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Abstract

In the last two decades, many new living cold-water coral (CWC) sites throughout the Mediterranean basin have been dis-
covered and investigated. As part of oceanographic cruises, using ROVs and towed cameras, and trawl and longline surveys
as well as records from fishermen, a belt of CWC communities has been identified along the Apulian continental margin
(Central Mediterranean). The most investigated CWC communities are those of the Santa Maria di Leuca (SML) CWC prov-
ince (northern Ionian Sea) and Bari Canyon (BC) (southern Adriatic Sea). These communities are mainly structured by the
habitat-former species Madrepora oculata and, to a lesser extent, by Lophelia pertusa together with Dendrophyllia cornigera,
solitary species, such as Desmophyllum dianthus, black coral, such as Leiopathes glaberrima, sponges (e.g., Pachastrella
monilifera, Poecillastra compressa), serpulids, boring clams and colonies of bryozoans. CWC sites are biodiversity hot-spots,
that act as “Essential Fish Habitats” for commercial species and through the spill-over effect might contribute to the renewal
of stocks in neighbouring fishing grounds, providing ecosystems’ goods and services. Despite their particular features, CWC
areas along the Apulian slope are impacted by different anthropogenic activities. Fishermen operate close and around these
areas with the aim of obtaining greater catches and sizes of commercial species. Although there are many conservation
proposals for CWC habitats and a Fisheries Restricted Area established for Santa Maria di Leuca CWC province, human
pressure is still very strong, due to the lack of adequate conservation measures. An effective system of monitoring, control
and surveillance will be fundamental to meet the conservation objectives and to reach the Good Environmental Status as
part of the Marine Strategy Framework Directive.

Keywords CWC communities - Central Mediterranean - Megafauna diversity - Fishery resources - Conservation
perspectives

1 Introduction

In the last two decades, many new living cold-water coral
(CWC) sites throughout the Mediterranean basin have been
discovered and six CWC provinces have been recognized
to date (e.g., Freiwald et al. 2009; Taviani et al. 2017). As
This contribution is the written, peer-reviewed version of a part of oceanographic cruises with ROV and towed cameras,
paper presented at the Conference “Changes and Crises in the trawl and longline surveys as well as records by fishermen,
Mediterranean Sea” held at Accademia Nazionale dei Lincei in a belt of CWC communities has been identified along the
Rome on October 17, 2017. . . . . .
Apulian continental margin (Central Mediterranean) (Fig. 1)
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Fig.1 Cold-water coral (CWC) communities investigated along the
Apulian continental margin between the southwestern Adriatic Sea
and northwestern Ionian Sea (Central Mediterranean). GS Gondola
Slide, BC Bari Canyon, Mn off Monopoli, SML Santa Maria di Leuca
CWC province, PC off Porto Cesareo. Solid dots indicate the records
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tangle indicates the SML CWC province, with an extension of about
1000 km? (modified from D’Onghia et al. 2016)
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Angeletti et al. 2014; D’Onghia et al. 2016; Taviani et al.
2016). From the Gondola Slide (southwestern Adriatic Sea)
to Porto Cesareo (northwestern Ionian Sea), the most investi-
gated CWC communities are those of the Bari Canyon (BC)
(southern Adriatic Sea) and Santa Maria di Leuca (SML)
CWC province (northern Ionian Sea). Most of these CWC
communities are out of Territorial Waters (12 nautical miles)
and, apart from SML, no conservation measures have yet
been established for them. The BC and SML CWC provinces
are both mainly structured by the habitat-former species
Madrepora oculata and, to a lesser extent, by Lophelia per-
tusa together with Desmophyllum dianthus and Dendrophyl-
lia cornigera, black coral, such as Leiopathes glaberrima,
sponges, such as Pachastrella monilifera and Poecillastra
compressa, serpulids, boring clams and colonies of bryozo-
ans, which are also widespread in these communities (Tursi
et al. 2004; Taviani et al. 2005; Mastrototaro et al. 2010;
Bo et al. 2012; Sanfilippo et al. 2013; Angeletti et al. 2014;
D’Onghia et al. 2015b).

In this paper, some characteristics of the megafauna
diversity recorded in and around some cold-water coral
habitats distributed along the Apulian continental slope
(southern Adriatic and northern Ionian, central Mediterra-
nean) are briefly reviewed, presenting the main deep-water
fishery resources and the conservation perspectives of both
habitats and resources.

2 Megafauna diversity and ecosystem
services

To date, a total of 111 and 257 invertebrate and vertebrate
species have been recorded from the BC and SML CWC
provinces, respectively (Figs. 2, 3) (D’Onghia et al. 2015b).

Among the species recorded, some are endemic (e.g.,
Eurypon topsenti, Hexadella pruvoti and Vermiliopsis mono-
discus), some others are of conservation importance (e.g.,
Hexanchus griseus, Centrophorus granulosus and Merluc-
cius merluccius), many others are of interest to fishery (e.g.,
Merluccius merluccius, Phycis blennoides, Pagellus boga-
raveo and Helicolenus dactylopterus), although of variable
commercial values. The fish assemblages recorded in these
CWC sites reflect the fish fauna previously collected on fish-
ing grounds (e.g., Bello and Rizzi 1988; D’Onghia et al.
1998; Ungaro et al. 1998a, b; Relini et al. 2000, 2010). The
presence of species at the top of the marine food web, such
as Centrophorus granulosus, Dalatias licha and Merluc-
cius merluccius has been recorded in the BC, SML CWC
provinces and other CWC communities along the Apulian
slope. The former is considered Critically Endangered (CR)
and the latter two are Vulnerable (VU) on the International
Union of Conservation of Nature (IUCN) European Red List
of Marine Fishes (Nieto et al. 2015). It has been documented

in several geographic locations that CWC habitats act as
shelter and life-history critical habitats for many commercial
and non-commercial species (e.g., Brodeur 2001; Fossa et al.
2002; Reed 2002; Costello et al. 2005; Busby et al. 2006;
Stone 2006; Etnoyer and Warrenchuk 2007; Sulak et al.
2007; Quattrini et al. 2009; Baillon et al. 2012; Miller et al.
2012; Henry et al. 2013; Ross et al. 2015). The remarkable
abundance of juveniles both of the shark Etmopterus spinax
and teleost fish M. merluccius, Micromesistius poutassou,
P. blennoides and H. dactylopterus suggests that the SML
CWC province acts as a nursery area for these deep-water
species which find suitable environmental conditions and
refuge from fishing (D’Onghia et al. 2010, 2016), due to
its complex topography related to the presence of carbon-
ate mounds (Savini et al. 2014). The presence of maturing
and mature individuals, both females and males, as well as
post-reproductive individuals of Galeus melastomus, Conger
conger, H. dactylopterus, M. merluccius, P. blennoides and
P. bogaraveo, although in different proportions, indicates
that these CWC communities act as spawning areas, repre-
senting “sources” of new individuals which can spill-over
into fishing areas (D’Onghia et al. 2016).

All the CWC communities provide ecosystems’ goods
and services as described in the Millennium Ecosystem
Assessment (2005), that is supporting services, provisioning
services, regulating services and cultural services. Support-
ing services are those that are necessary for the production
of all other ecosystem services. Examples of supporting
services are habitat, nutrient cycling, water circulation and
exchange, primary production, and resilience. Provisioning
services are the products used by humans that are obtained
directly from habitats and ecosystems. Regulating services
are the benefits obtained through the natural regulation of
habitats and ecosystem processes, such as gas and climate
regulation, natural carbon sequestration and storage, waste
absorption and biological control. Cultural services are the
often non-material benefits which people obtain from habi-
tats and ecosystems through recreation, aesthetic enjoyment,
inspiration and awe (Grehan et al. 2009; Armstrong et al.
2014). In particular, CWCs are indirect provider of support-
ing services, such as habitat and biodiversity. The habitat
service is provided by the bioconstructor species which in
the SML CWC province are mostly represented by the colo-
nial scleractinians M. oculata and L. pertusa. The complex-
ity of CWC habitats is enhanced by the abundant presence
of massive poriferans (Longo et al. 2005; Mastrototaro et al.
2010). As these communities are unsuitable for trawl fishing
and only partly suitable for longline and other gears, many
benthic and benthopelagic organisms can spend part of their
life cycle almost undisturbed there. Thus, these communities
are an indirect provider of provisioning services in terms of
food, represented by the commercial species that use this
habitat for shelter, feeding, spawning and as nursery areas,
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Fig.2 Taxa composition in Bari Canyon and Santa Maria di Leuca CWC province (modified from D’Onghia et al. 2015b)

often reaching greater biomass and sizes than in exploited
areas (e.g., D’Onghia et al. 2010, 2016, 2017). Other provi-
sioning services include chemical compounds for industrial
and pharmaceutical applications (Armstrong et al. 2014).
Regulating services could be related to carbon sequestration
due to CWC and resilience of the ecosystem with respect to
environmental disturbance. However, no assessments have
been carried out for the CWC communities studied in the
Central Mediterranean. Canyons and CWCs do not offer
recreational or tourism services due to their inaccessibility,
but they can provide cultural services related to research
in bio-prospecting and in climate change studies as well as

@ Springer

education and dissemination activities (Grehan et al. 2009;
Armstrong et al. 2014).

3 Fishery resources

CWC communities are impacted by anthropogenic activities
(Hinz 2017). The major direct impacts are due to deep-water
fishing activities which mainly include longlining and acci-
dental trawling, discarded/lost gears, dumping and littering.
Fishermen operate in these sites with the aim of obtaining
greater catches and sizes of commercial species. This occurs
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Fig.3 Bari Canyon and Santa Maria di Leuca cold-water coral
(CWC) communities. a SML CWC: Plesionika martia in coral habi-
tat, b SML CWC: Cidaris cidaris in coral habitat; ¢ SML CWC:
Madrepora oculata; d Bari Canyon: H. dactylopterus; e Bari Canyon:

also in the SML CWC province where a Fisheries Restricted
Area (FRA) has been established (D’Onghia et al. 2017).

The largest marine fishery districts in the study area are
Manfredonia, Molfetta, Bari (including Mola di Bari and
Monopoli) and Gallipoli (Fig. 1). The fisheries belonging to
the marine administrative district of Gallipoli operate to the
northwestern of the SML CWC province, while the Adriatic
fisheries often work close to the BC and other CWC sites.
Among the deep-water fishery resources, the European hake
(M. merluccius) is the most abundant demersal fish. This fish
species is caught with trawl nets and longlines and bottom
gill nets. It is a primary resource for Italian and in general
for Mediterranean demersal commercial fishing, whose
exploitation has been constantly monitored since the 1980s
by national and EU research projects still in progress. An
overfishing condition of the hake in all Italian seas has been
detected (Relini et al. 2017).

In the northern Ionian, the deep-water shrimps Aristeus
antennatus and Aristaeomorpha foliacea, represent the most
valuable deep-water fishery resources (D’Onghia et al. 2005;

school of P. bogaraveo; f Bari Canyon: Hexanchus griseus on bait; g
SML CWC: Conger conger in coral habitat; h Bari Canyon: Polyp-
rion americanus; i SML CWC: Paromola cuvieri and Pagellus boga-
raveo

Sion et al. 2011; Tursi et al. 2011). Other important deep-
water demersal resources, between the southern Adriatic
and northern Ionian, are the crustaceans Norway lobster
(Nephrops norvegicus) and the deep-water rose shrimp
(Parapenaeus longirostris) (Lembo and Spedicato 2011a,
b; Sion et al. 2011; Tursi et al. 2011). On the fishery grounds
of the shelf edge and upper slope other fish species, such
as the blue whiting (M. poutassou), greater forkbeard (P.
blennoides), poor cod (Trisopterus capelanus), rockfish (H.
dactylopterus), European conger (C. conger) and anglerfish
(Lophius piscatorius and Lophius budegassa), provide a var-
iable contribution to the capture of the trawls and longlines.
Several species are captured as by-catch, among which the
blackmouth catshark, G. melastomus is the most abundant.
The hake (M. merluccius) is the primary target species also
from offshore longline, followed by European conger (C.
conger), gurnard (Chelidonichthys lucerna), rockfish (H.
dactylopterus), greater forkbeard (P. blennoides) and blacks-
pot seabream (P. bogaraveo) (Ungaro et al. 2005). Shark spe-
cies, such as H. griseus and G. melastomus, are frequently
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captured on deeper bottoms (Romanelli and Tarulli 2002).
All these commercial species are captured on the fishing
grounds and are also associated with CWC habitats.

4 Conservation perspectives

Fishing activity affects directly both fish stocks and CWC
habitats; the reduction of these habitats will consequently
negatively affects indirectly the fish stock. Hence, the
destruction of these habitats, due to fishing, may have impli-
cations for service provision and a negative effect on the
harvest as already documented in other areas (Armstrong
and Falk-Petersen 2008; Armstrong et al. 2009).

The “deep-sea corals” habitat is reported on the list of
priority habitats present in Italy (Relini and Tursi 2009)
according to the SPA/BIO protocol (Barcelona Conven-
tion) and the SML CWC province is also included among
the selected areas of conservation interest in the open sea,
including deep sea (Specially Protected Areas of Mediterra-
nean Importance) (SPAMIs) (UNEP-MAP-RAC/SPA 2009,
2010; de Juan et al. 2012). The criteria of rarity, importance
for life-history stages of species, importance for threatened
and endangered species/habitats, vulnerability, biological
diversity and naturalness, make CWC ecosystem a Sensitive
Habitat (SH) (de Juan and Lleonart 2010). In this respect,
the SML CWC province is included in the proposed conser-
vation plan of “Vulnerable habitats” (de Juan and Lleonart
2010). In addition, this Mediterranean CWC area is also
among the proposed priority conservation areas according
to several conservation initiatives (e.g., UNEP MAP EBSA;
CIESM/Mediterranean Marine Peace Parks; Oceana/Med-
Net) (Oceana 2011; Micheli et al. 2013). CWC are included
on the lists of Vulnerable Marine Ecosystems (VME) for
which conservation constitutes a global priority (FAO 2009).
Furthermore, since corals may provide Essential Fish Habi-
tat (EFH) for commercial fish and invertebrates (e.g., Reed
2002; Roberts et al. 2009; Baillon et al. 2012; Henry et al.
2013; Fabri et al. 2014; Bo et al. 2015; D’Onghia et al. 2016;
Huvenne et al. 2016; Cau et al. 2017), their protection could
combine biodiversity conservation and fisheries manage-
ment objectives according to the Ecosystem Approach to
Fisheries (EAF) (Garcia et al. 2003). This implies sustain-
able management not only of the commercial stocks but also
of the whole environmental system which supports their
production, including the economic and social dimension
(Spagnolo 2006; Tursi et al. 2015).

Considering the impact of trawling and, to a lesser extent,
of other fishing gears, such as longline, on CWC communi-
ties, in January 2006 the General Fisheries Commission for
the Mediterranean (GFCM) created the new legal category
of “Fisheries Restricted Area” (FRA). The FRA covers a
part of the SML CWC province. Towed dredges and bottom
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trawl nets have been prohibited in the FRA. Members are
required to call the attention of the appropriate authorities
to protect this FRA from the impact of any other activity
jeopardizing the conservation of the features that character-
ize the particular habitat (General Fisheries Commission for
the Mediterranean—Regional Activity Centre for Specially
Protected Areas, GFCM-RAC/SPA 2007).

Data on longlining and trawling activities from an
observer program as well as through analysis of Vessel
Monitoring System records, proved that trawlers still often
fish inside the Fisheries Restricted Area (FRA) within the
SML CWC province (D’Onghia et al. 2017). Moreover,
using a camera system, impacts of longline fishing were
evident through observations of lost gear, while otter board
scars resulting from trawling impacts were also visible
(D’Onghia et al. 2017). Observations by Savini et al. (2014)
and D’Onghia et al. (2017) evidenced that plastic is the most
abundant litter in the SML CWC province. The high abun-
dance of plastic bags in coral-dominated habitats seems to
be related to the ‘trapping effect’ of branching colonial cor-
als located on geomorphological highs exposed to the strong
currents that tend to gather plastic material (Savini et al.
2014).

A lack of monitoring, control and surveillance (MCS) has
rendered the FRA ineffective and that strengthening of con-
servation and management initiatives is urgently required to
prevent further overexploitation and habitat loss (D’Onghia
et al. 2017; Grehan et al. 2017).

No protection measures exist for the Bari Canyon and
other CWC communities along the Apulian margin, and in
general for the Mediterranean CWC communities. However,
the Bari Canyon is among the 30 “jewels” of the Mediter-
ranean selected by Oceana (2011) with EBSA (Ecologically
or Biologically Significant Marine Area) criteria four (vul-
nerability, fragility, sensitivity and slow recovery) and six
(Biological diversity) (Marin and Aguilar, 2012). The recent
studies carried out along the Apulian margin (Angeletti et al.
2014; D’Onghia et al. 2015a, b, D’Onghia et al. 2016; Tavi-
ani et al. 2016; Bargain et al. 2017) suggest that other EBSA
criteria (e.g., one: uniqueness or rarity; three: importance for
threatened, endangered or declining species and/or habitats;
five: biological productivity; seven: naturalness) as well as
the VME criteria (one: uniqueness or rarity; two: functional
significance of the habitat; three: fragility; four: life-history
traits that make recovery difficult; five: structural complex-
ity) (FAO 2009) could also be assigned to the Bari Canyon
and need to be taken into account for the planning of future
marine protected areas (MPAs) and management measures
to preserve its high biodiversity level in relation to the pres-
ence of CWC species.

The management requires both human and financial
resources. Effort should be made to educate and persuade
local people of the need to protect CWC communities.
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Public awareness, stakeholder involvement and an effective
system of MCS are fundamental to meet any conservation
plans as well as to reach the Good Environmental Status as
part of the Marine Strategy Framework Directive (MSFD).
MCS of fisheries in deep sea will need approaches that
involve fusion of data from a number of different sources
including satellite-based remote sensing and other developed
technologies (Rogers et al. 2015). In addition to the MCS,
the establishment of a small network of FRAs in the region
would favour a management approach according to an EAF.

Acknowledgements This study benefited from data recorded during
the MEDITS EU project, CoralFISH, OBAMA and CoCoNet EU_7FP
projects, MSFD of the Regione Puglia and the Ricerca ITaliana per
il MARE (RITMARE) funded by the Ministry of University and
Research.

References

Angeletti L, Taviani M, Canese S, Foglini F, Mastrototaro F, Argnani
A, Trincardi F, Bakran-Petricioli T, Ceregato A, Chimienti G,
Macic¢ V, Poliseno A (2014) New deep-water cnidarian sites in
the southern Adriatic Sea. Medit Mar Sci 15(2):1-11

Armstrong CW, Falk-Petersen J (2008) Habitat fisheries interactions:
A missing link? ICES J Mar Sci 65:817-821

Armstrong CW, Grehan AJ, Kahui V, Mikkelsen E, Reithe S, Van Den
Hove S (2009) Bioeconomic modeling and the management of
cold-water coral resources. Oceanography 22(1):86-91

Armstrong CW, Foley N, Kahui V, Grehan A (2014) Cold water coral
reef management from an ecosystem service perspective. Mar
Policy 50:126-134

Baillon S, Hamel J-F, Wareham VE, Mercier A (2012) Deep cold-
water corals as nurseries for fish larvae. Front Ecol Environ
10(7):351-356

Bargain A, Marchese F, Savini A, Taviani M, Fabri MC (2017) Santa
Maria di Leuca Province (Mediterranean Sea): identification of
suitable mounds for cold-water coral settlement using geomor-
phometric proxies and maxent methods. Front Mar Sci. https://
doi.org/10.3389/fmars.2017.0033

Bello G, Rizzi E (1988) I teleostei raccolti nell’Adriatico meridionale
nelle campagne sperimentali di pesca a strascico 1985-87. Quad
Ist Ric Pes 5:77-90

Bo M, Canese S, Spaggiari C, Pusceddu A, Bertolino M, Angio-
lillo M, Giusti M, Loreto MF, Salvati E, Greco S, Bavestrello
G (2012) Deep coral oases in the South Tyrrhenian Sea. PLoS
One 7:¢49870

Bo M, Bavestrello G, Angiolillo M, Calcagnile L, Canese S, Cannas
R, Cau A, D’Elia M, D’Oriano F, Follesa MC, Quarta G, Cau A
(2015) Persistence of pristine deep-sea coral gardens in the Medi-
terranean Sea (SW Sardinia). PLoS One 10:e0119393

Brodeur RD (2001) Habitat-specific distribution of Pacific ocean perch
(Sebastes alutus) in pribilof canyon, Bering Sea. Cont Shelf Res
21:207-224

Busby MS, Orr JW, Blood DM (2006) Eggs and late-stage embryos
of Allocareproctus unangas (family Liparidae) from the Aleutian
Islands. Ichthyol Res 53:423-426

Canals M, Danovaro R, Heussner S, Calafat AM, Durrieu de Madron
X, Palanques A, Sanchez-Vidal A (2009) Cascades in Mediter-
ranean submarine grand canyons. Oceanography 22:26—43

Cau A, Alvito A, Moccia D, Canese S, Pusceddu A, Cannas R, Angi-
olillo M, Follesa MC (2017) Submarine canyons along the upper

Sardinian slope (Central Western Mediterranean) as repositories
for derelict fishing gears. Mar Pollut Bull 123(1-2):357-364

Costello MJ, McCrea M, Freiwald A, Lundalv T, Jonsson L, Bett BJ,
van Weering TCE, de Haas H, Roberts JM, Allen D (2005) Role
of cold-water Lophelia pertusa coral reefs as fish habitat in the
NE 116. In: Freiwald A, Roberts JM (eds) Cold Water Coral and
Ecosystems. Springer, Heidelberg, pp 771-805

D’Onghia G, Tursi A, Maiorano P, Matarrese A, Panza M (1998)
Demersal fish assemblages from the bathyal grounds of the
north-western Ionian Sea. Ital J Zool 65:287-292

D’Onghia G, Capezzuto F, Mytilineou Ch, Maiorano P, Kapiris K,
Carlucci R, Sion L, Tursi A (2005) Comparison of the popu-
lation structure and dynamics of Aristeus antennatus (Risso,
1816) between exploited and unexploited areas in the Mediter-
ranean Sea. Fish Res 76:22-38

D’Onghia G, Maiorano P, Sion L, Giove A, Capezzuto F, Carlucci R,
Tursi A (2010) Effects of deep-water coral banks on the abun-
dance and size structure of the megafauna in the Mediterranean
Sea. Deep-Sea Res II 57:397-411

D’Onghia G, Capezzuto F, Carluccio A, Carlucci R, Giove A, Mas-
trototaro F, Panza M, Sion L, Tursi A, Maiorano P (2015a)
Exploring composition and behaviour of fish fauna by in situ
observations in the Bari Canyon (Southern Adriatic Sea, Central
Mediterranean). Mar Ecol 36:541-556

D’Onghia G, Capezzuto F, Cardone F, Carlucci R, Carluccio A,
Chimienti G, Corriero G, Longo C, Maiorano P, Mastrototaro
F, Panetta P, Rosso A, Sanfilippo R, Sion L, Tursi A (2015b)
Macro- and megafauna recorded in the submarine Bari Canyon
(southern Adriatic, Mediterranean Sea) using different tools.
Mediterr Mar Sci 16(1):180-196

D’Onghia G, Calculli E, Capezzuto F, Carlucci R, Carluccio A,
Maiorano P, Pollice A, Ricci P, Sion L, Tursi A (2016) New
records of cold-water coral sites and fish fauna characterization
of a potential network existing in the Mediterranean Sea. Mar
Ecol 37:1398-1422

D’Onghia G, Calculli C, Capezzuto F, Carlucci R, Carluccio A,
Grehan A, Indennidate A, Maiorano P, Mastrototaro F, Pollice
A, Russo T, Savini A, Sion L, Tursi A (2017) Anthropogenic
impact in the Santa Maria di Leuca cold-water coral province
(Mediterranean Sea): observations and conservation straits.
Deep Sea Res II 145:87-101

de Juan S, Lleonart J (2010) A conceptual framework for the pro-
tection of vulnerable habitats impacted by fishing activities in
the Mediterranean high seas. Ocean Coast Manag 53:717-723

de Juan S, Moranta J, Hinz H, Barbera C, Ojeda-Martinez C, Oro
D, Ordines F, Olafsso E, Demestre M, Massuti E, Lleonart J
(2012) A regional network of sustainable managed areas as the
way forward for the implementation of an ecosystem-based fish-
eries management in the Mediterranean. Ocean Coast Manag
65:51-58

Etnoyer P, Warrenchuk J (2007) A catshark nursery in a deep Gorgon-
ian field in the Mississippi Canyon. Gulf of Mexico Bull Mar Sci
8:553-559

Fabri MC, Pedel L, Beuck L, Galgani F, Hebbeln D, Freiwald A (2014)
Megafauna of vulnerable marine ecosystems in French Mediter-
ranean submarine canyons: spatial distribution and anthropogenic
impacts. Deep Sea Res II 104:184-207

FAO (2009) Report of the technical consultation on international
guidelines for the management of deep-sea fisheries in the high
seas, Rome, 4-8 February and 25-29 August 2008. FAO Fish
Aquac Rep 881:86

Fossa JH, Mortensen PB, Furevik DM (2002) The deep-water coral
Lophelia pertusa in Norwegian waters: distribution and fishery
impacts. Hydrobiologia 471:1-12

Freiwald A, Beuck L, Riiggeberg A, Taviani M, Hebbeln D, R/V
METEOR Cruise M70-1 Participants (2009) The white coral

@ Springer


https://doi.org/10.3389/fmars.2017.0033
https://doi.org/10.3389/fmars.2017.0033

Rendiconti Lincei. Scienze Fisiche e Naturali

community in the Central Mediterranean Sea revealed by ROV
surveys. Oceanography 22:58-74

Garcia SM, Zerbi A, Aliaume C, Do Chi T, Lasserre G (2003) Issue,
terminology, principles, institutional foundations, implementation
and outlook. In: The ecosystem approach to fisheries, FAO Fisher-
ies Technical Paper 443, FAO, Rome, p 71

General Fisheries Commission for the Mediterranean—Regional
Activity Centre for Specially Protected Areas, GFCM-RAC/SPA
(2007) Report of the Transversal Workshop on Marine Protected
Areas (MPAs). Tunisia, Salammbo, p 34

Grehan AJ, van Den Hove S, Armstrong CW, Long R, Rensburg TV,
Gunn V, Mikkelsen E, de Mol B, Hain S (2009) HERMES pro-
moting ecosystem-based management and the sustainable use and
governance of deep-water resources. Oceanography 22:154-166

Grehan AJ, Arnaud-Haond S, D’Onghia G, Savini A, Yesson C (2017)
Towards ecosystem based management and monitoring of the
deep Mediterranean, North-East Atlantic and Beyond. Deep Sea
Res II 145:1-7

Henry LA, Navas JM, Hennige SJ, Wicks LC, Vad J, Murray Roberts J
(2013) Cold-water coral reef habitats benefit recreationally valu-
able sharks. Biol Conserv 161:67-70

Hinz H (2017) Impact of bottom fishing on animal forests: science,
conservation, and fisheries management. In: Rossi S et al (eds)
Marine animal forests, vol 37. Springer, Cham, pp 1041-1059

Huvenne VAI Bett BJ, Masson DG, Le Bas TP, Wheeler AJ (2016)
Effectiveness of a deep-sea cold-water coral Marin Protected Area,
following 8 years of fisheries closure. Biol Conserv 200:60-69

Lembo G, Spedicato MT (2011a) Lo stato delle risorse demersali nei
mari italiani. GSA 18 — Adriatico meridionale. In: Cataudella S,
Spagnolo M (eds) The State of Italian Marine Fisheries and Aqua-
culture 1. Italy, Ministero delle Politiche Agricole Alimentari e
Forestali (MiPAAF), Rome, pp 79-87

Lembo G, Spedicato MT (2011b) Caratterizzazione ambientale delle
aree di pesca. GSA 18—Adriatico meridionale. In: Cataudella
S, Spagnolo M (eds) The state of Italian marine fisheries and
aquaculture 1. Ministero delle Politiche Agricole Alimentari e
Forestali (MiPAAF), Rome, pp 159-170

Longo C, Mastrototaro F, Corriero G (2005) Sponge fauna associated
with a Mediterranean white coral bank. J] Mar Biol Assoc UK
85:1341-1352

Marin P, Aguilar R (2012) Mediterranean submarine canyons 2012:
pending protection. In: Wiirtz M (ed) Mediterranean sub-marine
canyons: ecology and governance. [IUCN, Gland, Switzerland and
Milaga, Spain, pp 191-205

Mastrototaro F, D’Onghia G, Corriero G, Matarrese A, Maiorano P,
Panetta P, Gherardi M, Longo C, Rosso A, Sciuto F, Sanfilippo R,
Gravili C, Boero F, Taviani M, Tursi A (2010) Biodiversity of the
white coral bank off Cape Santa Maria di Leuca (Mediterranean
Sea): an update. Deep Sea Res II 57:412—430

Micheli F, Levin N, Giakoumi S, Katsanevakis S, Abdulla A, Coll M,
Fraschetti S, Kark S, Koutsoubas D, Mackelworth P, Maiorano L,
Possingham HP (2013) Setting priorities for regional conservation
planning in the Mediterranean Sea. PloS One 8(4):e59038

Millennium Ecosystem Assessment (2005) Ecosystems and human
well-being: synthesis. Millennium ecosystem assessment. Island
Press, Washington

Miller RJ, Hoceva J, Stone RP, Fedorov DV (2012) Structure-forming
corals and sponges and their use as fish habitat in Bering Sea
submarine canyons. PLoS One 7(3):e33885

Nieto A, Ralph GM, Comeros-Raynal MT, Kemp J, Garcia Criado M,
Allen DJ, Dulvy NK, Walls RHL, Russell B, Pollard D, Garcia S,
Craig M, Collette BB, Pollom R, Biscoito M, Labbish Chao N,
Abella A, Afonso P, Alvarez H, Carpenter KE, Clo S, Cook R,
Costa MJ, Delgado J, Dureuil M, Ellis JR, Farrell ED, Fernandes
P, Florin A-B, Fordham S, Fowler S, Gil de Sola L, Gil Her-
rera J, Goodpaster A, Harvey M, Heessen H, Herler J, Jung A,

@ Springer

Karmovskaya E, Keskin C, Knudsen SW, Kobyliansky S, Kovaci¢
M, Lawson JM, Lorance P, McCully Phillips S, Munroe T,
Nedreaas K, Nielsen J, Papaconstantinou C, Polidoro B, Pollock
CM, Rijnsdorp AD, Sayer C, Scott J, Serena F, Smith-Vaniz WF,
Soldo A, Stump E, Williams JT (2015) European red list of marine
fishes. Publications Office of the European Union, Luxembourg

Oceana (2011) Oceana MedNet, MPA proposal for the Mediterranean
Sea. 100 reasons to reach 10%. Oceana, Madrid

Quattrini AM, Partyka ML, Ross SW (2009) Aspects of the reproduc-
tive biology of the skate Fenestraja plutonia (Garman) off North
Carolina. Southeast Nat 8:55-70

Reed JK (2002) Deep-water Oculina coral reefs of Florida: biology,
impacts, and management. Hydrobiologia 471:43-55

Relini G, Tursi A (2009) Biocenosi dei coralli profondi. In: Relini G,
Giaccone G (eds) Gli habitat prioritari del protocollo SPA/BIO
(Convenzione di Barcellona) presenti in Italia. Schede descrittive
per I’identificazione. Biol Mar Medit 16(Suppl. 1), p 288-292

Relini G, Biagi F, Serena F, Belluscio A, Spedicato MT, Rinelli P,
Follesa MC, Piccinetti C, Ungaro N, Sion L, Levi D (2000) I
selaci pescati con lo strascico nei mari italiani. Biol Mar Mediterr
7:347-384

Relini G, Mannini A, De Ranieri S, Bitetto I, Follesa MC, Gancitano
V, Manfredi C, Casciaro L, Sion L (2010) Chondrichthyes caught
during the Medits surveys in the Italian waters. Biol Mar Mediterr
17:186-204

Relini G, Tunesi L, Vacchi M, Andaloro F, D’Onghia G, Fiorentino
F, Garibaldi F, Orsi Relini L, Serena F, Silvestri R, Battistoni
A, Teofili C, Rondinini C (2017) Lista Rossa IUCN dei Pesci
Ossei Marini Italiani. Comitato Italiano IUCN e Ministero
dell’Ambiente e della Tutela del Territorio e del Mare, Roma

Roberts JM, Wheeler A, Freiwald A, Cairns SD (2009) Cold-water
corals: the biology and geology of deep-sea coral habitats. Cam-
bridge University Press, Cambridge

Rogers A, Harborne AR, Brown CJ, Bozec YM, Castro C, Chollett I,
Hock K, Knowland C, Marshell A, Ortiz JC, Razak T, Roff G,
Samper-Villarreal J, Saunders MI, Wolff N, Mumby PJ (2015)
Anticipative management for coral reef ecosystem services in the
21st century. Glob Change Biol 21:504-514

Romanelli M, Tarulli E (2002) Mechanization of fishing operations
by fixed gears: report on tests performed by two “automation sys-
tems” for bottom longlines in the southern Adriatic and northeast-
ern lonian Seas. Thalassia Salent 26:81-111

Ross SW, Rhode M, Quattrini AM (2015) Demersal fish distribution
and habitat use within and near Baltimore and Norfolk Canyons,
U.S. middle Atlantic slope. Deep-Sea Res I 103:137-154

Sanfilippo R, Vertino A, Rosso A, Beuck L, Freiwald A, Taviani M
(2013) Serpula aggregates and their role in deep-sea coral com-
munities in the southern Adriatic Sea. Facies 59:663-677

Savini A, Vertino A, Marchese F, Beuck L, Freiwald A (2014) Mapping
cold-water coral habitats at different scales within the Northern
Tonian Sea (Central Mediterranean): an assessment of coral cover-
age and associated vulnerability. PLoS One 9:e87108

Sion L, Tursi A, D’Onghia G, Maiorano P, Capezzuto F, Carlucci R
(2011) Lo stato delle risorse demersali nei mari italiani. GSA
19—Mar Ionio occidentale. In: Cataudella S, Spagnolo M (eds)
The state of Italian marine fisheries and aquaculture 1. Italy, Min-
istero delle Politiche Agricole Alimentari e Forestali (MiPAAF),
Rome, pp 171-181

Spagnolo M (2006) Elementi di economia e gestione della pesca.
Franco Angeli, Milano

Stone RP (2006) Coral habitat in the Aleutian Islands of Alaska: depth
distribution, fine-scale species associations, and fisheries interac-
tions. Coral Reefs 25:229-238

Sulak KJ, Brooks RA, Luke KE, Norem AD, Randall MT, Quaid
AlJ, Yeargin GE, Miller JM, Harden WM, Caruso JH, Ross SW
(2007) Demersal fishes associated with Lophelia pertusa coral



Rendiconti Lincei. Scienze Fisiche e Naturali

and hard-substrate biotopes on the continental Slope, Northern
Gulf of Mexico. In: George RY, Cairns SD (eds) Conservation and
adaptive management of seamount and deep-sea coral ecosystems.
University of Miami, Miami, pp 65-92

Taviani M, Remia A, Corselli C, Freiwald A, Malinverno E, Mastroto-
taro F, Savini A, Tursi A (2005) First geo-marine survey of living
cold-water Lophelia reefs in the Ionian Sea (Mediterranean basin).
Facies 50:409—-417

Taviani M, Angeletti L, Antolini B, Ceregato A, Froglia C, Lopez
Correa M, Montagna P, Remia A, Trincardi F, Vertino A (2011)
Geo-biology of Mediterranean deepwater coral ecosystems. In:
Brugnoli E, Cavaretta G, Mazzola S, Trincardi F, Ravaioli M,
Santoleri R (eds) Marine research at CNR. Dipartimento Terra
e ambiente—Consiglio Nazionale delle Ricerche, Roma, pp
705-719

Taviani M, Angeletti L, Beuck L, Campiani E, Canese S, Foglini F,
Freiwald A, Montagna P, Trincardi F (2016) Reprint of ‘On and
Off the beaten track: megafaunal sessile life and Adriatic cascad-
ing processes’. Mar Geol 375:146-160

Taviani M, Angeletti L, Canese S, Cannas R, Cardone F, Cau A, Cau
AB, Follesa MC, Marchese F, Montagna P, Tessarolo C (2017)
The “Sardinian cold-water coral province” in the context of the
Mediterranean coral ecosystems. Deep Sea Res I 145:61-78

Tursi A, Mastrototaro F, Matarrese A, Maiorano P, D’Onghia G (2004)
Biodiversity of the white coral reefs in the Ionian Sea (Central
Mediterranean). Chem Ecol 20(Suppl. 1):S107-S116

Tursi A, D’Onghia G, Sion L, Carlucci R, Capezzuto F, Maiorano
P (2011) Caratterizzazione ambientale delle aree di pesca. GSA

19—Mar Ionio occidentale. In: Cataudella S, Spagnolo M (eds)
The State of Italian Marine Fisheries and Aquaculture 1. Minis-
tero delle Politiche Agricole Alimentari e Forestali (MiPAAF),
Rome, pp 88-94

Tursi A, Maiorano P, Sion L, D’Onghia G (2015) Fishery resources:
between ecology and economy. Rend Fis Acc Lincei 26:73-79

UNEP-MAP-RAC/SPA (2009) Synthesis of National Overviews on
Vulnerability and Impacts of Climate Change on Marine and
Coastal Biological Diversity in the Mediterranean Region. In:
Pavasovic A, Cebrian D, Limam A, Ben Haj S, Garcia- Charton
JS (eds), RAC/SPA, Tunis, p 76

UNEP-MAP-RAC/SPA (2010) The Mediterranean Sea Biodiversity:
state of the ecosystems, pressures, impacts and future priorities.
In: Bazairi H, Ben Haj S, Boero F, Cebrian D, De Juan S, Limam
A, Lleonart J, Torchia G, Rais C (eds), RAC/SPA, Tunis, p 100

Ungaro N, Marano G, Marsan R (1998a) Demersal fish assemblage
biodiversity as an index of fishery resources exploitation. Ital J
Zool 65:511-516

Ungaro N, Marano G, Vlora A, Martino M (1998b) Spacetime varia-
tions of demersal fish assemblages in the southwestern Adriatic
Sea. Vie Milieu 48:191-201

Ungaro N., Marano G., Pastorelli A.M., Rositani L. (2005) Some
information on offshore bottom longline fishery in the southern
Adriatic Sea (GFCM Geographical Sub-Area 18). Annex of GCP/
RER/010/ITA/TD-15/AdriaMed Technical Documents n. 15

@ Springer



	Cold-water coral communities in the Central Mediterranean: aspects on megafauna diversity, fishery resources and conservation perspectives
	Abstract
	1 Introduction
	2 Megafauna diversity and ecosystem services
	3 Fishery resources
	4 Conservation perspectives
	Acknowledgements 
	References




