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Abstract

Abstract in English

Submarine canyons deeply incise the Mediterranearinental margins, becoming
authentic conduits between the continental shebre$ deep-sea basins. Enhanced
habitat heterogeneity and organic inputs allow diceable benthic biodiversity
development, creating authentic “hotspots” of biedsity. However, if knowledge on
distribution and composition of benthic assembladgeslling in different canyon
systems across the Mediterranean basin is conbigiaracreasing; on the other hand,
factors driving their distribution and biodiversigt multiple spatial scales are still
difficult to discern and thus far to being well @nstood. Among these benthic
communities, suspension feeders take considerablantages from environmental
features of canyons; because of this, they are afteninant showing dense patches of
large Anthozoan. These organisms, along with atberponents of the benthos such as
sponges, ascidians and bryozoans, enhance thedihmeasional development of the
habitat, constituting the so called ‘animal forésthich play a key ecological role in
the benthic-pelagic coupling processes. Moreovee tb their slow growth rates,
longevity and tridimensional structure, these sgpeaire particularly vulnerable towards
mechanical injuries inflicted by fishing gears.tns regard, supporting knowledge on
their distribution patterns and ecology are neediedorder to develop sound
conservation measures. Therefore, throughorainvasiveprotocol based on ROV
footage coupled with multi-beam dataset, this thesins to document Sardinian deep-
water coral forests communities dwelling along efiéint canyons and other geological
features of the Sardinian continental margin. Thesent work compares local, and
regionalbiodiversity of coral communities inhabiting corgtiag and similar geological
features of the continental margin, consideringfedént spatial scales and also
exploring the role of a subset of environmentakdptors, obtained through the image
analysis, in determining the observed patterns. r&@lye multi-variate analyses
emphasized a higher variability in the compositdrcoral communities at the smallest
spatial scale investigated that overcomes the hifitiaat regional/geographical scale.
In particular, in the first study, patterns of oh&sl diversity were significant different

within the same geological feature rather than agrammtrasting geological setting, and



the tested environmental variables explained theepes of observed diversity. In the
second study, results suggested that coral comynwoimposition differed across
canyons within the same area, but not among theetlgeographical areas, and that
variations patterns appeared to be mainly congtdaiby differences in the
hydrodynamic conditions operating on local scald® last part of the thesis aimed to
describe the distribution and demographic featofescleractinian habitat-forming cold
water coralMadrepora oculataencountered in the north eastern and southerremest
canyons of the island of Sardinia. These speceslacumented for the first time in the
northeast Sardinian continental margin, extendimg geographical framework of the
recently discovered “Sardinian cold water coralvproe”. Results revealed that, as for
all the best developed CWC situations present & Mediterranean Sea, the new
Sardinian province is clearly dominated by patclésl. oculata occurring with
small/medium size colonies in two different typesobstrate (rocky wall and inclined
silted bottom). Results from the present thesigemse knowledge on deep coral
assemblages inhabiting Sardinian submarines canywosiding new insights on the
scale-dependent structure and dynamics of deeplidgvadoral assemblages. These
results will likely have considerable implicatiorier the spatial development of
forthcoming conservation strategies to preservé simdiversity hotspots.



Riassunto in Italiano

| canyon sottomarini profondamente incisi nel maggicontinentale del Mediterraneo,
sono considerati degli autentici canali in gradealegare la piattaforma continentale con
i bacini profondi. Aumentando I’ eterogeneita dadbitat e incrementando I'apporto di
materia organica consentono lo sviluppo di unavadebiodiversita bentonica, creando
autentici “hot-spot” di biodiversita. Tuttavia, sda un lato la conoscenza sulla
distribuzione e la composizione dei popolamentittseici presenti in numerosi canyon di
tutto il Mediterraneo € in considerevole aumentall'altro lato, i fattori che ne
determinano la distribuzione e la biodiversita sxeibe scale spaziali sono ancora difficili
da discernere e percio ancora lontani dall’essem®\gerati. Tra le comunita bentoniche,
gli organismi sospensivori sono quelli che maggemte traggono vantaggio dalle
caratteristiche presenti nei canyon, per tale notlensi popolamenti di grandi Antozoi
risultano spesso dominanti. Questi organismi, assiad altri componenti delle comunita
bentoniche, come spugne, ascidie e briozoi, cresuportanti strutture tridimensionali,
chiamate anche “foreste animali”, le quali svolgamo importante ruolo ecologico nei
processi di connessione tra la componente bentengzella pelagica. Inoltre dato il loro
lento accrescimento, la lunga longevita e la cosgaestruttura tridimensionale, queste
specie risultano particolarmente vulnerabili ai mlameccanici causati delle attivita di
pesca. A questo riguardo, conoscenze di supportbecmlogia e sui modelli di
distribuzione spaziale di questi importanti e fliagopolamenti sono necessarie al fine di
sviluppare misure di conservazione adeguate. Rertasmtraverso [l'utilizzo di un
protocollo basato sulla combinazione di filmati R@Vdati Multi-Beam, questa tesi ha
come scopo quello di documentare le comunita dalkoprofondi presenti in diversi
canyon del margine continentale della Sardegnafrmmtando la variabilitd di queste
comunita su scala locale e ragionale in rapportivarse strutture geologiche e diverse
aree geografiche. Inoltre e stato investigato bloudi un insieme di caratteristiche
ambientali coinvolte nella variabilita dei modeaiiservati. In particolare, nel primo studio,
i risultati hanno enfatizzato una maggiore varigbibll'interno di strutture geologiche
simili, piuttosto che tra strutture diverse, e tabdelli di variabilita son stati spiegati dalle
caratteristiche ambientali esaminate. Nel secomaldics i risultati hanno mostrato che la
composizione delle comunita di coralli profondiféifscono tra canyon appartenenti alla

stessa area geografica, ma non tra le tre diffeegae investigate, e che tali variazioni



sembrano essere vincolate principalmente dallergifize nelle condizioni idrodinamiche
presenti su scala localell’'ultimo capitolo della tesi & stata descritéadistribuzione e le
caratteristiche demografiche della specie bio-otste di corallo “d’acqua fredda”
Madrepora oculatarinvenuta in differenti canyon localizzati nellarge nord orientale e
sud occidentale della Sardegna. Questa € la priomantentazione di esemplari vivi di
guesta specie nel margine nord orientale dellaggaa che va ad estendere il quadro
geografico della neo-scoperta “provincia sardacdealli d’acqua fredda”. | risultati hanno
mostrato che, come per tutte le altre comunitaadalt d’acqua fredda ben sviluppate
presenti nel Mar Mediterraneo, la nuova provinegeda & chiaramente dominata da densi
popolamenti diM. oculata presenti con colonie di dimensioni medio / piccele due
differenti tipologie di substrato ( ripide paredcciose e fondali fangosi ).

In sintesi i risultati ottenuti incrementano le osnenze sui popolamenti di coralli profondi
presenti in numerosi canyon sottomarini della Sgmde e forniscono nuove informazioni
utili per lo sviluppo di future strategie di congazione atte a preservare questi importanti

“hotspot” di biodiversita .
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Chapter 1

1.1 General Introduction

Until the end of the 20thcentury, oceanographic uaés communally agreed that no life
was present below the continental shelf, beliewmgvhat became known as the “Azoic
Theory” (Forbes., 1844). Luckily, this theory didtrstop the interest of science for deep
waters; on the contrary, it stimulated debates @wvestigations, slowly accumulating
evidence of life in deep-sea systems worldwider tive last century.

The deep-sea floor is formed by hundreds of miflicf km2 of abyssal plains and
continental slopes. Even though this huge parhefaceans account for more than 95% of
the habitable area for life, representing the lsirgeosystem on Earth, only 5% of the deep
sea has been explored and less than 0.01% of desga floor has been scientifically
investigated.

Despite the common definition of “miniature Ocedf’82 % of world ocean’s surface),
the Mediterranean Sea hosts very high marine baosiity and is globally regarded as a
hot-spot for biodiversity, hosting between the 4l &8 % of all marine species known
(Bianchi and Morri., 2000). Within such biodivessibenthic communities are possibly the
most peculiar in terms of richness and originalityMediterranean marine life (Gili et al.,
2014). The distribution and structure of sessiletlie fauna is driven by environmental
gradients that change with season, depth, typailoftsate, but also by connectivity and
inter/intra- specific interactions (Snikars et @014). The combined action of these
multiple factors results in a high variety of asbéages and communities. In this regard,
the continental margin, the ribbon of sea floommssn the continental shelf and the abyss

from 150 m down to >4000 m depth, offer some ofriwst variable terrain in the ocean



(Levin et al., 2010). This relatively narrow zors% of worldwide seabed), defined as
‘where the shallow meets the deep’ (Levin and Dayt®009), connects the lower
circalittoral and the upper bathyal zone, exhilgitirextreme topographical and
environmental heterogeneity that creates habitat afovast assortment of biological
communities (Buhl-Mortensen et al., 2010).

Submarine canyons are abundant and ubiquitousrésathat connect continental shelves
to deep ocean basins (Shepard & Dill., 1966); thai in the interactions between these
two habitats as well as in the functioning of trenthic and pelagic ecosystem has been
object of numerous studies (Zuiiga et al., 200%cBddu et al., 2010; Fabri et al., 2014).
Mediterranean continental shelves are narrow, aedireised by numerous submarine
canyons. As most of the Mediterranean coasts hegp-water bottoms near the shore, the
Mediterranean basin stands out as a globally differegion because its canyons are more
closely spaced, more dendritic, shorter and steth@er those from other regions of the
world (Harris and Whiteway., 2011). Such featurdewaan intense exchange between
coastal areas, continental shelves, margins an@ Hdasins (Canals et al., 2006). In
addition, a great variability can occur for eaamgt canyon (or canyon system) set along
the continental margin of the Mediterranean basin.

The eastern part of Sardinia, the area under iigpa&in in the present work, presents all
previously cited features, being morphologicallyadcterized by a narrow continental
shelf incised by a complex submarine canyons sysbamlocally alter water circulation,
canalize organic matter particles, providing difetr physical substrates that significantly
contribute to deep-water biodiversity.

Benthic suspension feeders are among the orgarisatsbest take advantage of these
habitats. Studies from the last 20-years emphasizedparamount role of suspension

feeders in amplifying the pelagic—benthic trangfeenergy in marine benthic food webs



and the ecosystems overall complexity and funatigr{iGili and Coma., 1998; Cerrano et
al., 2010; Bianchelli et al., 2013). They also pdevrefugee, colonisable surface for other
organisms and, nonetheless, significantly modifyiingmass and species diversity; these
features are even more emphasized along continerdegins worldwide, as the depth
gradient (i.e., fading light and primary produchiomake suspension feeders the main
contributors to the benthic biomass (Rossi., 2@3i8;, et al. 2014). Among them, large
Anthozoan gained considerable attention becauseedf conspicuous dimensions that
enhance their habitat-structuring role, making theoologically similar to terrestrial
forests. This figurative and ecological similariyith their terrestrial counterparts had
found increasing supporting scientific evidencerothe last decades, consolidating the
definition of these habitats as “Animal forestséfsuRossi et al., 2012). The development
of advanced remote underwater technologies suéteastely Operated Vehicles (ROVs)
revealed how deep water coral forests represerdtéey habitats of the Mediterranean
continental margin (Bo et al., 2009,2012; Orejaalgt2009; Madurell., 2009; Cerrano et
al., 2010; Angeletti et al., 2010,2015;Morris., 30Topcu et al., 2015; Cau et al., 2015).
From a conservation perspective, the collectiondafa on species composition and
assemblage structure over a variety of spatialesc& of paramount importance for
understanding local and regional variation of biedsity (Levin., 1992; Casas-Guell et al.,
2015). Although numerous scientific studies focused coral forests, there are still
considerable lack on the overall knowledge on ithstron of these assemblages along
continental margins and relativgeomorphologicalfeatures. This missing or scarce
information on variations imalpha and beta diversity along multiple spatial scales
considerably slows the development of sound coasierv measures. Distribution of
benthic community structure and productivity haeer studied in a number of submarine

canyons (e.g. Vetter., 1994; Vetter & Dayton., 199argrave et al., 2004; Canals et al.,



2006; Schlacher et al., 2007; Vetter et al., 200@ytz., 2012; Fabri et al., 2014). Several
conclusion suggest that high habitat heterogeneitanyons could enhance both benthic
and pelagic productivity as well as biodiversity bénthic fauna ( Schlacher et al.,
2007; Vetter et al., 2010). Species abundance ammass can be from 2 to 15 times
higher compare to the surrounding areas at the g#pths (Danovaro et al., 2010),
highlighting the urgent need for increase knowledgecoral forests dwelling in these

peculiar habitat.

1.2 Aim and objectives of the research project

Understanding how biodiversity varies at differspiatial scales and the drivers behind
these patterns is a crucial issue in ecology. Thiparticularly true for deeper waters,
where there is little information available on gpatial variability of benthic biodiversity.
Indeed, the aim of this thesis is to document ®&di deep-water coral communities
inhabiting different canyons along Sardinian coerital margin, testing both for the
presence of a spatial patterns along Sardiniantcaasd/or if intrinsic environmental
features of canyons may lead to different coral mamities. The goal behind this work is
to possibly gaining new insights for define or mayefine conservation strategies for
these vulnerable ecosystems currently threatenedelsyructive human activities (e.g.,
fishery, pollution, etc. etc.).

This overarching objective has been achieved bfopamg experiments that combined
ROV footage and Multi-beam datasetsnan-invasivetool that is particularly suited for
investigating communities of such conservationrgge

In detail, the first part of the research is focue®m a comparative analysis atpha and
beta diversity of eleven target species of Anthozoanabiting contrasting geological

settings of the continental margin (canyongashe du largeecosystems); the goal is to
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test if substrate/geomorphology-based communites lse distinguished in Sardinian
waters. In consideration of the results, the seqoaud focuses exclusively on canyons,
comparing the composition of coral assemblageslohgetanyons within and among three
geographical areas located along the continentagjimaff the eastern coast of Sardinia.
We also explored the role of a subset of envirortaidactors in determining the observed
patterns in coral community composition over theagarunder scrutiny. The third and last
part of the thesis is a single-species based igat&in, focused on the bathymetric
distribution, density patterns and demographicuiest of Sardinian Cold Water Corals
found in three Sardinian canyons, contributinguxahfer extend knowledge on the recently

discovered ‘Sardinian Cold Water Coral provinceayiani et al., 2016).
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Chapter 2

Beta-diversity of deep water animal forests in sub@rine canyons and
rocky outcrops along the south Sardinia margin (CWMediterranean

Sea):role of environmental drivers.

This study has been performed by myself and AleisarCau; both of us equally
contributed to the data analysis and writing of #ntcle titled “Beta-diversity of deep
water animal forests in submarine canyons and raekgrops along the south Sardinia
margin(CW Mediterranean Sea): role of environmermtavers” in preparation to be

submitted to Marine Environmental research.

2.1 Introduction

The deep sea host rich and highly specialized befdabna that varies in composition and
biodiversity across multiple spatial scales (Garabial., 2014). From a conservation
perspective, the collection of data on species omitipn and assemblage structure over a
variety of spatial scales is of paramount imporéafar understanding local and regional
variation of biodiversity (Levin., 1992; Casas-Quat al., 2015).Within temperate areas,
benthic communities dominated by suspension feeofées represent the most common
hard-bottom fauna of Mediterranean circa littoraine, in which they playing a key
ecological role enhancing environmental structbeterogeneity (Henry & Roberts, 2007,
Buhl-Mortensen et al., 2010; Rossi, 2013). Suchicstiral complexity influence the water
flow at small spatial scale and thus increase ¢lsalence time of suspended patrticles (Gili

& Coma, 1998; Gili et al., 2014). These complex amdll-structured communities
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constitute the so-called “animal forests,” whictcamulate one of the highest biomass
within the world oceans because of their widesprdetribution throughout different
geomorphologies of the continental shelf/margeng(, submarine canyons, seamounts,
rocky outcrops; Ramirez-Llodra et al., 2010c; Mistcal., 2012; Rossi et al., 2012, 2013;
Cau et al., 2015a).

Such high levels of biodiversity have been atteouto different equilibrium (linked with
temporal stability, Casas-Guell et al., 2015) am-aquilibrium hypotheses (linked to
disturbance, spatial heterogeneity and dynamicefr¢Cerrano et al., 2000, Garrabou et
al., 2001). At the same time, variable combinatiohiological and environmental factors
could also affect the reproduction, larval settlatngrowth, and death rates of deep-sea
corals (Gori et al.,, 2011). Nevertheless, whethffergnt geomorphological setting of
substrates might have a role on deep-water catasibution is still largely an unexplored
issue, with few insights arising from very recehidées performed in the Mediterranean
basin (Casas-Guell et al., 2015, Cau et al., 20053act, the spatial distribution and habitat
selection by different Anthozoan taxa in the cilittaral zone has been most often
explained in terms of variations of the hydrodynamgégime and the type and availability
of substrate for settlement (Bo et al., 2009, 2012); however, the turnover at the
smallest spatial scale€., within tens/hundreds of meters) is still an almasaddressed
issue. Indeed, most studies on deep sea benthiecnooities have analyzed benthic
biodiversity variations assuming each habitat to dgerationally homogeneous, for
instance by contrasting canyon vs. open slope bitiésgnoring the spatial effect within
sampling stations, almost avoiding to considerrtbe of bottom heterogeneity.

Submarine canyons dissect most of Europe’s cortahenargins, with those from the
Mediterranean basin opening their heads at shstamtie from the shoreline with steeper

and more landward extensions compared to worldveigieyons (Canals et al., 2006;
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Pusceddu et al.,, 2010; Puig et al., 2014). Suchicplar feature allows benthic
communities associated with submarine canyons terdept organic-matter-rich-
sediments being transported along the inner slogle Harris &Whiteway., 2011). For
these reasons submarine canyons are often inhdlyitpdtches of deep-water coral forests
among the most dense and diverse hard bottom coitiesualong the continental margins
worldwide (Danovaro et al., 2010; Ramirez-Llodralket2010a).

Rocky elevations like pinnacle sand rocky shoaleHzeen at times defined as deep coral
oases because they can host very rich coral fauthamuch higher levels of biodiversity
than surrounding soft-bottom substrates (Bo etall2; Bianchelli et al., 2013; Cau et al.,
2015a).

Here, we analyzed if different deep water coral wamities characterize the intrinsic
geomorphological features of different hard sulbstraccurring on the top of canyons and
on isolated rocky pinnacles emerging from the cwantal shelf; we then tested if the
variability occurring within the smallest spatialase could overcome the one observable
among locations showing contrasting geological ulest. To test such hypothesis we
compared the community composition of deep-watealsdrom two areas located along
the south Sardinia continental margin, charactdrizg the presence of several canyon
heads and isolated rocky pinnacles, respectivaly.adidition, as deep water coral
communities are severely threatened by anthropogemessures which may cause
mechanical injuries and sediment re-suspensiontiRanal., 2014, Bo et al.,, 2014,
Angiolillo et al., 2015), the presence of anthropmig impact was documented in both

areas.
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2.2 Materials and methods

2.2.1 Study area

We compared coral communities from two differerdas; located off the south Sardinia
continental margin (western Mediterranean Sea; Bid), characterized by different
geomorphological settings: i) the southwesternioental margin, characterized by a vast
shelf-area where numerous volcanic outcrops arisen fsoft bottoms and ii) the
southeastern continental margin, characterized byaaow shelf area, dissected by
numerous submarine canyons (Sulli., 2000; Mascé. €2001; Cau et al., 2015b).

A total of 8 different sites were chosen in the tlwoations: 4 rocky isolated pinnacles
(henceforth W1, W2, W3, and W4) at depths varynognf 100 to 160 meters and 4 canyon
heads (henceforth E1, E2, E3, and E4) at similathde(100 to 145 m).As comparatige
priori analysis to discriminate geomorphological and emrmental differences among
locations and among sites, we performed a Canoiinalysis of Principal coordinates
(CAP, Anderson & Willis., 2003) using a Euclideastdnce based resemblance matrix on
normalized geomorphological and environmental paters {.e., depth, slope of the
substrate, sediment accumulation, latitude, anditode). The cross-validation from the
CAP routine emphasized how all observations (100f@f 8 sites) followed tha priori
grouping, enabling us to effectively test the prsgab null hypothesis on differences in

beta-diversity among and within locations.

15



France

B

w w
o - E4 Td
3] a
S Sardinia ¢ |5
g.: W4 S. Pietro Is. 2
T TS

s o
% \2"3 Gulf of Cagliari E1 ® Capo Carbonara | =

[ ]
Wi E3 E2
@
wl S. Antioco Is. o
@ +2
— o
% Capo Teulada >
w2 =
@ 15 Km
: : : :
08° E 08°50’E 09°E 09°50'E
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2.2.2 Sampling

This study did not involve sampling or damage of andangered or protected species and
is actually based on direct observations with R@4dtdge and image analysis,nan-
invasiveapproach that is particularly preferred in higmservation interest habitats like
those under investigation. The video material wlaisioed during two surveys on board
the R/V “Astred conducted along the south Sardinia continentalgmain autumn 2011
and summer 2013 (Tab. 2.1). Each site was explangnin the same day through a
variable number of ROV dives (from a min. of 1 tmax. of 3), in order to collect enough
video material for the further image analysis. R@V “Pollux III” was equipped with a
digital camera (Nikon D80, 10 megapixel), a strghdkon SB 400), a high definition
video camera (Sony HDR-HC?7), track-link system,epttl sensor, compass, and three
parallel laser beams providing a constant 11-cereeice scale for the measurement of the
frame area. Snapshot frames from the ROV footage extracted at 30 seconds interval
using the software DVDVIDEOSOFT. Overall, a totdlmore than 19 hours of ROV
footage were analyzed and frames with non-cleability, compromised resolution/focus
or not-suitable substrate were discarded for thpgqees of the image analysis. A total of
669 video-frames were obtained, covering a totalase of 2267rf(Tab.2.1). For each
frame, after the estimation of the frame area thinoimage analysis (CPCe software,
Kohler & Gill.,, 2006), the taxonomic identificatioidescribed below), along with
abundance measures were performed. The coral abeselas estimated for total number
of target corals per frt standard error (henceforth s.e.) and for each target species.
In addition, per each frame, the substrate sedimmewtrage was classified from 1 to 5,
referring to 5 percentage rangeg.( 1= 0-20%; 2= 20-40%; 3= 40-60%; 4= 60-80%; 5=

80-100%; Cau et al., 2015a).

17



Table 2.1.Geographical, technical details and coral commuieiggures of investigated sites.

Site E1 Site E2 Site E3 Site E4
Coordinates 39°25'340"N  39°04' 780"N 39°06'719"N  39°05'414"N
9° 47' 594" E 9°33'760" E 9°25'970" E 9°28'327"E
N. of dives 2 2 4 1
Year 2011 2013 2011 2011
Depth range (m) 90-110 110-145 90-140 100-140
Time filming (h) 2h 08 3h 02' 5h 47" 2h 30’
N. of frames 97 54 72 133
Frames area(r) 145.4 135.69 250.47 311.58
N. of coral colonies 553 165 308 2225
Coral abundance 86+15 3.0+0.82 34+114 128415
(colonies M + s.e.)
Species richness 3 6 4 4
Site W1 Site W2 Site W3 Site W4
Coordinates 39°10'122"N  38°44'425"N  39°05'345"N 38°59'064" N
8°06'133"E 8°29'025"E 8°10'538"E 8°07'270"E
N. of dives 1 1 1 1
Year 2013 2013 2013 2013
Depth range (m) 140-150 100-120 80-100 150-160
Time filming (h) 1h 20 1h 50 2h 2h 57
N. of frames 67 110 49 87
Frames area(nd) 284.8 648.74 150.31 330.15
N. of coral colonies 168 1287 215 481
Coral abundance 1.36 £ 0.34 4.98 £0.55 5.53 +0.36 1.8+0.15
(colonies n¥ + s.e.)
Species richness 7 9 3 6
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2.2.3 Coral community composition and levels of ahtopogenic pressure

We focused our investigation to the analysis ofjdaAnthozoans as they represent the
most conspicuous component of Mediterranean anforalsts(Rossi., 2013, Cau et al.
2015); the relatively easy identification from pbgtaphic frames extracted from the ROV
footage, their ecological relevance and their pesfee for specific environmental
conditions including, among the others, the slopée substrate or the current regime,
make them a suitable descriptor of the megabermbmmunities in the twilight zone.
Moreover, the occurrence of certain species canuded as an indicator of good
environmental status of the entire benthic comnyuaniid their longevity may also provide
information about the persistence of stable assagelsi (Bo et al., 2009, 2012, 2015).
Alpha andbetabiodiversity were estimated on counts of mostesentative species (Fig.
2.2) : four antipatharians belonging to four faeslijAntipathella subpinnatgEllis and
Solander., 1786) (fam. Myriopathidaefntipathes dichotomaPallas, 1766) (fam.
Antiphatidae),Parantipathes larix(Esper, 1790) (fam. Schizopathidae) drelopathes
glaberrima (Esper, 1788) (fam. Leiopathidae)]; seven gorgorsgecies Callogorgia
verticillata (Pallas, 1766) (fam. Primnoidaeyjminella flagellum(Johnson, 1863) (fam.
Ellisellidae), Acanthogorgia hirsuta(Gray, 1857) (fam. Acanthogorgiidaeorallium
rubrum (Linnaeus, 1758) (fam. CoralliidaeEunicella cavolinii (Koch, 1887) (fam.
Gorgoniidae), Bebryce mollis (Philippi, 1842) (fam. Plexauridae), andillogorgia
bebrycoides (Koch, 1887) (fam.Plexauridae)]; and the soft corf@hironephtya
mediterranea. sp (Fam. Alcyoniidae)C. mediterraneathough only occasional observed
in our study, was added to the pool of the abovatimeed twelve target species as this
species has been only recently documented in thditéfeanean Sea (L6pez-Gonzalez et
al., 2014), and our data represent a contributiothé comprehension of its distribution.

Because of the scarce visual distinguish ability té two gorgoniansVillogorgia
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bebrycoidesandBebryce mollioon the sole basis of ROV images (Bo et al., 20t2) two
species were pooled together and hereafter refeéored theB. mollis-pool Most of the
selected species are long-living, tall and highignched corals, which are representative
of a mature status of the animal forest (Fig. B@;et al., 2012; Rossi., 2013). From the
same frames used for the biodiversity analysis,§68), the level of anthropogenic
pressure was also estimated. Litter lying on thi#obo was counted and divided in two

macro categories: recreational items (REi) andrslgears (FGe).

2.2.4 Statistical analyses

Once the non-normal distribution of the dataset wasfied through the software
XLSTAT (function ‘normality test’; P<0.0001), a 2ay non-parametric uni-variate
analysis of variance was performed using the PERKIXN routine (software PRIMER
6+, Plymouth Marine Laboratory), in order to analydifferences in i) total coral
abundance (Bray-Curtis distance based similarityrimaf sqrt(x) transformed data) and
i) community composition (Bray-Curtis distance gamty matrix of sqrt(x) transformed
data). The design used location (L, with two fixedels) and site (with four random levels
nested in L) as sources of variation.

The analysis was carried out with the PERMANOVA tio&t based on Bray-Curtis
resemblance matrixes of either presence/absencsdut(sl) transformed abundance data.
Differences in the compositions of the coral commes between locations are illustrated
using the bi-plot produced after canonical analysfighe principal coordinates (CAP;
Anderson & Willis., 2003) using the same distansanilarity matrices used for the
PERMANOVA routine.

CAP was chosen as flexible method for constrairrddhation on the basis of any distance

or dissimilarity measure, which will display a ctbaf multivariate points by reference to a
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specifica priori hypothesis, in our case, differences among cananeunities dwelling in
different locations and sites (previously discriated using the same routine), showing
different geomorphological features.

To identify the taxa explaining the largest frangwf variance between locations and sites,
SIMPER analyses were carried out based on eithgsregroot-transformed abundance
data with 90% cut-off or on a presence/absence dwtix. Variations in the coral
community composition were, then, correlated withaaray of environmental variables
through constrained multivariate ordination anasy@@anonical Correspondence Analysis
- CCA) of coral assemblages using the software XABTThe environmental variables
included in the CCA were slope of the substratevddate), water depth (covariate), silt

(expressed as categorical percentage range, fitond)1
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Figure 2.2. Coral assemblages of investigated skg&/ertical wall colonized by small colonies
C. rubrum B) Arborescent colonies of black coral subpinnataC) Specimens oA. dichotomaanc
P .larix ; D) Three big colonies d&. hirsuta; E) One big colony f red cor&. rubrumsurrounde
by colonies ofE. cavoliniiandV. bebrycoide¢B. mollispool); F) A stretch of sea floor covered
C. mediterranea G) Meadow ofV. flagellumsurrounded by colonies of the fan-like gorgoni@n
verticillata; H) Several colonies d. cavoliniiandC. verticillata around a big colony of.rubrum
In all pictures, a 10 cm scale (white bar) is pded.
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2.3 Results

Within eastern location, E1 and E2 showed an aeeségpe of the substrate of ca. 45° and
32° respectively, with a coverage of sediment casepr between 20 and 40%. A higher
accumulated sediment was observed in E3 and.&440-60% for both sites), while the
average slope was ca. 39° and 41° respectivehhilMitestern locations,W1, W2 and W4
showed an overall low complexity of the habitatthnan average slope always lower than
5° (i.e, ca.5° 1° and 3°, respectively) with a maximumildf observed in W3. W1, W3
and W4 showed a consistent accumulation of sedinvemtprised between 40 and 60%
for W1 and W3 and 80-100% for W4. On the contr&d#2, did not show any accumulated

sedimenti(e., 0% in all examined frames).

2.3.1 Anthozoans abundance and community compositio

The area of each frame, estimagegosteriori,was on an average 3.37 + 0.16, gpvering

a total analyzed surface of ca. 2257. i total of 5391 colonies of target corals were
cumulatively observed in the 8 sites. The highesiltcoral abundance (Fig. 2.3) was
observed in E4 (12.8 + 1.5 colonie€)nwhereas the lowest was observed in W1 (1.36 +
0.4 colonies M) (Fig. 2.3). Since the PERMANOVA showed significaariations in the
total coral abundance among sites within each ilmea(P < 0.001), but not among
locations (P = 0.347; Tab. 2.2), we analyzed seéplgréthe abundance of each single taxa

separately for E and W sites.
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Figure 2.3Total coral abundance. Boxplot showing differencésthe total coral
abundance (n.col ™ * st.dev) among different sites from eastern andteve
locations

In E4, four over the twelve target species wereepled: the precious red cof@brallium
rubrumwas the most abundant species (14.5 + 2.1 &lfollowed byE. cavoliniiandC.
verticillata (1.5 + 0.2 col rifand 0.05 + 0.02 col i) respectively). Among the black coral
species, which were consistently less abundantttigorgoniansi\. subpinnatavas the
most abundant one (0.27 + 0.12 cof)nC. rubrumwas the most abundant species (4.08 +
0.7 col n) also in E1, which was also characterized by fighést abundance of black
corals among all investigated sites, with 1.58 320col ni’of A. subpinnata(Fig. 2.4).
Sites E3 and E2 were characterized by similar wabfdotal coral abundance, but also by
rather different community compositions. In mordails, E3 was characterized by the
large dominance of. rubrum(4.16 + 1.2 col rif) and the presence of only few and sparse

colonies ofB. mollis-pooland E. cavolinii (cumulative abundance < 0.1 colmaA.
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dichotoma with < 0.1 col nif, was the unique black coral observed in E3. Thelco
community in E2 was dominated . cavolinii (1.38 + 0.27 col rf)followed by V.
flagellum (0.8 + 0.33 col rif) and another four gorgonians includifig rubrum(0.51 +
0.26 col n?), A. hirsuta(0.14 + 0.07 col i), B. mollis-pool(0.12 + 0.05 col i) andC.
verticillata (0.11 + 0.07 col ).

Among western sites, W1 showed the presence ohdswvget species, witA. hirsuteas
the most dominant one (1.15 + 0.17 cofrfollowed byE. cavolinii(0.68 + 0.15 colonies
col m?). The remaining few and sparse gorgonians shoveed low abundance values
(cumulatively < 0.1 col M of B. mollis-pooland C. rubrun). P. larix was the largely
dominant black coral (0.53 + 0.12colonie&)nbut alsoA. subpinnatandA. dichotoma
were observed (cumulative abundance <0.1 ¢9l m

W2 was characterized by the highest number of tagecies among all investigated sites
the dominance oE. cavoliniiand C. verticillata (3.13 + 0.34 and 3.04 + 0.399 col’m
respectively), and a very high density ©f mediterranea1.80 + 0.30 col i) and V.
flagellum(1.63+0.52 col if). C. rubrun{0.57 + 0.10 col M), A. hirsuta(0.2 + 0.04 col m

%) and B.mollis-pool (0.70 + 0.16 col M) were also present in this site. Only few and
sparse specimens of the black corAlssubpinnataand P. larix were found with a
cumulative abundance < 0.1 coloniésm

W3 was characterized by the highest value of totahl abundance among the western
sites, showing the presence of 6 target speEiesavoliniiwas the dominant species (3.11
+ 0.76 col nf), followed byC. rubrumandP. clavata(0.16 + 0.03 and 0.31 + 0.02 col’m
respectively); alscA. hirsuta, C. mediterraneand A. dichotomawere observed, all
showing cumulative abundances lower than 0.1 ¢ol m

Five out of the thirteen target species were foover W4. However, apart fo€.

verticillata, which was the dominant species (5.25 + 0.36 c¢6) mith more than 457
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counted colonies; remaining species were few aratsspgorgoniansC( rubrum, B.
mollis-poo) and black coralsA. subpinnata, P. larixwith abundance values lower than
0.1 col m?(Fig. 2.4).Though not considered in the biodiversitalysis, we notice here the
presence of the bamboo colsitlella elongatawhich occurred in few sparse colonies over

the gently sloping walls of this site, charactediby the presence of large silt deposits.
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Figure 2.4.Community composition. Percentage histogram showorgmunity composition of
different sites.
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2.3.2 Deepwater corals beta diversity

The PERMANOVA tests ran using either the coral alante or the presence/absence
matrix reveal that the factor site is the uniqugnsicant source of variance in the
composition of the target coral communities (Tal2-23), while the bi-plot produced
after the CAP analysis, did not shows any segregaif eastern sites from western (Fig.
2.5). Indeed, the cross validation test obtainedrahe CAP emphasized how only near

60% of sites followed tha priori assignation.

Table 2.2Results of the PERMANOVA testing for the effect lotations and sites on the total coral
abundance; df = degrees of freedom; MS = mean spiaeudo-F = Permutational F (**<6.001; * =
<0.05; ns= not significant).

PERMANOVA
Source df MS Pseudo-F P
Location 1 4011.3 1.1855 ns
Site(Location) 6 11577 15.448  ***
Res 491 749.44
Tot 498

Table 2.3Results of the PERMANOVA testing for the effectlefation and site on composition of the coral
communities based on abundance and presence/absextiges; df = degrees of freedom; MS = mean
square; Pseudo-F = Permutational F; ***=P<0.008.N.not significant).

Abundance matrix
Source df MS Pseudo-F P
Location 1 1.860 - f0 2.306 ns
Site(Location) 6 94836 52.246 S
Residual 491 1815.2
Total 498
Presence/absence matrix
Source df MS Pseudo-F P
Location 1 1.590 - T0 2.142 ns
Site (Location) 6 87182 37.535 *hk
Residual 491 2322
Total 498
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These results plausibly explain the lack of siguaifit differences among locations obtained
after the PERMANOVA test. The SIMPER analysis afrout on the presence/absence
data shows thagt. verticillata, C. rubrumandE. cavoliniicontribute (altogether) to 67% of
the dissimilarity (Tab. 2.4) between locations. Té&me analysis performed on the
abundance data matrix shows the same re€ultrubrum (explaining 29.9 % of the

dissimilarity),E. cavolinii(21.6 %) andC. verticillata(21.4%; Tab. 2.4).

Table 2.4Results of the SIMPER analyses from abundance rmateax and presence/absence data matrix
showing dissimilarities between the two investidgdtecations and the contribution of the differepésies to

the observed differences

Abundance matrix

Contrast Dissimilarity Species Contribution Cumulative
(%) (%) (%)

East vs. West 92.94 C. rubrum 29.9 29.9
E. cavolinii 21.6 51.5
C. verticillata 21.4 72.9
P. larix 5.9 78.8
A. subpinnata 5.5 84.3
A. hirsuta 4.7 89.0
C. mediterranea 3.9 92.9
B. mollis 2.7 95.6
V. flagellum 2.5 98.1
P. clavata 15 99.6
A. dichotoma 0.4 100.0
L. glaberrima 0.0 100.0

Presence / absence matrix

Contrast Dissimilarity Species Contributio  Cumulative
(%) n (%) (%)
Eastvs. West  85.21 C. verticillata 23.8 23.8
C. rubrum 22.3 46.8
E. cavolinii 20.2 67
A. hirsuta 8.2 75.2
A. subpinnata 6.4 81.5
C. mediterranea 4.7 86.2
B. mollis 4.7 90.9

30



Among the four eastern sites, differences in thettbe coral assemblages were mostly
explained by variations in the abundance of theieg€.rubrum which was up to 3 times
higher in E3 than in E2, and more than 25% morendaot compared to other eastern.
Among the four western sites, differences in thepaosition of coral assemblages were
mostly explained by variations in the abundanc€ oferticillata (overall contribution of

dissimilarity of 32.11%), which was almost totatlgminant (>95%) in WA4.

Table 2.5Results of the SIMPER analyses from abundancerdatex showing dissimilarities between the
eastern sites and the contribution of the diffespeicies to the observed differences.

Dissimilarity Contribution Cumulative
Contrast (%) Species (%) (%)
Elvs. E2 89.69 C. rubrum 39.33 39.33
E. cavolinii 25.62 64.95
A. subpinnata  20.13 85.08
V. flagellum 7.268 92.35
C. verticillata 3.159 95.51
B. mollis 2.623 98.13
Elvs. E3 83.03 C. rubrum 62.0 62.0
E. cavolinii 18.1 80.1
A. subpinnata  17.7 97.8
C. verticillata 1.99 99.8
B. mollis 0 100
P. clavata 0 100
Elvs. E4 69.2 C. rubrum 64.4 64.4
A. subpinnata  29.5 93.9
E.cavolinii 2.9 96.8
A. dichotoma 1.8 98.6
B_mollis 1.0 1.4
P. clavata 0 100
E2 vs. E3 85.54 C. rubrum 49.4 49.4
E. cavolinii 33.7 83.1
V. flagellum 6.1 89.2
C. verticillata 4.1 93.3
A. subpinnata 3.2 96.4
B. mollis 2.1 98.6
E2 vs. E4 80.18 E. cavolinii 39.6 39.6
C. rubrum 36.2 75.8
V. flagellum 10.6 86.4
C. verticillata 5.1 91.5
B. mollis 4.8 96.4
A. hirsuta 2.3 98.7
E3 Vs. E4 79.88 C. rubrum 64.0 64.1
E. cavolinii 26.8 90.9
A. subpinnata 4.0 95.0
C. verticillata 3.1 98.1
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Table 2.6Results of the SIMPER analyses from abundancerdatex showing dissimilarities between the

western sites and the contribution of the differsgdcies to the observed differences.

Contrast
W1 vs. W2

W1 vs. W3

W1 vs. W4

W2 vs. W3

W2 vs. W4

W3 vs. W4

Dissimilarity
(%)
93.7

88.84

98.5

86.4

82.8

99.4

Species

T>OMUT>000M

. cavolinii

. rubrum

. verticillata

. mediterranea
. hirsuta

larix

. cavolinii
. rubrum
. hirsuta

larix

P.clavata

TOMO<OWOMO<TOOOMBPIMB>OO >

. dichotoma
. verticillata
. rubrum

. hirsuta

. cavolinii

larix
mollis

. cavolinii

. verticillata

. mediterranea
. rubrum

mollis

. flagellum

. verticillata

. cavolinii

. mediterranea

mollis

. rubrum

. flagellum
. verticillata
. cavolinii

. rubrum

. Clavata

P.larix
B.mollis

Contribution
(%)
23.5
18.9
17.5
10.7
10.2
7.1
48.3
24
18.9
3.6
3.4
1.1
50.3
22.0
11.3
12.4
1.6
1.1
40.0
20.1
12.4
8.0
6.6
5.5
39.5
20.8
10.1
6.9
6.9
5.5
52.5
38.0
3.0
2.8
1.9
1.0

Cumulative
(%)
23.4
42.4
59.9
70.7
80.9
88.0
48.3
72.3
91.2
94.9
98.3
99.3
50.3
72.3
83.7
92.5
97.9
99.0
40.0
60.1
72.6
80.6
87.3
92.9
39.5
60.3
70.4
77.4
84.3
89.9
52.5
86.9
93.7
96.6
98.6
99.7

32




The CCA revealed that the combination of all inelddenironmental factors explair
about 82.58% of the total variations in the comgmsiof target coral assemblages of
eight sites. The hplot (Fig. 2.6) generally discriminate eastern sites from westgtes.
apart from E2. In detail, E1, E4 and E3 segregated from other sites along the s
factor axis, which led to a higher abundanceC. rubrumandA. subpinnat, and also
along the factor impact (E3, particularly). In theme way, W1 and W4 can be fol
along the depth axis and are characte by low current species such P. larix, C.
verticillata andA. hirsuta On the other hand, E2 can be found along the disténom the
coast axis, while W2 and W3 did not follow any bketaxes produced by the-plot.
However, all three sites are disyed in a separated quadrant from other sites ae

characterized by the abundanceB. mollis-pool, C. mediterraneandE.cavolinii.

CCA Map / Symmetric
(axes F1 and F2: 82.58 %)
2
15 R
A. dichotoma P AT peth
! E1l i ] A. hirsuta
05 A. subpinpat C. verticillata
§ ? g'q'c rubrum //—. Dist.coast
0 =
8. oo mr’E’g *e2 g &0 B. mollis-pool
60 %5 EIW-2
Q', O V. flagellum
A )
E E.cavolinii ¢ mediterranea
1.5
[ ]
) w3
25
, P. clavata
) -3 -2 1 1] 1 2 3
F1(53.78 %)

‘ ® Sites O Objects 'Variables|

Figure 2.6.Canonical Corresponder analysis. Biplot produced after the multivariate analy
showingsegregation of sites according to environmentdbfa
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2.3.3 Anthropogenic pressure

Regarding anthropogenic pressure, the eastern wiées considerably more impacted
(cumulatively 69 items) compared to the westerrsdd€ items; Tab. 2.7). W3 is the only
litter-free site for both REi and FGe. Notably, ather sites were characterized by the
presence of FGe. The most impacted site was EX3(kGe and n. 4 REi). About 73% of
FGe items were lost trammel nets (n=24). E2 isseond most impacted site (with 3 Rei
and 16FGe). Despite the high number of litter, dnlg nylon lines have been found rolled
on two coral gorgonian colonies but without evidsigins of damage. Overall only a few

colonies (<0.1% of the observed specimens) wereallisdamaged.

Table 2.7.Anthropogenic pressure analysBsimber of items (n) for the two categories of littecreational
items (REi) and fishing gear (FGe).

Sites REi (n) FGe (n) Tot
w1 1 4 5
w2 1 3 4
W3 0 0 0
w4 0 1 1
El 0 7 7
E2 3 16 19
E3 4 33 37
E4 0 6 6

2.4 Discussion

Our investigation provides comparative analysis ragndeep coral forests dwelling along

contrasting geological features of the continesledlf, addressing patterns of biodiversity
through the use of different spatial scales, whschn urgently needed tool for assessing
soundin situ conservation strategies (Casas-Guell et al., 2015)

Because of their habitat heterogeneity, hydrodynaand accumulation of organic matter,

canyons are predicted to support a higher divessity abundance than the adjacent slope
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(Ramirez-Llodra et al., 2010b). However, this staat is not always true, as no
significant differences in biomass and abundanckeothic fauna between the slope and
canyon habitat (Houston & Haedrich., 1984) or loviewmass and abundance in the
canyon have been reported (Maurer et al., 1994.mbdified currents within the canyon
can shape faunal distribution patterns by modujatavailability of resources or
disturbance; in particular, the canyon head andswan present rocky suitable surfaces
for sessile suspension feeders such as cnidanahsponges, while the axis of the canyon
can accumulate soft sediment and have a fauna dbedirby deposit feeders (Zufiga et
al., 2009; Ramirez-Llodra et al., 2010Db).

On the other hand, if the awareness of seamountsamyons as biodiversity hot-spot is
consolidated (Hamilton., 2009; Misic et al., 201@j))y recent studies have proved how
even way smaller rocky outcrops could become ofselsenthic biodiversity, enhancing
ecosystems’ overall complexity (Bo et al., 2012u@aal., 2015a). Also in these habitats,
along with physical protection against the mostmesive human practices (e.g., trawling
fishery), hydrodynamic and other environmental dextmay alter deep coral forest
communities(Cau et al., 2015a).

Within eastern location, a noticeable environmeas whserved in E2 (see also plots from
CAP and CCA analysis, Fig. 2.5-2.6). This site sbdwhe presence of large amounts of
accumulated dea®osidonia oceanic€Fig. 2.7 C, D, E), transported from neighboring
shallow waters, along with thousands of specimédridlesionika spshrimps (Fig. 2.7 A,
B). Submarine canyons support high biodiversitydpgious biological productivity and
conduits for transport of particulated organic carlirom the coast or shelf to bathyal or
abyssal depths (Sarda et al., 2009; Zuniga e2@09). Our observations could possibly
emphasize a strong ‘flushing effect’ (Canals et 2006; Pusceddu et al., 2010) of this

canyon E2 that possibly shaped the coral commuanitigis site and surely deserves further
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investigations. The reason for this particularlyngistent transport might be the closer
position to the coastline (see CCA analysis), caegbdo other investigated sites. The
different species composition in this site mayeefflthe high variability that can be found
among canyons.

Within the western location, 3 out of 4 westerresiivere covered by silt (>50 % of
coverage on average) and this might explain thedbundance of species like rubrum
or A. subpinnatahat, on the other hand, dominate the easternidocal hese sites showed
a higher abundance of the fan like gorgortarverticillata (W4) andE. cavolinii (W3).E.
cavolinii showed a wide range of abundance (up to 43 &)| similarly toC. rubrumin
eastern site (up to 100 coly which is usually related to reproduction andruément
success, on the basis of substrate availabilitallturbulence, intra-specific competition
or anthropogenic disturbances, shaping populatimectsire accordingly (Sini et al., 2015).
In the present study, the co-occurrence of thesespecies was observed in 37 frames out
of >600, contrarily to other observation from NW diterranean Sea, where the two
species occurred very often, sharing the samedtglingiolillo et al., 2015b). As showed
by the SIMPER analysis, variations in presenceanthdance of these two species, along
with the fan-like gorgoniarC. verticillata are the main responsible for dissimilarities
observed among locations and sites (Tab. 2.4-B5-2.

A remarkable finding was the presence of the banduawallsidella elongateover heavily
silted rocky surfaces of the site W4, this specgean important component of the soft
bottom animal forests of the circa-littoral zonetbé Mediterranean Sea (Cartes et al.,
2013). W2 is the only western site that is not cesldy silt {.e., 0%) and shows a higher
heterogeneity in the species composition compacghter sites. The complex hydrography
and current system of the zone, which is intereljettansit and formation of anticyclonic

eddies and gyres (Sorgente et al., 2011; Olitd. e2@13; Martin et al., 2014), could be
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invoked as explanation. Another important findimgW?2 and W3 is the presence of the
recently documented speci€s mediterraneawhich was recently found in Balearic Island
as the only known site where this soft coral dw@lspez-Gonzalez et al., 2014).

Overall, while no difference can be observed indbral abundance, significantly different
communities characterize the two locations. Indedtht is actually of particular interest is
the fact that most of the variability observed ooed at the smallest spatial scale
investigated: within each location, rather than agputatively different geomorphologies
of the continental margin, separated by considerapétial distance.¢.>100 km). The 2-
level PERMANOVA with nested design, allowed us tmphasize that most of the
variability occurs, interestingly, among sites. §hwas observed for all investigated
features of the animal forest: the total coral aante and the community composition. A
similar spatial pattern was observed within shaloworalligenous communities (Casas-
Guell et al., 2015), where the highest source ahbdity was found indeed among sites or
even at the replicate level, which refers to spatiale comprised within tens of meters.
Overall, we document the same interaction of ddiférbiological processes shaping the
species composition and abundance at each sitvéor patches within sites) as reported
for shallower areas in NW Mediterranean Sea (Cé&dsddl et al.,, 2015).From a
conservation perspective, such spatial variabildyld deeply alter our capability to detect
the effect of natural or anthropogenic perturbati@md to predict ecological processes
involved at regional scale (Ponti et al., 2011).

The investigation on the human impact revealed bagtern locations were much more
impacted compared to western ones. Artisanal fgshwinich is very popular in Sardinia, is
often associated with the notion of ‘coastal figfrinwhich refers to a fishing effort
essentially located on the continental shelf (0—20)Qhat exploit areas that can be reached

in a few hours from fishermen bases (Follesa eR@ll1; Angiolillo et al., 2015a). In our
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case, we can justify the higher impact found alting eastern location with the lower
distance from local fishery ports but also with thigher complexity of the seabed, which
leads to a higher rate of accidental lost of thkifig gear.

Comparing our results with other areas and/or atierstigations conducted in Sardinian
waters, we confirm that investigated deep watepears, overall, less impacted than other
realities of the Tyrrhenian Sea(Bo et al., 2014 giatillo et al.,, 2015a) and of North
western Mediterranean basire( Cap de Creus; Purroy et al., 2014).

In conclusion, we show that processes occurrirggretller spatial scales control variability
of abundance and biodiversity among locations. éf facus on the applicability of our
results for conservation measures, the micro saai@bility among sites overcoming the
macroscale diversity of locations highlights thatudstrate-based policy (where particular
topographies are object of conservation rather tbdners) could not be enough for
preserving ecologically or biologically significaateas (EBSA) for benthic biodiversity;
indeed, local scale plans should be more apprepiiatpreserve particular oases of
biodiversity. Along with these insights regardiranservation it appears clear the necessity
of more detailed and sparse ROV investigations leaupiith geomorphological datasets

within mesophotic habitats of the Mediterranearrbas

38



Figure 2.7Site E2 snapshots. A and B) thousands of specimér¥esionika spp
shrimps moving along the canyon walls; C, D and&atye amounts of accumulated
deadPosidonia oceaniwithin the canyon headF) ghost fishing net.
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Chapter 3

Spatial distribution of deep-water coral forests insubmarine

canyons (eastern Sardinia, Western Mediterranean $¢

3.1 Introduction

Clarify the spatial scales at which biodiversityriga and what are the actual drivers of
such variations are crucial issues in ecology.artipular for conservation purposes. These
issues are of particular relevance when dealing spttially heterogeneous environments,
including the continental margins of world oceans.

Continental margins, where land becomes ocean amggs to the deep sea (i.e., below
200 m depth), provide valuable food and energyuess, and perform essential functions
such as carbon burial and nutrient cycling (Levid ®ayton., 2009).Continental margins

are characterized by a number of topographic disti@ features including open slopes,

landslide-affected areas, and submarine canyons@&vet al., 2004).

Submarine canyons, in particular, are valleys deept in the continental slope that may

extend to the continental rise downwards and toctir@inental shelf upwards. They are

present in all continental margins worldwide (Hsarand Whiteway, 2011). Submarine

canyons dissect most of Europe’s continental margmth some of them opening their

heads at short distance from the shoreline (Castatd., 2006), and play a fundamental
ecological role as they act as conduits for orgamatter from the continental shelf to the

deep basin (Vetter and Dayton 1998). The surrogntbhpography and the oceanographic
conditions surrounding and inside canyons affec¢ twater currents, generating

occasionally dense shelf water cascading phenonidmse, in turn, can at times generate

turbulence and sediment resuspension events agénioally enrich canyon sediments
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and the adjacent bathyal plain (Tews et al., 20®04scedduet al., 2010). Furthermore,
recent studies suggest that increased habitatdgeteeity associated with canyons is
responsible for enhancing both pelagic and bengmaductivity, as well as benthic
biodiversity (Schlachet al, 2007; Buhl-Mortensen et al., 2010; Vetgtral, 2010), with
faunal abundance and biomass values from 2 toniésthigher than those encountered in
the surrounding areas at the same depths (Dan@taaib, 2010). These characteristics
make submarine canyons “hotspots” of biodiversgghlacher et al., 2007, 2010; Levin et
al., 2010; De Mol et al., 2010;Danovaro et al.,£201

Communities of benthic suspension feeders, thaenake advantage of the environmental
characteristics of canyons are dominated by larg@orascent Anthozoans. These
organisms create important three-dimensional ‘ahiim@sts’ €ensuRossi et al., 2013)
and, through the enhancement of habitat struchat@rogeneity, play a key ecological role
in the benthic-pelagic coupling processes (Henfgdberts., 2007; Buhl-Mortensen et al.,
2010; Rossi., 2013; Gili and Coma., 199B)e to their slow growth rates, longevity and
tridimensional structure, these species are péatiguvulnerable towards mechanical
injuries inflicted by fishing gears (Cau et al. 120 Angiolillo et al., 2015).

Therefore, in highly overexploited oceans, untodclieep-water assemblages are no
longer expected to prosper: instead, a great remtust the original abundance of animal
forests as well as in their geographic and bathgmednges is expected (Bo et al., 2014,
2015). Such concerns are even more stringent toiMbditerranean Sea (Bianchi et al.,
2012). In fact, the Mediterranean Sea canyons qvecsiliar features which make them
highly vulnerable to human impacts: closely spacadre dendritic, shorter and steeper
than those from other regions of the world (Haemsl Whiteway., 2011), with a great
variability that can occur for each single canyar €anyon system) set along the

continental margin. In this regard, the easterrstoé Sardinia (Western Mediterranean
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Sea), shows all of the above-mentioned featuresri@w continental shelf, deeply incised
by a complex submarine canyons syst¥iitz et al., 2012).

In the past, the number of studies on submaringarenwas limited as investigations were
extremely challenging because of their inaccessibdue to their rough topography.
Recent advances in technology such as Remotely a@uke/ehicles (ROVs), swath
bathymetry, side-scan sonar and definitive positivimg systems allowed substantial
advance in their study through non-invasive procedased on underwater footage.
Based on the high structural heterogeneity of suim@aanyons at multiple spatial scales,
we would expect that distribution and biodiversiffycoral communities can vary among
different submarine canyons as a result of vamatim the environmental characteristics
that span from punctual (i.e., within each canydogal (i.e. among canyons at similar
latitude) and regional (i.e. among areas at diffel&titude) scales.

Here, we tested the null hypothesis that the cortipnf coral assemblages do not differ
among canyons within each of three geographicasafeamely northern, central and
southern area) and among the three areas located #he continental margin off the
eastern coast of Sardinia (Western Mediterranea). S¥e also explored the role of a
subset of environmental factors (distance fromdbast, water depth, silt coverage and
slope of the substrate) in determining the obserpatterns in coral community

composition over the areas under scrutiny.

3.2 Materials and Methods

3.2.1 Study area

Sardinia is one of the most interesting areas @Miestern Mediterranean basin, not only
for its geographical location but also for its gewphological characteristics. The sea floor

along the coasts is not homogeneous both for itension and geomorphologic
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characteristic. The southern and western coastslaemcterized by a wide continental
shelf with a gradual decline that ends 200m deptie eastern coast on the other hand is
characterized by a limited continental shelf tleaiminates at about 60-100m depth, that is
connected to the peculiar inland orographic stmectand river basin: narrow inlets,
interspaced by high and steep mountains, correspmradvery narrow continental shelf
with irregular bottoms, with a slope interspacedveyy deep canyons (Ulzega and Fais.,

1980; Lecca., 2000; Harris and Whiteway., 200Iirtz et al., 2012) (Fig. 3.1).

Figure 3.1Marine and Continental geomorphology map of Sasdisiand
( modified from Ulzega, 1988)

The study area covers the shelf break of the eaS§ardinian continental margin, which

represents the passive margin of the Tyrrheniamnpaelimited to the north by the
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Etruschi seamount, and to the south by the Ich@esenount. Within this area we selected
and investigated nine canyons which wexrepriori allocated to three geographical
locations: namely Northern, including Caprera, Mdd, Tavolara canyons (hereafter
NC,NM and NT), Central, including Orosei, Gononerb&tax canyons (hereafter
CO,CG,CA.)) and Southern, including Pelau Porto {Bmré&Simius canyons (hereafter
SP,SC,SS,).

The three northern canyons dissect the considerafdéh portion of the northern
continental shelf (around 20 km) and they are ktaespectively at ca. 9.27, 7.54 and
7.24 nautical miles from the nearest coast. Thenndepth of the three dives conducted in
NC was 136 m, with 74% of the analyzed frames fis tanyon showing incline and
vertical rocky substrate, with value of silt covggacomprise between 20 and 40 %. In NM
canyon the average depth of the 3 ROV conductedsdivas 127 m, with most of the
footages showing an inclined seafloor (68 % of tital frames), with an average of silt
coverage again comprise between 20-40%. NM wa®btiee deepest canyon investigated
(max depth 272 m), with most of the transects shgwiocky substrate with low
percentage of silt coverage (0-20%).

In the central part of the Sardinia margin severVRIves were carried out (three in CO,
two in CG and two in CA) in order to investigate tlarge Orosei-Gonone canyon system,
characterized by the absent of large rivers, aedndrrow Arbatax canyon. CO was the
central farthest canyon from the coast as it wastkd at 6.16 nautical miles from the
Orosei bay, while CG and CA were distant respelstia¢ 0.4 and 1.9 nautical from the
nearest coastline. The investigated depth rangthierarea was comprise between 90 and
186 meters (98-186 m in CO, 90-120 in CG and 10848 A). CO was characterized by
low level of silt coverage with (87 % of the framegh percentage of silt coverage of O-

20%) and with an high occurrence of slightly inelinsubstrate (30°-60°). While both CG
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and CA were characterized by long and sloping waith a high presence of small size
rocks surrounded by a bottom floor covered by ektkilt deposits.

In the southern canyon group the Pelau, Porto @orahd Simius canyons were
investigated by means of seven ROV dives (two intBee in SC and two in SS) at depth
ranging from 95 to 145 meter for SP, .from 105 &0 2neter for SC and from 111 t0190
meters for SS. Their distance from the coast vairech the closest SP and SS canyons
located at ca. 1.1 and 1.4 nautical miles respelgtivo the farthest SC canyon located at

ca 4.61 nautical miles from the nearest coasthig @.2).
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3.2.2 Sampling

The video material was obtained during two ROV iniss conducted along the east and
south Sardinia continental margin in October 20h#l August 2013 on board of the
Research Vessel Astred .ROV campaigns were funded by the department of
Environmental and life Science of the UniversityQdgliari, with the main focus on the
investigations of the status @forallium rubrumpopulations. The remote operate vehicle
“Pollux 111" was used in both campaigns; it was equipped witthigital camera (Nikon
D80, 10megapixel), a strobe light (Nikon SB 400high definition video camera (Sony
HDR-HC7), track-link system, depth sensor, compass] two parallel laser beams
providing a constant 11-cm reference scale in tdeosframe, for the measurement of the
frame area. Each of the nine submarines canyon imestigated through a different
number of ROV dives (from a min. of 2 to a max.3dfto collect enough video material
for the further image analysis (Tab 3.1).

The software DVDVIDEOSOFT was used to extract videmes every 30 seconds;
overall, a total of 46 hours of ROV footage werealgmed. Frames with non-clear
visibility, compromised resolution/focus were digted in the initial stage of the image
analysis.

The analysis was performed with the CPCe softwiéohler and Gill 2006) to obtain coral
abundance (number of colonies pet m*+ standard error, hencefordol m?+ s.e.) and
the species composition of the coral community geezh frameln order to give a better
geomorphological characterization of the invesgdatanyons for each frame was also
registered: 1)atitudinal gradient2) distance from the coast 3) depth, as covadate
sediment coverage of the substrate, as covari@ssified using a scale from 1 to 5,

referring to 5 percentage ranges (1= 0-20%; 2=2%:48=40-60%; 4=60-80%; 5= 80-
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100%); 5) slope of the substrate, as covariatenastd using a scale from 1 to 3 where 1

was considered as flat (0°-30°), 2 as inclined {80°) and 3 as vertical (>60°).

Table 3.1.Details of the investigated areas.

NC NM NT
Coordinates 41°20'433" N 41°04'152 "N 40° 54' 860"N
9°38'121"E 9°47'525" E 9°54' 041" E
N. of dives 2 3 3
Year 2013 2013 2013
Depth range (m) 112-205 100-160 106-272
N. of frames 287 211 339
Frames area(n?) 797.1 540.9 967.3
N. of coralcolonies 2314 705 1422
Il EIEITEE SEERN 1.3+0.1 15+0.1
(colonies m” £ s.e.)
Species richness 9 10 11
CO CG CA
Coordinates 40° 21' 767"N 40° 21' 825" N 39°58'136" N
9° 53'657" E 9°53'670" E 9°43' 734" E
N. of dives 3 2 2
Year 2013 2013 2013
Depth range (m) 95-188 48-134 108-183
N. of frames 278 110 102
Frames area(n?) 780.8 219.74 281.31
N. of coralcolonies 1438 79 215
Coral abundance 23+0.1 0.4+0.12 0.4 0.09
(colonies n? + s.e.)
Species richness 6 5 6
SP SC SS
Coordinates 39°10' 122"N 38°44' 425" N 39° 05'345" N
8°06' 133" E 8°29'025" E 8°10'538" E
N. of dives 2 2 2
Year 2011 2011 2013
Depth range (m) 110-198 105-275 93-144
N. of frames 119 201 115
Frames area(n?) 2425 385.8 140.9
N. of coralcolonies 168 1287 215
Coral abundance 2.7+0.34 2.5 +0.55 1.4+0.36
(colonies N + s.e.)
Species richness 4 10 7
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3.2.3 Biodiversity analyses and human pressure

To characterize the local and regional biodiversifycoral fauna present along the
submarine canyons eleven target species were chosgren gorgonian species
[Callogorgia verticillata (Pallas, 1766) (fam. Primnoidadfaramuricea clavataRisso
1826) (fam.Plexauridaeforallium rubrum(Linnaeus, 1758) (fam. Coralliidagjiminella
flagellum (Johnson, 1863) (fam. Ellisellidaédcanthogorgia hirsutgGray, 1857) (fam.
Acanthogorgiidae)Eunicella cavolinii(Koch, 1887) (fam. Gorgoniidaegebryce mollis
(Philippi, 1842) (fam. Plexauridae), and four aathmrians Antipathella subpinnatéEllis
and Solander, 1786) (fam. Myriopathidaéntipathes dichotomdPallas, 1766) (fam.
Antiphatidae),Parantipathes larix(Esper, 1790) (fam. Schizopathidae) drelopathes
glaberrima Esper, 1788) (fam. Leiopathidae)].

Even though we recognize that the selected Anthospacies represents a portion of the
complex hard-bottom community inhabiting the inigatied rocky canyons, we chose
them as the target of our investigation because finesence is either supportive of high
levels of megabenthic biodiversity and, based oairttongevity, indicative of the
persistence of stable assemblages (Bo et al., 2@112)f the selected species are long-
living organisms representative of animal foresthjch are composed highly branched
and tall corals that can influence major curreatvB and particle retaining, thus retaining
more zooplankton, eggs, larvae, juveniles and sadaft vagile species than in their

surroundings (Baillon et al., 2012; Rossi., 201ig; B.3).

3.2.4 Statistical analyses

To asses differences in the composition of corahroanity between and different
geographic areas 2-way multivariate analysis ofiava@e was performed using the

PERMANOVA routine with nested design (software PEIRI 6+, Plymouth Marine
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Laboratory), using areas (A, with three fixed levilorth: Central and South) and canyons
(with three random levels nested in A) as sourcesasiation with n=100 for the
combination of factor. Since the PERMANOVA showeadnsgicant variations in the
composition of coral community among canyons witbath area, but not among areas,
we then run 1-way PERMANOVA analyses using canyasonly source of variation,
separately for the three areas. These analyseshasesl on resemblance matrix using the
Gower exc 0-0 similarity index after square-ro@nsformation of the abundance data.
Gower coefficient is well-suited for quantitativeumdance data excluding double-zeros
from comparison (Legendre and Legendre., 1998).

Within each investigated area Distance—based Livadtel (DistLM, Legendre., 1999)
procedure was performed to analyze the relationsbiveen the abundance of the eleven
target species and environmental variables (lepth, latitude, distance from the coast,
percentage of sediment coverage and slope). Dist_Mregression analysis that models
the relationship between a resemblance madrig, (Gower similarity matrix) and a set of
variables, which in this study were a range of Bmunental variables.

Furthermore canonical analysis of the principal rdomtes (CAP; Anderson& Willis,
2003) was carried out, using the same distanceflasitpy matrices used for the
PERMANOVA routine, in order to graphically represéifferences in the compositions of
the coral communities between canyon in each irgegsd area.

A similarity percentage analysis (SIMPER) was sghbsatly employed to reveal which
species contributed the most to the dissimilaritghiw and among the assemblages
identified by the PERMANOVA analysis to be signdrdly different. Simper analyses

were carried out based on the square root-transidadbundance data with 90% cut-off.
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Multivariate analysis of variance, PERMANOVA, CAPISTLM, and SIMPER analyses
were carried out using routines included in thePRR® + software package (Plymouth

Marine Laboratory).
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Figure 3.3.Coral assemblages of investigated canydyd/ertical wall colonized by big fan-like specimgen

of P. clavata;B) Arborescent colony of black coral. subpinnatawith few colonies oft. cavoliniiandC.
rubrum; C) Inclined wall with several coloniesef E. cavolinii; D) Meadow ofV. flagellumwith few
specimens of porifer&€. compressand C. monoliferaon the backgroundg) Two colonies of the bottle-
brush black coraP. larix together with few spongd3. compress#) Dense patches of red coi@l rubrum
with a specimen ofP. elephast the base of the walt) Dense assemblage of two phenotype of black coral
L. glaberrima;H) Isolated colony of black cor&. dicothomaandL. glaberrima.A 10 cm scale (white bar)

is provided in each picture.
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3.3 Results
3.3.1 Variations among areas and canyons

The results of the PERMANOVA test show that the position of coral communities did
not differ among the north, central and south grbasreveal the presence of significant
differences among canyons within each area (Tabh 3.2

Table 3.2. Results of the PERMANOVA testing for differencesthe composition of coral assemblages

among areas and canyons within areas Gower exsifiarity matrix; df = degrees of freedom; MS =amne
square; Pseudo-F = Permutational F; ***=P<0.001x mot significant.

Abundance matrix
Source df MS Pseudo-F P
Area 2 6284,2 1,2275 ns
Canyon (Area) 6 7321,8 10,624 rrk
Residual 519 687,99
Total 527
Presence/absence matrix
Source df MS Pseudo-F P
Area 1 58753 1,1471 ns
Canyon (Area) 6 58188 18,09 rrk
Residual 519 3216,6
Total 527

The results of the 1-way PERMANOVA tests carried separately for each area reveal
the presence of significant differences in the cositppn of coral communities among

different canyons (Tab 3.3).

Table 3.3.Results of the PERMANOVA testing for differencesthre composition of coral assemblages
among canyons within each area;df = degrees ofiémee MS = mean square; Pseudo-F = Permutational F;
***=P<(0.001; ns = not significant.

Northernarea

Source df MS Pseudo-F P
Canyon 2 13202 16,833 ek
Residual 224 784,3

Total 226

Central area

Source df MS Pseudo-F P(perm)
Canyon 2 10812 14,435 e
Residual 282 748,97

Total 284

Southern area

Source df MS Pseudo-F P(perm)
Canyon 2 3334,1 2,8569 e
Residual 210 1167

Total 212
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The CAP outputs show a generally weak segregataitenm among the three northern
canyons, with a pronounced level of overlapping angigh dispersion of the data. The
strongest segregation can be observed between NTN&h (Fig. 3.4A). The SIMPER
analysis reveal that variations within each northesinyon are mostly due to changes in
the abundance oEunicella cavolinii, Corallium rubrumand Antipathes subpinnata,
whereas differences in the composition of the cosahmunities among the three northern
canyons are mostly explained by variations in thendance ofC. rubrum(NM vs. NC
and NM vs. NT), and. cavolinii (NC vs. NT) (Tab 3.5A). The SIMPER analysis also
show that the range of dissimilarity in the composiof coral assemblages at the scale of
area (84%-90%) is slightly higher than that atgbale of each single northern canyon (80
%- 87 %:; Fig. 3.5A).

In the central area, CAP analysis show a more aviskegregation pattern among the three
canyons, with a relatively low level of overlappibgtween CO and CG, and a clear
segregation between CG and CA (Fig. 3.4B¢ SIMPER analyses reveal that variations
within each central canyon are mostly due to chamgé¢he abundance &. cavolinii, C.
rubrum and Parantipathes larix,while differences in the compositions of the coral
communities are mostly explained by variations he fabundance of the gorgoni&n
cavoliniiamong all the three central canyons(Tab. 3.5B)mAtee SIMPER analyses also
emerge that the range of dissimilarity of coralkeasislages at the scale of area (61%-93%)
is higher than that at the scale of each singlé@ecanyon (66%-80%) (Fig. 3.5B).

In the southern area, segregation among the tlaregaos, in spite of the significant effects
identified by the formal PERMANOVA, were very weakith high levels of overlapping
between all of the three canyons (Fig. 3.40)e results of the SIMPER analyses show
that variations within each southern canyon aretipdsie to changes in the abundance of

E. cavolini(SP and SS) an¥. flagellum(SC),whereas differences in the composition of
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the coral communities among the three southern a@yare mostly explained by the

variation in the abundance Bf cavoliniicolonies (Tab. 3.5C). The SIMPER analysis also
show that the range of dissimilarity in the composiof coral assemblages at the scale of
area (72%-79%) is slightly higher than that atsbale of each single southern canyon (70

%- 75 %; Fig. 3.5C).
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Table 3.5Results of the SIMPER analyses showing dissimiéaritvithin and between central canyons of the tacgeal species mostly responsible for
the observed differences in the northern (A), @nB) and southern (C) areas. Contr. (%) percentagexplained dissimilarity attributable to the
species. Cum. (%) cumulative percentage of explaiagiance.

A. Northern Area

Within canyons Among canyons

Canyon Diss. (%) Species Contr. (%) Cum. (%) |Contrast Diss. (%) Species Contr. (%) Cum. (%)
responsible responsible

NC 79.7 E. cavolinii 48,2 48,2 NCvs.NM 845 C. rubrum 23,2 23,2
V. fagellum 16,2 64,5 E. cavolinii 21,0 442
C. verticillata 14,6 79,1 V. flagellum 14,4 58,7

NM 65.3 C. rubrum 69,2 69,2 NC vs. NT 89.8 E. cavolinii 18,4 18,4
E. cavolinii 15,1 84,3 C .rubrum 12,4 30,9
A. subpinnata 6,4 90,7 A.subpinnata 12,4 43,4

NT 87.2 A. subpinnata 32,7 32,7 NMvs. NT 87.9 C. rubrum 23,5 23,5
C. rubrum 13,6 46,3 A. subpinnata 15,4 38,9
L.glaberrima 11,9 58,3 E. cavolinii 14,6 53,6




B. Central Area

Within canyons

Among canyons

Canyon Diss (%) reiggﬁfizle Contr. (%) Cum. (%) Contrast Diss. (%) reiggﬁlseigle Contr. (%) %2;1
CO 65.9 E. cavolinii 62,2 62,2 COvs. CG 70.5 E. cavolinii 29,9 29,9
C. rubrum 24,4 86,7 C. rubrum 25,9 55,8
A. subpinnata 13,2 99,9 A. subpinnata 20,3 76,2
CG 61.9 E. cavolinii 88,2 88,2 COvs. CA 93.5 E. cavolinii 27,3 27,3
P. clavata 11,7 100 C. rubrum 18,2 455
A. subpinnata 16,0 61,5
CA 80.5 P.larix 44,1 44,1 CGvs. CA 96.8 E. cavolinii 31,4 31,4
C. verticillata 24,1 68,2 P. clavata 15,2 46,6
A. dichotoma 20,1 88,3 P. larix 12,2 58,9
C. Southern Area
Within canyons Among canyons
Canyon Diss. (%) SpeC|e.s Contr. (%)  Cum. (%) Contrast Diss (%) SpeC|e.s Contr. (%) Cum. (%)
responsible responsible
SP 69.3 E. cavolinii 66,8 66,8 SP vs. SC 75.3 E. cavolinii 31,2 31,2
V. flagellum 24,4 91,2 C. rubrum 27,8 59,1
A. subpinnata 12,6 71,7
SC 75 V. flagellum 57,2 57,2 SP vs. SS 72 E. cavolinii 31,7 31,7
E. cavolinii 33,1 90,4 C. rubrum 26,1 57,8
A. subpinnata 14,9 72,7
SS 73 E. cavolinii 84,0 84,0 SC vs. SS 78.9 E. cavolinii 30,6 30,6
V. flagellum 8,0 92,1 P. larix 24,8 55,4
P. clavata 10,6 66,1
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Figure 3.5Dissimilarity in the composition of coral assemldagvithin each canyon and

among canyons in the northern (A), central (B) sogthern (C) areas




3.3.2 Relationships between coral assemblages amyieonmental setting

The results of the distance-based linear modeti(Disreveal that, in all of the three areas
distance from the coast and water depth explaimifgignt proportions of variation in the
coral community composition among canyons wheaxeables that contributed least

were silt and slope of the substrétbvays <2% of the total variation) (Tab.3.5).

Table 3.5.Results from the Distance based multivariate aiafgs a linear model (DISTLM).The following
abbreviations are used: Pseudo-F = Permutationdt£2<0.001; ns = not significant; Prop. (%) pentage
of explained variation; Cumul. (%) cumulative perizge of total variation.

Northern area

SEQUENTIAL TESTS

Variable Pseudo-F P Prop. (%) Cumul. (%)
Distance from the coast 25,94 i 10% 10%
Water Depth 10,66 Eatak 9% 19%

Silt coverage 4,304 * 1,6% 20,6%
Slope of the substrate 2,567 * 1% 21%

Central area

SEQUENTIAL TESTS

Variable Pseudo-F P Prop. Cumul (%).
Water Depth 26,46 rxk 9% 9%
Distance from the coast 30,33 *hk 8% 18%

Silt coverage 5,41 * 1,5% 19%

Southern area

SEQUENTIAL TESTS

Variable Pseudo-F P Prop. Cumul.(%)
Water Depth 7,99 xkx 9% 9%
Distance from the coast 4,77 *hk 8% 18%

Silt coverage 2,13 * 1% 19%

3.3.3 Coral assemblage composition in the investiga canyons

The percentage contribution of the eleven taxa idensd in this study in all of the
canyons under scrutiny are illustrated in Fig. 3GA
Among the three northern canyons, NC was the fstrthhem the coastline (9.27 Nm). NC

Is characterized by the highest mean total corahdance among all the nine investigated
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canyons (3.21 + 0.2 col i), and the presence of nine over the eleven tapeties
observed (Fig. 3.5A). In NGaciesof the gorgoniarE. cavolinii(1.11 + 0.2 col rif) along
with numerous patches of the red cdalrubrum(1.04 + 0.7col rif) were documented
dwelling several slightly inclined rocky wall. Pats ofViminella flagellum(0.55 + 0.3col
m?) together with the black cor&. larix (0.17 +0.05 col M) occurred over the most
silted surfaces of NC. Among the remaining targetcges found, the two black coras
subpinnata, A. dichotomand the gorgoniarC. verticillata, A.hirsuta andB. mollis
showed a scattered and isolated distribution, edithmean abundances< 0.1 cofm

In NM canyon the mean of the total coral abundamae of 1.38 + 0.09 col fwith the
presence of ten out of the eleven species docunhdfig. 3.5A). Discontinuous and
numerous patches of the whip-like covalflagellum(0.15 + 0.09 col i) associated with
few colonies of the black cor@ .larix (<0.1 col nf) occupied the silted top above the
steep rocky walls in which small caves and crevieested numerous patchesfrubrum
and E. cavolinii (0.6 + 0.09 and 0.18+ 0.08l m?, respectively). Aggregate of several
colonies of black corah. subpinnat40.16 + 0.04 col i) and only occasional colonies of
C. verticillata, A. hirsutaand A. dichotomawere also present over large to medium size
rocks occurring along NM.

NT canyon is characterized by a rectilinear pattih\gullies and arcuate slide scars along
the canyon walls with small slump silt deposit la¢ bottom of the canyon. It hosted a
mixed and a richer assemblage of gorgonians anplagimdrians compared to the other two
northern canyons, the presence of all the elewgetapecies were observed (Fig. 3.5A)
with a mean total coral abundance of 1.5 + 0,03l Two big meadow of/. flagellum
were documented (0.26 + 0.07 cof)nalong with numerous colonies 6f rubrumandE.
cavolinii (0.22 + 0.05 and 0.16 + 0,03 col¥n A long rocky ridge that gently sinks

towards the base of the canyon was characterizdagblpoulders, dominated by a dense
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assemblages of the black cofal subpinnataandL. glaberrima(0.34 = 0.04 and 0.31 £
0.03 col n¥). The other components (between <0.1. and 0.1&lwere the fan shape
C. verticillata, P. clavata, B. mollis, P. larix drA. dichotomalt is worth noting that the
presence of the rare and ecological valuable btacél L. glaberrimawas observed only
in this canyon.

Among the central canyons CO showed the higheslt ¢toral abundance (2.3 £0.1 col m
%), with four target species found (Fig. 3.5B). The level of silt coverage registered CO
(more than 87 % of the frames with 0-20% of sik@@ge) favored the settlement of more
than 1000 colonies of bot. rubrumandE. cavolinii(0.98 + 0.1 and 0.94+ 0.09 col#h
Large size rocks exhibited also extensive patchésack coralA. subpinnatg0.31 + 0.04
col m?), while only few and sparse specimens of blackalsok. dichotomaoccurred (
<0.1col m?).

CG and CA present the lowest mean total abundaalcess among all canyons (0.4 + 0.1
and 0.4+ 0.09 col Mrespectively).E. cavolinii was dominant in CG canyon (0.22 +
0.07col n¥) followed by P. clavata( 0.12 + 0.07col M). The remaining few coral
specimens showed very low abundance values (cuiweliak 0.1 col nf for B. mollis
and C. rubrun (Fig. 3.5B).

Six out of the eleven target species were foundAn(Fig. 3.5B) and only the red cor@l
rubrum reached a mean density >0,1 colonied nthe rest of the target species.
verticillata, E. cavolinii, P. larix ,A. dichotomandA. subpinnataoccurred with few and
isolated colonies (<0,1 col A)-

Among the southern canyons SP was the canyon pimegethe highest mean total
abundance value (2.7 + 0.4 col)dramong the three investigated canyons, but it thas
poorest canyon in terms of target species richmitssonly four targets found (Fig. 3.5C).

None Anthipatarians were found in this canyons, iasE. Cavoliniiwas most abundant
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species Nothern Canyons (1.16
100%
5 80%
m) 70%
60%
50%
40%

L.glaberrima col
= A. dichotoma
A. subpinnata
P.larix
P.clavata
= B. mollis
30% m E_cavolinii
20% m A, hirsuta
10% +—— = C.rubrum
0% m C. verticillata

NC NM NT V. flagellum

followed by V. flagellum(1.12 + 0.02 col M). C. verticillata and C. rubrumwere also
documented with low abundances (<0.1 c&)m

The presence of ten target species were found in(lB§& 3.5C). This canyon was
characterized by several rocky wall with high petege of silt coverage registered and
with the bottom composed of medium size rocks waitelope of approximately 40¥.
flagellumwas the largely dominant species (1.2 + 0.39 c6), rfollowed byC. ruburm
andC. verticillata present mostly on the rocky wall of the large saeks.P. clavataalso
occurred in one single dense patch (0.1 + 0.03n50ltogether with several specimens of
B. mollisandA. hirsuta(<0.1 colm?). Few and sparse black corals colonies belongig :
larix, A. dichotomaandA. subpinnatavere found all with abundance <0.1 cofm

SS, the southernmost investigated canyon, showegrisence of seven target species
(Fig. 3.5A).E. cavoliniiwas the most abundant species (0.6 + 0.16 9| followed by

V. flagellum (0.33 + 0.24 col i) and C. rubrum (0.20 + 0.05 col4n The black coraP.
larix was the only black coral encountered in this canyah very low abundances (<0.1

col m?).
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Central Canyons
100% L.glaberrima
90% - u A. dichotoma
80% A. subpinnata
70% = P larix
60% = P.clavata
50% = B. mollis
40% u E.cavolinii
30% HA. hirsuta
20% u C.rubrum
10% m C. verticillata
0% V. flagelltujl
90% AT dichotoma
80% A. subpinnata
70% = P larix
60% = P.clavata
50% = B. mollis
40% | E.cavolinii
30% H A hirsuta
20% [ — | ~ mC.rubrum
10% —— | | ~ =C.vertcillata
0% V. flagellum
SP SC SS

Figure 3.6. Species composition (percentage) of coral assagablwithin each canyon
and among canyons in the northern (A), centrala®) southern (C) areas
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3.4 Discussion

Deep-sea habitats worldwide are characterized dly bpatial heterogeneity at all spatial
scales: from the macro-scale (different continentatgins across longitude and latitude),
to the meso-scalee(g, open slopes, rocky pinnacles, canyons), to thallsscale i.e.,
within the same habitat; (Fabri et al., 2014, Caale 2015). The role of medium to large-
scale setting variability in influencing biologicabmmunities has been investigated for
terrestrial ecosystems, but is rarely addressetkap-sea biodiversity studies (Del Leo.,
2010). Addressing patterns of biodiversity throulga use of different spatial scales is a
urgently needed tool for assessing soungitu conservation strategies (Danovaro et al.,
2014, Casas-Guell et al.,, 2015). Canyons habitaisracterized by coralligenous
assemblages can be defined as highly heterogersystems, where the environmental
variables together with distribution and abundanmietaxa can differ greatly on both a
geographical and a local scale (Molina., 2016)this regard, our investigation provides
comparative analysis among deep coral forests ohgeih different canyon systems at
both local and regional scale along the continemargin off the eastern coasts of
Sardinia.

Our results emphasized how most of the observedtiars in the composition of coral
communities occurred at the smallest spatial soaestigated. The PERMANOVA
analysis revealed that coral community compositidfered at local spatial scale (across
canyons within the same area), but not among regispatial scale (among the three
geographical areas) (Tables 3.2-3.3), with theesirglegree of community dissimilarity
occurring among northern canyons. This result acdcordance with the results reported in
the previous chapter (Chapter 3), where differengesthe composition of coral
communities among submarine canyons and pinnatlései same area were found to be

much larger than those observed among areas. Bimatalts for the Northwestern
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Mediterranean Sea, though for shallower communitiase been also reported by Casas-
Guell et al. (2015) who found that the compositdrcoralligenous communities exhibited
the highest variations among sites or, even, ameplgcates in the same site.

Different factors may be mentioned to explain alss@ale diversity in deep-sea benthic
biodiversity (Levin et al., 2003). Generally, thgatial patterns in faunal composition may
be seen as the results of interactions betweeerdiif biological and environmental factors
acting differently or in concert to shape benthopylations (Rex., 1981). For instance, an
increasing number of studies seem to identify lgal factors such as recruitment, larval
dispersal, competition for food and space as crdecigers of these biodiversity patterns in
several Mediterranean marine habitagsg( in mesophotic coralligenous assemblages;
Casas-Guell et al., 2015). This holds true wheringpavith suspension feeders like those
used as target species in the present study, vahiotv a low dispersal capability and a
long life span that, potentially, could shape tlenmunity composition for long periods
after a successful reproductive pulse (Garrabou a&&nt¢lin., 2002). In this regard, as
highlighted by the SIMPER analysis, the largestiatams in benthic community
composition within each canyon and among canyomssiigated here were related to
changes in the relative of colonial specieg(C. rubrumandE. cavolini).

At the same time, numerous studies dealing mosilj \macro- or meiobenthic
communities in submarine canyons have focused anasgcales ranging from 0.1 to 10
km, hightailing the major role of environmental iaddles on alpha- and beta-diversity, and
therefore potentially indicating the larger reles@rof abiotic vs. biotic drivers on local
biodiversity patterns (Rowe et al., 1982; Vetted ddayton., 1999; Cunha et al., 2011;
Ingels et al., 2011; Gambi et al., 2014).

In the present study, water depth and distance thencoast, as surrogate indications of

hydrodynamic forcing acting at the scale of eaafyoa, were extracted by the DISTLM
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models as the environmental variables that explarhighest proportion of the variations
in coral communities structure among canyons. Tésult finds support from previous
studies which showed that, in shallow habitats lee head of submarine canyons,
particularly those with steep-walled V-shaped pesfi the intensity and frequency of
physical disturbance from accelerated bottom ctsresisrupting surface sediments and
‘washing-out’ benthic fauna, could provide a toadmacondition for coral settlement
(Bosley et al., 2004; Hargrave et al., 2004). Timgrinciple, would lead to high variations
in the abundance of corals among the head of tingooa and its deeper depths.

Our results pinpoint that the bottom geomorpholagieatures of the canyons’ (here
estimated in terms of silt coverage and slope efdibstrate), did not explain significant
proportions of coral community composition variagoat all of the investigated spatial
scales (consistently <2% of the total variationhisTresult is in contrast with previous
findings that reported those variables to be ctlyciavolved in shaping coral communities
(Cau et al., 2015). Such a discrepancy can bebat#idle to the very different
geomorphological assets target of our study (caotis submarine canyons) and those of
the area under scrutiny by Cau et al., (2015). [akter indeed includedoche du large
ecosystems, which represent abrupt rocky bottontodisuities emerging from a
continuous soft bottom, which could ecologicallyt ke a deep oasis for either both
macro- and megafauna (Bo et al., 2009) and meiafdBianchelli et al., 2013).

A remarkable finding in the NT canyon was the pneseof the long living black coral.
glaberrima, which, up to date, was documented only in the seestern margin off
Sardinia (Bo et al., 2015).The extreme longevityhafse black corals has triggered the use
of this species as paleo-climatic archiweg( superficial and deep water temperatures;
Williams et al. 2006), and bioindicator for anthoggenic carbon and trace elements in the

environment (Williams et al. 2007) and, nonetheless a tool to determine possible
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unperturbed ecosystems (Bo et al., 2015).The swwuagucted in NT canyon allowed to
document dense patches of this species, distribotéae lower part of the canyon head,
showing lower densities compared to other areabeMediterranean basin (e.g., Malta,
NW Sicily, SW Sardinia; Bo et al., 2013, 2015, Deicet al. 2015).

Our results, though based on a limited nhumber fér@int canyons and a limited set of
benthic megafaunal organisms, suggest that the areBer scrutiny is relatively
homogeneous (at least for coral communities), drad krgest variations in the coral
community composition appear to be constrained agiations in the hydrodynamic
conditions operating at the local scale. Though mwork needs to be carried out to
ascertain scales of variation in benthic biodigrsn submarine canyons, our results
provided new insights on the scale-dependent streicind dynamics of deep dwelling

coral assemblages.
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Chapter 4
The “Sardinian cold water coral province”. new spatal

extension, demographic traits and coral biodiversit

4.1 Introduction

Cold-water corals (CWCs) form one of the most caniiological habitats of continental
slopes, indeed considered of great concern by d¢lentdfic community (Roberts et al.,
2006). These habitats are regarded as ecosystezgslofjical and economic value, raising
concern over their rapid destruction since theylted threatened more and more often by
commercial fishing and other human activities (deep trawl-fishing, cable laying, oil and
gas drilling) (Mortensen., et al., 1995, 2008; lBostal., 2002; Roberts et al., 2006, 2009:
Hovland., 2008; Freiwald et al., 2009).

CWCs are framework-building organisms that prodoakium carbonate (aragonite or
calcite) skeletal structures generating spatiaérogieneity which interact with the local
hydro-dynamic flow (White., 2007) providing enhadcdeeding opportunities and
protection against predators, often acting as myisesa for different associated species of
fish and other mobile invertebrate fauna (Watlingd @Auster., 2005; Costello et al.,
2005,2009; Henry and Roberts., 2007; O’'Hara et24Q8; Lessard-Pilon et al., 2010;
Buhl-Mortensen et al., 2010; Clark and Tittens2010; Soffker et al., 2011; Baker et al.,
2012).

Furthermore, structures formed by scleractiniaralsoare perennial after their death (i.e.,
carbonate mound) and support biodiversity for ceesuto millennial scales, providing

suitable substrate for new colonies settlement galaiith a variety of other sessile
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organisms (Mortensen et al., 1995; Metaxas and€D&005; Roberts et al., 2006; Henry.,
2007; Orejas et al., 2008; Purser et al., 2010)

CWoCs are widely distributed in every ocean of tt@ldsand can be found from polar to
tropical regions at wide range of depths from 20QQ@00 m (Freiwald et al.,2004; Roberts
et al.,2009; Baker et al., 2012), however theispnee has been greatly underestimated in
the Mediterranean Sea (Vertino et al., 2010). Iddeéaking advantage of the enormous
technological development occurred in the last desarecent studies performed with
underwater vehicles have demonstrated how, in thditérranean Deep Sea, CWCs coral
assemblages appear to be much more extensiveljpdistd (Tursi et al., 2004;Taviani et
al.,2005;Freiwald et al., 2009; Mastrototaro et2010; McCulloch et al.,2010; Gori et al.,
2013, Fabri et al.,, 2013, Taviani et al.,2016) a&veén more prosperous than expected
(Vertino et al., 2010, Gori et al., 2013 and referes therein). Nowadays, vast areas of the
basin are still unexplored and lot of work need®¢odone in order to improve the actual
fragmentary knowledge on the distribution of CW®@wnces in the Mediterranean basin.
Remotely Operated Vehicles (ROVSs) has not onlyatdethe presence of more numerous
CWoCs provinces than previously thought, but it glsoved to be a good and non-invasive
tool for understanding of the distribution and atmce of cold-water coral reefs in
relation with biotic and abiotic factors, throudtetuse of video transects.

Submarine canyons in the Mediterranean Sea are rknasv one of the seafloor
morphological features where living CWC communitidevelop and grow in big
frameworks (Gori et al., 2013) and in scatterecclpes (Freiwald et al., 2009). The
occurrence of cold-water coral in submarine canyieneelated to the energetic current
flows that periodically carry nutritive suspendedrtles (i.e., river and atmospheric
inputs, phytoplankton biomass and sediment re-sisspe), from the shelf to the deep-sea

environment areas (Canals et al., 2006). Many phl$actors (i.e., temperature, salinity,
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hydrodynamic and habitat complexity) have been ggeg to be important in influencing
the spatial distribution of cold-water corals (Marsen et al.,2001; Freiwald et al., 2002;
Masson et al., 2003; Kiriakoulakis et al.,2004; [@avet al., 2008; Dullo et al., 2008;
White, 2007;) with their relative importance vanyirbetween regions and taxonomic
groups (Mortensen et al., 2001, 2006). Unlike therthreastern Atlantic Ocean,
Mediterranean deep water coral reefs are mainlystcocted by the scleractinian
Madrepora oculatgLinnaeus., 1758) (fam. Oculinidae) and in a sergtlart byL.ophelia
pertusa (Linnaeus., 1758) (fam. Caryophylliidae), alongthwsolitary species such as
Desmophyllum dianthudEsper 1794) (fam. Caryophylliidae) a@aryophyllia sp, which
often contribute to the reef construction framew@rkviani et al,. 2005, 2011;Freiwald et
al., 2009).

In Sardinian waters the presenceMf oculataandL. pertusawas first documented by
Zibrowius (1980) in his monograph “Les scléractirda de la Meéditerranée et de
I'Atlantique nord-oriental”. Actually, Zibrowius t@s Cecchini (1917) to report the
occurrence of both species in Sardinian waters.

The present work, reports the observation of né@s $rom the northeast Sardinian coasts
colonized by living cold-water coral populationse(j M. oculata and L. pertusa)
belonging to the “Sardinian cold water coral praéh (Taviani et al., 2016). Both the
environmental suitability and the stability of abitat may be reflected in the distribution
patterns of coral colonies, as well as in the stzecture of coral populations, because the
size structure reflects the factors affecting regorent, growth, and mortality rates in a
particular habitat for a period of time equal te thngevity of the population (Gori et al.,
2012). Because of this, through the use of nonsiveaprotocols based on ROV footage
and image analysis, we compared the bathymetritritiiton, density patterns and

demographic features of CWC populations dwellin@ icanyons located in the north-east
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and in the south-west Sardinia continental margirese preliminary data will be used to
plan further, more detailed research on white cdistribution along Sardinian coasts. In
addition, the abundance of the most conspicuousiep®f anthozoans coexisting in the
CWC is reported, along with the presence of antbgepic litter (e.g. lost fishing gears) in

order to evaluate the anthropic impacts over thieteate ecosystems.

4.2 Materials and methods

4.2.1 Study area

Among the complex system of 29 canyons that deigige both the western and eastern
slopes of Sardinian Island (Wurtz et al., 2012)imeestigated three sites: two along the
Sardinian northeastern margin (i.e., Tavolara, @ago Coda Cavallo, hereafter TVc and
CCec, respectively) and one located in the soutbeasbntinental margin, the Nora canyon
(hereafter NOc) (Tab 4.1), where it has been f¥irstescribed the “Sardinian CWC
province” (Taviani et al. 2016) .

The north-eastern coast of Sardinia is charactimea narrow continental shelf deeply
incised by canyons originating from small riversogtly ephemeral) which can be
followed down to the abyssal plain (Dalla Valle &@dmberi 2010; Giresse et al. 2014).
TVc and CCc are two submarine canyons both locatedof the northeastern coast of
Sardinia. TVc is located 8 nautical miles (nm) frothe coast (40°54'46.08"N,
9°54'54.48"E; Fig. 4.1). The upper TVc fan consistsan erosional V-shaped valley
bounded by low relief longitudinal ridges that gratly taper in width and relief to their
down slope terminations. TVc is less incised on twmtinental slope due to its
disconnection from Sardinia river systems and famesider shelf sector. The second
investigated canyon is CCc which is located 8 nmtlsdrom TVc and 8.35 nm from the

nearest coastline (40° 47' 340"N, 9° 51' 615"E;.T&l). The last investigated canyon
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(NOc) is located 11 nm south of Capo Spartiventoth@ southwestern coast of Sardinia
(38°42'31.83"N, 8°54'38.52"E; Tab. 4.1) and it e ®f the two coalescent branches of the
Capo Spartivento canyon system, which entails tmtirmental shelf down to over 2000 m
water depth in the bathyal plain. The canyon ismamgtrical showing the right side
smoothed than the left side. NOc is right aboveShedinian channel, which is strongly
influenced by the general mesoscale circulationthaf Levantine Intermediate Water
(LIW) and episodically influenced by wind-inducedvaction of coastal water (Bouzinac
et. al., 1999). The Levantine flow is actually caeed of two water types: the one known
as LIW that is characterized by a high temperasumne high salinity (T= 13.85° S=38.75)
and another one colder and denser which alwayssfldase to the bottom of the Tunisian
side of the Strait. These waters flow into the Ailge basin south of Sardinia and turn to

the North following the Sardinian slope (Testoakt 2005)

Table 4.1.Location and characteristics of each transecH ithigee investigated canyons

TVc CCc NOc
40° 54'45.6"N | 40°47°20.6"N 38°42'30.2"N
9° 54' 54 5"E 9°51" 36.8"E 8°54'34.6" E

Coordinates

N. of dives 1 1 2
Year 2013 2013 2013
Depth range (m) 175-283 428-397 200-470
N. of frames 127 72 179
Frames area (n?) 203 101 150.31
N. of M.oculata coral colonies 30 33 80
N. of L.pertusa coral colonies 0 0 2

Mean M .oculata Abondance

(colonies 2t s.e.) 029+0.1 0.54+0.2 0.8 +0.36
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4.2.2 Video surveys and analyses

The video material was gathered by the RQR6Itux [II” during a ROV investigation
conducted along Sardinian coasts in September B@1Board of the r/v Astred. The
ROV was equipped with a digital camera (Nikon D80,megapixel), a strobe (Nikon SB
400), a high definition video camera (Sony HDR-HQrack-link system, depth sensor,
compass, and three parallel laser beams provide@natant 11-cm reference scale in the
video frame, for the measurement of the frame arba.ROV was also equipped with an
underwater acoustic tracking position system (Tirakk1500 MA, LinkQuest Inc.)
providing detailed records of the tracks along sbkabed; transects could not be linear as
the survey was focused on the target speCsllium rubrum which is distributed in
patches along the seabed (Cau et al., 2015b).ahdb# transects showing the presence of
CWCs were analyzed: one in TVc canyon, one in G@ttavo in NOc. Overall, 7 h and
16’ of ROV footage were processed through the ssoriDVDVideoSoft'.

The image analysis was performed with CPCe Softy@wral Point Count with Excel
extensions; Kohler and Gill, 2006) and recordednaer to calculate the mean density of
each target species (N° colonie?m Standard Error; hereafter col4n s.e.). All living
colonies of the most conspicuous anthozoan speciesuntered and their depth recorded
in order to estimate density patterns. In additionprphometric characteristics,
size/structure, and position (orientation) withpes to the substrate of the white coral
coloniesL. pertusaandM. oculatawere retrieved.

Measurements were performed using two parallelrldsams as 11 cm-scale and
classified into four categories: small (colonieshwone or a few branches, height between
0.1 to 20 cm), medium (colonies presenting a hebgitiveen 20 and 40 cm), large (height

between 40 and 60 cm), or very large (height highan 60 cm). The video analysis
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method allowed extensive sampling over the spatisgbution but could have entailed a
loss of accuracy in the measurements of morphomediiameters.

Colony position with respect to the substrate wassified into four categories according
to their location and orientation following Gori &it, (2013): 0° (facing straight up); 90°
(perpendicular to vertical rocky walls); 135°(thelge or rocky outcrops, facing
downwards); 180°(below rocky outcrops, facing dowamns).

In order to give a better geomorphological charéa&on of the investigated sites, for
each frame were also registered: 1) sediment cggevé the substrate classified using a
scale from 1 to 5, referring to 5 percentage rarflje0-20%; 2= 20-40%; 3= 40-60%; 4=
60-80%; 5= 80-100%); 2) slope of the substratesdiasl as flat (0°-10°), inclined (10°-
70°), and vertical (>70°).

The recognizable mega-benthic and ichthyic speadserved in the examined
photographic archive were registered (Tab. 4.2)kri\wspecimen was identified at the
lowest possible taxonomic level. However, idendifion at species level for some
organisms from video footage was sometimes hampawedto poor video quality and
limited resolution for detecting morphological cheteristics.

In addition, to quantify human impact on investeghtsites, through the same image
analysis performed for investigations on biodivtigrsmarine debris was quantified and

classified as recreational item or lost fishingrgea

4.2.3 Data analysis

The bathymetrical distribution of the coral speciess determined based on the recorded
depth of each of the observed coral colonies. Tike/feequency distributions oM.
oculata was analyzed in terms in terms of descriptive sia using the skewness of the

distribution calculated with the R language funetagostino.test, which is available in the
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moments library (Komsta and Novomestky., 2012). vBiless is a measure of the
symmetry of a distribution using its mean; if skess is significant, the distribution is
asymmetric. Compared to the mean of the populapasjtive skewness indicates the
prevalence of smaller size colonies in relationhwiihe mean height of the population,
whereas negative skewness indicates an highernmesé larger size classes (Bramanti et
al., 2014; Gori et al., 2013; Linares et al., 2008)st for normality was performed using
the software PAST (function ‘normality tests’), fmeming both Shapiro-Wilks and
Anderson-Darling tests. Once non-normality was figetj a non-parametric univariate
analysis of variance (Kruskal-Wallis procedure twafe PAST 2.17Hammer et al., 2001)
was run to test for differences in the oculatamean density among the three investigated
canyons (TVc, CCc, NOc) and among the three ingatdd depth-range in which

Madreporacolonies occurred (170-270,300-400, >400).
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Figure 4.2.Selected ROV images of several coloniesVofoculata observed in the
three investigated canyons. A 10 cm scale (whitg ibgrovided in each picture
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4.3 Results

The area of each frame was estimatgabsteriori,resulting in an average of 3.5 £ 1.3 mz,
covering a total 554.31 m? of investigated surfac®ng the three canyons. A total of 140
colonies ofM. oculataand 2 colonies of. pertusawere recorded in all explored sites
(Tab. 4.1) M. oculatawas the most frequent and abundant species, esptiieg 98.5 % of
the total number of colonies observed, occurring8ril % of investigated frames, with a
maximum density of 6.4 col m2 in NOc.

Several mega-benthic and pelagic species belongidgferent Phyla (Cnidaria, Porifera,
Crustacea, Echinodermata, Chordata) occurred ame glassified within the cold water
corals framework in the three studied canyons (#ab). Additionally, encrusting algae,
encrusting sponges, ascidians, barnacles, bryozaearesfrequently found hanging on the
branches of the CWC dead colonies, but were notrptite list since it was not possible
classified them (for a more detailed list of spsgxeesent in Nora CWC framework see
Taviani et al.. 2016). In TVc site 32 mega-bentaid pelagic species were registered

followed by 30 for NOc and only 15 for CCc.
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Table 4.2Absence and presence of benthic and ichthyic spedentified by images at the study sites in the
eastern and southern coast of Sardinia (Cnh= Crid&i=Porifera, Cr= Crustacea, Os=0steichthyes, Ch=
Chondrichthyes, Ec= Echinodermata)

Species Taxa TVc CCc NOc
Characteristic species

Madrepora oculatgLinnaeus, 1758) Cn + + +
Lophelia pertusgLinnaeus, 1758) Cn +
Dendrophyllia cornigergLamarck, 1816) Cn + +
Desmophyllum dianthy®/iine-Edwards & Haime, 1848) Cn + + +
Associated species

Pachastrella monilifergSchmidt, 1868) Pr + +
Poecillastra compress@owerbank, 1866) Pr + + +
Rhizaxinella pyrifergDelle Chiaje, 1828) Pr +

Hexadella dedritiferd Topsent, 1913) Pr + +

Javania cf. caillet{Duchassaing and Michelotti, 1864) Pr + +
Leiopathes glaberriméEsper, 1792) Cn +
Filograna-Salmacina complgBerkeley, 1828) Cn +

Callogorgia verticillata(Pallas, 1766) Cn +

Acanthogorgia hirsutédGray, 1857) Cn + +
Antipathella subpinnatéEllis & Solander, 1786) Cn +

Antipathes dichotomgPallas, 1766) Cn +

Parantipathes lariXEsper, 1788) Cn +

Viminella flagellum(Johnson, 1863) Cn +

Eunicella cavolinii(Koch, 1887) Cn +

Bebryce molligPhilippi, 1842) Cn + + +
Corallium rubrum(Lamarck, 1816) Cn + +
Axinella sp. Cn +

Munida tenuimana(Edwards and Bouvier, 1899) Cr + + +
Anamathia rissoana (Roux, 1828) Cr + +
Bathynectes maravigna (Prestandrea, 1839) Cr + +
Plesionika sp. Cr + + +
Plesionika gigliolii(Senna, 1902) Cr

Homola barbatgFabricius, 1793) Cr +
Anamathia rissoanéRoux, 1828) Cr +
Paromola cuvier{Risso, 1816) Cr + +
Phycis blennoide@ru nnich, 1768) Os +
Hymenocephalus italicu$iglioli, 1884) Os +
Nezumia sclerorhynch{¥alenciennes, 1838) Os +
Coelorinchus caelorhincu®isso, 1810) Os +
Lepidorhombus whiffiagon@Valbaum, 1792) Os + +
Epigonus constanciagiglioli, 1880) Os +
Benthocometes robusti{§&oode & Bean, 1886) Os +
Helicolenus dactylopteru®elaroche, 1809) Os + + +
Anthias anthiagLinnaeus, 1758) Os +

Polyprion americanus (Bloch & Schneider, 1801) Os + + +
Pagellus bogarave(Brunnich, 1768) Os + +
Synchiropus phaetoGunther, 1861) Os +

Scorpaena elongat@adenat, 1943) Os +
Labrus mixtugLinnaeus, 1758) Os + +
Lepidopus caudatu&uphrasen, 1788) Os +
Galeus melastomyfafinesque, 1810) Ch + +
Cidaris cidaris(Linnaeus, 1758) Ec +

Ceramaster placent@Muller & Troschel, 1842) Ec +
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In TVc, a 1139m transect at depth ranging from aB8® 270 m was conducted. The first
part of the dive was characterized by a ridge geaitly sinks towards the base of the
canyon, characterized by big boulders, dominatea lofgnse meadow of the black coral
Leiopathes glaberrim§(Esper, 1788) (fam. Leiopathidae)] (0.3 + 0.04 oo?) together
with numerous colonies oAntipathella subpinnatd(Ellis & Solander, 1786) (fam.
Myriopathidae)] (0.3 = 0.003 col ®,Antipathes dichotomg(Pallas, 1766) (fam.
Antipathidae)] (0.02 + 0.03 col ') and Parantipathes larix[(Esper, 1788) (fam.
Schizopathidae)] (0.025 £+ 0.07 col3ulrhe canyon’s walls also hosted specimens of red
coral Corallium rubrum(0.16+ 0.03 col m),and gorgonians such &nicella cavolinii
[(Linnaeus,1758) (fam. Gorgoniidae)] (0.22 col2m 0.3),andAcanthogorgia hirsuta
[(Gray,1857) (fam. Acanthogorgiidae)] (0.01col2m 0.01). Towards the bottom of the
canyon, the rocky substrate becomes gradually edvéy a silt layer dominated by
species such agiminella flagellum[(Johnson,1863) (fam Ellisellidae)] (0.3 col n#+
0.08), andCallogorgia verticillata[(Pallas, 1766) (fam. Primnoidae)] (0.03 cokm0.01).
The first observations of cold-water corals ocadir@éa depth of 250 m over a steep rocky
wall covered by patches of numerous fan-shape wmsoof M. oculata A total of 30
colonies ofM. oculataoccurred with a mean density of 0.29 cof m 0.1within a depth
range of 250 to 263m (Fig. 4.4). Most of the codsnwere directly attached to a vertical
rocky substrate, while few others living coloniegres developed over the skeleton of
others deadM. oculata and Dendrophyllia cornigera(0.006 col n? = 0.05 SE)
[(Blainville, 1830) (fam. Dendrophylliidae)] coloss.

In CCc, a 560m transect was carried out, and adipopulations oM. oculatacomposed
by 34 colonies occurred at a depth ranging fromt0030 m (with a mean density of 0.54
col m2 £ 0.2; Fig. 4.4). The sea bottom here is charaeté by strongly bioturbated soft

sediments, interrupted by black-coated bouldersplaices colonized by epifaunal
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organismsMost of the colonies developed on a muddy, sligiitlined seabed, probably
an old Messinian delta, where they grew on theilfégsnework built by the skeleton of
dead M. oculata individuals. The white coral community in CCc wassociated with
numerous specimens of the scleractiamianthus.

Along NOc two ROV dives at depth ranging from 20@a@60 m were carried out and 80
colonies ofMadrepora oculatavere counted together with 2 colonied opertusa As for
the other two canyons, the white coral communitys vdi@minated by colonies d¥l.
oculata,which occurred from 380 to 390 m depth and fromtd260 m depth (Fig. 4.4).
The shallower colonies were found in the northeant @f the canyon, on an inclined
seafloor covered by pelagic mud, in which over 689. oculataliving colonies grew
upon dead colonies skeleton. Upright-growing caenivere predominantly fan-shaped,
flattened and with apical live portions. The ROWaliperformed in the deepest depth
range inspected the southern part of the Nora'garafrom 420-460 m depth. The general
seafloor morphology is very similar to the northeart, with an inclined muddy covered
seafloor with a dead coral framework functioningsadbstrate where a patch of living
white corals developed. The CWC community in thatlsern part of the canyon seemed to
be more developed ,and more abundant (0.74 @&t @11) than the shallower population

(0.1 col 2 £ 0.12).
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Figure 4.3.Bathymetrical distribution dfladrepora oculatacolonies in TVc, CCc
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Furthermore, 2 isolated live colonies bof pertusagrowing upon dead colonies ®f.
oculata occur in this part of Nora canyon from 427 to 452epth. L. pertusawas
observed only in one out of three canyons. Dubéeddw presence df. pertusa statistical
analysis were not performed for this species.

In all three investigated sitéd4. oculatawas the most abundant species, varying from 0.78
colm?2 = 0.1 coln®? for NOc population, to 0.54 col Tt 0.2 for CCc, with the lowest

mean density of 0.29 colfnt 0.19 calculated for TVc population (Fig.4.4).
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Figure 4.4Density (colonies ) of Madrepora oculatacolonies in the three
investigated sites
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Data significantly deviated from normality €, p-value<0.001 of the Shapiro-Wilks and
Anderson-Darling tests), therefore a non parameinivariate test (Kruskal-Wallis) was
performed to test for differences in mean densitivlo oculatacolonies among the three
investigated locations. No significant differencegere showed between all three
populations TVc, CCc and NOc (Tab. 4.3; P> 0.0Kujuskal-Wallis test was also
performed to test for statistical differences inamelensity along 3 different depth range in
which SardinianM. oculata population occurred (170-270 m; 300-400 m; >400 m)
showing significant difference between the shallswg@opulation and the deepest

population (Tab. 4.4).

Table 4.3Results of the non-parametric univariate analysisadance(Kruskal-Wallis procedure) testing for
differences in the mean densityMadrepora oculatan the three investigated sites

Kruskal-Wallis Test

Table 4.4. Results of the non-parametric univariate analgbigariance (Kruskal-Wallis procedure) testing for
differences in the mean densityM&drepora oculatalong the investigated depth ranges.

Kruskal-Wallis Test

Sites 170-270 300-400 >400

170-270 < 0,0001 < 0,0001

300-400 0,246

>400 *kk

In all three canyons wherdl. oculata was documented, the size/class frequency

distribution highlights the dominance of small stxdonies (0.1 to 20 cm), except for NOc
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where the medium size class (20 to 40 cm) residtde the more abundant class (40 % of
the colonies; Fig. 4.5). Small colonies dominatedYc canyon where they accounted for
50%, while in, CCc and NOc there were only 42% a2% of the colonies, respectively.
The percentage of large colonies (40 to 60 cm) alm®st the same for all the sites (13%,
12%,15% in TVc, NOc ), while the highest percentafyeery large colonies was recorded
in CCc with 18% of the colonies higher than 60 &% (TVc, 13% NOc) (Fig.4.3). Mean
height value in TVc was 29 + 0.4 cm, with a maximhbeight value of 70 cm; in CCc the
mean height was 34 + 0.05 cm, with a maximum hegdhl07 cm; while in NOc the

mean height value was 34 + 0.2 cm, with a maxinmeinght value of 1.2 m.
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This size frequency analysis emphasizes a posjitslawed distribution for TVc and CCc
populations (Tab.4.5.Skewness: TVc =1.57 , CCc #501; p-value< 0.01), which
indicates an higher number of smaller colonies eespo the mean height value of the
population. WhileNOc present a lower skewness value (skewness 4%, p8value >
0.01) due to the higher presence of larger sizéohas which skewed less the size class

distribution.

Table 4.5. Values of skewness for the size/class distrilbufideight) of M. oculata populations in TVc
canyon, CCC canyon and NOc canysignificant p values are indicated with one (p e&0.05), two (p
value<0.01), or three asterisks (p value<0.001).

Skewness
TVc CCcC NOc
Values 15.790 11.501 0.7845
p-Value 1.518e 09*¢*) 0.00642 t*) 0.06 (ns)

In all three canyons, thel. oculatacolonies were mostly vertically oriented : 94% were
oriented at 0° and 90 ° all together. However, WcTL7% of colonies were oriented at
135°and 3%oriented at 180°. In CCc and NOc,6% tfries were orientated 135°, and no
colonies was found in overhanging positior.( 180°; Fig. 4.6). Colonies df. pertusa

were primarily orientated at 90°.
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Regarding the investigation of anthropogenic impagerall, all three investigated sites
showed the presence of anthropic debris (Fig 407)'Vc 10% of the analyzed frames
showed the presence of lost fishing gear (7 fishimgs an 2 pieces of fishing net). In CCc
14 % of the frames presented anthropogenic reoredtidebris (3 plastic bags). In NOc
was registered the highest number of debris itemmsng the three canyons belonging to
both categories (marine litter and fishing geat$):% of the frames showed the presence
of anthropogenic impact (3 plastic bags along witter 3 non recognizable plastic items,
2 oil barrels and 1 fishing net). Several CWCs ous were littered with plastic bags and
discarded fishing gear, which are harmful to thealsoas can rip off portions of the coral

as they are dragged away by currents (Fig 4.7).
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Figure 4.7. Anthropogenic impact in the investigated cany@splastic net lying on muddy
floor amongM. oculatacoral frame; B) lost fishing nets on the muddy bottabove dead and
living coral colonies oM. olulata C) D) Large plastic bags entrapped on live andidéa
oculatacoral ground; E) plastic litter around a live oculatabush; F) abandoned barrel serving
as substrate for elongated specimer®.alianthus note a specimens Bf cuvierion the left

side. A 10 cm scale (white bar) is provided in epictture. A 10 cm scale (white bar) is provided
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4.4 Discussion

Recent ROV explorations of the Sardinian continesit@lf has provided significant new
geographic and bathymetric documentation of ricll @iverse cnidarians-dominated
communities (Bo et al., 2015; Cau et al., 2015a)e$al species of scleractinian habitat-
forming (deep) cold water coraldj. oculata, D. cornigera,and D. dianthus were
documented for the first time in Sardinia canyamsnf the northeast Sardinian continental
margin, extending the geographical framework of rdmently discovered “Sardinian cold
water coral province” (Taviani et al., 2016).

All three investigated canyons showbt oculataas the most abundant CWC species,
while for L. pertusa, D. cornigerandD. dianthusabundances were significantly lower.
The dominance oM. oculatapopulations in this study is in agreement with thsults
from previous investigations on other CWCs provetteoughout the Mediterranean basin
(Taviani et al., 2005; Freiwald etal., 2009; Oregasl., 2009; Vertino et al., 2010, Gori et
al., 2013;) and especially those dealing with terajee as one significant environmental
constraining factor for these species (Freiwal@Q2 Davies et al., 2008, Flogel et al.,
2014). To date, the diversity of CWC and their asted fauna has decreased
considerably since the end of the last glacial querdue to the major changes in
oceanographic and geologic conditions (Péres., ,1B@brias & Taviani 1985).During
the Holocene period as sea level rise, changedinmatec conditions produced a strong
increase in Mediterranean water temperatures, yiadithe environmental conditions that
were present and favorable to CWCs during theglasial maximum (Delibrias & Taviani
1985). Currie et al. (2004) in his physiologicdetance hypothesis suggested that richness
and climate may covary simply because fewer spec@s physiologically tolerate

conditions in colder places than in warmer pladds.oculata has a wide temperature
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tolerance being able to function at temperaturesau@0°C (Keller & Os’kina 2008)
making this CWC species the most dominant in Sadiwaters.

L. pertusain contrast, according to Freiwald (2002),has raperature tolerance limits
which ranges from 4 to 14°C. This would explain Hoarcity of this species within our
study since Mediterranean waters would be cloststopper temperature limit. However,
even if restricted to certain locations such asdhaeyon flanks of the Lacaze-Duthiers
Canyon (Cap the Creus), CWC provinces mostly coewgbasf living specimens of.
pertusamay occur also in the Mediterranean basin (Goai.e2013).

Comparing the results from the present study wikieiodata sets from available literature
focused onM.. oculatadominated CWC banks (Tursi et al., 2004, , Freinatl@l., 2009;
Taviani et al., 2011; Fabri et al.,2013), we fodlnat Sardinian populations seem to be less
abundant and developed. While in the well-knownt&avaria di Leuca coral province
(Taviani et al., 2011a) and in the French Meditegem submarine canyons (Fabri et al.,
2014) extensive reefs and mounds are documentedin®a populations oM.oculata
show a patchy distribution pattern, mainly compobgdsmall and isolated colonies. A
similar patchy distribution was found within Monggrin canyons (Angeletti et al. 2014)
and along the south-western coast of Malta (Schieetlal. 2008).The differences in the
spatial distribution patterns d¥l. oculata reflect its response not only to changes in
environmental variables (temperature, substratumrents and food availability) between
different geographical sites but also the connewssl of suitable habitat for adults and
larvae i.e. their possibility to colonize.

Overall no statistical differences were observedngan density between TVc, CCc and
NOc, however values of the total coral abundanceewetearly different between north-
eastern and south-western canyons, probably duketonain in terms of geographical

position and topography of the substrate. A highean density value was calculated for
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NOc populations where the higher sedimentationsrg82% of the analyzed frames
showing an average value comprised between 60 @h@&alof silt coverage) could act as a
factor for the development of a denser and moréatsd CWC communities. South-
western populations d¥l. oculatadeveloped in patches, on a slightly inclined sed, b
surrounded by a thick layer of mud making the Cw&nleworks the only hard substrate
colonizable nearby. On the other hand in TVc andc GClower density value was
documented together with a more heterogeneousratdystharacterized by rocky ridges
and steep rocky walls in which the level of silvemge sediment was comprised between
0 and 40% along the entire transects. In gendraldifferent distribution and density of
(deep) cold-water corals in the three Sardinianycas could derive from the different
influence of current systems and substrate avéithkabf these sites.

Furthermore since, in a variety of aquatic settiriggbitat complexity and heterogeneity
has been shown to have a positive relationship wjibcies diversity and abundance
(Hixon and Menge, 1991), also the highest numbdreothic and pelagic species recorded
in all three canyons emphasize the key role of eéhesportant in enhancing these
environmental characteristics.

M. oculata populations in all three sites show similar denapgic patterns with higher
percentage of young and small colonies contrasidd law percentage of medium, large
and very large colonies. Even though there is k tdanformation on CWC reproductive
ecology in Mediterranean Sea, the observed abuedzremall- and medium-size colonies
that characterized all three canyons could possiblgonsidered as the result of an active
recruitment (Grigg, 1977; Lasker, 1991) in the $ash CWC population, as was
suggested also for Cap de Creus and Lacaze-Dupioerdations by Gori et al 2013.

The preferential orientation at 907 oculatacolonies in TVc is also probably associated

with the geomorphology of the seabed, charactefedertical walls, used as substrate in
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which most of the colonies develop. On the otherdhi. oculatapopulations dwelling in
CCc and NOc are mostly oriented in the upright fpmsiat O°orientation as they grow on a
sub-horizontal slightly inclined seafloor in whiclvhen they reach a certain height, they
tend to tip over and continue to grow upright orpemp parts of the structure. These
orientations of corals could represent on one fmundmpromise between protection from
the sediment, and exposure to the water flow tarenteeding (Gori et. al. 2013), on the
other hand it could be a consequence of anthragact caused by fishing activities.

In order to define what drives the variation of diersity in deep sea benthic
communities, which host very rich and specializpdcges, various explanatory factors
have been attributed to different equilibrium (lokwith temporal stability; Casas-Guell et
al., 2015) and non-equilibrium hypotheses (linkedlisturbance, spatial heterogeneity and
dynamic forces; Angiolillo et al., 2015; Cau et, &015). In the case of non-equilibrium
hypotheses, it has been widely documented that hymessure has to be considered as
one of the main threats for deep sea benthic contiesin(Pusceddu et al., 2014),
especially for conspicuous long-living corals (Bak, 2014).

In TVc the high number of lost long-line fishingagefound entangled in coral colonies
suggest that this canyon could be more affectedidheries impact than the other two
canyons. On the other hand in Nora canyon we foand higher percentage of
anthropogenic debris such as plastic bags andaaiels, together with a lower percentage
of discharged fishing gears, which may indicate teonger influence of anthropic
recreational activities. In general all three statlgas are characterized by the presence of
an intense anthropogenic impact derives by discai fishing gears and litter object,
which represent the most potentially harmful damageCWC grounds (Taviani et al

2016). These data also confirm and expand the tisitueof the heavily impacted
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anthropogenic action occurring in the southern iB&d area as documented also by
Angiolillo et at., 2015.

Our study shows evidence of new live assemblagdsbitat forming cold-water corals
dominated byM. oculata developed close to the shallowest limit depths (20D
documented for these species in the MediterraneariFabri et al 2014). Furthermore, this
new occurrence increase the extension of the “SiamiCold Water Coral Province”
described by Taviani et al. (2016). These new agecwaes are central in the understanding
the connectivity, distribution patterns and popolatstructure among discontinuous deep-
water coral grounds within the Mediterranean Stsautique geographical location in the
Mediterranean CWCs provinces framework prompt teednto increase the effort in ROV
investigations along Sardinian waters. In the candé a growing concern by the scientific
community about the importance for deep-sea magseurces, the precious white corals
community certainly deserves a higher attentionabédtter management.

In conclusion, concerning the increasing needssefull knowledge on the distribution
and composition of benthic assemblages dwellindifferent canyon systems across the
Mediterranean basin is considerably increasingthenother hand, factors driving their
distribution and biodiversity at multiple spatialages are still difficult to discern and thus

far to being well understood
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Final discussion

The improvement of a strong and valid way to sfigtieepresent the world’s marine
biodiversity is one of the greatest challenges tharine scientists are facing (Heap.,
2011). In the last decades new scientific questieng raised about the relation between
benthic diversity and various forms and scales afgim heterogeneity (Menot et al.,
2010). The Sardinian continental margin (westerndikderanean), is composed by a
complex collection of markedly topographically cdepfeatures , including sedimentary
slopes, submarine canyons and rocky outcrops. aheplar geomorphologic structures
of these habitats and the associated abiotic pesesesult in increased habitat
heterogeneity of the continental shelf, thus infiiag the distribution and abundance of
deep-sea benthic fauna and increasing both loahlregional scale diversity (Company
J.B., Bo et al.,, 2012; Cau et al., 2015). Recendifigs suggest that increased habitat
heterogeneity in canyons is responsible for enlmgnbenthic biodiversity and creating
biomass hotspots (Vetter 1994; Vetter et al. 2080 ce a variety of environmental and
physical characteristics interact often canyon taéhi predictions concerning the effects of
canyons on local (alpha) and regional (gamma) dityerare still not clear. Very few
studies have focused on comparing canyon effectsahversity at several spatial scales:
i.e., at local or within habitat (alpha diversityacross different habitat types (beta
diversity), and regional scales (gamma diversiEyrthermore in consideration of possible
conservation plans, Beta diversity is thought tcabgarticularly important component of
biodiversity as it can be used to identify hetermg in species assemblages along
environmental gradients as well as biodiversityshots (Magurran, 2005).

In this concern, two community-studies were conedeind the following hypotheses were

tested: (1) deep coral community differ amdogations showing contrasting geological

109



features (2) deep coral community vary across spatial escabf observation and
environmental settings. Based on the results oh esdiady, the following conclusions
emerged.

The first chapter of the thesis was dedicated toraparative analysis ialpha andbeta
diversity of coral community composition inhabitin§ardinia continental margin
characterized by highly contrasting geological isget (canyons vsoche du large
ecosystem).Through a nested experimental design, results shol@v contrasting
geological setting actually do not influence thensal forests, both quantitatively and
qualitatively. Therefore, it was not possible tgadiminate “pinnacle communities” from
“canyon communities” as the high heterogeneity plek among sites overcame the
variability observed among locations. The role tté tested environmental factors within
each different morphological features, which arec@lly involved in current flow
modifications and consequently in the distributadribenthic fauna, seem to play a primary
role driving diversity in these deep-coral commi@sit

In chapter 3, considering the results emerged frwarfirst study, we than decide to further
extended the investigation on coral community cositpm along a wider spatial scale
(from the northeastern to the southeastern of Biardcontinental margin), though
comparing similar geomorphological setting (submarcanyons). Our results, based on a
limited number of different canyons and a limitext ef benthic megafaunal organisms,
suggest that coral community composition differédoaal spatial scale (across canyons
within the same area), but not among regional apatiale (among the three geographical
areas). The main environmental factors such adboti®m geomorphologicafeatures of
the canyons’ (estimated in terms of silt coverage slope of the substrate), have not show
any relevant explanatory role in the coral commasitariations at all of the investigated

spatial scales, whereas, that largest variationBarcoral community composition appear
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to be constrained by variations in the hydrodynaaainditions (depth and distance from
the coast) operating at the local scale.

In the last chapter to corroborate the show ewdesf new live assemblages of habitat
forming cold-water corals dwelling along Sardinidbmarine canyons. We focus our study
on a single species investigation as we descritedlistribution and demographic features
of scleractinian habitat-forming cold water cokél oculatadocumented for the first time
in the northeast Sardinian continental margin, reiteg the geographical framework of the
recently discovered “Sardinian cold water coralvproe” documented by Taviani et al.,
(2016). Results showed how the Sardinian CWC pravia a relevant biodiversity area in
the Mediterranean deep-sea characterized by a dgnoseéh of M. oculata colonies,
abundance of D. dianthus, presence of living Ltyser. These new occurrences are central
in the understanding the connectivity, distributpatterns and population structure among
discontinuous deep-water coral grounds within thedierranean Sea. Its unique
geographical location in the Mediterranean CWCywipees framework prompt the need
to increase the effort in ROV investigations aldd@dinian waters. In the context of a
growing concern by the scientific community abdug importance for deep-sea marine
resources, the precious white corals communityacgyt deserves a higher attention and a

better management.
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