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Foreword

Spend any time working on cold-water corals and you will quickly find yourself, like the corals
themselves, at the confluence of ocean physics, geology, chemistry and biology. This meeting
of disciplines is beautifully explored in the diverse chapters of this book where Covadonga
Orejas and Carlos Jiménez have carefully selected an impressive collection of contributions
spanning the past, present and future of Mediterranean cold-water corals.

The very word Mediterranean derives from the Latin “in the middle of land”, and this
almost land-locked sea has long fascinated marine scientists. The relatively small volume and
rapid overturning circulation patterns of its waters make the Mediterranean an intriguing loca-
tion to follow the implications of global climatic change from ocean warming to acidification.
Its present biodiversity and biogeography reflects the imprint of major climatic changes from
the severity of the Messinian Salinity Crisis, when the entire basin was cut from the Atlantic,
through to its recolonisation over subsequent millennia. Much later during the last glaciation,
while northern latitudes were under ice and the Atlantic’s overturning circulation slowed, it is
highly likely that the Mediterranean provided refuge for some of the cold-water corals today
most abundant in the Atlantic Ocean. Our understanding of this fascinating history is far from
complete, but the revolution in our abilities to accurately date fossil coral remains and trace
genetic lineages with next-generation sequencing approaches mean the pieces of this compli-
cated jigsaw are gradually being assembled.

The Mediterranean also has a very special place in the history of cold-water coral research.
In popular culture the word coral is often linked to the coral jewellery produced since antiquity
from skeletons of the Mediterranean precious coral Corallium rubrum, a practice that has
sadly had severe consequences for today’s Corallium populations. Linnaeus described the
scleractinian Madrepora oculata from samples taken from the central Mediterranean and
Tyrrhenian Sea and some of the best-preserved fossil reef occurrences of the iconic Atlantic
framework-former Lophelia pertusa are found on islands like Rhodes and Crete. Indeed, it was
until relatively recently that it seemed the Mediterranean no longer supported substantial live
cold-water coral reef habitats. At the turn of the twenty-first century I vividly remember the
excitement when the Santa Maria di Leuca coral mounds were first discovered in the northern
Ionian Sea — reversing the accepted wisdom that the Mediterranean had become a graveyard
for living reefs of Lophelia, Madrepora and Desmophyllum.

Thus, the Mediterranean holds a special place for deep coral researchers, particularly those
working in the Atlantic. We cannot understand the interconnectivity of today’s Atlantic cold-
water coral habitats if we do not understand their wider relationships to neighbouring sea
basins, especially those that formed important glacial refugia. This book is being published
half way through one of the most ambitious attempts to understand deep-water ecosystems,
including cold-water corals, at the scale of the North Atlantic Ocean. The European Horizon
2020 ATLAS project (2016-2020) brings together over 120 researchers from Europe, Canada
and the USA with the shared objective of producing a transatlantic assessment of deep-water
ecosystems and developing integrated ecosystem-based spatial management plans for their
long-term conservation and management. It is telling that the second dedicated ATLAS
research cruise in 2016 was the MEDWAVES expedition that sailed from the Strait of Gibraltar
to the Azores and back again to follow the influence of Mediterranean outflow water on the
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Foreword

biodiversity and biogeography of cold-water corals and other key taxa on Atlantic seamounts
and offshore banks.

As I write this it is simply fantastic to reflect upon how much has been achieved since the
renaissance of cold-water coral research in the Mediterranean began, arguably kick-started
with the discovery of the Santa Maria di Leuca coral mounds 18 years ago. We now know so
much more about the diversity of Mediterranean cold-water coral habitats from these deep reef
frameworks through to the habitats associated with dramatic canyons, mysterious mud volca-
noes and beautiful coral gardens of delicate antipatharian and gorgonian corals. We know more
about how important they are in the ecology of other species, notably fish, and are starting to
really understand how these corals are intimately linked with surface productivity and tight
coupling of that primary productivity to supply food via dynamic near-bed currents. We are
beginning to reveal just how important the archives locked in the chemistry of coral skeletons
will be in helping us to understand past environmental conditions, a resource we badly need to
understand as we move further into the Anthropocene and truly unparalleled rates of environ-
mental change.

Huge congratulations are due to everyone involved in this book, a book important not just
for the Mediterranean but for cold-water coral researchers across the world.

Head Changing Oceans Research Group J. Murray Roberts
School of GeoSciences

University of Edinburgh

Edinburgh, UK

January, 2019
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An Introduction to the Research
on Mediterranean Cold-Water Corals

Covadonga Orejas and Carlos Jiménez

1.1 About this Introductory Chapter

The aim of this chapter is to introduce the history of the deep-
sea and specifically living cold-water coral (CWC) research
in the Mediterranean Sea, as well as additional topics that the
46 chapters included in this volume provide to the marine
researchers interested in this field. The history of CWC
research in the Mediterranean begun in the eighteenth cen-
tury. Several names stand out in the discovery of the
Mediterranean CWCs, but without doubt Jean-Marie Péres
has a special place in the tale of the Mediterranean deep living
coral communities, being one of the pioneers of the
Mediterranean CWC research. The contributions of Péres and
others are highlighted in this introductory chapter, as well as
information about some of the most relevant and pioneering
deep-sea scientific expeditions and marine laboratories. In
addition, the main topics of each full and short (“drop”) chap-
ters are succinctly discussed while it is also pointed out that
large gaps in the knowledge of Mediterranean CWCs still
exist (e.g., reproduction, demography). A number of concepts
and definitions identified throughout the process of the com-
pilation of this volume were found to respond to multiple
meanings potentially resulting in confusion within the CWC
research community and thus warranting clarification. In the
last part of this introductory chapter, a short reflection is
included on aspects that we consider need further research
efforts and discussion, such as the major concern on the future
of the CWC habitats in the Mediterranean Sea as a result of
previous, current and past anthropogenic activities.

C. Orejas (<)

Instituto Espaiiol de Oceanografia (IEO), Centro Oceanografico de
Baleares, Palma de Mallorca, Spain

e-mail: cova.orejas@ieo.es

C. Jiménez
Enalia Physis Environmental Research Centre (ENALIA),
Nicosia, Cyprus

Energy, Environment and Water Research Centre (EEWRC)
of The Cyprus Institute, Nicosia, Cyprus

© Springer International Publishing AG, part of Springer Nature 2019

Despite being separated in three sections (Past, Present
and Future) the sections often contain elements of the other
ones. The time-line perspective provides better ecological
understanding of these deep-sea ecosystems.

1.2  Discovering the Mediterranean

Deep-Sea Benthos

The image of the Mediterranean as a relatively shallow and
warm-temperate sea still prevails in the collective mind.
However, this picture does not reflect the reality. In the
Mediterranean, deep submarine canyons incise the continen-
tal shelf, reaching depths in excess of 2000 m. Abyssal plains
are also present in the central parts of the three main
Mediterranean basins: western, central and eastern. As is the
case for most oceans and seas all over the world, most
research in the Mediterranean carried out in the past has also
been focused on the shallow areas. Hence, the story of the
research of the deep parts of the oceans is still young as the
first deep-sea discoveries took place in the middle of the
nineteenth century (Gage and Tyler 1992). Among the pio-
neer explorers of the life in the deep sea, names such as
Michael Sars (1805-1869), Edward Forbes (1815-1854) or
Sir Charles Wyville Thomson (1830-1882) stand out. The
Royal Society of London set the foundations of the deep-sea
research by supporting the first, truly deep-sea global expe-
ditions on board the vessels “Lightning” (1868), the
“Porcupine” (1869, 1870) and the legendary “Challenger”
(1872-1876). At around the same time, Mediterranean
researchers, such as Antoine Risso (1777-1845), described
the crustacean and fish faunas at depths from 600 to 1000 m.
These discoveries provided valuable information against the
so-called “azoic hypothesis™! by Forbes (1843). However, at

'The azoic hypothesis was proposed by Edward Forbes in 1843. It
stated that the abundance and variety of marine life decreased with
increasing depth. By extrapolation of his own measurements, Forbes
calculated that marine life would cease to exist below 550 m.

C. Orejas, C. Jiménez (eds.), Mediterranean Cold-Water Corals: Past, Present and Future, Coral Reefs of the World 9,
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the time, these Mediterranean findings were unfortunately
largely overshadowed by the discoveries from John Ross
(1777-1856) and his nephew James Clark Ross (1800-1862)
from the Antarctic expeditions on board the vessels “Erebus”
and “Terror” (1839-1843). In 1861, Edward Milne-Edwards
(1800-1885) officially rejected the “azoic hypothesis™ after
the recovery of a damaged submarine cable from >2000 m
depth off Sardinia, which was colonised by dozens of live
organisms, mostly molluscs and corals.

Subsequent to these initial discoveries, the Mediterranean
deep-sea studies were followed by the expedition on board
the vessel “Travailleur” (1880-1882), setting off from the
Gulf of Biscay in the Atlantic and making its journey to the
western Mediterranean. Later in 1890, the first truly
Mediterranean expedition took place on board the vessel
“Pola”, and was the first of a series of expeditions across the
entire basin. The Prince of Monaco, Albert I, a renowned
scientist, supported this expedition, which together with the
creation of the Oceanographic Institute in Paris, as well as
the Oceanographic Museum in Monaco, at the beginning of
the twentieth century were significant milestones in the his-
tory of marine research in the Mediterranean. Additionally,
the research vessels from the Oceanographic Museum in
Monaco, “Hirondelle I” and “Hirondelle II”, as well as
“Princess Alice I’ and “Princess Alice II”’, were fundamental
for the development of the marine research in the
Mediterranean. At the same time, Danish expeditions on
board the RV “Thor” and “Dana”, had also the Mediterranean
as a research target (Mavraki et al. 2016). In mid twentieth
century, several international scientists played important
roles in the Mediterranean basin research, including the
deep-sea areas. Among them was Rupert Riedl (1925-2005),
who published the most comprehensive guide of the
Mediterranean flora and fauna (Riedl 1963). Jacques-Yves
Cousteau (1910-1997) is famed for technical advances in the
scuba diving, as well as notable scientific discoveries in the
shallow and in the deep-sea Mediterranean by pioneering
video recordings of the habitats and for the small submarine
known as the “soucoupe plongeante” (diving saucer) that
opened the gates of information to depths up to -400 m. For
the first time, some of the earliest images of CWC inhabiting
the deep parts of the Mediterranean Sea were shown to
astonished eyes and amazed audiences. While a number of
scientists largely contributed to increase the knowledge of
the deep-sea benthic realm, four in particular are especially
relevant: Jacques Picard (1922-2008), Jean-Marie Péres
(1915-1998), Daniel Desbruyéres and Daniel Reyss. These
researchers explored tirelessly the shallows and depths of the
Mediterranean. The benthic bionomy of the Mediterranean,
by Péres and Piccard (1964), is still the most comprehensive
work closely followed by the one published by Desbruyéres
and collaborators (1972-1973) for the French-Spanish conti-

nental shelf and by the work on the submarine canyons of the
Gulf of Lions by Reyss (1972-73). To our best knowledge
these studies were the first to document the presence of live
CWCs in the Mediterranean, reports that came from Cap de
Creus (Péres and Piccard 1964) and Lacaze-Duthiers subma-
rine canyons (Reyss 1964).

Corals are normally associated with shallow and warm
waters and mostly to the tropical realm. However, CWCs
have been described as early as in the eighteenth century;
some of the first written records are notes by the Right
Reverend Erich Pontoppidan, who was the bishop of Bergen
in Norway (Pontoppidan 1755, in Roberts et al. 2009). For
readers interested in the geology, biology, but also in the his-
tory of the discovery and research of CWCs, we highly rec-
ommend “Cold-water corals. The biology and geology of
deep-sea coral habitats” by J. Murray Roberts, Andrew
Wheeler and André Freiwald (2009).

After the pioneer studies, the CWC research in the
Mediterranean proliferated during the 1970s and 1980s. The
geological and palaeontological aspects were developed
with remarkable contributions of Marco Taviani, Georgette
Delibrias and Philippe Bouchet; the taxonomical research
was enriched as a result of the comprehensive work by
Helmut Zibrowius, and the first attempts to understand CWC
biogeography. The 1990s marked the beginning of the bio-
logical studies. These were followed by an exponential
increase of ecological and physiological studies on CWCs
during the first decade of the twenty-first century, for the
most part due to the rapid and important advances in techno-
logical developments and focus on the European deep-water
ecosystems thanks to large European collaborative projects
(e.g. ACES, HERMES, HERMIONE, CORALFISH). These
advancements allowed the exploration of great depths in the
oceans by means of remotely operated vehicles (ROVs),
towed cameras, photographic sledges or manned
submersibles.

In this volume, we present the current state of the art in
Mediterranean CWC research as comprehensively as possi-
ble. The structure of the book (Past, Present, Future) pro-
vides a “road map” from the paleontological records of
CWCs in the Mediterranean, continuing through the
research that is currently done in the living CWC communi-
ties inhabiting the basin, culminating in the possible future
scenarios awaiting this research. The volume contains two
different types of contributions, full chapters that are
devoted to comprehensive specific topics and reviews, and
short chapters (“drops”) consisting of short informative
essays on recent findings and focus on very specific topics.
A total of 146 authors and approximately 80 reviewers con-
tributed in producing the 46 chapters of the present volume.
In the following paragraphs we present an overview of these
chapters.
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1.3 Mediterranean Cold-Water Corals:
An Old and New Story
1.3.1 The Old Story

The information about the Mediterranean CWCs presented
here does not refer only to the living communities, but also to
their fossil counterparts. Several chapters highlight the impor-
tant role of the fossil records for the understanding of the past
but also of the current state of the Mediterranean CWCs.
Marco Taviani and co-workers present a short review on
Mediterranean CWC paleoecology, mostly focusing on the
submerged locations but also considering land occurrences.
Additionally, in his “drop chapter”, M. Taviani bridges the
past and present through the elaboration of a research timeline
of the Mediterranean CWCs. In the same context, Julian Evans
and co-workers highlight in their “drop chapter” the first
records of Mediterranean CWCs by Carl Linnaeus (1707—
1778), who documented Madrepora oculata. Rare observa-
tions of living specimens led scientist to believe that the
documented Mediterranean CWC assemblages were relics of
the flourishing communities that thrived during the Pleistocene.
As highlighted by M. Taviani, this view has indeed changed
only recently with the exploration and discovery of several
CWC sites in the western and central Mediterranean basins.
The CWC communities have inhabited the Mediterranean
since at least the Miocene (26—5 million years ago), as dis-
cussed by Agostina Vertino and co-workers. Their review on
the current state of knowledge on Mediterranean frame-
building CWCs and solitary species through geological time
is an excellent “sister chapter” of the ones by Giovanni
Chimienti and co-workers and José Luis Rueda and co-
workers. They describe, respectively, the current bio-
geographic distribution of the living CWC communities and
present day Mediterranean CWCs fauna. Throughout their
history, environmental fluctuations and catastrophic events
took place affecting the occurrence and distribution of the
CWC communities in the Mediterranean. André Freiwald
revised in his “drop chapter” one of the fundamental events
that occurred in the Mediterranean during the Late Miocene:
the Messinian Salinity Crisis. The author gives a brief descrip-
tion of CWC communities before, during and after this major
event. A. Vertino and Cesare Corselli highlight in their “drop
chapter” the ability of CWC to store historically important
climatic information and use fossil records of Mediterranean
deep-sea corals to demonstrate the strength of the influence of
climatic variations on the distribution and diversity of CWCs
during the Quaternary (1.6-0.01 millions of years ago). The
importance of fossil CWCs as climatic archives is compre-
hensively discussed by Paolo Montagna and M. Taviani. By
storing information about the changing physico-chemical
properties of the surrounding seawater within their aragonite
skeleton, scleractinian CWCs can shed light on the past envi-

ronmental conditions and climatic events. However, to obtain
more accurate interpretations, coral skeleton data should be
related to the current knowledge on coral physiology, includ-
ing biomineralisation; this will contribute to a better under-
standing and interpretation of the geochemical proxies.

Life of any benthic organism is dependent on the currents
surrounding its habitat, and this is also the case for CWCs.
Michele Rebesco and M. Taviani bring together the climate
paleo-archives provided by CWCs and the typical
Mediterranean contourite drifts. The authors explore the
effects of the bottom currents as well as the role of contou-
rites in the presence of CWCs, highlighting the link between
these geomorphological features and the Levantine
Intermediate Water (LIW). The LIW seems to be, as it is dis-
cussed in other chapters (Nikolaos Skiris and Daniel Hayes
and co-workers), a key element for the presence of CWCs in
the Mediterranean basin.

For CWCs, the Levantine Basin is one of the regions of
the Mediterranean where not enough research has been con-
ducted. This is true for both fossil remains and living com-
munities. Jiirgen Titschack presents recent findings on the
bathyal coral community in the Aegean Sea including live
and fossil records of CWCs, and gives description of the
topographic features and reconstruction of environmental
conditions in which they were found. Two more
Mediterranean case studies, located in the Alboran Sea are
presented in the “drop chapters” by Claudia Wienberg and
by Dierk Hebbeln. Wienberg’s “drop chapter” focus on the
temporal occurrence of CWCs, particularly Lophelia pertusa
and M. oculata. These two species formed coral mounds in
the geological past, experiencing a boom since the last degla-
ciation until the Early Holocene (~10,000 years ago). During
this period, a shift in coral species dominance took place
with M. oculata-dominated CWC communities in the
Mediterranean. The author hypothesised that the higher tem-
perature tolerance of M. oculata for warmer waters was one
of the most important factors for such shift in dominance.
Hebbeln describe the impressive seafloor structures formed
by CWCs from East Melilla CWC Mound Province with
highly variable morphologies and dimensions, discussing the
different drivers which might have interacted to generate
these astonishing seascapes.

The history described through the chapters dealing with
the “old” story is fundamental for the understanding of the
past of CWCs, but also for the understanding of today’s state
of the Mediterranean CWC communities.

1.3.2 The New Story

The study of the living CWCs of the Mediterranean is still in
its infancy and many research fields are yet to be explored
and developed. A basic and fundamental aspect when under-
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taking the study of any living organism is the taxonomy;
without taxonomic knowledge the study of the biological
and ecological characteristics of the species will be meaning-
less. In their comprehensive overview of the taxonomy of the
Mediterranean CWCs, Alvaro Altuna and Angelo Poliseno
include species of the six orders of the phylum Cnidaria
(Antipatharia,  Scleractinia, Zoantharia, Alcyonacea,
Pennatulacea and Anthoathecata) totalling 82 species of
deep-sea corals, 13 of which with habitat-building ability at
depths of 200 m and below.

The reader might have realised that in the previous sen-
tence the term “deep-sea corals” was used instead of “CWCs”,
which is the term most frequently used to refer to this group
of organisms. This is something we would like to briefly
address at this point of this introductory chapter. Through the
process of compiling the contributions for this volume, it was
recognised that certain concepts and topics were poorly
defined or unclear, resulting thus in slightly, and on occasion
strikingly, different interpretations between the various chap-
ters. These emerging issues are not necessarily a problem,
they can be considered as an interesting and stimulating part
of the scientific discussion, flagging the need to revisit some
concepts and definitions. This is the case for “CWC” or
“deep-sea coral” concepts. Some authors considered both
terms as synonyms. Others were, however, inclined to use
“deep-sea corals” for the specific case of the Mediterranean
Sea due to the fact that the temperatures of the Mediterranean
deep-sea areas rarely decrease below 12-13 °C. Altuna and
Poliseno dedicated a specific section in their chapter to this
issue, presenting the different concepts according to different
authors, when using the term CWC. Altuna and Poliseno’s
chapter was exclusively based on corals occurring below
50 m depth, regardless of whether they are habitat builders or
not. In contrast, other authors (e.g. G. Chimienti and co-
workers) used the concept of CWC only when dealing with
framework-building species. The chapter by Chimienti and
co-workers presents a comprehensive review of the current
knowledge of the occurrence and biogeography of CWCs
across the Mediterranean basin, in the context of oceanogra-
phy, bottom topography, geographical areas of distribution, as
well as the bathymetric ranges. The biogeographical approach
of these authors is partially based in the “CWC- province”
concept. The term “province” in the context of CWC studies
was firstly used in publications from the Atlantic Ocean (e.g.,
Henriet et al. 1998) as “deep-water reef provinces” or “mound
province”, and later from the Mediterranean as “CWC prov-
ince” by Taviani et al. (2011). The difference in interpretation
of the “CWC province” concept that appears in the chapters
of this volume gives foundation for further interesting and
stimulating scientific discussions among researchers, which
we believe deserve additional attention and perhaps also a re-
formulation and redefinition of the concept. This might pre-

vent subsequent misrepresentations of the real meaning of the
word “province” in the biogeographical context. The term
“province” was originally coined within the botanical sci-
ence, and the definitions included in the Dictionary of
Ecology, Evolution and Systematics by Lincoln et al. (1998)
are: “...1. A major division of the biosphere; 2. A phytogeo-
graphical subdivision of a region characterised by dominant
plant species of similar past history; 3. A biogeographical
zone characterised by a 25-50 percent endemic flora or
fauna.” Pondering these original definitions, it is worthy to
recall for some specifications when using the term “province”
in the case of the CWCs. While the definition of “province” in
the biogeographical context considers large spatial scales,
currently studied areas with CWCs in the Mediterranean
exhibit notably smaller spatial extension. Therefore, further
discussions are needed when using the term “CWC province”
which would take into consideration aspects like spatial scale,
dimensions or even distribution patterns of CWCs, in order to
distinguish this “province” to the original definition in the
biogeographical context.

Generally, most studies on CWCs have been focused on
scleractinian corals, remarkably the so-called “coral triad”
(Péres and Piccard 1964): L. pertusa, M. oculata and
Desmophyllum dianthus. However, there are other groups,
such as octocorals and antipatharians, which are also eco-
logically important, forming dense populations and dominat-
ing benthic communities. Two “drop chapters” are dedicated
to the gorgonian and black coral assemblages found in the
deep Mediterranean. Andrea Gori and co-workers present an
overview on recent studies investigating the gorgonian and
black coral communities inhabiting the deep coastal seafloor
and continental shelves, mostly of the western and central
Mediterranean, whereas Marzia Bo and Giorgio Bavestrello
summarise some of the most recent findings, such as the fun-
damental role these coral gardens play as structuring com-
munities. Advances in taxonomical knowledge and
discoveries of new populations and communities also con-
tribute to increasing information of the CWC biogeography,
which is fundamental for generation and improvement of the
mapping of habitats populated by these deep-sea communi-
ties. In the chapter by Claudio Lo Iacono and co-workers,
two of the most researched CWC areas of the Mediterranean
are revisited: the Chella Bank (also known as Seco de los
Olivos) in the Alboran Sea, and the CWC province of Santa
Maria di Leuca in the Ionian Sea. The authors present a com-
prehensive and integrated study of the environmental charac-
teristics of the benthic habitats. To identify the geological
and oceanographic processes, most likely responsible for the
CWC distribution and associated benthic communities, habi-
tat mapping is performed using supervised automated clas-
sifications, applying a combination of several methodological
approaches.
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Several of the submarine canyons explored in the
Mediterranean are characterised by conditions suitable for
settlement and development of CWCs. La Fonera and Blanes
canyons are discussed in the chapter by Anna Ayma and co-
workers; they describe CWC habitats in the canyons with
different dominance of the species, including novel, deep
records in the Mediterranean for D. dianthus, documented in
La Fonera as deep as 1400 m. Further details about La Fonera
are given by Galderic Lastras and co-workers in their “drop
chapter”. The authors describe the features of the communi-
ties dominated by M. oculata, as well as the results on pre-
dictive habitat modelling, showing the extent of the CWC
habitats in this canyon. Cap de Creus canyon, located in the
Gulf of Lions, is reviewed in the “drop chapter” by Pere Puig
and Josep Maria Gili, complementing the information given
in the other canyon-themed. The authors present a short
overview of the northwestern Mediterranean canyons, where
the first CWCs in the Mediterranean were reported.

Other topographic features in the Mediterranean Sea
where CWC are known to exist are the fluid-venting subma-
rine structures. Two “drop chapters” describe different
aspects of the vents. Desirée Palomino and co-workers high-
light the role of mud volcanoes and mud diapirs as habitats
for CWCs. Additionally, they describe the typical fauna
associated with these features in several Mediterranean loca-
tions and briefly summarise the formation processes of these
features. Andres Riiggeberg and Anneleen Foubert focus on
the origin and the past history of these features, including
fossil records, describing the different records of these fluid
venting submarine structures in the Mediterranean.

Although the Mediterranean deep-sea is still a largely
unexplored realm, the increasing number of explorations
owed to current technological developments, is notable. Some
of the recently explored deep-sea areas reveal new CWC
sites, which are described in several contributions. Leyla
Knittweiss and co-workers present the recently discovered
CWCs in Maltese waters and Covadonga Orejas and co-
workers demonstrate the recent discovery of a Dendrophyllia
ramea population off Cyprus at about 150 m depth.

The advances in the biological, physiological and eco-
logical fields of Mediterranean CWC species, communities
and habitats are presented in an updated and comprehensive
manner in several of the chapters. Biology and physiology of
scleractinian CWCs are reviewed by Stéphanie Reynaud and
Christine Ferrier-Pages. These authors compare the responses
of CWCs to changes of environmental parameters; they con-
sider feeding rates and preferences, respiration, and the role
of these organisms in the organic matter fluxes. Knowledge
on the biological traits and functionality of the species is fun-
damental for ecological studies, and to be able to develop
and apply management and conservation measures. However,
many basic aspects of the CWC biology in the Mediterranean
are still unknown. This fact is also reflected in this book and

the readers will realise that some fundamental aspects have
not been included. This is the case of reproductive and larval
biology and ecology. To the best of our knowledge, there is
not a single publication dealing with this topic for
Mediterranean CWCs. However, this important aspect is
summarised by S. Reynaud and C. Ferrier-Pages, who
reviewed literature mostly available for the North Atlantic.
Franck Lartaud and co-workers reviewed the studies on the
most important aspects of coral growth processes: from skel-
eton microstructure and crystallography to the different
methodologies applied to measure and study CWC growth.
The growth process is also discussed at different scales, from
colony to reef formation, where environmental factors and
their influence on present and future growth scenarios were
considered.

Closely related to reproduction processes and growth is
the demography of CWC populations. To the best of our
knowledge, only scarce literature on this subject is available
(but see Gori et al. 2013) worldwide. Lorenzo Bramanti and
co-workers provide an introduction to the science of demog-
raphy, which originated long time ago for the purpose of tax
collection and conscription orders. From these origins to ani-
mal demography, the review encompasses different method-
ologies, models and the results for one of the most well
studied species in the Mediterranean, the precious red coral
(Corallium rubrum). Although this gorgonian, considered as
quasi-endemic from the Mediterranean, is not a CWC sensu
stricto, the species reach very great depths and has been
recorded down to 1016 m (Knittweis et al. 2016). The lack of
demographic models for CWCs in the Mediterranean and
elsewhere, is identified as one of the aspects (together with
reproduction and larval studies) that needs to be urgently
addressed in the incoming research.

Although the collection of contributions in this volume
clearly reveal the important advances made in CWC research
during recent decades, generally, and in the Mediterranean in
particular, society is still unaware of the existence of these
spectacular deep-sea communities. Efforts must be made
from the scientific side, to transfer knowledge to the general
public; reflective thoughts on this topic are presented by
Sergio Rossi and Covadonga Orejas in a “drop chapter”.

1.4 Cold-Water Coral Structure, Shelter,

and Associated Diversity

Bioengineering species (sensu Jones et al. 1994), such as
CWCs, modify the environment they inhabit, and those
places are widely recognised and documented as biodiversity
hotspots (e.g., Henry and Roberts 2016). The Mediterranean
is not an exception; CWC ecosystems have been comprehen-
sively studied and have a high diversity of associated spe-
cies, from invertebrates to vertebrates (fish), many of which
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are of commercial interest. In the chapter by José Luis Rueda
and co-workers, an historical background of studies dealing
with CWC associated diversity is presented. It includes a
comprehensive, up-to-date, and illustrated comparative (with
the Atlantic Ocean) overview on the high diversity of associ-
ated species of different CWC communities across the
Mediterranean Sea. The chapter is structured in subchapters
according to different taxa: Porifera, Cnidaria, Annellida,
Mollusc, Crustacea, Echinodermata, Bryozoa, Brachiopoda,
Teleostea and Chondrichthya. The last two taxa are also dis-
cussed in the chapter by Gianfranco D’Onghia. The
Mediterranean CWC communities’ role as Essential Fish
Habitat (EFH) is highlighted, as well as their fundamental
function as shelter, feeding and life-history critical habitat
for many fish species including several of commercial
importance.

The biodiversity hotspot role played by CWC communi-
ties not only refers to metazoans but also to microorganisms.
This is still an unexplored world; Markus Weinbauer and co-
workers, review this research in the Mediterranean, and pres-
ent the bacterial diversity and biogeography associated to
Lophelia pertusa and Madrepora oculata. In another “drop
chapter”, Weinbauer and co-workers deal with a specific
topic in the same context: the potential role of Archaea in the
specific case of CWCs, as high abundance of Archaea in the
abiotic and biotic environment of CWCs is detected.

1.5  Cold-Water Corals, Oceanographic
and Geological Past, Present

and Future

Life in the oceans cannot be understood without taking into
account the oceanographic features, which embed pelagic
ecosystems and surround the benthic ones. The CWC com-
munities are not an exception; the understanding of the
occurrence of these communities in specific locations is
directly related to the water circulation regimes of these
areas, which in turn, directly affect the transport and delivery
of food to these organisms and their associated fauna. Daniel
Hayes and co-workers describe the main features of the cir-
culation and properties of the intermediate water masses of
the Mediterranean. The authors review the paramount impor-
tance that the LIW seems to play for the presence of
Mediterranean CWC communities, which is also discussed
by M. Taviani and J. Evans and co-workers in two ‘“drop
chapters”, among others. Two other contributions deal with
specific aspects of the circulation patterns in the
Mediterranean and their effects on the CWC habitats. One of
the main characteristics of the Mediterranean is the connec-
tion to other water masses, notably the Atlantic Ocean, but
also to the Black and the Red Seas. Rinus Wortel and Paul
Meijer discuss the importance of these connections and the

changes which are experienced due to the tectonic activity.
The authors discuss the potential effects of those changes on
the CWC habitats, as well as revisiting their past history and
current evolution. Thus, this complements the discussions
regarding the connectivity of water masses and their effects
on CWC ecosystems given in other chapters, such as in the
one by Joana Boavida and co-workers and in the “drop chap-
ter” by Bella Galil.

Finally, the increasing evaporation in the Mediterranean
Sea, together with the decrease of freshwater river discharge
leading to a higher net evaporation in the Mediterranean, is
discussed by Nikolaos Skliris reviewing the effects of such a
strong evaporation on the salinity from the surface to the
deep layers of the sea, influencing the LIW and consequently,
the occurrence and distribution of CWC habitats.

1.6 Understanding Distribution Patterns
and the Mediterranean - Atlantic Link:
Studies on Connectivity

The geographical distribution of CWC species is linked to
many factors; while some are environmental (e.g. suitability
of the habitat, parameters of the water column), others are
intrinsic to the biological characteristics of the species. An
example of the latter is the dispersal capability of the coral
larvae, which together with the oceanographic patterns of the
area, will be crucial to allow the dispersion of coral propa-
gules at short or large distances. The small size of planulae
and the large dimensions of the oceans and seas make track-
ing of coral larva virtually impossible. Fortunately molecular
analyses provide the means to estimate connectivity between
populations at different spatial and/or temporal scales.
Boavida and co-workers review the new insights and meth-
odologies dealing with the genetic dispersion patterns of
CWCs in the Mediterranean. They also review the present
knowledge on this research field and highlight the studies
dealing with the connectivity between the Atlantic Ocean
and the Mediterranean Sea. Related to this review topic,
Anna Maria Addamo presents a specific case study that
focuses on Desmophyllum dianthus, summarising the most
recent and novel information on the molecular ecology, sys-
tematics and evolution of this CWC species. There are still
many pieces to gather of the complicated Mediterranean
CWCs connectivity puzzle. Indeed, as previously mentioned,
basic aspects such as reproductive traits have not being stud-
ied for Mediterranean CWC species. The environmental con-
ditions are fundamental when tackling the study of species
connectivity. The contribution of Matthew Johnston and Ann
Larsson brings together both the oceanographic expertise
and the knowledge on CWC dispersion; this chapter com-
bines the current knowledge on Mediterranean oceano-
graphic patterns and the existing knowledge on CWC
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planulae. This topic has been mostly developed in the NE
Atlantic, at the large reefs built by Lophelia pertusa off the
Norwegian margin.

1.7  Approaching the Study
of the Mediterranean Cold-Water

Corals at Different Scales

An important aspect included in this volume is the current
state of methodological approaches developed to study
Mediterranean CWC communities. Methodologies vary
according to studies: from paleo research to models gener-
ated to predict future scenarios, as well as methodological
approaches that deal with different physical and temporal
scales included in the book. Lorenzo Angeletti and co-
workers discuss the use of X-ray Computed Tomography as
a useful, non-destructive technique to detect the presence,
content and preservation of CWCs in sedimentary cores,
facilitating taxonomic identification, recognition of the coral
three-dimensional distribution as well as taphonomic aspects.
Within the study of the occurrence and distribution of any
CWC species mapping is a fundamental aspect — mentioned
earlier when commenting the contribution of C. Lo Tacono
and co-workers. Mapping is an important approach for any
biogeographical and taxonomic study, especially for biologi-
cal and ecological studies as species can display different
adaptations/accommodations depending on the past and
present distribution ranges. The chapter by L. Angeletti and
co-workers is fully dedicated to the multiscale habitat map-
ping and the up-to-date technologies devoted to this aim,
utilising Mediterranean examples of CWCs.

There is no doubt that image technologies are the most
important recent contributions to approach the study of the
deep-sea benthic ecosystems in a non-destructive way. The
possibility to visualise, count and measure organisms, thanks
to georeferenced video recording and the use of scaling ele-
ments (e.g. laser pointers), highly increases the possibilities
of video footage to be considered among the essential ele-
ments in scientific research. Several chapters in this collec-
tive volume (e.g. A. Gori and co-workers, M. Bo and
G. Bavestrello, L. Knittweiss and co-workers, among many
others), present results obtained with underwater cameras.
Maia Fourt and co-workers deals with the visual method-
ological approach and its application in some deep-sea areas
in France, specifically the Mediterranean submarine canyons
of the Gulf of Lions.

Besides the in situ and non-destructive approach of video
and photographic cameras, there is a fundamental method-
ological issue when talking about developing experimental
work at the organism level in deep-sea areas. In tropical and
temperate shallow areas, in situ experimental work is usually
feasible using SCUBA equipment which is not feasible in

the deep sea. However, some experimental work, using
ROVs has been done: stained corals were deployed to study
in situ growth rates of the corals (see chapter by F. Lartaud
and co-workers). The caveat of this type of experimental
work on CWCs is that it often needs to take place ex sifu in
research centres, universities or aquaria with suitable facili-
ties and systems. Several chapters discuss the results of
experiments conducted in aquaria equipped with the proper
infrastructure (e.g. S. Reynaud and C. Ferrier-Pages,
F. Lartaud and co-workers, among others). The contribution
by Covadonga Orejas and co-workers aims to be a practical
guide/handbook on CWC aquaria research, providing many
examples from aquaria facilities working with Mediterranean
and word wide CWCs.

Threats for Cold-Water Corals
in the Mediterranean Sea, Conservation
Actions and Perspectives

1.8

The fate of Mediterranean CWC communities is inexorably
linked to environmental and biological factors, as well as to
the anthropogenic activities conducted directly in the coral
habitats and/or within their vicinity. The decrease of marine
resources in shallow waters, due to overfishing, has led to an
increased depth range in which the fisheries sector operates,
reaching the deep benthic ecosystems where CWCs thrive.
To identify and quantify the threats affecting Mediterranean
CWCs is a key step to find solutions and develop strategies
for proper conservation of these precious habitats, and for
sustainable management of the deep-sea fisheries resources.
It is important to remember that many Mediterranean CWC
habitats have been identified as fundamental for the develop-
mental stages of invertebrates and fish, acting as a nursery
for species, many of which are of significant commercial
interest. The CWC habitats also constitute feeding grounds
or refuge for many species, a topic that is discussed in
G. D’Onghia’s chapter. A comprehensive review on the
threats to CWCs as well as the current situation of the con-
servation of these ecosystems is presented by Maria del Mar
Otero and Pilar Marin. The authors also highlight new per-
spectives to improve the conservation of these hidden habi-
tats. Besides the direct and mechanical effects of fisheries,
which is unquestionably the most important impact currently
affecting Mediterranean CWCs, there are also the indirect
effects of the anthropogenic activities. Global change is now
widely accepted as a fact; the most conspicuous and well-
studied effects of global change are warming and ocean acid-
ification (OA), with most research conducted in shallow
water environments. During the last two decades, similar
studies emerged from the deep-sea realm and most specifi-
cally, from CWC communities’ research. In this volume, two
contributions deal exclusively with the effects of global
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change on Mediterranean CWCs. Cornelia Maier and co-
workers review the Mediterranean CWC research on warm-
ing and OA offering also comparisons with results obtained
in other areas, whereas Juancho Movilla offers a specific
case study focused primarily on the effects of OA in the cal-
cification response of four Mediterranean CWC species.
Additionally, S. Reynaud and C. Ferrier-Pages also highlight
the effects of global change on Mediterranean CWCs.

One of the consequences of global change is the spread of
non-indigenous species, that is now widely studied in
Mediterranean shallow waters. Utilising previous findings
and experiences from the Caribbean, Bella Galil tackles the
potential effects of non-indigenous species in Mediterranean
mesophotic and CWC communities, based on the increasing
depth range colonised by non-indigenous species arriving to
the Mediterranean through the Suez Canal. The expansion of
these species is expected to increase due to global change.

1.9 ...Still Much Work to Do

Rapid advances in the research on CWCs in the last two
decades guarantee new discoveries and promise exponen-
tially increasing knowledge. Certainly, this knowledge will
come with the technological progress made in underwater
equipment; however, it also depends on the willingness of
governments to finance deep-sea research.

As previously mentioned, to date, reproduction studies on
Mediterranean CWC species are completely lacking. The
results available from the Atlantic revealed differences in
reproductive timing for different geographical regions (e.g.,
Waller and Tyler 2005; Brooke and Jarnegren 2013). The
studies on reproductive traits of Mediterranean CWCs could
contribute with further information concerning the reproduc-
tive timing, but also the potential influence on CWC repro-
duction of environmental parameters which are specific for
this sea. In species with Atlanto-Mediterranean distribution,
such as the ubiquitous Lophelia pertusa, knowledge on lar-
val features could also reveal potential differences between
conspecifics of both seas. Closely linked to reproductive pro-
cesses and traits are demographic studies. The chapter on
this topic reveals the almost complete ignorance that exists
concerning information on CWC population dynamics. It
further indicates the need for advances in dating and repro-
duction studies as well as in software tools to improve the
processing of underwater videos — this could enhance the
knowledge on this issue. Another useful approach to obtain
valuable information would be a continuous monitoring of
deep-sea ecosystems; an expensive and challenging
approach, although some pioneering examples in the North
Atlantic and Pacific Oceans are highly promising. This meth-
odological approach is considered to be fundamental for the
understanding of the dynamics of these ecosystems and we

are confident that long-term submarine observatories can be
deployed in the Mediterranean in the near future. Among the
processes, which are still insufficiently investigated globally,
is the role of the CWC ecosystems in the geochemical fluxes
and carbon cycling. Recently, this gap has also been high-
lighted for other benthic ecosystems dominated by animals
(Rossi et al. 2017). One of the few works conducted on this
field in the NE Atlantic revealed that coral communities are
hotspots of biomass and carbon cycling along continental
margins (van Oevelen et al. 2009). We hope that an increas-
ing number of projects in the Mediterranean will contribute
to enhance our knowledge on the functionality of these deep-
sea ecosystems in this semi-enclosed sea.

Holistic and seasonal sampling of the deep-sea
Mediterranean ecosystems is also needed to better under-
stand the environmental characteristics of CWCs’ surround-
ings, among others, to obtain insights into the Mediterranean
CWC trophic ecology. Although several aquaria experiments
have already been conducted with CWCs, as well as various
studies using stable isotopes (see Carlier et al. 2009; Tsounis
et al. 2010; Gori et al. 2015), we still lack sufficient informa-
tion on the composition of the potential food available in the
Mediterranean deep-sea, including differences among the
seasons and the potential selectivity of corals for certain prey
items.

With regards to other ecophysiological aspects of the
Mediterranean CWCs, S. Reynaud and C. Ferrier-Pages also
stress in their chapter the need to gain more knowledge on
calcification processes. The current knowledge indicates
very different calcification rates obtained for the same spe-
cies under different environmental conditions. The fact that
calcification may also vary with the polyp age demonstrates
the need to better understand the influence of the different
factors and their synergies on the calcification process. One
of the environmental stressors which has already been inves-
tigated in Mediterranean CWC communities is OA, and sev-
eral works (see C. Maier and co-workers in this volume and
references therein) revealed the synergic effects of OA and
temperature. However, in view of the increasing anthropo-
genic activities and their impacts on deep-sea ecosystems,
studies combining different stressors and its effects on the
CWC Mediterranean ecosystems are highly necessary. For
instance, local impacts such as high sedimentation levels,
which are linked to bottom trawling, drilling and mining
activities, should be studied in combination with impacts
acting globally or regionally, such as thermal stress or high
pCO,.

Several chapters in this volume revealed that studies on
biodiversity have mostly been conducted in the central
Mediterranean (see for instance J.L. Rueda and co-workers);
which highlights the need to investigate CWC associated
fauna in the Mediterranean, notably in the Levantine, and in
general in the southern part of the Mediterranean basin.
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Furthermore, available biodiversity studies are mostly
focused on the megabenthic organisms. Two chapters by
Markus Weinbauer and co-workers are dedicated to the
microbial communities associated to Mediterranean CWCs.
Both chapters highlight the scarce number of studies con-
ducted on microbial communities to date, although available
information indicate their very important role in ecosystem
functionality, as recently discovered in the “sponge loop” (de
Goeij et al. 2013). Even other associated diversity is com-
pletely understudied as it is the case for symbiotic relation-
ships, such as mutualism or parasitism in Mediterranean
CWCs. Apart from the well-known symbiosis-like relation-
ship between L. pertusa and Eunice norvegica (Mueller et al.
2013), and some studies conducted in the Norwegian fjords
on symbiotic relationships with associated fauna (see Buhl-
Mortensen and Buhl- Mortensen 2005), to the best of our
knowledge, no works have been published on these topics for
Mediterranean CWCs.

The reader will realise that the “Future” section of the
book contains fewer chapters than the “Past” and “Present”
sections, which reflects the low numbers of studies con-
ducted in predictive models regarding CWC ecosystems.
This is also partially attributable to the Mediterranean CWC
research where this topic is still in its infancy. To the best of
our knowledge, the publication of the first paper on predic-
tive habitat mapping for Mediterranean CWC (Lo Iacono
et al. 2018) coincides with the completion of this volume.
The chapter by C. Lo Iacono and co-workers presents predic-
tions for the distribution of L. pertusa and Madrepora ocu-
lata in the Cap de Creus canyon (NW Mediterranean). Future
basic research will allow the addition of new data to feed
predictive models, not only with regard to habitat suitability,
but also considering future climate scenarios such as the
ones from the Intergovernmental Panel on Climate Change
(IPCC). Additionally, further information on species distri-
bution will also enable the performance of species distribu-
tion models (SDMs) in Mediterranean CWC ecosystems.

Finally, and this is a general issue regarding deep-sea eco-
systems, scientists need to make more of an effort to improve
and extend communication with policy makers. The fantastic
discoveries made in the last two decades need to be trans-
ferred to decision makers. This will promote further research
and ensure a rational and sustainable use of deep-sea ecosys-
tems as well as the protection of vulnerable marine ecosys-
tems (VMESs), as is the case for CWC ecosystems.

Several chapters of this book already summarised some of
the fundamental functions that these ecosystems play: from
the role as hot-spots of associated biodiversity to their func-
tion as nursery and refugia for fish and invertebrate species;
many of which are of commercial interest. Last but not least,
most of the research projects everywhere take place thanks to
the citizens. Tax payers contribute to conduct research and
hence, as scientists, we are in debt to society as a whole and

it is our duty to give our feedback to the general public.
Finding the right approaches, words and language to reach
people is fundamental to demonstrate the vital role that these
hidden ecosystems play in the oceans and thus, their impor-
tance and value for us, mankind.

On a final note, a few days before going to press, a taxo-
nomic change occurred of the emblematic white coral
Lophelia pertusa; the accepted name by WoRMS is now
Desmophyllum pertusum (Linnaeus 1758).2 Due to time con-
strains, it was decided to maintain the former in all sections
of the book.
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Abstract

Atlantic-type scleractinian cold-water corals occur in the
Quaternary of the Mediterranean basin. Most fossil evi-
dence on-land is Early Pleistocene in age, and occurs in
peninsular Italy, Sicily and on some Greek islands, whilst
submerged situations are by large late Pleistocene.
According to circumstances, the mode of preservation of
fossil cold-water coral varies sensibly (from loose corals
to micritic limestones) what affects the level of confi-
dence of the paleoecological reconstruction. All known
situations point about a bathyal setting for such cold-
water coral hosting deposits in the Mediterranean basin,
but under many respects the geological record of cold-
water coral paleoenvironments is yet largely under-
worked. Research developments are discussed, with spe-
cial emphasis on the widespread submarine occurrences
which prevail over the on-land cold-water coral legacy.
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2.1 Introduction
Understanding the spatio-temporal distribution and function-
ing of corals inhabiting deep waters is currently a central
issue in science because of their value as biodiversity
hotspots, ecosystemic services and paleoclimatic potential
(Freiwald et al. 2004; Roberts et al. 2006; Armstrong et al.
2014; Robinson et al. 2014; Henry and Roberts 2017;
Montagna and Taviani, this volume). These corals are col-
lectively recognised in the literature under the name of deep-
(DWC) or cold-water (CWC) corals. Both definitions are
somewhat ambiguous, however. Although most such corals
are, in fact, established at bathyal depths >200 m, on peculiar
situations like fjords they can be found at very shallow
bathymetries (Rapp and Sneli, 1999; Forsterra et al. 2005;
Jarnegren and Kutti 2014). On the other hand, these corals
are distributed in a temperature range of 4°-14 °C (Freiwald
et al. 2009; Roberts et al. 2009) up to 21 °C in the Red Sea
(Qurban et al. 2014), what makes the term ‘cold’ question-
able. ‘Corals’ include cnidarians equipped with mineralised
or proteinaceous skeletal parts (Cairns 2007). Conventionally,
here we adopt CWC, the term currently enjoying a general
acceptance, and restrict our discussion to the sole Scleractinia.
Scleractinians are cnidarians provided with an aragonitic
skeleton prone to be fossilised. Comparatively little is pub-
lished on the paleoecological reconstruction of former CWC
environments. As documented by their modern distribution,
CWC display a rather patchy distribution in the ocean set-
tling preferentially hard substrates at bathyal depths
(Freiwald et al. 2004; Roberts et al. 2006), what partly
explains why their overall geological record is scanter than
their shallow water counterparts (Cairns and Stanley Jr 1981;
Stanley Jr and Cairns 1988; Roberts et al. 2009).
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Fossil extant-type CWC habitats are, in fact, best exposed
in contexts where propitious geological situations drive to
the uplift of deep-water sediments like compressive scenar-
ios in the Mediterranean or New Zealand (e.g., Squires 1964;
Vella 1964; Beu and Climo 1974; Wells 1986; Barrier et al.
1992; Freiwald 2002; Taviani et al. 2005a, b; Titschack and
Freiwald 2005; Roberts et al. 2009; Vertino et al. 2014, this
volume, with references therein).

Submarine Quaternary CWC are instead relatively com-
mon in the ocean (e.g., Ayers and Pilkey 1981; Newton et al.
1987; Taviani et al. 1991, 2007; Wilber and Neumann 1993;
Adkins et al. 1998; Frank et al. 2004, 2011a, b; Schroder-
Ritzrau et al. 2005; Ross and Nizinski 2007; Wienberg et al.
2009, 2018; Thresher et al. 2011; Douarin et al. 2013). Their
preservation ranges from pristine to intensely degraded and
bioeroded (Freiwald and Schonfeld 1996; Freiwald and
Wilson 1998; Freiwald et al. 2002; Wisshak et al. 2005;
Beuck et al. 2007, 2010; Henry and Roberts 2017).
Patination by Fe-Mn-oxides is common place whenever
CWC got prolonged exposure to seawater (e.g., Mullins
et al. 1981; Wilber and Neumann 1993; Taviani 1998;
Taviani et al. 2011a). These CWC can even concur to the
formation of large to giant coral mounds from the Pliocene
onwards (van Weering et al. 2003; Dorschel et al. 2005;
Ferdelman et al. 2006a; Kano et al. 2007; Wheeler et al.
2007; Eisele et al. 2008; Comas et al. 2009; Foubert and
Henriet 2009; Frank et al. 2009; Thierens et al. 2009, 2013;
Wienberg et al. 2010a, b; Henriet et al. 2011; Douarin et al.
2013; Lo Iacono et al. 2014; Raddatz et al. 2014; Wienberg
and Titschack 2017).

Because of its geodynamic evolution, the Mediterranean
basin is a key-area of global importance where to study past
deep-sea biota (Taviani 2002, 2014; Emig and Geistdoerfer
2004). Here, CWC occurrences taxonomically similar to
modern counterparts are best known from Neogene to
Quaternary sediments located along the Apennine chain in
peninsular Italy and Sicily, and on some islands in the Eastern
Mediterranean (Di Geronimo 1987; Hanken et al. 1996;
Taviani et al. 2005a, b; Titschack et al. 2005, this volume;
Roberts et al. 2009; Vertino et al. 2014, this volume;
Moissette et al. 2017). By large, those outcrops are of Early
Pleistocene age, mostly ascribed to the Sicilian Stage. Late
Pleistocene submarine CWC occurrences are instead distrib-
uted basin-wide (Zibrowius 1980; Delibrias and Taviani
1985; Taviani et al. 2005a, b, 2011a; McCulloch et al. 2010;
Fink et al. 2015).

The so-called ‘white corals’ Lophelia pertusa and
Madrepora oculata sensu (Péres and Picard 1964) are still
forming at present considerable bioconstructions and accu-
mulations in the Mediterranean basin (Freiwald et al. 2009;
Corselli 2010; Taviani et al. 2016; Wienberg and Titschack
2017), thus making this region a significant CWC-carbonate
factory (Titschack et al. 2016).

The main architects of extant Mediterranean CWC bio-
constructions are the branching scleractinians L. pertusa and
M. oculata. The solitary but often gregarious up to pseudoco-
lonial scleractinian Desmophyllum dianthus, genetically
almost indistinguishable from the truly colonial L. pertusa
(Addamo et al. 2016), may contribute substantially to deep-
water coral bioconstructions. Other scleractinians such as
Stenocyathus vermiformis, Javania cailleti, Caryophyllia
spp., and Dendrophyllia cornigera often participate to CWC
habitats (Freiwald et al. 2009; Vertino et al. 2010; Angeletti
et al. 2014; Chimienti et al., this volume; Rueda et al., this
volume; Vertino et al., this volume).

A variety of other skeletonised invertebrates, therefore in
principle easily fossilisable, co-occurs with the main CWC
frame builders among which other cnidarians (calcitic octo-
corals), molluscs, barnacles, brachiopods, serpulids etc.
(Remia and Taviani 2005; Zibrowius and Taviani 2005;
Taviani et al. 2009, 2011a; Mastrototaro et al. 2010; Rosso
et al. 2010; Sanfilippo et al. 2013; Sartoretto and Zibrowius
2017; Nasto et al. 2018; Rueda et al., this volume).

The occurrence in the Mediterranean basin of extant
frame-builders CWC since the Miocene at least has been
reported in the literature (Taviani et al. 2005a, b; Vertino
et al. 2014). Here we take into consideration only the post-
Messinian history as the starting point of the renewed
Mediterranean benthic biota (Corselli 2001; Taviani 2003;
Sabelli and Taviani 2014; Freiwald, this volume).

The present chapter briefly reviews examples recorded in
the literature regarding the paleoecology of Mediterranean
scleractinian CWC (Fig. 2.1) with emphasis on the sub-
merged occurrences, and provides hints on current and future
research.

2.2  Cold-Water Coral Paleoecology

According to the definition of Brenchley and Harper (1998)
‘Paleoecology attempts to discover and elucidate the life
habits and relationships of fossil organisms to each other and
their surrounding environments’. This goal can be partly
achieved by classical paleoecological reconstructions that
are aptly based upon the organisms’ ecological requirements
(Ager 1963). In practice, paleoecology is continuously
evolving by gaining advantage of emerging disciplines,
improving technologies and methodologies, and by con-
stantly introducing new questions (e.g., Birks 1985, 2008;
Hunter 1998; Allmon and Bottjer 2001; Seddon et al. 2014;
Smiley and Terry 2017).

As discussed in the present review, the literature consider-
ing CWC paleoecology is comparatively scant, reflecting the
paucity of outcropping evidence and the relative inaccessi-
bility of the submerged occurrences. Yet, the published stud-
ies contemplate both classical and frontier approaches.
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Fig. 2.1 Map of the Mediterranean region showing major sites men-
tioned in the text: yellow circles correspond to outcrop occurrence,
white circles to submarine occurrences: (1) Sicily-Calabria; (2) Rhodes-
Karpathos; (3) Alboran Sea; (4) Balearic Islands; (5) Tuscan archipel-

The CWC habitats are inhabited by a variety of organisms
of highly different fossilisation potential. Organisms
equipped with mineral parts typically have higher chances to
be preserved in the fossil record than soft body ones. The
geological survival of fossils depends upon a number of cir-
cumstances, and also durable mineral parts are exposed
through time to profound alterations up to their total dissolu-
tion, biasing the reconstruction of former communities and
from there extrapolating past environments. The complex
multi-facet filtering action of taphonomic and diagenetic
processes at the expense of a CWC community starts imme-
diately post-mortem.

2.2.1 Early Taphonomy

Freiwald and Wilson (1998) have documented how complex
and multistage are the early taphonomic processes affecting
a CWC habitat. As testified by their study of the Sula Ridge
CWC complex off Norway, early taphonomic processes
encompass the formation of a biofilm and fungi over dead
Lophelia skeleton, propitious to the precipitation of the
oxide patina and then the biofouling by a variety of inverte-
brates as serpulids, brachiopods, foraminifers and bryozo-
ans. Later taphonomic stages are documented by an increase
of sponges and bioerosion. One implication is that a CWC
setting may experience many ecological turnovers on a rela-
tively short time-span (centuries to millennia), at times leav-
ing a legacy beyond in the form of body fossils and/or

ago; (6) Sardinia Channel; (7) Strait of Sicily; (8) Malta Escarpment;
(9) northern Ionian Sea; (10) Santa Maria di Leuca; (11) Southern
Adriatic; (12) Crete; (13) Hellenic Trough

biological activity (traces, borings, scars etc.) suitable to be
fossilised.

2.2.2 Diagenesis

The main engineers of CWC habitats are frame-building
scleractinian corals which are aragonitic and thus prone to
easier post-mortem dissolution than, for example, co-
occurring calcitic skeletons. The drilling of the giant
Pleistocene Challenger Mound in the north Atlantic (IODP
307) has provided a first-hand opportunity to evaluate CWC
aragonite loss before late burial alteration and lithification
take place. Frank et al. (2011b) hypothesise that the observed
selective aragonite dissolution (grain corrosion and fragmen-
tation) is caused by the corrosive action of undersaturated
pore waters, formed in