2015 and 2016),
developed for data-limited fisheries.
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Results

The results show that the fishery selects the colonies with a diameter above the size at
first maturity (Figure 1, left). Under the assumption of steady state the stock spawning
potential seems deteriorated, according to the SPR indicator. Indeed the SPR=0.27 is
below the reference value of 0.4 (Figure 1, right; Clark, 2002), highlighting a moderate
overexploitation situation.
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Fig.1: Left: Comparison maturity at length and selectivity of the fishery. Right: Selectivity
parameters, F/M and SPR estimated by LBSPR
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Discussion and conclusions

Red coral is a key species of the coralligenous habitats an important biodiversity hotspot
and a key resource of Sardinians waters fishery. GFCM put in place several safeguard
actions for monitoring and protect this important resource due to its warning decrease in
landing in the whole Mediterranean Sea. The decrease in red coral catches could be due
prohibition of remotely operated vehicles (ROV) and decrease of the number of licenses
(about 30%). The data collected under the monitoring program (Sardinia Regional
Government) allowed making a first evaluation of the stock status through LBSPR,
highlighting a possible moderate overexploitation of the resource.
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THE BENTHIC PALEOASSEMBLAGE
OF THE SCIACCA CORAL

Abstract

The subfossil red coral deposits of Sciacca (Sicily Channel) have attracted scientific attention
for nearly 150 years. Their origin and formation have been long questioned and investigated,
given the fact that they represent one of the most intriguing geobiological events ever occurred
in the Mediterranean basin. Less attention was given to the paleo-community associated with
the subfossil coral. The taxonomic study of micritic coral conglomerates coming from Sciacca
deposits revealed that Corallium rubrum was contemporary to most of its epibionts for several
millennia, while it co-existed with the CWC Madrepora oculata only for about 600 years,
suggesting the existence of a co-dominated facies (red coral-white coral) in the nearby living
assemblages, nowadays virtually disappeared from the Mediterranean Sea.

Key-words: red coral, deep cold-water corals, paleo-assemblages, Sicily Channel

Introduction

In the Mediterranean Sea, the Sicily Channel has long been one of the most famous
fishing grounds for precious coral (Corallium rubrum). This site hosts the largest sub-
fossil red coral deposits ever found in the Mediterranean basin, discovered between
1875 and 1878, at depths ranging from 150 m to 200 m off Sciacca (SW Sicily) (Lodolo
et al., 2017). Despite numerous studies focused on the deposit origin, very few data are
available regarding the paleo community associated with the red coral (Di Geronimo et
al., 1993; 2001).

Here we present data obtained by the taxonomic study of conglomerates of calcareous
organisms intermixed with red coral branches coming from Sciacca Banks,
accompanied by a radiocarbon age determination of the main species recorded.

Material and methods

In the area of the Sciacca deposits, red coral was collected as fragments free in the
sediments or as conglomerates of different size, these latter being the target of this
study. The examined material included photographs taken from three conglomerates,
courtesy of the coral farms of the Consorzio Corallo Sciacca (Sicily), and two
conglomerates present in the authors’ collection. All the specimens came from the
Sciacca deposits; depth and date of collection are unknown. All the recognizable
carbonatic organisms were analysed. Radiocarbon age determination was conducted on
the most diffused elements. The analysis was performed using an Accelerator Mass
Spectrometry (AMS) at the Centre of Dating and Diagnostic (CEDAD) of the
University of Salento.
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Results

The study of the conglomerates from Sciacca indicated that they were mainly composed
of broken branches of Corallium rubrum and fragments of the colonial cold-water
scleractinian Madrepora oculata associated with the tube of the polychaete Eunice
norvegica. All these fragments were cemented together by a micritic matrix. On this
scaffold, corallites of the scleractinians Caryophillia sp. and Polycyathus muellerae
were settled hosting, in their turn, the barnacle Megatrema anglicum. In some cases,
colonies of red coral were recorded settled on branches of M. oculata, indicating that
the scaffold was the result of multiple settling events. Shells of the bivalve Spondylus
gussonii and fragments of an unidentified pectinid, brachiopods Megerlia truncata and
Terebratulina retusa, serpulids tubes (Serpula spp.) and an unidentified bryozoan were
frequently present.

The carbon age of the main components of the Sciacca conglomerates was estimated.
Red coral showed a wider age range from 3564 to 274 YBP. The age range of M.
oculata was more limited, from 3000 to 2400 YBP, while those of the accompanying
species ranged from 3900 to 1280 YBP.

Discussion

The study of the red coral conglomerates from Sciacca indicates that the frameworks are
the result of the settling of different biological components over some millennia. On the
contrary, M. oculata became part of the conglomerates in a more restricted time range.
Given the co-occurrence of the two dominant species in the same framework it is
plausible that, at that time, the nearby hardgrounds hosted a peculiar biocoenosis, co-
dominated by C. rubrum and M. oculata. Today, similar living associations, including
also arborescent habitat-forming species, are virtually absent in the Mediterranean Sea
and recorded only in the Cassidaigne Canyon along the French coast, at about 180-200
m depth (Fabri et al., 2017), which could have been also the approximate bathymetric
range of the source populations of the Sciacca deposits in the Sicily Channel.
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BIOLOGICAL INDICATORS OF CLIMATE CHANGE IN
ANDALUSIAN COASTS: STUDY OF THE CALCIFICATION
RATES BY CALCIFYING ORGANISMS AND THEIR
RELATIONSHIP WITH CO, SYSTEM VARIABLES.

Abstract

The present work aims, on the one hand, to establish a baseline study of calcium carbonate
production of secondary calcifiers, and on the other hand, to determine their response of
biological variables to sea temperature, as well as to CO, system variables. A 30% of the total
CO; released is assimilated by the sea causing an increase of 100ppm in the partial pressure of
atmospheric CO,, which continues to increase linearly. This process affects the oceanic
carbonate system, leading to a decrease in carbonate ion concentration and, in turn, in pH. In
addition, biological carbonate production, or biocalcification, is an important component of the
carbon cycle and represents an important CO, storage process in the form of carbonates.

That is why a monitoring network has been established. Two of the stations have already been
in operation for two years and data have been collected with significant results. This is the case
of the City of Ceuta and La Linea in Algeciras, sites with monitoring stations inside and outside
the harbor. A better water quality has been observed in Ceuta, with a higher calcification
compared to Algeciras.

Key-words: Accretion Units, Andalusian Coasts, Climate Change, Secondary Calcifiers.

Introduction

Studies have been carried out to determine carbonate production by secondary calcifiers
in tropical environments of the Pacific, Caribbean and Indian Oceans, but never in
temperate latitudes. It is intended to establish the basis for a long-term monitoring
program in the Andalusian coasts, as well as in the city of Ceuta, making a total of four
monitoring stations. This is also in order to assess any differences in calcification as a
function of anthropogenic impact and the location of stations along the Strait.

Materials and methods

The methodology applied is that proposed by the National Oceanic and Atmospheric
Administration of the United States (NOAA) in the Pacific Ocean reef monitoring
program called Pacific RAMP (“Pacific Reef Assessment and Monitoring Program™)
(DesRochers et al., 2015). For the quantification of CaCO3 produced by secondary
calcifiers, experimental accretion units (hereinafter UEA's) were constructed (see Fig. 1,
A-D). Data have been collected in City of Ceuta and in La Linea in Algeciras, with
monitoring stations inside and outside the harbor.
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Results

The average calcification rate of all UEA's was 5.14 g CaCOsm™year™. In Algeciras,
from February 2020 to March 2021, the average was 3.54 g CaCOsm?-year” with a
significant difference between the two sampling stations. The average calcification rate
of Outer Harbor (PE) was 5.27 g CaCOs'm%year™ versus Inner Harbor (P1) with 1.85 g
CaCOzm™2year™. In Ceuta from November 2019 to November 2020, the average was
6.74 g CaCOz-myear™. The overall average pH was this was 8.24. In PE the pH varied
between 8.12 and 8.39 and between 8.13 and 8.20 in the PI. In Ceuta it varied between
7.96 and 8.44. The overall mean temperature was 16.53°C. In PE it ranged between
14.99°C and 16.24°C, and in Pl between 15.473°C and 16.99°C. In Ceuta it ranged
between 15.19°C and 21.24°C.

Discussion and conclusions

We observed that Ceuta presented a greater range of pH variation than Algeciras. In PlI,
less variation was obtained than PE, where the water resilience time is longer. The
temperature difference confirms the theory that water turnover in the interior of the port
is lower (Gupta et al., 2005). The difference in calcification between zones was
attributed to the disturbance of the environment, where such a factor decreases the
coverage of secondary calcifiers, with these barely accounting for 20% of the total
under these conditions (Mallela, 2013). This means that the outer seawall of Alcaidesa
Marina, in Algeciras, delimits two different environments, i.e., the inner area bounded
by the seawall and the outer area exposed to the open sea. The port structures would
have a negative effect on the environmental characteristics of the inner zones as they
prevent the exchange of water with the strait.
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BIODIVERSITY ASSOCIATED WITH THE CORALLIGENOUS:
THE CASE OF A COLUMNAR BUILD-UP AT 36m DEPTH OFF
MARZAMEMI (SE SICILY, IONIAN SEA)

Abstract

This work, within the CRESCIBLUREEF project, focuses on the biodiversity of the
coralligenous bioconstructions off Marzamemi (SE Sicily, lonian Sea), aiming at better
understanding which taxa inhabit the build-up and their possible contribution to the
framework’s formation. Soft and calcareous algae together with the erect bryozoan Margaretta
cereoides form a canopy at the surface of the structure. Bryozoans are the species-richest taxon,
mostly with Celleporina caminata and encrusting species. Serpulids are less diversified but
some species, such as Josephella marenzelleri are very abundant. Sponges, foraminifers,
molluscs, crustaceans, brachiopods and hydrozoans are subordinate.

Key-words: Macroalgae, bioconstruction, benthic assemblages, threatened ecosystem,
Mediterranean Sea

Introduction

Coralligenous is a priority habitat of the Mediterranean Sea, whose bioconstructions’
framework primarily consists of calcareous algae (Di Geronimo et al., 2002; Bracchi et
al., 2022), but invertebrates contribute to the growth of the build-ups, each playing a
specific role in the coralligenous construction. Within the FISR project
CRESCIBLUREEF - “Grown in the blue: new technologies for knowledge and
conservation of Mediterranean reefs”, we focused on coralligenous biodiversity
associated with a build-up, aiming at understanding which taxonomic groups
form/inhabit it, and their species richness, specifically for bryozoans and serpulids.

Materials and Methods

The build-up studied (CBR2_4 21, nicknamed Di Geronimo, Fig. 1) was collected in
August 2021 off Marzamemi (SE Sicily, lonian Sea) at 36 m depth. The site is
characterized by scattered decimetre-sized build-ups that rise from a coarse biogenic
bottom. All the erect canopy-forming organisms on the build-up surface were picked,
identified and counted.

Results

Several taxonomic groups were found, still many under study. Bryozoans include 72
species (some abundant, e.g. Celleporina caminata) and serpulids 20 species
(Josephella marenzelleri above all). Algae (>100 species, mostly Flabellia petiolata
and peyssonneliaceans) and foraminifers (ca. 30 species) are species-rich. Molluscs
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(bivalves including Gregariella semigranata and encrusting gastropods with Vermetus
granulatus are common); brachiopods (Joania cordata) and cirripeds (Verruca
spengleri) are subordinate.

Fig. 1: (A) The build-up studied ; (B) The bry
Josephella marenzelleri

Discussion and conclusions

Although data only refer to few taxonomic groups, the ongoing research points to a high
species richness for bryozoans and serpulids, largely above the 9 and 7 species found on
a previously studied columnar build-up from the same area (Di Geronimo et al., 2002).
Though comparisons are difficult, bryozoans and foraminifers from this single build-up
account for more than 1/3 and 1/2 of the total species richness known for the
Mediterranean coralligenous (Ballesteros, 2006, and references therein). We expect to
increase these figures with the ongoing analyses.
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MULTISPECIES DISTRIBUTION MODELS OF GORGONIANS IN
CORALLIGENOUS ASSEMBLAGES

Abstract

Species Distribution Models (SDMs) have been recognized as optimal tools to predict the
potential species distributions and identify their environmental drivers. Our aim is to assess the
potential distribution of 4 gorgonian species considered key habitat-formers in coralligenous
assemblages. Occurrence records were extracted from the CorMedNet database, OBIS, and
citizen-science initiatives. Predictors were specifically chosen according to the biology of the
model species, and encompass both topographic and environmental variables. Ensembled
SDMs revealed similar potential distributions for C. rubrum, P. clavata, and E. singularis,
showing higher suitability in North-Western Mediterranean, Adriatic, and Aegean Sea. In
contrast, E. cavolini potential distribution is further northeast. Moreover, potential habitat
suitability for the four species was shown in the southern Mediterranean, where there is a lack
of published records. Our study represents a step forward in analyzing the present and future
distribution of coralligenous dominated by gorgonians with important applications in
conservation and management.

Key-words: Coralligenous assemblages, Benthic invertebrates, Species Distribution Models
(SDMs), Ensemble modelling, Mediterranean Sea.

Introduction

Global warming is affecting the dynamics and conservation status of Mediterranean
coralligenous assemblages, particularly impacted by mass mortality events driven by
recurrent marine heatwaves (Garrabou et al., 2009). Bearing in mind that the North-
Western Mediterranean concentrates most research efforts on the coralligenous, we face
an important gap of knowledge that hinders exploring the consequences of the ongoing
environmental changes in this key habitat. Species Distribution Models (SDMs) have
been recognized as optimal tools to predict the potential species distribution and
identify their environmental drivers (Thuiller et al., 2005). In this context, the aim of
this study is to assess the potential distribution of 4 gorgonian species considered key
habitat-forming species in coralligenous assemblages (Corallium rubrum, Paramuricea
clavata, Eunicella singularis, and E. cavolini) by estimating its habitat suitability.

Materials and methods

To maximize the representation of the occurrence records, we take advantage of the
CorMedNet database, that gathers information of marine invertebrate habitat forming
species, OBIS, and citizen-science initiatives such as Observadores del Mar and
ReefCheck, which use expert validations. Occurrence spatial auto-correlation was
checked using a Nearest Neighbor Index. Predictors were specifically chosen according
to the biology of the model species, and encompass topographic (e.g. slope, bathymetry,
type of substrate) and environmental variables (e.g. temperature, current velocity,
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nutrients, water transparency) from EMODNet and Copernicus Marine Environment
Monitoring Service (CMEMS); the most effective resolution at this spatial scale.
Predictors were resampled with the same resolution and geographic extent
(Mediterranean Sea with a maximum depth of 150 m). The covariance of predictors was
checked by both, correlation analysis and a Variance Inflator Factor ratio. We estimated
habitat suitability using an ensemble approach resulted from the combination of
different algorithms (e.g. Generalised Additive Model, Random Forest, Classification
Tree Analyses, Maximum Entropy), which performed best in the final model. Pseudo-
absences and background required by selected algorithms were generated according to
Barbet-Massin et al. (2012). The “Biomod2” R package (Thuiller et al., 2009) was used
to perform the models.

Results

Ensembled Multispecies Distribution Models revealed similar habitat suitability
distributions for C. rubrum, P. clavata, and E. singularis, showing higher suitability in
North-Western Mediterranean, Adriatic, and Aegean Sea. In contrast, E. cavolini potential
distribution is further northeast. Moreover, potential habitat suitability for the four species
was shown in the southern Mediterranean, where there is a lack of published records.
Topographic variables (e.g. bathymetry) were the most important predictors.

Discussion and conclusions

Our study represents a step forward in analyzing the present and future distribution of
coralligenous dominated by gorgonians, with important insights for its conservation and
management, especially considering the recent policy initiatives in biodiversity and
ecosystem function (e.g. European Habitats and Marine Strategy Framework Directives).
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DISTRIBUTION AND STATUS OF CORALLIGENOUS
ASSEMBLAGES IN SARDINIA (WESTERN MEDITERRANEAN)

Abstract

This work summarizes the main results obtained through collaborative investigations conducted
in Sardinia on both coralligenous banks and cliffs. The findings provide crucial background
knowledge to support effective monitoring plans, proper conservation and maritime spatial
planning strategies, thus meeting the requirements of both the European directives and the
Action Plan for the conservation of coralligenous bioconstructions in the Mediterranean Sea.

Key-words: biogeographic patterns, coralligenous banks, coralligenous cliffs, ecological
quality, mapping

Introduction

In Sardinia (Italy, Western Mediterranean), a huge effort has been recently made to
increase knowledge about distribution, spatial variability and ecological status of
coralligenous reefs, according to European directives. This work summarizes the main
results obtained on both coralligenous banks and cliffs.

Material and methods

Coralligenous banks were mapped along the northern and western continental shelf of
Sardinia through multibeam echosounder surveys and Remote Operating Vehicles
(ROV). ROV images were also used for assessing the spatial variability of assemblages
at multiple spatial scales and their ecological quality (CBQI Index, Ferrigno et al.,
2017). Coralligenous cliffs were photo-sampled by SCUBA diving on vertical rocky
substrate at 35 m of depth and the ecological quality was evaluated through the ESCA
index (Piazzi et al., 2021a). The community structure, the spatial variability and the
ecological quality of bank and cliff assemblages were evaluated.

Results

A total surface of 436 km? of coralligenous banks was mapped in the depth range
between 40 and 160 m, where the habitat occupies 8.8% of the surface of the
continental shelf (De Falco et al., 2022). The assemblages appeared well structured and
diversified with a relevant abundance of erect habitat-forming anthozoans dominated by
Eunicella cavolini and Callogorgia verticillata. Some local context-dependent taxa (e.g.
Ellisella flagellum, Parantipathes larix and Antipathella subpinnata in the South,
Corallium rubrum and Paramuricea clavata northwards) define the spatial variability of
assemblages (Piazzi et al., 2022a). Coralligenous cliffs are characterized by diverse
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assemblages with a high variability at large (among areas 10s of km apart) spatial scales
which seems more related to biogeographic patterns (e.g. different hydrodynamic
conditions, temperature and nutrient supply) rather than spatial distance (Piazzi et al.,
2021b). The eastern areas were characterized by bryozoans and gorgonians, the northern
areas by Corallium rubrum and the western ones by encrusting sponges and erect algae.
Patterns of spatial variability differed between banks and cliffs. CBQI classified all
areas in good quality while the ESCA index highlighted three areas with high ecological
quality and two areas with good ecological quality (Piazzi et al., 2022b).

Discussion and conclusions

Results contribute to the knowledge of the habitat distribution requested by the main
European directives and provide information to support effective monitoring plans and
conservation strategies, meeting the requirements of the Action Plan for the
conservation of coralligenous bioconstructions in the Mediterranean Sea. In particular,
results highlight that (i) the total area covered by coralligenous bioconstructions was
deeply redefined by increasing mapping efforts; (ii) the maximum depth (160 m) where
the banks were detected is among the greatest depths recorded for this habitat; (ii)
biogeographic patterns should be considered when selecting specific reference
conditions to assess the ecological quality of this habitat; (iii) given the specificity of
coralligenous banks and cliffs, concurrent assessment of both systems should be
considered in designing monitoring programs.
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CONTRIBUTION OF CALCAREOUS PROTISTA
(FORAMINIFERA) TO BIOCONSTRUCTIONS OF THE
HONEYCOMB WORM SABELLARIA ALVEOLATA

Abstract

The honeycomb worm Sabellaria alveolata (Linnaeus, 1767) is a sedentary polychaete which
lives in littoral environments playing a key role for coastal protection and habitat provision. Its
wave-resistant arenaceous reefs are made of aggregated tubes of sand-sized grains, including
several bioclasts, such as foraminiferal tests. Samples of bioconstruction were collected in
southern Sicily (Central Mediterranean), along with samples from the nearby sediment.
Foraminiferal tests contained in both types of samples were quantified, classified into
morphogroups, and quantitatively compared through multivariate analyses and diversity
indices. Results show statistical differences in terms of abundance and foraminiferal community
structure between bioconstruction and neighbouring sediment, hence supporting the hypothesis
of active selection of grains operated by the polychaete.

Key-words: Sabellaria alveolata, foraminiferal tests, grain selection, arenaceous reef, Central
Mediterranean Sea.

Introduction

Bioconstructions are three-dimensional structures that rise from the sea bottom creating
new habitats and preventing coastal erosion. In the Mediterranean Sea, particularly
important are the bioconstructions of a sedentary polychaete, Sabellaria alveolata
(Linnaeus, 1767). This species builds, in the intertidal zone, areanceous tubes by
agglutinating sand-sized grains picked from the water column. Literature data (e.g.
Sanfilippo et al., 2019 with ref.) and direct observations show that agglutinated grains
are selected by the organism: in particular, there exists a preference for carbonatic
bioclasts, including tests of foraminifera (Protista). The aim of this study is to
investigate whether foraminiferal tests are preferentially selected by S. alveolata and
whether these tests are chosen as a function of their morphology (morphogroups) or
simply of their abundance in the sediment kept in suspension by wave motion.

Materials and methods

In September 2019, samples of bioconstruction were collected in two localities of southern
Sicily (respectively, Marina di Ragusa - MR and Punta Braccetto - PB), along with samples
from the nearby sediment. Small portions of aggregate tubes (~ 12 tubes) were picked from
two distinct portions of the bioconstruction: bottom and top; similarly, sediment samples (~
15 ml of sediment) were collected near the bioconstruction (< 5 m from the bioconstruction
bottom) and farther (> 5m). All samples were dried, weighed, prepared with the standard
washed technique using a 63um mesh sieve and analysed under a stereomicroscope.
Foraminifera were identified at the genus level, counted (number of specimens per g of dry
sediment) and subdivided into morphogroups according to Mancin & Pirini (2002). Three
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small portions of bioconstruction were also prepared as polished sections to be analysed by
Scanning Electron Microscope (SEM).

Results

In bioconstruction samples from both sites, foraminiferal tests were more abundant than in
sediment samples. The biconvex genera Ammonia, Cibicides and Cibicidoides and the
spherical, planktonic genera Globigerina and Globigerinoides were the most abundant
within the bioconstruction (Fig. 1A). Foraminiferal tests increased in abundance and were
more diversified in the upper portions of the bioconstruction and in the sediment collected
near it, while they were less abundant and diversified in the samples from the
bioconstruction bottom and in the sediment collected at a greater distance (> 5 m). Results
deriving from polished sections confirmed these observations (Fig. 1B).
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Fig. 1: A) nMDS graphs produced on Bray-Curtis similarity index calculated on
morphogroups dataset (stress level = 0.09); B) SEM images of aggregated tubes horizontally
sectioned showing biconvex and spherical foraminifera agglutinated within the tube wall.

Discussion and conclusions

The high abundance of biconvex and spherical foraminiferal tests in the
bioconstructions of S. alveolata could be explained by the different hydrodynamics of
the grains kept in suspension by waves. The lower weight and the spherical and/or
biconvex morphology probably have favoured foraminiferal tests to buoyancy, making
them more available for the capture by the polychaete, in a continuous recycling
mechanism (Reuter et al., 2010).
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AXINELLA CANNABINA FACIES IN THE MPA STARI ULCINJ
(MONTENEGRO, ADRIATIC SEA)

Abstract

Porifera species Axinella cannabina (Esper, 1794) is playing the dominant role at 20-22 m depth,
along 600 m of the coast in the MPA Stari Ulcinj. Average A. cannabina density along four 25 m
long and 1 m wide transects was 2.88 specimens/m” and the average height was 39.23 cm. In this
area were registered, also many other, mostly invertebrate species, from which some are protected.
Unfortunately, mechanical damage was registered on some specimens, caused by fishing gears,
marine litter, and anchoring. This important area is now officially protected from anchoring and
some types of fishing. Further research is needed in order to better understand the complexity and
importance of A. cannabina facies as well as to assess the conservation status of this protected
species. In parallel, cleaning campaigns and raising of public awareness should be organized.

Key-words: Axinella cannabina, density, MPA, Adriatic Sea

Introduction

One of the large and long-lived sponge species is Axinella cannabina (Esper, 1794).
Because of its erect and bushy structure it plays a significant role as a three-dimensional
habitat provider and that is why it is of special importance for biodiversity conservation.
A. cannabina is included on the list of endangered and threatened species under the
Barcelona Convention (Annex I1) and it is listed on the national list of protected species
in Montenegro. The presence of important populations of A. cannabina in two different
areas on the coast of Montenegro (Boka Kotorska Bay and cape Marjan) was known
from previous surveys (RAC/SPA — UNEP/MAP, 2011; Macic et al., 2015), but data on
population density are missing and not only for the South Adriatic. The aim of this
paper is to contribute to the knowledge of this vulnerable species and to provide a
baseline for the appropriate measures of conservation planning.

Material and methods

Having in mind governmental intention for the creation of the MPA Stari Ulcinj in the
surrounding of the Valdanos inlet, Montenegro (Adriatic Sea), more detailed surveys
were performed in the area of 929 ha by SCUBA diving and ROV during 2020 (Fig. 1).
Density of A. cannabina population and height of the specimens were measured along
four transects 25m long and 1m wide. Transects were placed parallel to the coast at the
depth range of 20-22m depth.

Results

The huge majority of the MPA Stari Ulcinj is characterized by sandy-muddy bottom,
while seagrass meadows of Posidonia oceanica and coralligenous covers only 55ha.
Along the southwest coast of the hill Marjan habitat type developed in the dim light
conditions on the rocky bottom does not represent a typical coralligenous habitat.
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However, in this area protected sponge A. cannabina has been registered in a very dense
population (Fig. 1). Average A. cannabina density was 2.88 specimens/m? and the
average height was 39.23 cm. Furthermore, in this area have been registered also many
other Porifera species from which some are vulnerable and protected (Spongia
(Spongia) officinalis Linnaeus, 1759, S. lamella (Schulze, 1879), Aplysina spp. Nardo,
1834, Sarcotragus foetidus Schmidt, 1862, Axinella damicornis (Esper, 1794), A.
verrucosa (Esper, 1794) Unfortunately, on some specimens impacts of fishing gears,
anchoring and marine litter were evident.
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Fig. 1: Map of the MPA Stari Ulcinj and location of A. cannabina facies

Discussion

This important A. cannabina facies in MPA Stari Ulcinj is now officially protected from
anchoring and some types of fishing, so the enforcement will be one of the future
challenges. Further research is needed in order to better understand the complexity and
importance of A. cannabina facies as well as to assess the conservation status of this
protected species. In parallel, cleaning campaigns and raising of public awareness
should be organized showing that although along not urbanized coast, because of the
not appropriate treatment of the waste on land and marine currents, marine litter is
impacting all parts of the sea.
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RESULTS OF THE FIRST IMAP MARINE SURVEY IN PATOK
RODONI BAY (ALBANIA)

Abstract

Cape Rodoni (Albania) splits Lalzit bay in two parts. Patok-Rodoni bay is impacted by
continuous flow-outs of Ishmi and Mati rivers, despite of its relevant biodiversity and the
presence of fragile wetlands, complaints a sedimentation effect on the residual Posidonia
meadows and a geophysical disturbance due to various inland activities, contaminants and
marine-litter. During 2020 a first IMAP marine survey was conducted by an Albanian-Italian
team within the GEF Adriatic Project. During field phase, IMAP Ecological Objectives (EO)
were investigated and environmental data were collected to comply all relevant Common
Indicators (Cl) requested. 8 sampling stations, distributed along 3 transects, have been
monitored, in order to assess the GES of the area and identify the main threats. Modern
oceanographic equipment were used. Scientific Divers and video-reporters were involved to
realize both bionomic underwater LIT transects, both photo-video documentation and
innovative 360 VR tour, as a new tool for scientific dissemination. Data has been entered into
IMAP InfoSystem and presented in GIS-based maps. This IMAP survey provided relevant
scientific informations about Cl: EO1, EO2, EO5, EO7, EQ9, EO10 and provided preliminary
data for Fisheries in Albania.

Key-words: IMAP marine survey, Ecological Objective (EQ), Common Indicator (Cl), SSS-
SBES, Scientific Divers

Introduction

GEF Adriatic project aims to support MSP throughout the Adriatic region as a tool for
sustainable development. It’s among the first initiative of its kind, embedding national
IMAPs developed within the Barcelona Convention (BC) into MSP to achieve GES of
the Mediterranean Sea (Bianchi & Morri, 2000). This project has implemented in
Albania by UNEP/MAP, PAP/RAC, SPA/RAC with NAPA and Albanian Ministry of
Tourism and Environment. The surveyed area of Patok-Rodoni Bay is known for its
relevant biodiversity and protected areas, but it’s impacted by human activities and
appears strongly influenced by water exchanges with Patok Lagoon, Ishmi and Mati
rivers. This study focused in particular on Cls of IMAP EOs related to: biodiversity,
hydrology, eutrophication, contaminants and marine litter.

Materials and methods

All sampling activities performed were aligned with IMAP (UNEP/MAP, 2016)
methodology as agreed by the Contracting Parties to the BC. During field phase, IMAP
EOs (EOL, EO2, EO5, EO7, EO9, EO10) were investigated and environmental data
were collected to comply with all relevant Cls requested. 8 sampling stations,
distributed along 3 transects (off-shore, Patok bay, Lalzit bay) have been monitored, in
order to assess the GES of the area and identify the main threats (Deudero & Alomar,
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2015). Modern oceanographic equipment were used. Scientific divers and video-
reporters realized both bionomic underwater LIT transects, both photo-video
documentation and innovative 360 Interactive Virtual Tour, as new media tool for
scientific dissemination process.

Results

Final results have been presented into many products: 1 Final Report, 20 Annex Files, 1
Executive Summary, 1 On the Job Training, 1 complete GIS based maps, 1 Monitoring
Database on IMAP Info System, 1 UHD photo reportage, 5 4k videos from ROV and
dives, 5 mins short promo clip, 25 mins video-documentary and 1 Interactive Virtual
Tour. A complete echo-mosaic from SSS-SBES, ROV and Scientific Dives surveys of
the whole Patok-Rodoni Bay has been produced. Thanks to these new bionomic maps
some interesting coralligenous assemblages have been identified both in the center of
the bay, both along the deepest bathymetrics over the cape towards off-shore Sea.

Discussion

Results and recommendations will be useful to assess the levels of pressure on the
environment and identify the most fragile areas of Patok-Rodoni Bay, to finally affine
the Albanian Integrated Monitoring Programme within the area and propose measures
allowing the preservation of marine areas and the development of sustainable economic
activities. Results complaint a sedimentation effect on the rare Posidonia meadows
(Buia et al., 2003) and a geophysical impact due to various inland anthropogenic
activities, contaminants and marine-litter. Final recommendations represent ideas both
for planning, both for future management and interventions that, in long term, could
guarantee an improvement of the present habitats and marine life: this must be the "first
food for thought" aiming at the development or control of socio-economic activities
(tourism, fishing, water sports) and environmental protection (marine and coastal
protected areas) in Patok Rodoni Bay area, as currently considered by National
Authorities.
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RESULTS OF THE LAST 5 YEARS OF WORK FOR THE SCIEN-
TIFIC EVALUATION AND MANAGEMENT OF KARABURUN-
SAZAN: THE FIRST MARINE PROTECTED AREA (VLORA BAY,
ALBANIA)

Abstract

The *“Parku Detar” Karaburun-Sazan was the first Marine Coastal Protected Area (MCPA)
in Albania (established in April 28, 2010). Thanks to United Nations Development Programme
(UNDP) and Italian Agency for Development Cooperation (AICS Tirana), recent researches have
been carried out since 2018 till 2022, performing scientific monitoring plans by International
Con- sultant, in order to follow and understand the progress in MCPA's management and the
real en- vironmental status. In these last 5 years, many works have been done on Posidonia
oceanica mapping, Cystoseira spp. evaluations, water quality analyses, fish stocks study,
revealing of monk seal and increasing the protection of sea turtles and marine mammals.
The most recent data obtained with these studies have been published in the UNDP Reports,
which have under- lined not only the great environmental value of the AMP, but have also
demonstrated the effecti- ve good management developing since 2009 by National Agency of
Protected Areas (NAPA) and RAPA of Vlora, with UNDP support. The data were used for the
total production of a BIO-GIS Master Plan and an Atlas of updated thematic maps.

Key-words: Albania, MCPA, UNDP, AICS, Bio-GIS-Master-Plan, 3D model.

Introduction

The “Parku Detar” Karaburun-Sazan, the first and up today the only one Marine Coastal
Protected Area (MCPA) in Albania, occupies a surface of about 12,428 ha and a length of
about 16 km (Rajkovic & Kromidha, 2015). The MCPA presents a high biodiversity level
and can be described as a living wonder of Albanian’s nature. Karaburun-Sazan MPCA
was established on April 28, 2010 in Vlora County, in southwestern Albania. As regards
the natural values, the MCPA became the main attraction for elite tourism in Al- banian
country since 2010 (Beqiraj et al., 2010). In order to study and better manage the AMP,
scientific surveys have been carried out since 2018 thanks to UNDP and NAPA,
supported initially by GEF and then by AICS.

Materials and methods

The environmental monitoring activities were carried out according to the indications
borrowed from the EU Marine Strategy Framework Directive 2008/56/EC, (MSFD) and
the International Protocols of Underwater Scientific Researcher (ESDP, European
Scientific Diving Panel). In the last 5 years of work on MCPA, International Consultants
and Marine Biologists realized researches and surveys on: seagrass assessment and state
of meadows; evaluation of benthic assemblages on sandy and rocky shores; chemical-
physical analysis along sea water column on fixed sampling stations; updating of CAR-
LIT index; fish stocks evaluation; Mediterranean Monk Seals and Marine Turtles
sightings and rescues. Monitoring protocols have been implemented, in order to follow
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and understand the progress in MCPA's management and the real environmental
status, also demonstrating the effective good management by NAPA and RAPA of Vlore.

Results

All data have been published in 10 UNDP Reports and a serie of Annex Reports and
Follow Up. An overall publication of the whole UNDP scientific research effort, presen-
ting all the data obtained till now since 5 years is in progress, as a monograph and acti-
vity manual that will be provided to Vlore University. A Bio-GIS-Master-Plan system
was recently created, both on paper and digital, for the visualization of all results rea-
ched and mapped: - chemical-physical seawater monitoring campaigns; - visual census
and bionomic benthic mapping of the various seabed assemblages; - preliminary evalua-
tion of Posidonia oceanica status; - the implementation of the CARLIT Index (2007); - a
continuous monitoring of sea temperature (data from 0 to -30 m) with waterproof auto-
nomous data-loggers (10 stations); - a production of some 3D models of underwater
wrecks and some video-documentaries of the underwater world and an Interactive Vir-
tual Tour of the entire Vlora bay, in order to promote and enhance the naturalistic and
underwater heritage.

Discussion and/or conclusions

The MAP of Karaburun-Sazan has become a natural laboratory that is making it possi- ble
to set up international environmental research activities in Albania: it represents a marine
park where UNDP and Universities are increasingly deepening, thanks to the support of
Consultants, the knowledge on the ecology of the Albanian sea.
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MOBILE EPIFAUNA ON CORALLIGENOUS: BIODIVERSITY
ASSESSMENT AND RESPONSE TO MACROALGAL INVASIONS

Abstract

The high abundance and heterogeneity of calcareous builders on coralligenous outcrops
determine the development of highly diversified and structured benthic communities. The
present study provides a complete assessment of the mobile macroinvertebrate epifauna
associated to four dominant sessile hosts inhabiting coralligenous outcrops at the Strait of
Gibraltar: Paramuricea clavata, Spongia lamella, Sphaerococcus coronopifolius and
Rugulopteryx okamurae, the latter being a recent invasive macroalga. Four replicates of each
sessile host were collected at three different study areas in order to evaluate the influence of
host identity as well as the spatial heterogeneity of epifaunal assemblages. Overall, 135
different taxa were found along the whole study. Amphipoda was the dominant group in terms
of abundance on all sessile substrates, except for the gorgonian (dominated by the polychaete
Haplosyllis chamaeleon). Generalist species with a widespread distribution were dominant on
macroalgal hosts (specially on the invasive substrate), while invertebrate hosts showed a high
percentage of exclusive taxa and higher spatial heterogeneity on their associated communities.
Thus, the spreading of R. okamurae would likely result in a significant loss of epifaunal
biodiversity, as well as a taxonomical and functional homogenization of the epifaunal
community.

Keywords: Marine invertebrates, Arthropoda, Biological invasions, Strait of Gibraltar.

Introduction

Despite being one of the most important Mediterranean marine habitat in terms of
biodiversity and productivity (Ballesteros, 2006), little is known about the small vagile
fauna inhabiting the coralligenous (Casellato & Stefanon, 2008). However, mobile
epifauna often play a key ecological role in the functioning of benthic habitats (Taylor,
1998). Thus, complete quantitative studies addressing the biodiversity and ecological
patterns (e.g. spatial distribution, response to disturbances) of coralligenous epifauna are
required to obtain a comprehensive understanding of such ecosystems.

Material and methods

Four dominant sessile hosts inhabiting coralligenous outcrops at the Strait of Gibraltar
were considered: the gorgonian Paramuricea clavata, the sponge Spongia lamella, the
native macroalga Sphaerococcus coronopifolius and the invasive one Rugulopteryx
okamurae. Four replicates of each sessile host were collected at three different study
areas along the coast of Ceuta (Spain). Samples were washed over a 0.5mm mesh sieve,
sorted into major groups and identified to species level (when possible).

Results

Overall, 135 different taxa were found inhabiting the four sessile species considered.
Arthropoda was the dominant phylum in terms of abundance on all sessile substrates,
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except for the gorgonian (dominated by the polychaete Haplosyllis chamaeleon).
Amphipoda was the most abundant and diverse arthropod taxon, followed by copepods,
isopods, and pycnogonids. Mollusca, represented by 11 and 30 species of bivalves and
gastropods respectively, were especially abundant on the two sampled macroalgae.
Macroalgal species were dominated by generalist detritivorous species that can inhabit
different hosts, while specialized interactions between mobile epifauna and sessile hosts
were observed almost exclusively on sessile invertebrates. Higher spatial heterogeneity
was also observed on epifaunal assemblages associated to sessile invertebrates in
comparison to macroalgal hosts.

100%
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40%

20%

Percentage of total abundance

0%

Fig.1: Percentage of abundance of major taxa along the whole study.

Discussion and conclusions

The present study provides evidence about the major contribution of mobile epifauna to
the overall biodiversity on coralligenous outcrops, as well as the relevance of such
habitats as biodiversity hotspots. Considering the aforementioned differences among
sessile hosts in their epifaunal composition, it is expected that the spreading of R.
okamurae would likely result in a significant loss of epifaunal biodiversity, as well as a
taxonomical and functional homogenization of the epifaunal community. Further
studies should address the magnitude and direction of the cascading effects of those
changes on higher trophic levels.
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CUMULATIVE EFFECTS OF MARINE HEAT WAVES ON
EUNICELLA SINGULARIS IN A MEDITERRANEAN MARINE
PROTECTED AREA

Abstract

As part of a long-term monitoring program, the populations of the white gorgonian (Eunicella
singularis, Esper, 1791) (Cnidaria, Octocorallia, Gorgoniidae) are being surveyed yearly in the
Cabo de Palos - Islas Hormigas marine reserve (SE Spain, SW Mediterranean) since 2005. The
sampling protocol includes recording colonies density, sizes, and affection by necrosis in four
sites within the marine reserve. In addition, water temperature was continuously recorded from
April 2007 at two depths (25 and 35 m). Our results show that two mass mortality events
occurred in 2007 and 2018, coinciding with temperature anomalies, with the second mortality
event being more intense than the first. These documented mortalities add to the evidence which
points to abnormal water warming as the main cause of gorgonian mortality outbreaks in the
Mediterranean in recent decades.

Key-words: Mass Mortality Event, Eunicella singularis, Marine Heat Wave, Marine Protected
Area, Climate Change

Introduction

In the last decades, several episodes of mass-mortality (MME) of sessile epibenthic
invertebrates have been recorded in the Western Mediterranean Sea, especially for
gorgonians populations. The increase in frequency, intensity, and depth of thermal
anomalies in these habitats is alarming. The acquisition of time series on the health
status of these animals is crucial to better characterize and understand current shifts in
their environmental conditions at larger spatial scales. Since 2005, Cabo de Palos — Islas
Hormigas MPA (Murcia, Spain) is subject of a multidisciplinary scientific monitoring
program where the white gorgonian (Eunicella singularis) is annually surveyed to
assess its conservation status and to determine the thermal conditions prevailing in those
years, so that observed MMEs and thermal anomalies can be linked.

Materials and methods

Between October and November of each year since 2005 (with exceptions due to
financial cuts), at each of four randomly chosen sites, 8 1-m? quadrats were randomly
set on gorgonian beds between 20 to 35 m depth. In each quadrat, all colonies were
measured and the percentage of necrotic tissue (i.e., denuded axis and/or overgrowth by
other organisms) was quantified in the range of 0-100% at 5% intervals. Two variables
were calculated: (1) the damage extent, i.e., percentage of denuded axis or epibiosis per
colony, and (2) the incidence level, or the percentage of affected colonies, i.e., showing
tissue necrosis over >5% of its surface. Temperature records were taken by in situ
HOBO Water Temp Pro autonomous sensors set up within the MPA at intermediate-
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and infra- thermoclinal levels (25 and 35 m depth, respectively). To determine the
thermal conditions prevailing in those years associated with MMEs, we applied a
hierarchical methodology for the detection and characterization of marine heatwaves
and cold spells (MHW-MCS) following Hobday et al. (2016).

Results

Population incidence varied significantly with time, peaking in 2007 (57.8 £ 3.9%;
mean * se) and 2018 (69.4 + 2.0%), these values contrasting with respect to the 5.6%
incidence level measured during the 2005-2006 reference period. Damage extension per
colony showed sound differences associated with different years along the study period
(Fig. 1). Exceptionally high values were detected in 2018 (38.3 + 1.7%) and 2007 (12.5
+ 1.6%). This caused the populations to show an increasing degree of necrosis and a
cumulative impact over time.
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Fig. 1: Population damage extent (left) and detected MHW and MCS in 2018 at 35 m
depth (right) of Cabo de Palos — Islas Hormigas MPA white gorgonian population since
2005 to the present

Different thermocline dynamics led to distinctive temperature profiles in 2007 and
2018. MHWs were detected for both years at 35 m depth. In 2007, the event lasted 11
days and temperature reached above 25.5 °C the 24th of August. In 2018, a 5-day MCS
followed by multiple proto-events were detected during summer months, which caused
a pronounced thermal shock when temperature exceeded 26 °C for 5 consecutive days
in early September. Also, temperature remained above 22 °C until late October.

Conclusions

The results presented above suggest that the 2007 and 2018 MMEs were between the
largest, in terms of intensity, ever recorded in the Mediterranean Sea. Furthermore, the
sudden onset and concomitance with sea water extreme temperature anomalies further a
meteorological cause whose origin remains uncertain but probably related to an
anomalous thermocline derived from unusual wind patterns.
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MITIGATION STRATEGIES OF THE RED CORAL CORALLIUM
RUBRUM (LINNAEUS, 1758) TO FACE CLIMATE WARMING

Abstract

Modular colonial organisms can respond to environmental factors through phenotypic
plasticity, but, when environmental changes occur abruptly, the adaptive capabilities can be
limited, leading to mass mortality events. Moreover, following the temperature-size rule, a
decrease in body size was proposed as a common response to climate warming. With this study,
we present changes in colony density and size of different population of Corallium rubrum
(Cnidaria:Anthozoa) from various Italian locations. Pictures were taken few years apart,
showing a significant reduction in colony size (-13% =+ -73%), number of ramifications (-12% +
-92%), and population density (-7% + -21%), in all the surveyed sites. These observations show
that the colony size can get strongly affected after thermal anomalies, suggesting autotomy as a
possible mitigation strategy against the climate warming.

Key-words: precious coral, animal forest, Mediterranean Sea, climate change, mesophotic

Introduction

Modular colonial organisms can present a high phenotypic plasticity, considered the
major response to abiotic and biotic factors variability (Verberk et al., 2021). When
environmental parameters suddenly change, the adaptive capabilities can be limited,
especially in the aquatic system, leading to frequent mass mortalities (Garrabou et al.,
2019). Following the temperature-size rule, a decrease in body size has been proposed
as one of the most recurrent responses of organisms to climate warming (Verberk et al.,
2021). In this context, we present herein changes in colony density and size of different
population of the precious red coral Corallium rubrum from various Italian locations,
suggesting resizing as a possible mitigation strategy against rising temperatures.

Materials and methods

Photographic surveys were conducted at the Gallinara Island (Ligurian Sea), Portofino
Marine Protected Area (MPA, Ligurian Sea) and Porto Ercole (Tyrrhenian Sea), at 25,
30 and 18 m depth, respectively. Pictures were taken few years apart, and changes in
population density, colony size and number of ramifications were evaluated.

Results

The red coral populations from both Portofino MPA and Porto Ercole showed an evident
reduction in colony size (from -13% to -73%) and number of ramifications (from -12% to -
92%), and a decrease in population density (from -7% to -21%) (Fig. 1). At the Gallinara Island,
we focussed on single transplanted colonies. During years, colonies were healthy and vital, but
as observed in the other locations, they displayed a marked reduction in size and suffered the
loss of many ramifications (Fig. 2).
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Fig. 1: Red coral population frb the Portofino MP in 21 (A) and 0’2-1 (B).

Fig. 2: A t'ranspAIanted red oral colony at the Gallinara Isiand ?n .July 2017 (A), August
2018 (B) and September 2021 (C). The white arrows indicate the loss of ramifications.

Discussion and conclusions

The results of this study highlight that, even though coral densities do not suffer a high
reduction in term of number of total colonies, the colony size can get strongly affected after
thermal anomalies. Under laboratory conditions, changes in temperature and salinity were found
to induce fragmentation of the red coral branches through autotomy, a phenomenon considered
as an asexual reproductive strategy, ensuring population survival (Russo, 1995). Our
observations have never documented the settlement of the dropping portions, suggesting that C.
rubrum can use autotomy as a possible mitigation strategy against the rising temperatures and
the climate warming, showing an unexpected resilience through phenotypic plasticity.
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FIRST IN SITU ASSESSMENT OF RED CORAL (CORALLIUM
RUBRUM, L.) POPULATIONS IN THE AEGEAN SEA, EASTERN
MEDITERRANEAN

Abstract

Despite its long-known presence and exploitation, only undetailed fisheries-dependent data and
scarce, outdated scientific information exist for the precious red coral (Corallium rubrum L.
1758) in the Greek Seas and the wider Eastern Mediterranean. An ad hoc field survey was
conducted in the NW Aegean Sea initially based on occurrence information provided by former
coral fishers. Exploratory ROV surveys at the indicated positions extending over a depth range
of 40 to 70 m, revealed sparse to dense patches of C. rubrum at depths between 47 and 64 m.
Red coral typically colonized steep vertical coralligenous walls, overhangs, caverns or caves,
and formed monospecific or mixed facies with larger cnidarians or sponges. Two sites
presenting exposed red coral stands along continuous transects of ca. 30 m in length were
further investigated at depths between 53 and 57 m by means of SCUBA diving with mixed
gases. Diver operated stereo-video recording was performed along transects to acquire data on
red coral demographic and morphometric traits.

Key-words: population status, red coral stocks, coralligenous, mesophotic, scientific diving

Introduction

Although an emblematic species since ancient times and still occasionally exploited to
this day, populations of the precious red coral Corallium rubrum L. 1758 (Octocorallia,
Alcyonacea) have received little scientific focus in the Greek Seas. Earlier studies
provided rough information on the presence and morphometry of few colonies in the
North Aegean and Cretan Seas (Chintiroglou et al., 1989), but in situ population
assessments of living stocks still remain challenging due to the typically deep distribution
of the species in the Eastern Mediterranean (Dounas et al., 2011). In the frame of the
“GFCM Research Programme on Mediterranean Red Coral” aiming to improve
knowledge on C. rubrum distribution, population structure, ecology and genetics in
harvested coral banks, an ad hoc deep diving survey was designed and implemented to
gain insight on essential demographic, morphometric and ecological traits.

Materials and methods

A field survey was conducted in the NW Aegean Sea in March 2022, initially based on
occurrence information provided by former coral fishers. Exploratory ROV surveys were
performed at the indicated positions to locate extended red coral patches within suitable
operational depths (~ 50 - 60 m). Deep SCUBA diving with mixed gases was performed
in two sites; diver operated stereo-video recording using a custom-built stereo-camera
system was performed along 30 m continuous transects at a standard depth of 55 - 57 m.
Based on the stereo-video footage, red coral colonies’ height, width and basal diameter
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were estimated (accuracy: £ 0.5 mm) using the VidSync software, whereas red coral
densities were estimated based on coral counts within virtual quadrats (0.5 x 0.5 m
surface area) captioned from 30 systematically random stereo-video frames.

Results

ROV dives over a depth range of 40 to 70 m revealed three areas holding sparse to
dense populations of C. rubrum. Red coral typically colonized steep vertical
coralligenous walls, overhangs, caverns or caves at depths between 47 and 64 m,
forming either monospecific or mixed facies with other cnidarians or sponges.
Associated macrofauna varied per site, but Axinella spp., Agelas oroides, Leptopsammia
pruvoti, Parazoanthus axinellae and Ostrea sp. were persistently common across
surveyed locations. Ghost fishlines and nets were frequent, at places smothering reefs
and biota. Mean C. rubrum density at site A was 13.5 + 2.8 (mean + SE) ind./m?.
Colonies’ basal diameter ranged between 5.6 - 18.5 mm, with a mean value of 9.7 + 0.6
(mean = SE) mm; their colony height ranged between 29.2 - 124.0 mm, with a mean
value of 68.9 £ 5.2 (mean + SE) mm. Site B presented higher density, i.e. 114.7 + 17.5
(mean + SE) ind./m% Colonies’ basal diameter ranged between 5.3 - 20.0 mm, with a
mean value of 10.4 £ 0.4 (mean = SE) mm; colony height ranged between 35.6 - 337.0
mm, with a mean value of 87.7 £ 6.8 (mean £ SE) mm.

Discussion and conclusions

Although not directly comparable due to variations in depth and applied methodologies,
red coral density, height and basal diameter values detected herein fall within ranges
reported from the NW basin for populations shallower than 60 m, many of which in
protected areas (Mallo et al., 2019). Despite the high accuracy of size estimations from
stereo-video analysis, the population structure parameters measured herein (colony
height and basal diameter) should be considered biased high, since smaller colonies
(<30 mm in height) growing within cracks and crevices were hardly conspicuous in the
video footage and therefore excluded from the analysis. Although poaching events
cannot be entirely ruled out, our study areas have not been officially open to coral
harvesters since at least 1997, a fact that may account for the numerous large colonies
particularly characterizing one of our study sites. This effort constitutes an important
first step towards the assessment of the population status of this endangered species in
the Eastern Mediterranean Sea. More extensive surveys are however needed to
understand wider patterns and trends in this scarcely studied basin.
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SHARP DECREASE OF ALCYONARIAN ASSEMBLAGES
FOLLOWING A SEVERE MUCILAGE EVENT IN
NORTHEASTERN SEA OF MARMARA

Abstract

Alcyonarians known as soft corals and gorgonians are important organisms that play key roles
as reef-forming assemblages and contribute to the complexity and biodiversity in the marine
ecosystems. In northeastern Sea of Marmara, alcyonarians are among the most abundant
organisms on all types of substrates. However, they were affected by severe mass mortalities
that took place following excessive sedimentation due to coastal constructions and land filling
activities in 2015-2016. Soft corals such as Alcyonium palmatum and A. acaule have almost
disappeared and Paralcyonium spinulosum has highly diminished in the area while gorgonians,
particularly Paramuricea macrospina, Spinimuricea klavereni and Eunicella cavolini have
started to show some recovery signs as from 2018, after significant decreases. Unfortunately, in
2021 - 2022, winter-early spring period, a massive, basin-wide mucilage event took place in the
Sea of Marmara. All types of aggregates were observed in the water column and progressively,
they covered sea bottom and benthic organisms. In order to determine the impact of the
mucilage on alcyonarians, nine stations previously studied for species abundance in 2013 and
then in 2016, were monitored in November 2021, two months after mucilaginous aggregates
have disappeared from sea bottom, by using same methods, e.g. transect and quadrats.
Alcyonium spp. were almost completely absent in the area while P. spinulosum was even more
diminished than in 2016. In sum, the number of soft coral colonies have diminished by 92% in
2016 compared to 2013 and by 77% after the mucilage event. Paramuricea spp. were the most
impacted gorgonians while E. cavolini has better coped with mucilaginous aggregates. The
number of gorgonian colonies has dropped by 66 % in 2016 and another drop by 19 % was
recorded after the mucilage. The situation is clearly alarming, urgent actions are required to
stop the impacts and give place to recovery.
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Introduction

The Sea of Marmara, due to its peculiar oceanographic conditions and high nutrient
availability, enhances the occurrence of Mediterranean mesophotic-like communities,
around Prince Islands, at exceptionally shallow depths, around 25-40 m. Soft corals are
common on several types of substrates and Paramuricea macrospina (von Koch, 1882)
is one of the most common alcyonarians in the region along with Paralcyonium
spinulosum (Delle Chiaje, 1822), Paramuricea clavata (Risso, 1827), Spinimuricea
klavereni (Carpine & Grasshoff, 1975) and Eunicella cavolini (Koch, 1887) (Topcu and
Oztiirk 2015). In autumn 2020, a massive, basin-wide mucilage was recorded in the Sea
of Marmara and lasted until June 2021 covering a large area on the sea surface (Savun-
Hekimoglu and Gazioglu 2021). The aim of this study was to reveal the impact of the
mucilage outbreak on common soft corals and gorgonians in Prince Islands.
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Materials and methods

Nine stations were surveyed within the Prince Islands region in November 2021 (in
accordance with previous studies (Topcu and Oztiirk, 2015; Topcu et al., 2019).
Sampling was carried out by SCUBA diving by transect and quadrat techniques
depending on substrate inclination.

Results

Two months after mucilaginous aggregates had disappeared from the bottom,
Alcyonium spp. were almost completely absent in the area while P. spinulosum was
even more diminished than in 2016. In sum, the number of soft coral colonies have
diminished by 92% in 2016 compared to 2013 and by 77% after the mucilage event.
Among gorgonians, Paramuricea spp. were the most impacted ones while E. cavolini
has better coped with mucilaginous aggregates. The number of gorgonian colonies has
dropped by 66 % in 2016 and another drop by 19 % was recorded after the mucilage
(Figure 1).

Number of colonies =2013 m2016 = 2021
Fig. 1: Number of healthy colonies of soft corals
o (without axis) and gorgonians counted in 20 m?
- l transects at 9 stations (Prince Islands) in 2013,
. soft corals gorgonians 2016 and 2021.

Conclusions

Our findings underline that P. macrospina is critically diminished in the region and
even the regional extinction of this species should be evaluated for the Sea of Marmara.
Along with recent measures taken by the according ministries in response to the
mucilage, a recovery period for the Sea of Marmara is expected. This could be followed
by a recovery of soft corals and gorgonians, although some species with slow dynamics
might require tens of years to fully recover (Montero-Serra et al., 2018).
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INTEGRATION OF AL-HOCEIMA NATIONAL PARK
(MOROCCO) INTO THE SESSILE BIOINDICATORS
PERMANENT QUADRATS MONITORING NETWORK OF THE
ALBORAN SEA

Abstract

The Alboran Sea is a marine biodiversity hotspot inhabited by endemic species and species from
the Mediterranean and Atlantic biogeographical regions. In this sea, the coralligenous habitat
occur under the dim-light conditions of vertical walls and overhangs, usually below 15 m depth.
In 2019, eight locations were prospected in Al-Hoceima National Park (Al-Hoceima, Morocco)
and nine Sessile Bioindicators Permanent Quadrats (SBPQ) were installed in three sites to begin
monitoring the coralligenous habitat. In the west of the park, the coralligenous occur at less than
15 m depth and, although the recorded richness is a small fraction of the biodiversity of the park,
13 threatened or protected species were found during the surveys and installation of the SBPQ,
with six being present inside the monitoring areas. Furthermore, several threats were identified:
gorgonians and corals detached and found on sandy bottoms or discarded from fishing gear,
ghost fishing lines tangled with several coralligenous species, and a sewage outfall that increased
organic pollution in the eastern areas of the park. These impacts encourage the promotion of
administrative initiatives and actions to protect these rich Mediterranean habitats. To conclude,
the installation and follow-up of monitoring programs such as SBPQ constitute potent tools to
guantify the ecosystem dynamics and assess biodiversity loss after punctual, periodic, and
continuous impacts at the local and regional scales through a network of monitoring stations.

Key-words: Biodiversity, bioindicators, coralligenous, monitoring, marine protected areas

Introduction

Long-term monitoring can increase our knowledge in ecosystem dynamics and
contribute to the identification and quantification of anthropogenic impacts
(UNEP/MAP, 2016). These programs can provide data before and after the alteration
and generate information for a better quantification of socioecological impacts
(Sukhotin & Berger, 2013).

Materials and methods

In 2019, eight locations were prospected in Al-Hoceima National Park (Al-Hoceima,
Morocco) and nine Sessile Bioindicators Permanent Quadrats (SBPQ) were installed in
three sites to begin monitoring the coralligenous habitat in this area (see Fig. 1, A-D).
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Fig. 1. A- D: Installation of SBPQ and monioring methodology (see Garcia-Gomez et al.,
2020). E-H: fishing impacts on protected and commercially important species in Al-
Hoceima National Park.

Results

Thirteen threatened or protected species were found during the surveys, with six being
present inside the SBPQ monitoring areas. Several threats were identified: gorgonians,
corals and other species detached or discarded from fishing gear (Fig. 1, E- H), ghost
fishing lines tangled with coralligenous species, the presence of harmful NIS and a
sewage outfall that increased organic pollution in the eastern areas of the park.

Discussion and conclusions

The coralligenous habitat is a biodiversity hotspot and a key contributor of coastal
ecosystem services (UNEP/MAP-RAC/SPA, 2008). This habitat is in recession because
of mechanical, chemical, and ecological impacts (Garcia-Gomez et al., 2020). Long-
term monitoring is key for an effective conservation of this habitat and will provide
continuous information on the status of its communities, allowing rapid detection and
improved response against impacts, and a more efficient allocation of management
resources.
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FINE-SCALE GENETIC STRUCTURING AMONG
MEDITERRANEAN PARAZOANTHUS AXINELLAE (SCHMIDT,
1862) SPECIES COMPLEX POPULATIONS DISCLOSED BY
2BRAD

Abstract

Two morphotypes of the Mediterranean zoanthid Parazoanthus axinellae (Schmidt, 1862) are
found in the Mediterranean Sea: ‘Slender’ and ‘Stocky’, which differ in size, color, and
substrate preference. We used 2bRAD-Seq to get genome-wide genotyped single nucleotide
polymorphisms to study the genetic differentiation between ‘Slender’ and ‘Stocky’ morphs, as
well as their population structure. 101 specimens of P. axinellae were sampled and genotyped
from locations along the Italian coastline. A marked and consistent differentiation between the
morphs was observed. The widely distributed ‘Slender’ morph showed higher population
admixture, whereas populations of the 'Stocky’ morph, found only in the north-western
Mediterranean, showed higher regional genetic partitioning.

Key-words: connectivity, coralligenous assemblages, Zoantharia, population genomics, SNPs

Introduction

Parazoanthus axinellae (Schmidt, 1862) is a widespread coral species in the
coralligenous assemblages. In the northwestern Mediterranean, two morphotypes were
observed in sympatry: Slender’ - with an elongated trunk, longer and thinner tentacles
and a light-yellow color; and ‘Stocky’ - with a shorter, thicker trunk and tentacles, and
orange color. Due to marked morphological, ecological, and biochemical differences,
the two morphotypes were hypothesized to be two species (Villamor et al., 2020). We
used genome-wide genotyping to assess the genetic divergence between the two
morphotypes, as well as population connectivity patterns within the morphs.

Materials and methods

Samples from 12 populations were collected by SCUBA diving at eight localities in the
Mediterranean Sea (Fig. 1). Total genomic DNA was extracted, and Genome-wide
Single Nucleotide Polymorphisms (SNPs) were obtained using the 2bRAD genotyping
following Terzin et al. (2021). Raw reads were quality filtered, trimmed and SNPs
genotyping was performed in the Stacks v2 software. Population genetic structure
analyses were performed between and within morphotypes.
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Latitude

Slender

Fig. 1: Left: Map showing the sampling localities within the study. Right: Discriminant
Analysis of Principal Components (DAPC) with populations as prior grouping information

Results

Discriminant Analysis of Principal Components (DAPC) showed clear genetic
differentiation between ‘Slender’ and ‘Stocky’ populations (Figure 1). Moreover, DAPC
revealed discrete clusters for each ‘Stocky’ population, with the Tyrrhenian populations
(SAROR + GIAOR) clustering closely together and separate from the Ligurian
populations. Stocky populations also displayed a high level of genetic differentiation
between populations (pairwise Fst values = 0.27 - 0.31). In contrast, the more widely
distributed ‘Slender’ morphotype did not display an evident pattern of structuring.

Discussion and conclusions

Overall, ‘Slender’ and ‘Stocky’ morph clearly diverge in their genomic profiles, and
their populations group into two clearly separated clusters. The very strong genetic
differentiation provides additional evidence that these morphs are different species,
although experimental validation is needed to confirm this hypothesis. Evaluation of the
broadly distributed ‘Slender’ morphotype revealed a high degree of admixture and
panmixia among populations. In contrast, the ‘Stocky’ morphotype displayed much
stronger patterns of genetic structure. Our study highlights the importance of resolving
phylogenetic and taxonomic disparities within taxonomically problematic groups, like
the P. axinellae species complex, prior to implementing genetic connectivity data for
management and conservation purposes.
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EXPLORING THE TIMESCALES NEEDED TO RECOVER THE
FUNCTIONING OF MEDITERRANEAN CORALLIGENOUS
ASSEMBLAGES THROUGH ACTIVE RESTORATION

Abstract

The long-term success of an active restoration of a key Mediterranean octocoral is explored to
assess the recovery of ecological functions. A coralligenous assemblage with a restored
Corallium rubrum population was monitored over ten years in the Medes Islands Marine
Reserve to quantify the temporal changes in its functional community structure through multi-
taxa trait-based analysis. A nearby site with C. rubrum was also monitored, to assess the
population and community structure of a local native assemblage. The transplanted colonies
exhibited a significant growth, followed by a shift of the coralligenous functional identity,
mainly caused by an increase on the traits that facilitate the 3D-habitat provisioning. When
comparing these results to the natural assemblage, the restored coral population has surpassed
the control values in terms of size and biomass of the colonies, while the assemblage
functionality is approaching what is observed in the natural population. Our results highlight
how a restoration through transplanting adult colonies of key long-lived octocorals bypassing
sensitive early life stages can be an effective tool to restore the functionality of this habitat in
relatively “short” timescales.

Key-words: Corallium rubrum, functional recovery, active restoration, colony transplantation,
coralligenous

Introduction

Active restoration initiatives are being promoted globally to halt and reverse the
degradation of marine ecosystems. The main focus has been put on rebuilding coastal
systems; by transplanting habitat-forming species with the goal to recover the structural
complexity needed to sustain ecosystem functions and services. Traditionally, success
for such strategies has been mostly assessed through the short-term survival of restored
transplants, which has been criticized to be unsuitable to assess full ecological recovery
(Bayraktarov et al., 2016). Here, we explore the long-term success of an active
restoration of a key Mediterranean octocoral by combining population and community
approaches to assess the recovery of ecological functions.

Material and methods

Ten years after transplantation, we revisit a restored C. rubrum coralligenous
community to assess the demographic state of the transplanted colonies and to explore
the long-term temporal scales needed to achieve recovery of ecological functions. The
later was done, by quantifying the temporal changes in its functional structure through
multi-taxa trait-based analysis. Moreover, the nearby native red coral assemblage has
been parallelly monitored to detect any local trends.
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Results

The functional identity for the native C. rubrum assemblage presented a stable
abundance weighted centroid, while a significant shift was recorded for the restored one
(Fig. 1). This shift can be attributed mainly on the traits that facilitate the 3D-habitat
provisioning.
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Fig.1: Functional identity (cross) and functional entitites abundances (circle) for the
assemblages with restored and native C. rubrum populations

Discussion and conclusion

Our results show that the restored site’s coralligenous assemblage functional structure
has shifted, approaching the native assemblage in terms of functional identity. These
findings suggest that it is feasible to achieve ecological recovery within coralligenous
communities by actively restoring key habitat-building octocorallia such as the red
coral.
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