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Preface

The initial idea for the first sentence of this preface was to start with the well-known
statement: “we know more about the Moon and Mars than about the oceans.”

Each one of us has heard this sentence countless times in recent years, and we
ourselves have used it at conferences and seminars, but just a couple of weeks ago I
was reading a book written by an oceanographer (Eelco J. Rohling). The book
speaks about the history of the oceans (The Oceans: A Deep History) and starts
stating that we know a lot about the oceans.

This statement became the argument of several chats between the editors of this
book, and we ended up with a question: “If people know more about the Moon and
Mars than about the oceans, what we marine scientists have done during the last
20 years?” We then started some reflections and back-of-the-envelope calculations.

We have studied the ocean for more than 20 years and some of the authors of the
chapters of this book even longer.

Each chapter of the book includes approximately 60 scientific publications related
to the ocean in the reference list, which makes almost a thousand scientific papers.

If we do the same with the scientific production (papers, book chapters, reports,
etc.) of all the 70 contributors of this book along their careers, we would easily sum
up to tens of thousands of publications related to the ocean.

Let us look again into the bibliographic list of this book and we will find works
published as early as in the 1950s. Not to mention seminal works such as the
monography on Corallium rubrum (the Mediterranean red coral) by Henri Lacaze-
Duthiers in 1864, which is still used as a reference for the research on this species.

Moreover, the contributors of this book are only a small fraction of the thousands
of scientists who every day, for several hundreds of years, produce knowledge about
the ocean. This means that we actually do know a lot about the ocean. So, why
people always state the contrary? Why there is so little awareness of the immense
amount of knowledge we have about the ocean?

vii



viii Preface

It is true that we still need a deeper knowledge about the marine habitat distribu-
tion and health status: we ignore most of it. It is also true that terrestrial ecology is
always two to three steps ahead of marine ecology. However, we know a lot about
marine environment.

On the basis of that evidence, we concluded that the responsibility is on us,
marine scientists, each one of us focused on our own domain, focusing on a small
group of species, on a limited geographic area, on a single ecological or physiolog-
ical process. But it is not just our fault. Not a lot of people have the opportunity to
SCUBA dive and see for themselves what lies beneath the surface of the ocean.
Thanks to Captain Jacques Cousteau, “The Silent World” was one of the first movies
using underwater cinematography and finally showing the underwater world in
color, in 1956, when the ocean has already been studied for hundreds of years.

These considerations have reinforced our belief that a holistic and interdisciplin-
ary approach combined with a powerful and recognizable image would have been
the key to communicate how much we know about the ocean and, at the same time,
how much we should know to avoid destroying the marvels it contains and the
services it provides to mankind.

The forest is a powerful and recognizable image. Everyone knows how a forest
looks like, and it is difficult to find someone not aware of the problems linked to the
loss of forests. The vast ocean benthos is dominated by marine animal forests,
composed of benthic suspension feeders (active or passive) that add complexity,
interact with the water column, shelter a large number of species, and act as carbon
immobilizers. These three-dimensional living structures are disappearing so fast that
we are not fully understanding their role in the biosphere, but we are decimating their
sophisticated architecture. We know a lot about the marine forests, but there are still
a lot of questions to be answered, and we are running out of time to predict their
importance as ecosystem service providers.

“Perspectives on the Marine Animal Forest” is the sequel, or rather a complement
of a previous Reference Book, Marine Animal Forest, a tribute to these sets of
benthic habitats.

In this edition, we tried to fill in some gaps of knowledge, especially highlighting
some topics that were not taken into account in the first bibliographic work and that
we consider essential for a wider view of these vast sets of habitats. In the spirit of a
holistic and interdisciplinary approach, the first chapter of the book has not been
written by a marine scientist. An anthropologist (Prof. D. Torri) explores the role of
corals in the legends and spiritual life of some human populations living in the
tropics.

After this introductory chapter, we dedicate two chapters to the exploration of
different marine animal forests of the world, in South Africa (Samaai et al.) and in
the Persian Sea (Bouwmeester et al.), highlighting the importance of the environ-
mental conditions to understand not only the ecosystem functioning but also the
distribution of the benthic suspension-feeding organisms.
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Chapters “Marginal Reefs in the Anthropocene: They Are Not Noah’s Ark”,
“Animal Forests in Submarine Caves”, and “The Tubeworm Forests of Hydrother-
mal Vents and Cold Seeps” are dedicated to not common marine forests. Soares et al.
dive in the so-called marginal reefs, which are not as well described as the shallow
tropical coral reefs that attracted the attention of scientists during the last few
decades. Following the path, Belmonte at al. and Tunnicliffe and Cordes tell us
about what are probably the lesser-known marine animal forests: those present in the
submarine caves and in the hydrothermal vents.

After the exploration of not common marine forests, the book makes an in-depth
revision of two of the most neglected taxonomic groups in the marine animal forests:
the bryozoans and the polychaetes. Lombardi et al. stress the past and present
importance of bryozoans, depicting also the future of these bioconstructors that in
some areas may be dominant. Also, polychaetes may become dominant depending
on the environmental and biological factors, as highlighted by Giangrande et al.,
who show how these annelids may become architects of the benthos.

In Chapters “Chemical War in Marine Animal Forests: Natural Products and
Chemical Interactions”, “The Nursery Role of Marine Animal Forests”, and “Marine
Animal Forests as Carbon Immobilizers or Why We Should Preserve These
Three-Dimensional Alive Structures”, we start exploring some of the functions of
the marine animal forests. Avila makes an in-depth revision of one of the most
complex and unexplored issues: the natural product synthesis and their role in the
chemical interactions of benthic suspension feeders, while Cau et al. focus on the
role of marine animal forests as nursery grounds, a very novel approach that
strengthens the importance of these three-dimensional living structures as biodiver-
sity and biomass promoters. Rossi and Rizzo stress the importance of worldwide
marine animal forests as carbon immobilizers, a neglected yet important ecosystem
service.

In the “From Trees to Octocorals: The Role of Self-Thinning and Shading in
Underwater Animal Forests” chapter, Nelson and Bramanti focus on one of the most
known marine animal forests, the beautiful gorgonian forest, showing parallel
functions and processes between trees and gorgonians: a comparison between
terrestrial and marine forests.

In Chapters “Invasive Alien Species and Their Effects on Marine Animal For-
ests”, and “Plastics, an Additional Threat for Coral Ecosystems”, we explore the
impacts, with Creed et al. paying attention to invasive alien species and focusing
especially on ecosystem functioning and biodiversity guilds, and Lartaud et al.
showing how plastic pollution affects benthic suspension-feeding communities, a
novel and synergistic problem that is added to other local and global impacts.

The last two chapters are dedicated to solutions. There is the contribution of
Castellan et al. which proposes studying the demography and biodiversity of animal
forests through the standardization of remotely operated vehicle (ROV) image
analysis, a step that will be mandatory to obtain maps of these habitats and quantify
the impacts in different parts of the ocean. Finally, Zorrilla-Pujana highlights the
importance of citizen science and scientific outreach in the conservation and man-
agement of marine animal forests. A tool that has been considered essential in
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several research and management programs to minimize the human impacts on
different habitats.

We hope that at the end of this journey accompanied by anthropologists, ecolo-
gists, chemists, physics, geologist, etc., the reader will end up with the awareness
that although there is still much to discern and understand about how the ocean
works, what we know is still a lot, probably quite more than what we know about
Mars and the Moon.

Lecce, Italy Sergio Rossi
Banyuls sur Mer, France Lorenzo Bramanti
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The Coral Tree at the End of the World: )
Introductory Notes to Coralline Mythology %
and Folklore from the Indian and Pacific
Oceans

D. Torri

In order for Z to control the rain, he must stay awake all
night,

chanting the spell over and over into a piece of black coral.
(Weiner 1983: 703)

Abstract In line with the more recent trends in anthropology, addressing
multispecies’ encounters and entanglements, this chapter aims to explore the role
of corals and coral reefs in the mythology and folklore of some coastal and insular
communities of the Pacific Ocean. From Maldives to Hawaii, in fact, we find several
motifs, myths, tales, songs, and fables describing patterns of interaction between
human and coralline non-human. From landscape to jewel, from animal to magical
artefact, and even to gods and goddesses, coral is a pervasive element not only of the
maritime communities’ environmental dimension but also of their folkloric, reli-
gious, and ritual spheres. Drawing from ethnographic literature, this chapter high-
lights some of the coral-centered topics as they appear in a variety of sources from
diverse cultures of Asia and Oceania.

Keywords Anthropocene - Deities - Multi-species anthropology - Mythology -
Non-human - Religion - Coral reef

1 Introduction

While the debate on the actual starting point of the Anthropocene as a geological
epoch is still being discussed, there can be few doubts that human beings have
become a major geological force directly driving, or laterally causing, deep and
severe changes to the various ecosystems of the globe. New trends in anthropolog-

D. Torri (<)
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ical thought and discourse challenge previous assumptions about a nature-culture'
divide (Descola and Pélsson 1996), or, even more radically, human/non-human?
(De Castro 1998): it has to be acknowledged, in fact, that such a division appears to
be far from universal and even meaningless for several indigenous people. It is not a
coincidence that both Philippe Descola and Eduardo Viveiros de Castro’
fieldworked among indigenous people inhabiting the Amazonian forest and engag-
ing daily with hosts of other-than-human agencies. Quite interestingly, the new
approach is taking into account multiple perspectives, in an effort to map the
multi-sided entanglements characterizing life (and death) on planet Earth. Examples
of this new wave are already visible: from the entanglement between humans and
mushrooms (Tsing 2015) to forest thinking (Kohn 2013), from earth-beings (de la
Cadena 2010, 2015) to cosmopolitics4 (Stengers 2010, 2011), and various other
authors engaging in multi-species ethnography.’

The distinction between nature and culture, which constitutes the backbone of Western modernist
and scientific worldview, is grounded on a marked dualism. This dualism is far from universal, as
amply demonstrated by the collection of essays edited by Descola and Pélsson already in 1996. The
selected essays focused on diverse, and differentiated, approaches to the nature-culture dichotomy,
or, better said, interface. Drawing from examples and case studies ranging from Amazonia to rural
Japan, but also molecular biology and physics, the book offered new insights and open the path
toward collaborative and interdisciplinary research teams working on a topic which became more
and more important as times went by. The book addressed posed some ambitious questions and
asked for bold answers, clearly stated in the introduction: “Are the different cultural models of
nature conditioned by the same set of cognitive devices? Are we to replace the historically relative
nature-culture dualist category with the more general distinction between the wild and the
socialised? Do non-western cultures offer alternative models for rethinking universality and the
issue of moral attitudes towards non-humans?” (Descola and Palsson 1996: 2).

2Eduardo Viveiros de Castro, a brazilian anthropologist who worked extensively among amazonian
indigenous people, developed a theory which may be defined, as it is called in his essays (1998,
2012), amerindian perspectivism. This theory is grounded on the assumption, drawn from amazo-
nian indigenous people, that every being perceives the cosmos from its position in it. This position
is always located at a deictic center, and the perspective associated with it is influenced by the body.
So, while the western discourse, for example, recognizes a unified “nature” and multiple “cultures,”
indigenous people of the Amazon perceive a unified “culture” but different “natures” (i.e., bodies).
This is the reason why in their mythologies, tales, legends but also experiences, animals can, and do,
speak and sometimes exchange positions with the humans.

3Drawing from her fieldwork in Peru, and especially working with Andean shamans, Marisol de La
Cadena describes collectives of beings, humans, and other-than humans. Among these, the tirakuna
(“earth-beings”) play a prominent role in the society. Local communities are in fact “composed of a
constellation of sentient entities known as tirakuna, or earth-beings with individual physiognomies
more or less known by individuals involved in interactions with them” (de la Cadena 2010:
341-342).

“Isabelle Stengers, a Belgian philosopher of science, has devoted her attention to the composition of a
common world in which humans and other-than humans are deeply intertwined and interconnected.
From this acknowledgement she calls for a bridging of the gap between the human and the non-human.
This process of composition is called cosmopolitics (Stengers 2010, 2011).

SMulti-species ethnography can be defined as the “investigation of social and cultural phenomena
are attentive to the agency of other-than-human species, whether they are plants, animals, fungi,
bacteria, or even viruses, which confound the species concept” (Locke and Miinster 2015). See also
below.
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Despite the relevance of this paradigmatic shift in anthropological thought, which
is certainly linked to what has been defined the ontological turn,® we should also be
reminded that some very similar conceptions—or should we say knowledge—were
often included, embedded and reflected upon in indigenous ontologies, and embod-
ied in several practices throughout the world. For a long time dismissed as imperfect,
wrong, or superstitious way to look at the world, indigenous emic’ views almost
invariably acknowledged the fact—or should we say the basic truth—that landscape
was always more than the simple, passive background upon which humans
inscribed, carved, or wrote their histories. In addition, equally obvious is that clouds,
seas, mountains, rivers, trees, animals, and other invisible entities were to be treated
as persons, as recent developments in the legal field from several countries seem
to show.

While the general public of Western newspapers may smile, or even laugh, when
reading that basic human rights have been extended to a river® or a mountain, or to
the pachamama9 like in Ecuador and Bolivia, several members of indigenous
communities all the world over lived for generations with the notion that “the
world is full of persons, only some of whom are human” (Harvey 2005: ix). As a
researcher on shamanism, which I have been investigating for more than two
decades by now,'® I was ready to accept the tenets of the ontological turn, notwith-
standing its critics. Despite being challenged as a form of idealism, or a by-product
of academic thought, the ontological turn was finally confirming something that was

SIn anthropology, the ontological turn calls for a diverse approach toward other conceptions of
being and reality, namely, those advocated by many of the indigenous people with whom the
anthropologists have been working with. In some cases, not everything should be understood as a
metaphor, or a belief, or a way to describe the same reality: radical difference, or alterity, has to be
taken seriously into account. The ontological turn has been severely criticized by some scholars for
being essentialist, anti-scientific, and, at the best, a form of idealism. For a general introduction to
the ontological turn, see, among others, Heywood (2012), Kohn (2015), and Holbraad and
Pedersen (2017).

"In anthropological theory and related jargon, the word emic is used to denote the “insider’s view,”
while the observer’s view (and analysis) is called etic.

8In 2019, the government of New Zealand recognized to the river Whanganui the status of a legal
person. This recognition was the direct outcome of a campaign by Maori activists. Similar
campaigns are being led by indigenous people in many countries, to protect sacred and ancestral
environments from exploitations by multinational companies or the states.

®Pachamama is the name under which “Mother Earth” is revered among andean indigenous
peoples. Her basic rights are granted by the art: seven of the Ecuador Constitution, while in Bolivia
a special set of laws has been promulgated to protect her.

%My first fieldwork experience was in 1997, when I visited the villages of the Lepcha people of
Sikkim and northern districts of West Bengal (India) to study their indigenous shamanic religion.
Lepcha shamans, called bongthing and mun engage, establish and maintain relations with a host of
other-than-human entities of the environment and especially with mountain deities associated with
Himalayan peaks, lakes, and rivers. Later on, I expanded my area of fieldwork to include the high
valleys of Nepal, where I have been working with other indigenous people’s shamans, namely, the
Hyolmo, Tamang, and Tharu people. In Nepal I have been also studying with Tibetan oracles, who
are also considered to be the spoke-persons of mountain deities.
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already evident for me and for several anthropologists working with indigenous
people, and especially with shamans. The world is a relational place, and the circles
of relations (which involve exchange, negotiation, and conflict) extend far beyond
the sphere of the humans (Bird-David 1999). According to new interpretations, what
was previously defined animism (Tylor 1871) is to be understood as a relational
epistemology involving multiple actors, and, as Graham Harvey properly remarked,
acknowledging that personhood is not to be limited to humans only (Harvey 2005).
Quite interestingly, the Anthropocene debate brings into contact, and conflict,
secular and non-secular approaches, at the same time when indigenous people
themselves embrace scientific ontology to corroborate and support the struggle to
protect their own environments from pollution, extractivism, and exploitation.

With the emergence of the Anthropocene and related discourses, corals surfaced
once again from the marine depths to become good to think with. Emerging from the
sea depths or shallow waters, amidst the waves of an ever-raging clash of episte-
mologies/ontologies, corals stand as visible cornerstones of marine eco-systems but
also as clear markers and signs of human/non-human entanglements. Coral is always
plural, not only biologically, but also semantically: landscape, being, amulet, stone,
deity, spirit, tear, poison, myth, and fire. Coral is a multi-sited repository of mean-
ingful nodes articulating different ways of being human or non-human and entangled
narratives about life, body, thought, sign, possibility, and tragedy. An example of
this meaningful web is the well-known myth of Medusa, the Gorgon, beheaded by
Perseus. Medusa was one—and the only mortal one—of three sisters, daughters of
marine deities Phorcys and Ceto. After being killed by Perseus to fulfill his quest, he
took the snake-haired severed head of Medusa. The head retained some of the
magical and terrifying qualities of the Gorgon. From the blood of Medusa dripping
from her severed neck, the flying horse, Pegasus, was born, together with Crisaore,
both sons of Poseidon,'" the chief deity of the sea. The poet Ovid says that when the
hero wanted to lay down the head of the Gorgon, by now a terrific weapon employed
by him to petrify his enemies, he prepared some marine weeds and algae to protect
the head from the contact with sand. When he put the head on the cushion he had
prepared, the weeds petrify, due to absorption of the power of Medusa still retained
by the blood dripping from her severed neck. The nymphs, curious about this
phenomenon and amused by it, tried repeatedly to obtain the same result with several
submarine plants, thus creating the corals (Ovid 1998: 1V, 740-752).

This story explains the double essence of corals as perceived by the ancient
Greeks and Romans, specifically, as a stone deriving from a plant, for they believed
that a submarine plant was petrified by the contact with air. The process of petrifi-
cation was the long-lasting result of the contact with the pristine power of the
Gorgon, at the time of the myth. But there is much more than simply a natural
observation enshrined in this myth, for in mythology much more is hidden, and
revealed to the wise, than a story about origins, or a fanciful and amusing tale filled
with supernatural events to scare the children. In particular, the story of Perseus and

"pecause, according to a version of the story, Poseidon had a love affair with Medusa.
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Medusa is a story about death and life, mortality and immortality, of sea-deities and
their progenies, of transmutation of substances and metamorphosis of beings, and
much more. Coral is that whole story condensed, and this is why even the smallest
part of it retains the magic qualities associated with it by virtue of its mythical
antecedents and origins.

A social history of corals is yet to be written, and it surely will have to be the
endeavor of a multi-disciplinary team of scholars, including of course marine
biologists and historians of land and maritime trade, archeologists, scholars of
religions and mythologists, anthropologists, specialists in the field of amulets, and
perhaps more. For the ethnography part, it would be good to tackle the topic through
the approaches just now being established by the so-called discipline of multispecies
ethnography:

We define “multispecies ethnography” as ethnographic research and writing that is attuned

to life’s emergence within a shifting assemblage of agentive beings. By “beings” we are

suggesting both biophysical entities as well as the magical ways objects animate life itself.

Much of the literature considered multispecies ethnography has focused on the relations of

multiple organisms (plants, viruses, human, and nonhuman animals), with a particular

emphasis on understanding the human as emergent through these relations (“becoming”).
(Ogden et al. 2013: 6)

That is an ethnography finally looking beyond the human, for the human is just a
part of wider assemblages of existing eco-systems, each part thriving, conflicting,
using, dying, and negotiating with all the others in a unified field characterized by
balance and unbalance, in a constant process of dynamic entanglements.

2 Coral as Landscape

Corals have long been part of the anthropologists’ landscapes. At least since
Bronistaw Malinowski'? published the third volume of his works devoted to the
social life of the Trobriand islanders, titled Coral Gardens and Their Magic: A Study
of the Methods of Tilling the Soil and of Agricultural Rites in the Trobriand Islands
(1935). The book is also considered a masterpiece of ethnographic writings and
deals with agricultural practices and the religious and magic rituals associated with
it. The whole landscape is described by him as a “flat, even, coral foundation,
covered for the most part with fertile black soil, interspersed with patches of swampy
ground, and of drier, stony soil” (Malinowski 1935: 57), crossed by a coral ridge
(rayboag) covered by a dense forest. Here and there, there are also villages and
sacred groves (boma), mangroves and pools, and coral outcrops. This coralline

?Bronistaw Kasper Malinowski (1884—1942) can be considered one of the founding fathers of
contemporary anthropology. His theory is known as functionalism, and according to him human
culture developed in order to satisfy basic needs of the individual and of the society. He was also
influential in setting the standard for ethnographic fieldwork, based on what he called participant
observation.
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landscape constitutes the background of every activity of the Trobrianders, whose
life we can define as emplaced between corals and sea. Both the environments are to
be engaged with a set of specific techniques, based on direct, empirical knowledge.
And yet, for the anthropologist, this set of knowledge is essentially a form of magic.
In the classic formulation of Sir George James Frazer, magic is to be understood as
proto-science: the effort to control the environment and its agencies through a set of
techniques. Gardening is magic, that is, to ensure a bountiful crop, the gardener-
magician has to master a wisdom involving technical and spiritual knowledge,
engaging in transaction with the other-than-human agents of the landscape, or the
baloma— the spirits of the dead.

That these techniques were based on empirical observations, it is evident from the
detailed terminology describing the environment itself with extreme accuracy. While
a linguistic analysis lies beyond the immediate aims of this chapter, a brief survey
will be sufficient to show the level of engagement between the humans and their
environment in the specific context analyzed by Malinowski at the beginning of the
twentieth century. The basic distinction to be found is the quite obvious one between
pwaypwaya, land, or soil, and bwarita, the sea in general, and lumata, the open sea.
The land is also further divided into valu (village, the inhabited land), oligala valu
(the area close to the village), and odila (the space outside the village area). This
threefold repartition clearly points to the classic division of human and non-human
space, with a liminal buffer zone. Despite a conceptual homogeneity, these areas are
open to discontinuities, as expressed by the categories of weyka (village grove),
boma (sacred grove, but literally taboo), and kapopu (uncut forest). The landscape is
further differentiated into the already mentioned rayboag (the forested coral ridge),
dumya (swamps), pasa (mangrove swamp), kanakenuwa (beach), kolawala (the
sandy beach between mangroves), and momola (the seashore). The land is further
characterized according to its characteristics in cultivable, for which the same word
pwaypwaya is used, or uncultivable, rasarasa (wasteland) or sagala (barren soil).
The uncultivable is then further divided into dakuna (stone or stony soil),
kanakenuwa (sandy soil), pasa (brackish mud), and pododoweta (ooze). Similarly,
the fertile, cultivable soils are defined according to their organoleptic properties as
galaluwa (black heavy soil), butuma (red light soil near the coral ridge), kawala
(black soil near coral ridge), dumya (greasy swampy soil), sawewo (soil found in the
holes of the coral ridge), mo’a (dry light soil near the rayboag), and malala (poor
stony soil). The cultivable land is the one transformed by the activities of the
gardener-magician into baleko (plot of cultivated land) or buyago (garden).

Quite literally, the whole life of the islanders described by Malinowski takes place
on a coralline support, and it flourishes, blooms, and wither in its earthy or forested
interstices. If we zoom out of a purely anthropocentric perspective, human beings are
entangled, and embedded, into a living ecosystem, and definitely part of it. The
special place occupied by corals in this ecosystem is linguistically highlighted by a
specific terminology differentiating, for example, between the words dakuna as a
general term for rock or stone, i.e., dead coral, and varu, “coral boulder attached to
the bedrock” (Malinowski 1935: 82), rayboag, “round boulder” (ibidem), and
kaybu’a, ‘“round boulder.” Other stones, of different origin, have diverse
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designations. Coral boulders have a special role, or place, in magic rituals related to
the inauguration of the magic gardens. Of particular relevance to the present
discussion is the magic word vatuvi, whose obscure etymology could perhaps
suggest, obliquely, to the qualities inherently possessed by corals that the
magician-enchanter hopes to transfer into his doings. As one spell recorded by the
anthropologist recites:

Vatuvi, vatuvi, vatuvi, vatuvi,

Vitumaga, i-maga,

Vatuvi, vatuvi, vatuvi, vatuvi,

Vitulola, i-lola.

Show the way, show the way,

Show the way, show the way,

Show the way groundwards, into the deep ground,

Show the way, show the way,

Show the way, show the way,

Show the way firmly, show the way to the firm moorings. (Malinowski 1935: 261)

Could it be that the power of the magic spell is drawing from the coralline
qualities, especially from its foundational characters, i.e., emerging from the sea
depths and firmly standing in the middle of the ocean, notwithstanding waves and
storms, and ultimately enabling and making possible the human life? Without being
able to prove it, Malinowski nonetheless acknowledges this possibility:

I doubt very much whether vatuvi is etymologically connected with the word vatu, ‘coral
boulder’. But considering the richness with which even fortuitous associations enter into
words of magic, it is not impossible that the feeling of strength, depth and stability connected
with the term vatu, ‘coral boulder’, ‘coral reef’, are active in the magical functioning of
vatuvi. By this I mean that the strength of the ‘deeply anchored’ coral boulder flavours the
more immediate meaning of vatuvi, ‘setting on the right way’, ‘setting up’, ‘showing the
way’. (Malinowski 1935: 260)

The word vatuvi, we are told, is a purely magic word, with no grammatical use in
daily language. It resonates with other common verbs like vifuvatu (“to put
together”) or vatowa (“to erect”). Are coralline qualities invoked and conjured to
provide firmness and stability to the gardens? Are they evoked to infuse the crops
with their ability to rise and grow? If we take into account the workings of magic
thought, which Malinowski inspirer, George G. Frazer, defined sympathetic magic
(Frazer 1894), it makes perfect sense. And, in line with contemporary anthropolog-
ical debates, landscape is not passive: it has agency.

Moving away from the Trobriands, we find coralline landscapes possessing
interesting qualities in Maldivian folklore (Romero-Frias 2012). Here, the reef is,
in itself, the boundary between the domesticated and the untamed seascape. The
coral reef is an ambiguous, ambivalent place. This duality is expressed by the two
terms differentiating it into eferevaru, the lagoon-facing side, and futtaru, its ocean
side. Many folktales and legends report of uncanny encounters with the other-than-
human entities inhabiting this liminal area, or the ghosts of the drowned dead,
forever trapped and unable to finally leave the human dimension. In addition, several
tales deal with the presence of faru fureta, the reef monster. In these cases, the
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agency of the land- and sea-scape is expressed directly through ominous tales,
which, as in many other cases of folklore stories from other parts of the world,
well serve the purpose to highlight the direct outcomes of the engagement, on wrong
terms, between human beings and the non-human. The greedy fisherman, the ghost
of a murdered maiden, the spirits of the sea, the dangerous demons of the ocean, the
reef monster, are all actors of the multiplicity of stories and lives, taking place
between the shoreline and the open sea. The reef, after all, is not only the sediment
of the skeletal remains of innumerable generations of polyps but also a repository of
the tangible and, in the case of stories, intangible remains of all those humans and
non-humans who trod, swam, feed, grew, and died in and around it.

3 Coral as Sacred Place

Certain places, here and there, have peculiar qualities in relation to human and
non-human entanglements. In those places, material objects point to immaterial
relational nodes, connecting human beings to the field of what has been termed
the sacred. While a discussion on the essential traits of the sacred is surely out of the
purposes of this chapter, I will limit myself to provide a very basic definition: the
sacred is a specific form of relation between human and non-human. This relation is
codified: it entails form of communications between diverse agents, and specific
places, which are surcharged with meaning, where this peculiar communication
happens. While a certain sacred quality is inherently attached to the coral gardens
of the Trobriands, the most massive coralline monument of the Pacific is surely the
so-called “Burden of Maui” of Tonga, sometimes defined, in Western sources, as
“the Stonehenge of the Pacific.” The monument, located 32 km away from the
capital city of the island, is indeed impressive. It consisted of three stones, techni-
cally called a trilithon in archeological jargon. The demigod Maui is one of the most
popular character of Polynesian mythological narratives. Also known as Maui of a
Thousand Tricks he is considered the archetypal cultural hero, who “fished up the
islands of the Pacific, stole fire for humans, slowed down the sun, and unsuccessfully
sought immortality for mortals” (Craig 1989: 165). In Tonga, legends about Maui
are directly linked to the creation of the archipelagos, as he fished one by one the
diverse islands that later became his home. The local topography is related to events
of his adventures and deeds (Craig 1989: 167). The monument called the “Burden of
Maui” dates, according to scholars, to the thirteenth century, and the three stones
constituting it are, in fact, coral:

Two enormous coral slabs, each weighing approximately 35 tons, stand upright between
14 to 16 feet and are approximately 10 to 12 feet apart, 8 to 10 feet wide, and 4 feet thick.
When erected, deep notches were carved in the tops of the slabs to hold a third stone (the
lintel), which itself weighs approximately 10 tons and is 24 feet long, 4 to 5 feet wide, and
2 feet thick. (Craig 2004: 127)
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According to the findings of a team of scholars sponsored by the king of Tonga in
1967, it seems that the sacred complex was a site for astronomical observations.
Shortly after, in 1972, the location and its surrounding were declared a national park.

While Maui is surely revered in local mythologies, Pacific religious systems also
have several deities whose coralline nature is self-evident even from their names. In
Hawaiian mythology, for example, we find the goddess Hina-‘opii-hala-ko’a, liter-
ally translated as “Hina of the coral stomach” or “Hina of the coral reef,” sometimes
also called Hina-hele (“Travelling Hina”). According to some sources, she is the
deity presiding over corals and spiny, marine creatures. It was from shells taken from
her that Maui carved his hook, with which he fished the islands from their under-
water locations (Beckwith 1940: 219). She is also the wife of Ku’ula (“Ku the red”),
as the god of fish and patron deity of fishermen is called. It should be noted that the
red is, among all the colors, considered the most sacred one in the Hawaiian
tradition. Ku’ula is the lord of all the fishes in the sea, and his cult was centered
on sacred shrines where people addressed prayers and left offerings to him. These
shrines were called Ko’a Ku’ula. In Hawaiian language, the word ko ’a has at least
three meanings: (1) coral, (2) fishing ground, and (3) a “shrine often consisting of
circular piles of coral or stone, to make fish multiply” (Pukui and Elbert 1986: 156).

En passant, we’ll note that even here we find a diversification of coralline
landscapes, with the word kohola for the outer coral reef, halelo for a coral sea
cavern, and ko ‘aka for a coral shoal. These environments are often associated with
non-human entities, as in the case of the ‘aumakua, special fishes—often sharks—
establishing strong relationships with certain individuals, who worship and regularly
fed them. Another interesting case is represented by salt or freshwater ponds, which
are believed to be the domain of the menehunes, as the fairy folk of the Hawaiian
people are collectively known. Coming back to the topics of shrines, in Polynesia we
often find sacred places called marae (“temple”; Fig. 1) which are usually in the
forms of platforms or magic squares constituted by four coralline upright slabs
encircling an empty space and an upward opening (Stimson and Marshall 1964:
69). The communities used to gather in these places, under the guidance of one or
more religious specialists, to communicate with their deities and ancestors and to
perform rituals and sacrifices to appease them. The sacred space is a micro-cosmos in
itself: to possess magical qualities, it must be including, on a smaller scale, every-
thing that exists. It is, in short, a miniature image of the cosmos. This is the reason
why actions performed there have effects on things and events happening far away,
or in the spirit realm, or influencing the behavior of animals and plants, winds, waves
and rain, the ancestors, and the deities. For the same reason, this space is limited,
closed—to make a comparison, the ancient Greek temenos, the sacred enclosure,
was similarly marked. And the performance of every act, the uttering of every word,
must be strictly controlled and regulated, in order not to cause unintended
consequences.
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Fig. 1 Marae Ahu-o-Mahine, Moorea (French Polynesia). Photo credit: Sigfrido Zimmermann

Quite interestingly, corals appear also in connection with the sacred figure of
Mata Peto (“Dog’s Face”) on the Marquesas island. This tiki is carved out of a single
column of basalt, on which stands a single head with two faces, facing opposite
directions. According to scholars, the meaning of this statue is still unclear: it could
be associated with twin gods, or brothers, or even to a legendary couple of freshwater
eels inhabiting the waterfall of Taipivai (Humphrey and Suggs 1995: 13). At the base
of the statue, we find some shells and a branch of coral. According to Karl von den
Steinen, coral was often associated with marine deities, and its presence near sacred
places is to be considered almost the norm: in describing a fisherman shrine in the
Marquesas, he noted the presence of coral branches as support for other floral
offerings (von den Steinen 1928: iii; also quoted in Humphrey and Suggs 1995:
19). In reviewing ethnographic literature dealing with the use of corals in ritual
contexts, Lisa Humphrey and Robert C. Suggs also note that:

Further, Handy (1938: 236) notes that branches played a very important role in imparting
mana to tona po houses, where sacred chants were sung near or on me ‘ae (temple) platforms.
The coral branches were hidden under the ridge thatch and were carefully disposed of, after
the conclusion of the ceremonies, probably in temple enclosures. (Humphrey and Suggs
1995: 15)

Offering of coral branches to temple and shrines of the maritime deities was also
common over a wide area of the Pacific upon returning from a sea travel, and,
according to T. Henry, ignoring or forgetting to perform this ritual was considered
potentially lethal and leading to a violent death (Henry 1951: 187).
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4 Coral as Being

While Western mythologies—and natural sciences—focused on coral as a stone, as a
petrified plant (lithophyte), or as a zoophyte, at least until the researches of John Ellis
(1710-1776), in Pacific Asia its animal nature was probably acknowledged much
earlier. For example, in the song of the creation of the Hawaii, which narrates the
origin of the world, the coral polyp is one of the first beings to emerge from the
previously endless darkness. The song of the creation, called the Kumulipo, offers a
detailed description of the creative process: from darkness (po), Kumulipo (male)
and Po’ele (female) emerge, and subsequently all the other beings came into
existence. The polyp is the first, as the myth seems to move from the smaller to
the bigger:

The slime, this was the source of the earth

The source of the darkness that made darkness

The source of the night that made night

The intense darkness, the deep darkness

Darkness of the sun, darkness of the night

Nothing but night.

The night gave birth

Born was Kumulipo in the night, a male

Born was Po’ele in the night, a female

Born was the coral polyp, born was the coral, came forth

Born was the grub that digs and heaps upon the earth, came forth
Born was his [child] an earthworm, came forth

Born was the starfish, his child the small starfish came forth
Born was the sea cucumber, his child the small sea cucumber came forth (...). (Beckwith
1972: 58-59)

The Kumulipo song was composed in 1700, and it was not intended for larger
audiences, since it was recited in public only in two occasions (Craig 2004: 47). The
Kumulipo is, in fact, a myth establishing the genealogy of the royal family and its
connection with the same generative powers of the times of the beginning. It was in
fact part of the spiritual heritage of the family of king Kalakaua (1836-1891) and his
sister, Queen Lili’'uokalani (1839-1917), first translated it into English in 1897.
Composed for the birth of the chief Ka-’i-’i-mamao in 1700, it was recited the first
time during his funeral ceremonies and then the second time in 1779, at the presence
of James Cook, probably to reinforce the claim to legitimacy of the local royalty in
front of an emissary of a foreign power, which was also the reason it was made
public later on by king Kalakaua (Craig 2004: 150). Yet, it is important to us, in the
present discussion about corals, since it testify the relevance of coral polyps as the
first of the sea creatures to exist, after the emergence of the male and female creative
powers. As Martha Beckwith, who published a new English edition with a com-
mentary in 1951, noted, the song describes the genealogy of the royal family, as
mentioned before, connecting it to the primordial events of the creation, in a strictly
evolutionary way. The creatures are generated one after the other, generation after
generation, from the time of an eternal darkness, followed by the emergence of sea
creatures, the creation of earth and sky, terrestrial animals, and finally the human
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beings, to be completed, and crowned, by the appearance of the royal family
(Beckwith 1951, 1972). That is to say, that the coral polyp is a direct ancestor of
the human being.

Several gods are associated with corals, as we have seen before also in the cases
of Hina and Ku’ula. Among Pacific deities, we find also, for example, the Samoan
war god Fe’e, who was found in the middle of the ocean by the god Tagaloa, the
supreme deity of the Samoans: Fe’e was floating amidst the waves on a coral piece,
and, because he had no parents, Tagaloa took him to Manu’a (Freeman 1944:
133-134). Fe’e seems to be associated not only with war but also with the under-
world. On the hills of the island of Upolu, a site exists which is called “‘O le Fale o le
Fe’e—literally, The House of the Cuttlefish (or Octopus)” (Freeman 1944: 121). In
close proximity, several coral boulders lay in disarray, and the legend says that they
were brought from the reef by subjugated deities, willing to show their submission to
the god Fe’e. This deity role is consistent with his animal aspect (the octopus) and its
association with the coral reef: as in the cases previously examined, the reef is
emerging from the abyss, thus showing an association with the oceanic depths, while
among the Samoans household and village gods (who were often connected to the
ancestors’ cult) were usually incarnated into cuttlefishes and octopuses (Williamson
1924: 230; Turner 1884: 59, 72, 74).

5 Conclusions

Coral reefs are monsters. Their polyps rise from reefs of their own

making—but not just their own. Like the mythical chimeras of ancient

Greece, beasts made up of the head of a lion, the body of a goat, and

the tail of a snake, coral reefs are made of mismatched parts— animal,

plant, and more—that hang together in fragile coordinations. (Gan et al. 2017: G4)

This chapter aimed to be no more than an introductive collection of sparse notes
on the anthropology of corals, or a social history of corals, taking into account, and
possibly merging, different strands of thoughts, artifacts, practices, and ideas. On the
one side are pacific and Polynesian ethnographies from the twentieth century, with
all the limitations they include, and, on the other, the emerging field of multi-species
ethnography and the ontological turn. Everything is calling, if not crying, for an
anthropology beyond the human, since it is not possible anymore to ignore the
meaningful system of entanglements in which, or through which, multi-species
assemblages exist. With the mounting evidence for global warming, with the
acidification of oceans as a corollary, and the ensuing degradation of marine
ecosystems in general and coral reefs in particular, I want to draw the attention
toward the study of the entanglement between humans and corals across diverse
epochs and different contexts. Humans have been, after all, living with corals for a
long time, and corals have gained a long-standing reputation among humans at every
level. Corals are also a very interesting metaphor, useful to highlight other concepts
too. The reef in itself is a culture of sort, being the result of a cumulative process of
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sedimentation of past generations, whose births and deaths provide the skeleton, or
the structure, of the colony. On this skeleton, not only the polyps live and thrive but
also myriads of other beings, both animals and plants. The reef is a holobiome,
where the boundaries between individuals are thin and porous. While natural
sciences show us that every being is in fact is a holosymbiont—a community of
living beings—the anthropologist Marilyn Strathern postulated something similar in
the field of social sciences, too. According to her, we should abandon the idea of
individuals to accept and welcome the notion of dividualism: being essentially
relational, every being is constituted by the web of relations it entertains with
every other being. As Donna Haraway claims in her latest work, “we are all corals
now” (Haraway 2016: 80), and as such we should make kin with companion species
to survive, as species, in the wake of (dark) things to come. Throughout her book,
corals act as a powerful metaphor. While evoking the Lovecraftian Ancient One of
the Abyss, Cthulhu, with the concept of Chthulhucene, she subverts it by inserting an
extra “h,” and transforming it in something related to the ancient Greek notion of
chthonios, which she translates as “of, in or under the earth and seas” (Haraway
2016: 53-54). To the misanthropic monster of Lovecraft, she opposes the
pre-patriarchal Gorgonian deities, like Medusa:

(...) from the blood dripping from Medusa’s severed head came the rocky corals of the
western seas, remembered today in the taxonomic names of the gorgonians, the coral-like
sea fans and sea-whips, composed in symbioses of tentacular animals cnidarians and
photosynthetic algal-like beings called zoo-anthellae. (Haraway 2016: 54)

This is the sort of productive entanglement we should look at, she affirms, beyond
a merely anthropocentric, male-dominated, and crudely exploitative perspective.
Even more importantly, “coral reefs are an immense model for studying holobiome
formation at the ecosystem level” (Haraway 2017: 30) and “like Anna Tsing’s
refugia in forests of the land, coral reefs are the forests of the sea, critical to
resurgence for humans and nonhumans” (Haraway 2017: 35). The reef is a perfect
nonlinear model of clustered holobiontic lives and a successful example of symbiotic
processes. Human beings, together with the widely diverse hosts of denizens of
marine ecosystems, benefit from each other in unexpected ways. A well-known
Maldivian tale could aptly highlight the overarching role of reefs in fostering life. A
tale collected by Xavier Romero-Frias tells the story of the famous sailor Bodu
Niyami, who, trailing a fish head across the ocean, ended up to the place where the
world ends and masses of water fall down the edge, into the abyss. On that very
place, a coral tree emerges from the abyss, and it is known as Dagas, or the coral tree
at the end of the world. It is a giant black coral (Antipatharia), called enderi in
Maldivian language. Bodu Niyami and his sailors manage to secure the ship with a
rope to a branch of the tree and managed to stay away from the fateful fall into the
void. The morning after, they found themselves amidst gentle waves and breezes,
floating in waters full of fishes never seen before. Sailing back toward home, they
found the fishes were following them, so abundant that the water around the ship was
reverberating from the sunlight reflecting on the fishes. After many adventures on the
high seas, they reached home safely. And since that time, the wondrous fish
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(skipjack tuna, Katsuwonus pelamis) was the main food of the Maldivians (Romero-
Frias 2012: 52-55).

In the changing landscapes of the Anthropocene, only the alliance between
different species—and not the domination of “nature” under the human master and
commander—could ensure systemic survival. While Haraway is an intellectual
provocateur from an academic milieu, a similar way of thinking has been common
since time immemorial among many indigenous people across the globe. What was
quite erroneously defined by Tylor as animism at the end of the nineteenth century
was in fact the pure and simple acknowledgment that human beings spend their life
together, and not in opposition, with other entities and that these entities have
agency. As pointed out by Frédéric Torrente, Polynesian systems envision a unified
cosmos, based on an understanding of a continuity of sort which encompasses
human beings, animals, botanical species, and inorganic matter:

Each species of creation owned a visible shape, issued from the depths (fupu) and a specific
appearance (huru) visible to humans, as a kind of container, an envelope, a shell. This
contained an invisible interiority made of many vital elements. First, the varua, sort of an
ever-unseen double living inside this body that could survive the death of its envelope. This
was the living factor behind the animation of each physical body, which explains the
personification of elements seen in the natural environment, such as coral. (Torrente
2016: 41)

Framed in religious, magic, or spiritual discourses, indigenous relations to the
environment, and to companion species, were relational in a very direct way and not
exploitative. In his by now famous critique of Frazer’s idea of animism as wrong
understanding of the environment they live in, Ludwig Wittgenstein’s statement
retains all its validity: if, for example, a certain group of people worship oak trees, it
is not because they live and understand their world according to phantasy but more
simply, and even more pragmatically, because of the fact “that they and the oak were
united in a community of life, and thus that they arose together not by choice, but
rather like the flea and the dog. (If fleas developed a rite, it would be based on the
dog)” (Wittgenstein 1993: 139).

In the few examples provided in the previous pages of this chapter, I tried to show
exactly this. Corals were multiple “things” and had multiple meanings to people of
the Pacific: animal and landscape, deity and monster, danger and richness, and magic
and fertility. This multiplicity of meanings is of course the result of a deep, and
extremely intimate, entanglement, but it is also of the recognition that every relation,
with every part of the cosmos, is never unidirectional. Our relation with the envi-
ronment always implies a reciprocity of sort, and consequences we cannot ignore,
for we live in complex assemblages and geometries of interdependences. The loss of
one element could have unimagined outcomes:

The problem is not just the loss of individual species but of assemblages, some of which we
may not even know about, some of which will not recover. Mass extinction could ensue rom
cascading effects. In an entangled world where bodies are tumbled into bodies (see our
Monsters), extinction is a multispecies event. The extinction of a critical number of species
would mean the destruction of long-evolving coordinations and interdependencies. While
we gain plastic gyres and parking lots, we lose rainforests and coral reefs. (Gan et al.
2017: G4)
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We may be laughing, when reading that “a number of other fish are not allowed to
the magician, some of them because they are of dark or black colour, some of them
because they live in the coral outcrops of the reef” (Malinowski 1935: 107), and yet,
perhaps, the magician may still know better.
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Abstract Marine animal forests, although among the most diverse ecosystems
worldwide, remain obscure in terms of their diversity and functioning. Their spatial
extent, diversity and function within the larger marine ecosystems remain poorly
known; mainly due to a lack of traditional taxonomic expertise and the challenges
associated with non-destructive sampling submarine habitats beyond the reach of
SCUBA divers. In South Africa, information on marine benthic invertebrate biodi-
versity and taxonomy has been limited and fragmented, with more than 80% of
samples collected shallower than 100 m. In the last decade, systematic surveys
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employing modern marine sampling equipment such as ROVs, jump cameras and
towed cameras accelerated the discovery of marine animal forests within the South
African Exclusive Economic Zone. Extensive marine animal forests have been
found in both the Benguela and the Agulhas current systems, which dominate
South African waters. The general distribution and diversity of benthic suspension
feeders (e.g. sponges, scleractinian corals, octocorals, ascidians and bryozoans) is
comparatively well established and has been used in marine spatial planning and the
establishment of a network of offshore Marine Protected Areas. The proclamation of
these Marine Protected Areas (MPAs) along with the identification and mapping of
Vulnerable Marine Ecosystems and Ecologically and Biologically Sensitive Areas
along with potential threats (e.g. trawling, invasive species, mining, climate change
and petroleum and gas exploration) forms part of South Africa’s strategy to manage
its waters and preserve these illusive marine ecosystems.

Keywords Sessile marine invertebrates - Sponges - Cnidarians - Bryozoans -
Ascidians - Benthic biodiversity - Conservation - Marine environment - South Africa

1 Introduction

Unlike terrestrial ecosystems, the biomass of most marine ecosystems is dominated
by animals (Rossi et al. 2017). Sessile animals are ubiquitous in the oceans from
intertidal rocky shores to abyssal depths, from the poles to the tropics, and from high
to low salinity environments; they are even found in kelp beds, mangroves and
among sea grasses. A pervasive organizational feature of marine sessile invertebrates
is their ability to form dense communities and mass aggregations, which can
dominate the marine seascape and significantly alter the surrounding environment.
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As these communities feed on suspended particles and organisms from the water
column, they transfer energy and material from the water column into biogenic
structures loosely resembling terrestrial forests. These “animal forests” are typically
composed of assemblages of anthozoans or sponges forming the matrix for a diverse
community of other benthic invertebrate taxa.

While they are among the most diverse ecosystems worldwide, understanding the
diversity and functioning of most marine animal forests assemblages remains
obscure. This can be ascribed to several reasons: inaccessibility and limited oppor-
tunities to sample deeper-water assemblages beyond scuba diving depth, challenges
of sampling these fragile habitats without damaging them as well as lack of relevant
taxonomic expertise. In the Southern Hemisphere in particular, deep-sea benthic
invertebrate taxonomy and biodiversity information is limited. In South Africa, for
example, systematic surveys of offshore benthic invertebrate communities only
commenced in 2011, to support the classification and mapping of these ecosystems
towards a comprehensive offshore Marine Protected Area network rollout. Prior to
this, South Africa’s offshore biodiversity was considered poorly studied with more
than 80% of samples collected at depths shallower than 100 m (Griffiths et al. 2010).

While there is a scarcity of information and knowledge of the deep water marine
fauna of South Africa, to date, nearly 17,000 records of occurrence and biomass for
South African offshore benthic invertebrates are accessible (Atkinson and Sink
2018). In addition, 410 taxa have recently been described to genus and species
level in a recent guide to the offshore Invertebrates of South Africa (Atkinson and
Sink 2018). From this, the general distribution and diversity of benthic suspension
feeders (e.g. sponges, scleractinian corals, octocorals, ascidians and bryozoans) in
South African waters, and the locations of animal forests, have been relatively well
established. These data have been compiled into various field guides and databases
through collaborations with taxonomists and ecologists (Branch et al. 2016;
Atkinson and Sink 2018).

In this chapter we provide an introduction to deep- and shallow-water marine
animal forests in South Africa, focussing on examples from different ecoregions.
The diversity and ecology of the animal communities that constitute these forests are
described, as well as the ecosystem services and economic opportunities that they
provide. We further discuss conservation and management alternatives for marine
animal forests in South Africa, in the context of the major threats to their integrity
and perseverance.

2 Oceanography, Biogeography and Biodiversity
of Mainland South Africa’s Exclusive Economic Zone

Mainland South Africa has a territorial sea and Exclusive Economic Zone (EEZ) of
ca. 1,072,700 km? and a coastline of nearly 3000 km long (Fig. 1), excluding
the Prince Edward Islands—South African territory situated in the Southern
Ocean. The EEZ extends to a maximum depth of 5700 m and overlaps two oceans,
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Fig. 1 Map of South Africa. The warm Agulhas Current flows on the east coast towards the south
coast and the cold Benguela Current flows on the west coast. Map created ex-novo by Dr. Lauren
Williams

namely, the Indian Ocean in the east and the Atlantic Ocean in the west. The
continental shelf is narrow along the east coast, but much wider in the west, and
especially to the south, where it extends into the large, shallow Agulhas Bank
which forms an extension of the African continent. The oceanography of the east
coast is dominated by the fast, southwestward flowing, Agulhas Current. This warm
current, which is one of the most powerful ocean currents in the world, originates at
the southern end of the Mozambique Channel and flows almost continuously from
Delagoa Bay to the southern end of Africa. In the southeast Atlantic Ocean (south of
Cape Agulhas), the Agulhas Current retroflects (turns back on itself) and in doing so,
periodically pinches off eddies (rings) of “warm” water that enter the northward flow
of the Benguela Current, the dominant current off the west coast of South Africa.
The Benguela Current constitutes the eastern branch of the South Atlantic Gyre,
reinforced by the Antarctic Circumpolar Current. It is characterized by intensive
wind-driven upwelling resulting in high productivity which is reflected in the high
abundance of fish, dense shellfish and thick kelp beds found in the waters off the
west coast (Branch and Branch 2018).

As a consequence of the complex ocean water movements and resultant geo-
graphical differences in oceanographic properties, six broad biogeographic marine
regions have been classified across South Africa, namely, the Southern Benguela,
Agulhas, Natal, Delagoa, Southeast Atlantic and Southwest Indian ecoregions (Sink
et al. 2012a). The Benguela, Agulhas, Natal and Delagoa ecoregions consist of the
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Fig. 2 Six marine ecoregions with 22 ecozones incorporating biogeographic and depth divisions in
the South African marine environment (redone from Sink et al. 2012; Fig. 4). Permission was
granted by Dr. Kerry Sink, lead author of the National Biodiversity Assessment published by the
South African National Biodiversity Institute, Department of Environment, Fisheries and Forestry

coastal areas, the continental shelf and the shelf edge, whereas the deep-sea South-
east Atlantic and Southwest Indian ecoregions include the upper and lower bathyal
zones and the abyss, where most of the seamounts are found (Fig. 2). The two
offshore regions have primarily been characterized in terms of physical criteria
(e.g. temperature, depth, substratum), while the four coastal ecoregions have addi-
tional faunistic and floristic detailed descriptions.

Biogeographical marine assessments that have been conducted in South Africa
(Lombard et al. 2004; Majiedt et al. 2013; Sink et al. 2011, 2012a) have also
recognized three broad zones, based on depth, namely, coastal, benthic and pelagic.
Between the intertidal and the 30 m depth contour where there is significant photic
influence, benthic and pelagic habitat have been considered to be coupled together as
part of the coastal zone. Offshore of the 30 m contour, coupling is considered to be
weaker, and the benthic and pelagic are considered separate zones for the purposes
of the assessments. The intersection of these zones with ecoregions provides for the
delineation of ecozones, of which there are 22.

Biogeographic transition areas typically contain organisms from each of the
neighbouring areas as well as endemic species specifically adapted to the conditions
of the transition zone. Consequently, biogeographic transition areas are typically
areas of high diversity. For example, the western biogeographic transition zone
(located between Cape Point and the area immediately east of Cape Agulhas) is
characterized by the greatest turnover in marine species composition in South Africa
(Awad et al. 2002; Bolton and Anderson 1990; Bolton and Stegenga 2002), a
phenomenon known as meso-scale diversity (Hooper and Kennedy 2002; Anderson
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et al. 2009). This is caused by the presence of a high number of range-restricted
endemic species that are found only along a very short section of the coast (and
possibly offshore) in this area (Awad et al. 2002; Anderson et al. 2009). Among the
areas within this transition zone, the Agulhas inshore ecozone has been singled out
as having the greatest number of range-restricted endemics and highest diversity
(Awad et al. 2002; Bolton and Stegenga 2002; Turpie et al. 2000). In particular
sponges, octocorals, ascidians, anemones (Awad et al. 2002; Samaai 2005; Acufia
and Griffiths 2004) and coastal fishes (Sparidae spp.) (Turpie et al. 2000) exhibit a
high degree of endemism with numerous species restricted to the Agulhas ecoregion.
Furthermore, many other species have the centre of their distributions within the
region, such as coralline algae, bivalves and bryozoans.

In general, South Africa’s waters are deemed to be rich in biodiversity, with
ecosystem types ranging from tropical coral reefs to cool-water kelp forests, and
some 13,000 species of free-living marine animals have been recorded/described so
far (Griffiths et al. 2010). Importantly, approximately 30% of the known species are
considered to be endemic (Griffiths et al. 2010). The high species diversity may
largely be attributed to the habitat diversity of the region, which incorporates cool
temperate, warm temperate and subtropical biogeographic provinces (Sink et al.
2012a; Awad et al. 2002; Bolton and Stegenga 2002; Turpie et al. 2000; Samaai
2005). Endemism is particularly high in the Agulhas ecoregion across a number of
marine taxa such as isopods (84%) (Awad et al. 2002), marine mites (50%) (Proches
and Marshall 2002), amphipods (40%), bivalves (45%) and sea anemones (49%)
(Acuiia and Griffiths 2004), with lower levels for ascidians (5%) and echinoderms
(19%). The high levels of endemism are often attributed to the geographical isolation
of this bioregion on the tip of the African continent (Samaai 2005). The Benguela
(Namaqua and Southern Benguela ecoregions) and Agulhas (Agulhas ecoregion)
current systems are important causal agents for connectivity (see Gibbons et al.
1995). Decreasing endemism from the apex of the African continent alongshore in
both easterly and westerly direction may also be attributed to several factors. For the
west coast, the relatively recent age of the Benguela Current (Bolton and Anderson
1997; Gibbons et al. 1995), its physical interactions with other water masses
(Shannon 1985) and the instability of the physical environment may all reduce
endemism. The low proportion of endemic species on the east coast might also be
attributed to recruitment of widespread Western Indian Ocean and Indo-Pacific
species into this region. The Agulhas Bank is also the centre of abundance for a
number of South African warm temperate reef fish and benthic invertebrate species
(Awad et al. 2002; Turpie et al. 2000). While notable efforts have been (and continue
to be) made to document the region’s taxonomic richness, many taxonomic groups
remain poorly described, and some (e.g. Tardigrada, Kinorhyncha, Sipuncula) have
not been studied for over 50 years (Gibbons et al. 1999; Griffiths et al. 2010).

South African marine systems have been severely impacted and degraded due to
development, mining, pollution and fishing, causing the depletion of key species and
the disturbance of ecosystems, yet our understanding of offshore sessile benthic
invertebrate biodiversity on the continental shelf around South Africa is still in its
infancy. This limits our ability to prioritize sensitive areas for conservation, to utilize
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resources for economic potential (biodiscovery) and to fulfil the demands of inter-
national agreements in terms of protection of representative marine biodiversity.

Although not the result of a dedicated research focus towards animal forests in
South Africa, there have been a number of initiatives over recent years to locate and
record subaquatic features that constitute ecologically and biologically sensitive
areas, many of which potentially constitute marine animal forests. Research scuba
diving, submersible and remotely operated vehicles (ROV) surveys, ROV and
diving footage from mining companies, geological surveys and scientific research
expeditions deploying tow cameras and benthic sleds, supplemented by specimen
collections in museums, have helped to identify and locate potential marine animal
forest sites throughout South Africa’s oceans. Several marine animal forests domi-
nated by different taxa were confirmed, revealing a startling diversity among differ-
ent types of organization. We will review the diversity and ecology of these animal
groups in South African waters.

3 Marine Animal Forest Ecosystems: Marine Benthic
Eco-engineers in South Africa

South Africa has several marine animal forest ecosystems (MAFEs) within its
territorial sea and EEZ. Sponges, cnidarians (stony corals, black corals, stylasterine
lace corals, octocorals and sea anemones), bryozoans and ascidians are the main
structuring species in marine animal forests in shallow- and deep-water ecosystems
in South Africa. Museum records, ROV footage, submersible footage, geological
surveys and scientific research expeditions have helped to identify some of these
potential MAFEs, drawing from previous research to identify Vulnerable Marine
Ecosystems in South Africa (Sink and Samaai 2009) and from new deep-water
surveys and taxonomic studies on key invertebrate groups. We review the diversity
and ecology of these animal groups in South African waters.

3.1 Sponge Grounds

Sponges are sessile aquatic organisms that are distributed in almost all aquatic
environments and are important components of benthic communities (Hooper and
Van Soest 2002; Van Soest et al. 2012). They fulfil many roles in these habitats,
providing substrate for colonization, shelter and food for several groups of organ-
isms, which contribute significantly to biodiversity maintenance. Due to their sessile
and active filter feeding nature, sponges are also good ecological indicators and have
been touted as useful pollution biomonitors. Furthermore, because they produce a
range of bioactive compounds with considerable pharmacological importance, they
possess a high economical potential (Joseph and Sujatha 2011).
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Table 1 Literature on South African sponges (recreated from Samaai et al. 2019)

Region Sponge literature

South Africa | Ehlers (1870), Carter (1871), Gray (1873), Vosmaer (1880), Kirkpatrick (1900,
1901, 1902a, 1902b, 1903, 1904, 1908, 1913), Sollas (1908), Stephens (1915),
Burton (1926, 1929, 1931, 1933a, 1933b, 1936, 1958), Lévi (1963, 1967),
Borojevic (1967), Day (1981), Schleyer (1991), Pettit et al. (1993), Rudi et al.
(1993, 1994a, 1994b, 1995), Barkai et al. (1996), Hooper et al. (1996a, b),
SaMcPhail et al. (1998), Samaai et al. (2003), Samaai (2004a, b), Samaai and
Gibbons (2005), Samaai et al. (2006a, 2000b), Sink et al. (2006), Tronchin et al.
(2006), Samaai et al. (2009), Branch et al. (2010), Samaai et al. (2017), Samaai
et al. (2019), Samaai et al. (2018) (Sponge guide)

Sponges are considered to be among the earliest and most basic metazoans. The
phylum Porifera has four classes, namely, the Calcarea, Demospongiae,
Hexactinellida and Homoscleromorpha. Globally, there are around 9360 extant
sponge species, with the vast majority (83%) belonging to the class Demospongiae.
South Africa has recorded 374 sponge species (Samaai pers. comm.; Table 1)
comprising around 4% of sponge diversity worldwide (Van Soest et al. 2019). The
biogeographical pattern shows distinct peaks of sponge species richness on the south
coast with richness declining towards the cool temperate west coast and the sub-
tropical east coasts (Samaai 2005). The ecoregion with the highest number of
reported marine sponges species is Agulhas (203 species), followed by Southern
Benguela (194 species), Natal (178) and Delagoa (45 species).

The Agulhas ecoregion also has the highest number of apparent endemics
(approximately 71 species), with an average of 57% of apparent endemic species
recorded for South Africa (Samaai 2005). The hard reefs on the Agulhas Bank
(e.g. Alphard Bank) is characterized by a dense population of the kelp Ecklonia
radiata to a depth of 35 m (Makwela et al. 2016). The deeper zones are however
dominated by diverse and abundant sponge assemblages. The coastal regions of the
Agulhas ecoregion (i.e. the south and southeast coasts of South Africa) are recog-
nized as global hotspots for latrunculid sponges (Samaai 2002; Samaai and Kelly
2002; Matcher et al. 2017; Van Soest et al. 2019). The area with the highest number
of species recorded for South Africa is the Agulhas inner shelf (13 species), and the
lowest number of species recorded from the outer shelf, shelf edge, bathyal and
abyssal plains within the EEZ.

The highest abundance of sponges was found at the 40-50 m depth range, while
in the 60—80 m depth range the presence of large sponges such Spheciospongia
vagabunda, Desmacidon ectyofibrosa and Echinoclathria dichotoma progressively
increases (Fig. 3). Vlak Bank, a south coast inshore reef, is dominated by massive
growth forms of wall sponges (Spirastrella sp., Desmacidon ectyofibrosa and Cliona
sp.), seafan (Eunicella spp.) and red algae between 20 and 30 m depth. Martha’s
Reef is sponge-dominated but the sponges were mostly small, erect or spherical and
included some encrusting forms (Makwela et al. 2016).

During 100 ROV surveys off the Amathole region, East London (Agulhas
ecoregion), where the first coelacanth was caught, still images and video footage
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Fig. 3 Table indicating invertebrate and algal species occurring between 25 and 75 m depth on
Alphard Bank. Common invertebrates found at varying depths, (a—d) sponges, (e) sea anemones, (f)
bryozoan and noble coral (unpublished data). The figure was created ex-novo, using data and
images belonging to the author Dr. Toufiek Samaai and Dr. Sven Kerwath collected during DEFF
benthic surveys. Colour coding depicts the following: light blue = rare; blue = common; green =
abundant; black = absent.

were taken of the shelf between 30 and 300 m (Fig. 4a). Large sponges dominated
the shallow reef habitats (30—40 m) and included prolific sponges in the genera
Cliona (large bowl shape), Isodictya (fan sponges) and Suberites and a number of
new Tsitsikamma sponges (Figs. 4b and 5a—c). The shallow reefs were also colo-
nized by hydroids, scrolled bryozoans, seafans and seawhips (Homophyton
verrucosum, Leptogorgia spp. and other octocorals) (Fig. 4c). The deeper rocky
areas were colonized by dense sponge communities and populations of seafans, soft
corals and non-reef-building scleractinian corals (Fig. 11g). Some soft-sediment
areas were characterized by sea pens (Fig. 4d). Bryozoa, ascidians and crustaceans
were also common. The rocky shelf areas in KwaZulu-Natal and the Eastern Cape
can be considered as sponge (and other invertebrate) hotspots. Dense filter feeding
communities on the shelf edge suggest that the topography and associated oceano-
graphic processes may concentrate food to support filter and plankton feeding biota.

During submersible surveys of the shelf edge and submarine canyons (Fig. 6¢) in
Sodwana Bay and Trafalgar on the east coast of South Africa, beds of glass sponges
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Fig. 4 (a) Amathole deep reef invertebrate community (Agulhas ecoregion); (b) sponges; (¢ and d)
seafans and sea pen. The figure was created ex-novo, using images from the Imida project, African
Coelacanth Ecosystem Programme (ACEP; Grant Number 97969). The PI of the project is Dr. Sven
Kerwath

Fig. 5 Diversity of Latrunculiidae sponges. (a) Latrunculia lunaviridis; (b) Latrunculia gotzi; (c)
Tsitsikamma favus. The figure was created ex-novo, using images belonging to the Coral Reef
Research Foundation (CRRF), Dr. Toufiek Samaai and Dr. Ali Gotz, respectively. Permission was
granted by Dr. Gotz (SAEON) and Lori Jane Bell Colin (CRRF)
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Baseball bat sponges

Fig. 6 Sponge communities in the iSimangaliso Wetland Park in northern KwaZulu-Natal. (a)
Dense aggregations of Pheronema on the shelf edge at 130 m between Jesser and Wright canyon.
This species stands as much as 60 cm off the substrate (b) and is used for shelter by many species
including this bigeye Pristigenys species. On the upper and lower canyon slopes Hyrtios sp. (c),
Echinostylinos sp. (d), the Lithistida Scleritoderma sp. (e), Sclerothamnus sp. (f, g) and
Pachastrella sp. form dense aggregations. Sclerothamnus sp. nov. is extremely fragile. The figure
was created ex-novo, using images in the collection of Dr. Kerry Sink, courtesy of the Jago
submersible team during the African Coelacanth Ecosystem Program expeditions 2002-2004.
Permission was granted by the ACEP manager, Dr. Angus Patterson, to use the images

Pheronema sp. were observed (Fig. 6a, b). These abundant sponges formed a distinct
habitat at depths between 130 and 160 m (Fig. 6a, b) where they grow up to 65 cm
high and 50 cm in diameter. The dense cover of Pheronema sponges (up to 17 indi-
viduals/m) of different sizes provides spatial complexity that benefits associated
fauna. Many juvenile fishes have been seen in the complex structures provided by
the sponges, suggesting a possible nursery function for the sponge beds. Apart from
these Pheronema grounds, a common feature on the canyon walls and cliffs in the
160-300 m depth range with a peak between 180 and 210 m was the presence of
very fragile dichotomously branching Sclerothamnus sp., a glass sponge that
extends up to 80 cm in length (Fig. 6f, g). A lithistid sponge (rock sponge) was
relatively abundant on the deeper rocky outcrops in the upper slopes of the canyon
(Fig. 6¢e). Deeper than 140 m the sponge fauna becomes gradually more diverse. On
the rocky outcrops of the sandy plain region, a yellow club-shaped species of
Echinostylinos sp. was very common (Fig. 6d). At about 140 m, the most common
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taxa were species of Hemiasterella and Halichondria (Samaai et al. 2010). Other
species recorded from the submarine canyon (Wright Canyon) were Pachastrella
monilifera (Fig. 6h), Hemiasterella vasiformis, Hymeniacidon caliculatum,
Topsentia pachastrelloides, Psammocinia cf. arenosa, Poecillastra compressa,
Clathria (Clathria) lissocladus, Isodictya frondosa, Myxilla (Ectyomyxilla)
kerguelensis and Coscinoderma cf. nardorus. The genus Clathropella was recorded
for the first time in South Africa (Sink et al. 2006).

The distribution of species on the west coast reflects a different pattern. In the
100-500 m depth range of the Benguela region off west coast South Africa and
Namibia, a massive lobe-shaped demosponge Suberites dandelenae is common in
unconsolidated seabed habitats, constituting true, usually mutually exclusive facies
(Samaai et al. 2017; Uriz 1988) (Fig. 7a—d). During various trawl surveys on the
west coast (with the research vessels Dr. Fridtjof Nansen and RV Africana), more
than 6 tons/km? of sponge material were obtained during several hauls within depths
ranging 120-275 m. The greatest mass of sponges collected was 18 tons/km?, from a
depth of 138 m offshore of Doring Bay (2006—Cruise 402, Station 1250). The three
localities offshore of Port Nolloth produced 3-3.5 tons/km? of sponges collected on
average, while 6 tons/km? of sponges were obtained from one site at a depth of
195 m in the proposed Namaqualand MPA (Nansen Cruise 402, Station 1196, 2006)
(Samaai et al. 2017) (Fig. 7b).

Fig. 7 (a) Geographical distribution of Suberites dandelenae along the west coast of South Africa;
(b) Heatmap indicating high abundance; (c, d) in situ photo of Suberites dandelenae; (e, f) in situ
photo of Fibula ramosa and stylasterids. The figure was created ex-novo. Underwater images taken
and provided by Ms Zoleka Filander, Oceans and Coasts Research, DEFF



The Marine Animal Forests of South Africa: Importance for Bioregionalization. . . 29

Though not a reef builder, S. dandelenae can be habitat forming (Fig. 7c, d). The
sponge grounds constitute an ecologically important habitat of great complexity for
fishes and both motile and sessile invertebrates, and they may play an important role
in the ecology and diversity of the west coast region. Indeed, their presence could
indicate a potential Vulnerable Marine Ecosystem (VME) or an Ecologically and
Biologically Significant Area (EBSA) in the sense of their fragility and slow
recovery (Samaai et al. 2017). It remains unclear what the particular conditions are
that have favoured the impressive aggregation of S. dandelenae in the 100-200 m
depth range. As a well-developed organic body characterizes this sponge by having a
massive silica skeleton, it would be expected to require large amounts of dissolved
silicon for growth and build its skeletal framework. However, average silicate
concentrations where the sponges are found were low, even in areas where the
sponge occurs in far lower abundance. The data suggests that dissolved silicon
availability in the southern Benguela may not be wholly accountable for the occur-
rence of S. dandelenae.

Other abundant sponge species on the west coast are Rossella antarctica,
Hamacantha (Vomerula) esperioides and Fibulia ramosa (Figs. 7e, f and 8a—g)
(Samaai et al. 2017; Uriz 1988). These sponges are also non-reef builders but are
habitat forming and likely occur in reef and soft-sediment environments. Their

Fig. 8 Samples of sponges collected during trawl surveys on the west and south coasts. (a)
Suberites dandelenae; (b) Tethya sp.; (¢) Mycale (Mycale) anisochela; (d) Rossella antarctica;
(e) Tetilla casula; (f) Tetilla capilosa; (g) Isodictya sp. The figure was created ex-novo. Images
provided by Dr. Lara Atkinson, SAEON
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populations constitute ecologically important deep-water habitats of great complex-
ity for fish and both motile and sessile invertebrates and play an important role in the
ecology and diversity of the deep sea. Rossella antarctica is more abundant at deeper
depths and in soft substrates and is more common on the west than south coast,
where it occurs on the shelf edge (Samaai et al. 2017).

Also, on the west coast, submersible footage from Cape Canyon off Cape
Columbine shows a high diversity and abundance of sponges, many of which are
also habitat forming but these are unlike the homogenous nature of the Pheronema
beds occurring on the shelf edge of the east coast. Most abundant sponge species
occurring in the Cape Canyon are Hamacantha (Vomerula) esperioides, Mycale
(Mycale) anisochela and Tethya sp. (ball sponges).

Currently, only eight species of hexactinellid sponges are described from the
Atlantic and Southern Indian oceans of South Africa, none of which have reef-
building characteristics.

The potentially high importance of sponges to benthic ecosystems, as well as the
potential for high impacts of bottom trawling on sponge grounds, indicates that
maintaining healthy sponge assemblages should be an important priority for marine
conservation planners. Successful management will need to be underpinned by
additional research that better identifies the ecological roles of sponges and their
distributions over local and broad environmental scales. The patterns of sponge
diversity observed are therefore applied to support the future management and
monitoring of marine benthic biodiversity in South Africa, particularly noting the
importance of spatial scale in biodiversity assessments and associated management
strategies.

3.2 Shallow-Water Subtropical Coral Communities

Tropical coral reefs are considered the “rainforest of the sea” and are among the
marine ecosystems with the highest biodiversity. East Africa has a rich tropical coral
fauna that extends to the high-latitude reefs along the South African east coast
(Fig. 9). Here at the southern-most extent of coral communities within the Western
Indian Ocean (WIO), they form a veneer on limited, Late Pleistocene reefs, rather
than forming the hermatypic aragonite reef complexes found in the Great Barrier
Reef (Schleyer 1999; Porter and Schleyer 2017). The coral communities consist
largely of widely distributed Indo-Pacific species but include a few endemic species
and are dominated by soft corals (Schleyer and Celliers 2003a, b; Porter and
Schleyer 2017). The coral communities within Sodwana Bay form the central
complex (Fig. 9) of the Northern KwaZulu-Natal reefs, with a northern complex
that adjoins Kosi Bay and a southern complex that consists of Red Sands reef and
Leadsman Shoal (Schleyer and Celliers 2003a, b, 2005). Substantial water move-
ment occurs on the reefs, with the coast occasionally swept by an inshore meander of
the southward flowing Agulhas Current (Lutjeharms 2006). The coral communities
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Fig. 9 (a) Sodwana Bay coral reef complex; (b—e) Corals from Sodwana Bay. The figure was
created ex-novo

are protected within the iSimangaliso Wetland Park, a world heritage site in the
Delagoa ecoregion South Africa.

Schleyer (1999) and Schleyer and Celliers (2005) provide species lists of the
corals found in Northern KwaZulu-Natal region. The checklist also provides an
indication of the high biodiversity on the coral habitats. The high-latitude coral
communities of South Africa are well known for their extraordinary beauty and
richness and are recognized as a centre of endemism that represents a high priority
for conservation (Roberts et al. 2002).

3.3 Cold-Water Coral Reefs and Coral Communities

Cold-water coral reefs, like their tropical warm- and shallow-water counterparts, are
built predominately by stony corals (Scleractinia) (Fig. 10a—g). A comparison
between warm- and cold-water coral reefs is presented in Table 2. Reef-building
and habitat-forming corals in cold waters are derived from several systematic groups
belonging to the phylum Cnidaria. Deep-water cnidarians have been less studied
than their shallow-water counterparts and are the focus of current research in
South Africa.

Stony corals that occur in cold and usually deep waters with no or very little light
are non-symbiotic. They lack the symbiotic light-dependent algae that are
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Fig. 10 South African specimens of reef-building cold-water corals photographed from the
invertebrate collection in the South African Museum (a—d) or from collections made in the southern
Cape (e, f). (a and b) Solenosmilia cf. variabilis. Specimen A was sampled from 904 m on the
eastern edge of the Agulhas Bank. A trawl sample with extensive framework reef-building coral is
shown in E. This photo was taken during a demersal research survey from an approximate depth of
907 m (Photo courtesy of Dave Japp). Images (a—e) from Sink and Samaai (2009). (f and g) Reef
with dense azooxanthellate corals found in the deep shelf edge off the south (f) and southeast (g)
coasts (credit ACEP Deep Secrets and Imida projects, respectively). The figure was created
ex-novo, using images in the collection of Dr. Kerry Sink, and images from the ACEP Imida &
ACEP Deep Secrets (Grant Number 97971) projects Permission was granted by Dr. Kerry Sink and
Dr. Sven Kerwath, the Pls of the two projects

characteristic of warm-water corals. At present about 1334 stony coral species are
described of which the majority, 672 species, belong to the non-symbiotic group
(Cairns 2001). Only 26% of non-symbiotic corals exist in water depths shallower
than 40 m, while the majority thrive in deeper waters down to abyssal depths, with
the deepest reported at 6328 m depth (Freiwald et al. 2004).

The most significant reef-building and habitat-forming Cnidaria are the colonial
stony corals (Scleractinia), true soft corals (Octocorallia), black corals (Antipatharia)
and calcifying stylasterine lace corals (Hydrozoa). Several species of these groups
create reefs and three-dimensional, forest-like structures on the seafloor, comparable
to their warm-water cousins in size and complexity (see Table 2). These cold-water
coral structures act like islands in the normally flat, featureless unconsolidated
sediment surroundings and harbour a distinct and rich community by providing
niches and nursery grounds for a variety of species, including commercial fish
species (Freiwald et al. 2004).
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Table 2 Comparison between cold-water and warm-water coral reefs (taken from Freiwald et al.
2004)

Warm-water coral reefs—shallow-

Cold-water coral reefs—deep-water water

Distribution | Global—potentially in all seas—and at all | Global—in subtropical and tropical
global, in subtropical and tropical seas between 30°N and 30°S

Depth Deep water Shallow reefs

Temperature | Temperature range 4°-13 °C 20°-29 °C Temperature range 4°-13 °C 20°—

range 29 °C

Depth range | 39-3383 m 0-100 m

Symbiotic No Yes

algae

Nutrition Uncertain, but probably suspended Suspended organic matter and
organic matter and zooplankton photosynthesis

Reef Mostly composed of one or a few species | Mostly composed of numerous

composition species

Age of living | Up to 8500 years Up to 9000 years

reefs

Cold-water corals are slow growing, recognized as vulnerable and extremely
fragile (FAO 2008; Lartaud et al. 2017), playing an important role as structural
elements that enhance habitat complexity and heterogeneity (FAO 2008;
Buhl-Mortensen et al. 2010) and should be protected from damage by bottom
trawling fishing or deep-sea mining in key areas (Freiwald et al. 2004).

Museum records indicate that there are at least three species of reef-building cold-
water coral known from South Africa (Fig. 10a—d; Tables 3 and 4). Within the
collections at Iziko Museums, the first colony of Solenosmilia was collected in 1901
in 549 m off the Buffalo River; however this record could not be precisely mapped
(Sink and Samaai 2009) (Table 4). More recent collections were made during deep
demersal research cruises off the western and eastern Agulhas Bank (Sink 2016,
Deep Secrets cruise report ). Uriz (1988) reported the presence of semifossil coral on
the west coast from Spanish cruises noting—“The bottom is relatively uniform, mud
or sand mixed with mud with scattered rocky bars frequently colonized by banks of
semifossil coral”. Zibrowius and Gili (1990), working on samples from the same
cruises, also reported cold-water corals from the north-west coast of South Africa in
the 145-1412 m depth range (Valdivia cruises Benguela V and VI, 6 stations)
although many of these species are not considered to be reef-building. Cairns and
Keller (1993) also reported on cold-water corals from South Africa but focussed on
the Indian Ocean component. Submersible footage taken in 2001 in the proposed
Ibhubesi gas development area off the west coast also documented a cold-water coral
reef (undocumented footage reported by Sink and Samaai 2009). Footage quality
was poor but the ROV pilot annotated the footage and showed sonar images
indicating the presence of the reef. This suggested presence of a cold-water coral
reef system in the 300400 m depth range off Namaqualand warrants further
investigation. Cold-water coral samples were also collected during a trawl impact
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study on the west coast of South Africa. Two grab samples collected on soft bottom
habitats had 1.7 and 1.2 kg of Desmophyllum cf. pertusum fragments (Atkinson
2010) (Fig. 10e; Tables 3 and 4). These fragments were recently dead and may have
been transported to the site. These isolated records of cold-water corals dredged from
the soft bottom habitat may suggest that coral habitats may be present on the west
coast.

Three species of cold-water coral, Desmophyllum cf. pertusum, Solenosmilia
cf. variabilis and Goniochorella cf. dumosa, were recorded off Buffalo River
(500-520 m depth range) and north of Cape Vidal, KwaZulu-Natal (86-930 m
depth range) (Tables 3 and 4) (see also Sink et al. 2018). The biology of
Goniochorella dumosa is comparatively poorly understood. This coral is restricted
to the southern hemisphere, mostly to New Zealand waters although it has been
recorded from South African, Indonesian and Korean waters (Cairns and Kitahara
2012). The known bathymetric range is from 88 to 1488 m with a concentration
around 300 and 400 m below sea level (Freiwald et al. 2004).

Furthermore, research trawl surveys by the Department of Agriculture, Fisheries
and Forestry (DAFF) research trawl surveys encountered fragments of dead coral
specimens of D. cf. pertusum on the west coast of South Africa from a depth range of
900-910 m (DAFF unpublished report). The first live cold-water corals were
observed in situ in 2016, thus confirming the presence of corals in the region (Sink
2016, Deep Secrets cruise report). However, until further acoustic mapping, seabed
images or several samples are acquired, we cannot be sure that the samples are not
from isolated colonies or smaller thickets that are sometimes known to be associated
with slope habitats. During a dedicated research project (2016-2018), historical
cold-water coral sites on the west coast together with new deep-water sites on the
southeast coast of South Africa were explored with a towed camera sled. During the
Deep Secrets voyage, the first in situ photographic surveys of the coral habitats at
Browns Bank on the west coast and between Port Elizabeth and Knysna were
undertaken (Sink 2016). High live coral cover were observed at “Secret Reef”, at a
depth of 330 m off Knysna.

Apart from this, the first in situ cold-water coral assemblages were observed with
octocoral-dominated deep reefs, a steep cliff colonized by high cover of an
unidentified Scleractinia of the Dendrophylliidae family at a depth between 70 and
103 m off East London (Amathole area), South Africa (Fig. 10g). However, samples
collected at these sites did not comprise reef-building species.

Another framework-building invertebrate group that is known as the stylasterine
corals (Fig. 11a-b) is frequently encountered in South African waters (Cairns and
Zibrowius 2013; Sink et al. 2018; Atkinson and Sink 2018). These taxa are hydro-
zoans and are considered as one of the many cnidarian groups that constitute cold-
water lace corals. Lace corals are calcified and have delicately branched skeletons
and are often confused with stony corals. All lace corals living in cold and deep
waters belong to the group of Stylasteridae with Stylaster being the better-known
genus, but 20 species from 7 genera have been reported in South Africa (Cairns and
Zibrowius 2013). One of the conspicuous components of the south coast is the
shallow- and deep-water emergent stylasterid hydrocoral, Stylaster nobilis (noble
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Fig. 11 Stylaster nobilis, the endemic milleporid hard coral from South Africa (a, ¢). Colonies of
this size are reported to be over 100 years old. (b) shows other species in the Stylaster genus on the
East London shelf edge (ACEP Imida Project). The figure was created ex-novo, using images from
the Imida project, African Coelacanth Ecosystem Programme (ACEP; Grant Number 97969). The
PI of the project is Dr. Sven Kerwath

coral), which is relatively common on shallow and deep reefs between the Cape
Peninsula to Port Elizabeth in 5-200 m of water. This hydrocoral is endemic to
South Africa, and it is reported to be very slow growing with colonies larger than
20 cm reported to be more than 100 years old (Branch et al. 2016). The structure of
S. nobilis populations on the south coast is typical of modular marine invertebrates,
with small colonies being the most abundant and larger colonies the least abundant.
Considering the slow growth and the fragile nature of these corals, they are consid-
ered to be vulnerable and/or fragile species. These species are more prevalent in the
Agulhas ecoregion, where dense colonies of lace corals are found offshore of
Tsitsikamma, 12 mile reef, Alphard Bank and 45 mile reef on the Agulhas Bank.
Stylaster nobilis has a delicate calcium carbonate skeleton and may be susceptible to
ocean acidification and diver damage. Various sponge species are associated with
the coral Stylaster nobilis, as well as various anemone species, bushy hydroids
(Eudendrium sp.) and various bryozoan species.

Partial COI mtDNA gene sequences (650 bp) were identical for 17 specimens of
pink-orange lace coral representing specimens with different colour morphs, growth
forms and occurring either inshore (12 mile reef and Tsitsikamma) or offshore
(Alphard Bank, 72 mile reef) on the Agulhas Bank. The high genetic similarity
among sequences of S. nobilis and the fact that all haplotypes generated are novel
indicate that all specimens sequenced belong to the same species, S. nobilis (Samaai
unpublished data).
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3.4 Octocoral Gardens

Octocorals include soft corals, gorgonians (seafans) and sea pens. Although
South Africa has extensive octocoral collections and made important contributions
to the taxonomy of this group (see publications by Gary Williams, South African
Museum), there has been little research into octocoral communities. The known
South African octocoral fauna constitutes approximately 204 species (Gibbons et al.
1999), of which 110 (54%) are endemic to South Africa (Gibbons et al. 1999).
Submersible footage from the shelf edge and canyons in northern KwaZulu-Natal,
off East London and from the Cape Canyon revealed diverse and dense assemblages
of seafans and other octocorals (Figs. 4c, d, 12e, and 13). Deep reefs such as the
Middle Bank reef in the Tsitsikamma National Park also support fragile seafans
(Fig. 12b—d). In addition, in KwaZulu-Natal, Sink and Samaai (2009) reported dense

Fig. 12 Groves of seafans and octocorals from the iSimangaliso Wetland Park (a, b), the East
London shelf edge (c¢), Middle Bank in the Tsitsikamma National Park (d) and Cape Canyon off
Cape Columbine on the west coast (e). Sea pen aggregations were documented by submersible
adjacent to the three largest submarine canyon heads off Cape Vidal and Sodwana Bay in KwaZulu-
Natal (f). Images from Sink and Samaai (2009) courtesy of the Jago submersible team (a—f) and
Diamond Fields International (e). More recently ROV surveys found high densities of seawhips (g)
and seafans (h) in the Amathole Offshore MPA (Images from the ACEP Imida Project). The figure
was created ex-novo, using images in the collection of Dr. Kerry Sink and Dr. Sven Kerwath
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Fig. 13 The morphotypes of soft corals found in South Africa. The figure was created ex-novo.
Permission to use images was granted by Peter Southwood

sea pen aggregations on the shelf adjacent to the three largest submarine canyon
heads, Wright, Diepgat and Leven canyons (Fig. 12a). As octocoral communities
have not been mapped, it is difficult to assess potential activities that may impact on
this potential animal-dominated community. Ten taxa of octocorals are represented
in the Wright Canyon collection (Sink et al. 2006).

The gorgonian Nicella dichotoma first described from Mauritius represents a new
record for South Africa and a range extension for the species. Homophyton
verrucosum, an endemic to southern Africa and is a common species in Northern
KwaZulu-Natal, occurs in depths of up to 168 m, whereas the grey seafan,
Rumphella sp., was previously recorded at depths of less than 25 m. Only one sea
pen, Pennatula murrayi, was collected in Wright Canyon (Fig. 12f). Until now, only
three species of antipatharian black coral have been recorded in South Africa, with
three new taxa collected from Wright Canyon. In addition, other distinctive
antipatharian species that are not represented in the marine invertebrate collection
of the Iziko Museums but were documented in canyon footage (Sink et al. 2006).

Off the Amathole region, East London, at a depth of 23-40 m, the octocorals
Leptogorgia palma, H. verrucosum, Eunicella tricoronata, flame octocorals and
Alcyonium spp. are common in reef habitat. In the deeper reefs, seawhips
Helicogorgia spp., unidentified seafans and other soft corals, and sponges dominate
(Fig. 12g, h).

Awad et al. (2002) examined the distributions of 54 shallow-water octocoral
species. They found that shallow-water octocoral species were concentrated along
the south coast, which may be the centre of radiation for this group. The highest
species richness was recorded at Port Elizabeth (25 species), and the lowest species
richness occurred at Kosi Bay (1 species).

3.5 Sea Anemones

The term sea anemones are the common name for cnidarians belonging to the orders
Actiniaria and Corallimorpharia. Actiniaria (sea anemones) are a small, yet
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Fig. 14 The morphotypes of sea anemones found in South Africa. The figure was created ex-novo.
Permission to use images was granted by Peter Southwood

moderately diverse, order in South Africa (Fig. 14). The most recent species list
available is that compiled by Acufia and Griffiths (2004), who reported 49 species of
sea anemones from South Africa. Laird and Griffiths (2016) increased the number of
species recorded to 63 of which 46% are endemic, 29% non-endemic, 22% cosmo-
politan and 3% introduced (Laird 2014). The ecoregion with the highest number of
reported sea anemone species is the Agulhas (38 species), Natal (26 species),
followed by the Southern Benguela (20 species) and Southwest Indian ecoregion
(5 species), while the Delagoa ecoregion had the greatest number of cosmopolitan
species with 11 (Laird 2014). Overall trends in species richness are unclear, but if
anything, sea anemones are more diverse in the temperate south and southwest
region of South Africa.

The families Actiniidae (16 species) and Hormathiidae (8 species) are the most
diverse families of South African sea anemones, but the latter contains a much higher
proportion of endemics. The deep-water distribution of Hormathiidae could be the
explanation for this high apparent endemicity rate, since very few deep-sea samples
have been collected in countries adjacent to South Africa (Acufia and Griffiths
2004). The list of Laird and Griffiths (2016) is incomplete and emphasizes the
need to increase the sampling effort in the deeper regions of the EEZ. Gaps in
sample coverage remain particularly obvious in deep-sea areas, particularly the
bathyal and the abyssal (500-5000 m), the latter being largely unexplored. Geo-
graphically, the west and east coasts need to be more thoroughly sampled, while
mesophotic and rariphotic reef habitats also need to be made a priority. On the west
coast shelf (Namaqua and Namib ecoregions), Uriz (1988) reported that the soft
sediments were characterized by low diversity and a sizable biomass of an
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Actinauge-like actinian (sea anemone) found to be extremely abundant. The sea
anemone beds occurred at the 400-500 m depth ranges (Uriz 1988).

High densities of anemones were observed on ROV footage off Port Elizabeth on
the south coast (Sink 2016, Deep Secrets cruise report), but the species identity has
not been confirmed. It is challenging to collect deep-water anemones and difficult to
link in situ observations with trawled specimens. The species most commonly
trawled in South Africa are Bolocera kerguelensis, Actinauge granulata and
Actinostola capensis (see Branch et al. 2016; Sink et al. 2018; Atkinson and Sink
2018).

Although suitable ports for the proliferation of introduced species also lie on the
east and south coasts, water temperature there is most likely too high for the invasion
of Sagartia ornata and Metridium senile, which are the only anemone species that
have been introduced to South Africa to date (Laird 2014).

3.6 Bryozoan Thickets

Bryozoans or “moss animals” are aquatic animals that are predominantly marine,
with some estuarine and even freshwater forms (Hayward and Ryland 1999). The
marine Bryozoa are adapted to live in marine habitats including the intertidal zone,
continental shelf, deep ocean canyons and abyssal plains. Typically, these sessile
colonial animals are found attached to diverse substrates ranging from, but not
limited to, anthropologically produced structures to large rocks, shells, algae and
even other bryozoans. Their ability to adapt to heterogeneous environments has
driven a spectacular diversity within this monophyletic group.

The estimated 6500 globally known species of Bryozoa may be less than half the
true number of species. The marine species of Bryozoa are classified in the orders
Cyclostomatida, Ctenostomatida and Cheilostomatida (Hayward and Ryland 1999).
The known South African bryozoan fauna constitutes approximately 282 species
(Florence et al. 2007; Florence and Atkinson 2018; Boonzaaier et al. 2020), of which
67 (26%) were reported as new by Hayward and Cook (1979, 1983). Despite the
importance of Bryozoa fauna in benthic communities, few studies have been carried
out on bryozoans along the South African coast, compared to sponges. Despite
zooids being microscopic, bryozoan colonies may range in size through five orders
of magnitude from 0.2 mm to 2 m (Anderson et al. 2019). Large bryozoans often
provide habitat for diverse associated assemblages, particularly for other bryozoans,
molluscs, annelids, arthropods, cnidarians, sponges, echinoderms and macroalgae
(Wood et al. 2012). Other ecological services of habitat-forming Bryozoa include
sediment stabilization, reduction of current flow in and around the thickets and
provision of three dimensionality, attachment surfaces and food (Anderson et al.
2019). Coastal Bryozoa thickets that have the appearance of brightly coloured coral
reefs also have high aesthetic value for tourism, especially for to the diving and free-
diving communities (Anderson et al. 2019).
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In their recent study on the Abrolhos Shelf in the south Atlantic, Bastos et al.
(2018) found that bryozoans accounted for up to 44% of the reef framework, while
crustose coralline algae and coral accounted for less than 28 and 23% respectively.
Habitat-forming bryozoans are particularly prevalent in New Zealand, Antarctica
(Weddell, Lazarev and Ross Seas), the North Pacific around Japan, the northern
Mediterranean and Adriatic and along the southern edge of the North Sea, through
the English Channel and around the United Kingdom (Wood et al. 2012, 2013;
Santagata et al. 2018). It is likely that bryozoans are significant generational con-
tributors to biogenic reefs in both the tropical and temperate reefs of South Africa. In
South Africa, however, there is no known published study on the distribution or
extent of habitat-forming bryozoans, although potential habitat-forming bryozoan
thickets have been observed and habitat-forming taxa are abundant.

Bryozoans are generally considered to be significant habitat formers if they are
rigidly erect and widely distributed and provide three-dimensional structure
(Anderson et al. 2019). Colonies can be encrustations that form thin or thick circular
or irregular patches or erect and bushy tufts that resemble algae or hydroids, while
others can form three-dimensional calcified coral-like structures (Smith and Gordon
2011). Through the utilization of available biominerals the Bryozoa conform to
17 widely accepted colony morphotypes (see Brown 1952; Moyano 1979; Stach
1936; Cook 1968). The primary colony morphotypes that meet these criteria for
South Africa include (see Florence et al. 2007; Florence 2016; Florence and
Atkinson 2018):

e Adeonelliform (Fig. 15a) including Laminopora jellyae

» Reteporiform (Fig. 15b) including Reteporella lata, Schizoretepora tessellata and
Aspidostoma livida

e Membraniporiform (Fig. 15c¢) including Calyptotheca porelliformis and
Chaperiopsis multifida

e Adeoniform including (Fig. 15d) Gephyrophora polymorpha

Other morphotypes that may, to a lesser extent, contribute to bryozoan thickets
are less calcified but foliaceous and erect and include (see Florence et al. 2007,
Florence 2016; Florence and Atkinson 2018):

e Buguliform (Fig. 15e) including Virididentula dentata, Onchoporella
bombycina, Flustramorpha marginata and Flustramorpha angusta

* Cellulariiform (Fig. 15f) including Menipea triseriata and Menipea crispa

¢ Cellariform (Fig. 15g) including Margaretta levinseni

e Flustriform (Fig. 15h) including Gregarinidra spinuligera and Alcyonidium
rhomboidale

The species mentioned above have wide spatial and bathymetric ranges (Florence
et al. 2007; Florence 2016; Florence and Atkinson 2018). However, there is a
paucity of knowledge regarding full-scale spatial and bathymetric analysis of
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Fig. 15 Examples of key habitat-forming bryozoan colony morphotypes. (a) Laminopora jellyae
(Adeonelliform) being grazed upon by Bonisa nakaza (Gas Flame Nudibranch), (b) Schizoretepora
tessellata (Reteporiform) the “false lace coral” is prevalent in large numbers on subtropical
temperate reefs, (¢) Chaperiopsis multifida (Membraniporiform) provides microhabitat due to its
3D “honeycomb” structure. (d) Gephyrophora polymorpha (Adeoniform) provides attachment
substrate for hydroids and other cnidarians. (e) Virididentula dentata (Buguliform) forms large,
lightly calcified, tufts resembling algae; (f) Menipea triseriata (Cellulariiform) an algae-like tuft that
provides refugia for small molluscs, crustaceans and fishes; (g) Margaretta levinseni (Cellariform)
is a tree-like bryozoan; (h) Alcyonidium rhomboidale (Flustriform) forms large, gelatinous, colonies
that traps sediment between its “fronds”. Photographs taken by Piotr Kuklinski, IOPAS and Wayne
Florence, Iziko Museums. The figure was created ex-novo. Permission to use images was granted
by Dr. Wayne Florence and Prof. Piotr Kukliriski

South African Bryozoa that urgently requires attention. Beds of Bryozoa are known
to occur on the continental shelf, at 200-500 m depth range on both the west and
south coasts (see Atkinson and Sink 2018). However, there is little information about
shelf edge and slope communities even though a few species were recorded at
700-900 m.
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3.7 Ascidians

Ascidians (Phylum: Chordata, Class: Ascidiacea), or sea squirts, are the largest and
most diverse class of the subphylum Tunicata (also known as Urochordata). They
comprise approximately 3000 accepted species found in all marine habitats (Shenkar
and Swalla 2011). The most recent species list available is that recorded in Monniot
et al. (2001), who reported 82 species of shallow-water ascidians from South Africa.
Monniot et al. (2001) also make reference of an additional 63 species not described
in their monograph. The known South African ascidian fauna constitutes approxi-
mately 145 species (Gibbons et al. 1999; Monniot et al. 2001; Parker-Nance and
Atkinson 2018), of which approximately 30% are reported from deeper waters
(Monniot et al. 2001). Of the 145 species, 81 species (56%) were found to be
endemic to South Africa (Gibbons et al. 1999; Awad et al. 2002). The rate of
endemism found for the South African ascidian fauna is relatively equal in compar-
ison to other regions. For example, similar rates of endemism were found in
New Zealand (43%), the Antarctic region (44%) and the Eastern Mediterranean
(40.9%). There are 227 species of ascidians described in South Africa (Griffiths et al.
2010).

Furthermore, Parker-Nance and Atkinson (2018) list eight deep-water ascidians
collected from the shelf, shelf edge and slope regions of the south and west coasts of
South Africa. On the west coast shelf, Uriz (1988) reported high densities of a
solitary ascidian (Molgula scutata) being abundant between 400 and 500 m depth
ranges in the northern Benguela, with Parker-Nance and Atkinson (2018) noting that
this species also occurs on the Agulhas Bank but in water depths shallower than
100 m depth. Ascidia incrassate and M. scutata are the only endemic deep-water
species (Parker-Nance and Atkinson 2018).

Awad et al. (2002) examined the distributions of 134 shallow-water ascidian
species. They found that shallow-water ascidian species were concentrated along the
south coast, with the highest species richness occurring at False Bay (58 species).
The west coast was species poor with only five species recorded from the Orange
River down to Saldanha Bay. Ascidian species also declined eastwards from False
Bay (Awad et al. 2002). The growing recognition of ascidians as a subject for
research in the fields of ecology and evolution, and especially their promising
potential for new pharmaceutical compounds, greatly emphasizes the need for future
studies of the ascidian fauna of South Africa. The primary colony morphotypes are
shown in Fig. 16.
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Fig. 16 The morphotypes of ascidians found in South Africa. The figure was created ex-novo.
Permission to use images was granted by Peter Southwood

4 Threats to South African Marine Animal Forests
and Their Mitigation

4.1 Seabed Impacts Caused by Offshore Fishing and Mining
in South Africa

Primary industrial activities that pose a risk to animal forests in South African waters
include the demersal trawl, crustacean trawl, demersal longline and rock lobster trap
fisheries, as well as extractive mining operations, specifically for marine diamonds,
petroleum (oil and gas) and minerals (Atkinson and Sink 2008). Most of these
industrial activities are known to negatively impact seabed communities with con-
siderable research done to quantify their impacts and develop mitigation measures or
best practice guidelines to minimize damage (Grieve et al. 2015; Cordes et al. 2016;
Kaiser et al. 2016; Miller et al. 2018). These industries provide critical economic
value for South Africa, and socio-economic benefits must be considered when
implementing impact mitigation measures. Some management measures are in
place in South Africa to mitigate the deleterious effects of disturbance caused by
industrial activities of such industries, including substantive measures implemented
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by the hake trawl fishery who hold Marine Stewardship Council (MSC) certification.
There is work underway to ensure such industries continue to strive towards global
best practice and take into account cumulative impacts.

Globally, demersal trawl fisheries are known to impact the seabed and benthic
communities with a vast amount of scientific research having focussed on the subject
(Hughes et al. 2014; Hiddink et al. 2017). Although such fisheries generally take
place in unconsolidated, homogenous habitats, there are areas where sensitive,
biogenic ecosystems continue to be impacted by trawl fisheries (e.g. seamounts
and deep cold-water coral reefs, Clark et al. 2015). The South African demersal trawl
fishery has been operational for more than 100 years (Payne 1989) and continues to
be the most financially lucrative fishery in the country having important socio-
economic benefits (Durholtz et al. 2015; Lallemand et al. 2016). Nonetheless, the
fishing activity of dragging large, heavy nets, with footrope gear designed to roll
along the seafloor, will damage any structurally complex and fragile biota and
ecosystems, when encountered. The South African offshore trawl fishery targets
two species of hake (Merluccius capensis and M. paradoxus) and operates along the
deep, offshore shelf edge of the west and south coasts and the inshore region of the
Agulhas Bank (Durholtz et al. 2015). Other benthic fish species are caught as trawl
bycatch and retained if commercially valuable (e.g. kingklip, monk, sole, angelfish,
horse mackerel), otherwise discarded. An analysis conducted by Sink et al. (2012a)
reported that 27 of 136 mapped marine habitat types are exposed to trawling in
South Africa’s EEZ with 12 of these being likely to host dense aggregations of
fragile, sessile animals forming biogenic features. These include canyons, steep
slopes and rocky and gravel areas that are known to provide habitat for vulnerable,
slow-growing, sessile species and are areas essential for fish reproduction and
juvenile fish protection.

In 2004, the South African trawl fishery achieved Marine Stewardship Council
(MSC) certification, with successful recertification in 2011 and 2015 (Lallemand
et al. 2016). A fish product with an MSC eco-label has the financial benefit of
attracting a higher market price. However, to retain MSC certification, a fishery has
to meet certain criteria, including complying with international best practice in
mitigating ecosystem impacts (Martin et al. 2012). As a result of the
South African trawl fishery’s MSC eco-label, the fishery voluntarily agreed to freeze
their footprint in 2008 (subsequently enforced through permit conditions), thereby
preventing further spatial expansion of this fishery (Durholtz et al. 2015).

Other types of fishing activities in South Africa that may result in damaging
interactions with sessile, fragile benthic species include the crustacean trawl fishery,
demersal longline fishery and fisheries that deploy traps, such as the rock lobster
fisheries (Atkinson and Sink 2008). South Africa’s crustacean trawl fishery is
restricted to localized areas of the KwaZulu-Natal province on the east coast.
Here, trawls occur on the inshore mud banks and the offshore shelf edge (Sink
et al. 2012b). The potential impact of this fishery on animal forest communities is
highest in the offshore shelf edge area, which is rocky and likely to support fragile
communities. The fishing effort of South Africa’s crustacean trawl fishery is low
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with only three vessels reportedly operational in 2016 and the recent proclamation of
the uThukela MPA further reducing trawl areas.

The longline and trap fisheries pose potential risk to snagging and breaking
structurally complex and fragile benthic species. Demersal longline fishing, primar-
ily targeting the Cape hake and demersal sharks, occurs on the west and south coasts
of South Africa with effort concentrated on the shelf edge, usually on steep or rocky
terrain that is not as accessible to trawlers (Atkinson and Sink 2008; Sink et al.
2012b). Although the primary environmental concerns of the demersal longline
fishery are related to bycatch species, the weighted lines deployed by the fishery
can damage sessile, emergent invertebrate species (Atkinson and Sink 2008). Trap
fisheries operating in South Africa include the west and south coast rock lobster
fisheries. The larger, heavier metal traps used by the offshore west coast rock lobster
fishery are more likely to damage fragile benthic species in comparison to the
smaller, plastic traps used for the south coast rock lobster fishery (Atkinson and
Sink 2008).

Petroleum exploration and production activities are mostly concentrated on the
Agulhas Bank; however, several wells have been drilled on the west coast, and large
areas are under lease for production (Ibhubesi Gas Field) and further exploration
(www.petroleumagencysa.com, 2019). Seabed impacts of these activities include
localized habitat disturbance, smothering and risk of catastrophic pollution, should
an oil spill occur as a result of an uncontrolled release of hydrocarbons (Sink et al.
2012b). The only known in situ research conducted in South Africa investigating
benthic impacts of petroleum activities showed a limited area (<250 m radius) of
impact around a wellhead (Sink et al. 2010). Nonetheless, should an area of
petroleum interest intersect with that of a sessile, fragile community, it is likely
that the seabed fauna will be negatively impacted or destroyed during exploration
and/or extraction.

Diamond mining occurs in the intertidal, near-shore and shelf habitats along the
north-west coast of South Africa and southern Namibia (Atkinson and Sink 2008;
Sink et al. 2012b). Impacts on the ecosystem as a result of diamond mining activities
include smothering of benthic communities from sediment plumes, alteration of
seafloor composition and loss of unique habitat that may intersect with diamond
concentrations. There is growing global interest in mining the seabed for a wide
range of other minerals such as polymetallic nodules, sulphides, manganese and
phosphates (Miller et al. 2018; Sharma 2017). Seabed areas that lie beyond national
jurisdiction are governed by the United Nations Convention on the Law of the Sea
(UNCLOS) with the International Seabed Authority (ISA) regulating mineral-related
activities therein (Miller et al. 2018). Mining of seabed minerals has not yet taken
place within South Africa’s EEZ; however, in 2012 and 2014, three prospecting
rights for marine phosphate mining, covering a total area of 155,500 km? (££10% of
the EEZ), were granted by South Africa’s Department of Mineral Resources (Centre
for Environmental Rights, Safeguard Our Seabed Coalition, www.cer.org.za).
South African stakeholders (environmental agencies and fishing sectors) raised
issues of irregularities in granting these rights, and to date, no known prospecting
has taken place. Considering the nature, spatial scale and extent of proposed seabed
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mining activities, in South Africa and internationally, large-scale loss of entire
ecosystems, especially fragile, sessile communities, is inevitable with zero to little
recovery potential (Van Dover et al. 2017).

4.2 Climate Change

In terms of a more acidic ocean environment, various taxa including corals, calcar-
eous sponges and bryozoan will be negatively impacted since their ability to calcify
will be impaired. This will have considerable impacts on animal forest communities
including non-sessile species that inhabit animal forests for food or
shelter (Sweetman et al. 2017). No in situ studies have demonstrated impacts or
responses in animal forest communities of South Africa with respect to acidification
to date. Changes in warm-, shallow-water coral communities in response to warming
have been observed at Sodwana in Northern KwaZulu-Natal (Porter and Schleyer
2017). Whereas corals grow faster as temperatures rise, beyond some limit rising
temperatures harm them by breaking down the relationship between the corals and
their symbiotic zooxanthellae, which are then expelled, resulting in bleaching. Reef
corals in Northern KwaZulu-Natal largely escaped the widespread, episodic
warming events that caused bleaching and mass mortalities of corals across the
tropics in several years during the 1990s and early 2000s; this was put down to
moderating effects of local small-scale upwelling in summer that kept temperatures
to below bleaching levels. However, in 2005 it was estimated that 16-60% of corals
at Sodwana Bay were bleached following prolonged high temperatures.

Before this event, long-term monitoring at Sodwana Bay had showed that water
temperatures rose 1 °C between 1994 and 2000 and then levelled off; this coincided
with an increase in hard coral cover due to increased skeletal growth and a decline in
soft coral cover (Porter and Schleyer 2017). The usefulness of benthic communities
for such long-term investigations of climate change effects is well recognized, given
the sessile nature and low mobility of most constituent taxa and the fact that many
are long-lived and integrate the effects of environmental change over time. The need
for more studies to monitor and investigate the responses of these communities to
global changes including impacts on ecosystem structure and functioning, and
especially in deeper ecosystems, is therefore emphasized.
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5 Identifying and Protecting Important Areas of Marine
Habitat and Biodiversity

5.1 Marine Protected Areas

In South Africa, the first Marine Protected Area (MPA) was declared in 1964—the
Tsitsikamma National Park MPA. By 2009, 23 MPAs had been declared around
South Africa, covering 23% of the length of the coastline of which approximately
10% was “no-take” area (Fig. 17). Following the declaration of the large Prince
Edward Islands MPA in the Southern Ocean (2013), the overall level of protection in
South African waters exceeded the 10% target of the 2020 Global Target in the
Decadal Plan of the Convention of Biodiversity; however only 0.4% of the area of
the mainland territory was protected. The full diversity of South Africa’s marine
systems was thus greatly under-represented in the MPA network, with 47% of
recognized marine ecosystem types not represented at all, and offshore areas of the
mainland’s EEZ were especially lacking. To address this, a proposal for a network of
new MPAs that would advance marine habitat representation and protection of
threatened marine ecosystems and species was developed in 2014 and gazetted for
public comment in 2016. In 2019, 20 new MPAs were finally declared, which
brought overall protection of the mainland’s ocean territory to 5% (Fig. 17).
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Fig. 17 New MPA network declared for South Africa. Map created ex-novo by Dr. Lauren
Williams (sourced from https://egis.environment.gov.za/)
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The sites and boundaries of new MPAs had been identified and developed using a
Systematic Conservation Planning (SCP) that took into account established princi-
ples for protected area networks (e.g. comprehensiveness, adequacy, representative-
ness). Where possible, incurring social or economic costs to users of the marine
environment was avoided through selection of less used sites, where there were
alternatives, or through zonation whereby controlled use is allowed in some areas as
long as it does not compromise the protection objectives of the MPA. Boundaries
and zonations were refined during the consultation period.

The MPA network advanced ecosystem representation from 47% to 87%, with
51 ecosystem types receiving their first protection (Sink et al. 2019). Apart from
increasing the representation of ecosystems under protection, the expanded network
contributes to protection of threatened ecosystems and species, potential Vulnerable
Marine Ecosystems (VME:s; see below section), supports fisheries management and
ecotourism and provides a platform for research and monitoring in South Africa’s
ocean environment. Most of the new MPAs also included some degree of overlap
with existing Ecologically or Biologically Significant Marine Areas (EBSAs; see
below section), thus providing protection to key components of the EBSA network.
Protection of animal forest communities including cold-water coral reefs and sponge
grounds was key motivations for several of the new MPAs, including Namaqua
Fossil Forest, Child Bank, Browns Bank Corals, Southwest Indian Seamount, Port
Elizabeth Coral, Amathole Offshore, Protea Banks and the expanded iSimangaliso
MPA. Protection of both shallow-water subtropical coral communities and deep-
water corals and sponge grounds is achieved at the expanded iSimangaliso MPA in
the north east of the country.

5.2 Ecologically or Biologically Significant Areas
and Vulnerable Marine Ecosystems

Ecologically or Biologically Significant Areas (EBSAs) are a tool that draws atten-
tion to areas that have particularly high ecological or biological importance and that
should be considered by decision-makers working towards ecosystem objectives,
e.g. they could be treated with a higher than usual degree of risk averseness. Potential
management interventions that are encouraged by the Convention on Biological
Diversity (CBD) to manage EBSAs and their underlying features include MPAs and
other effective area-based conservation measures (OECMs). That focussed portions
of most of South Africa’s EBSAs have been incorporated in the country’s expanded
MPA network (see above section) that supports the assertion that EBSAs can
contribute towards achieving Aichi Target 11.

Descriptions of 17 areas that meet the criteria for EBSAs in South Africa were
formally endorsed by the CBD Conference of the Parties in October 2014 (Fig. 18).
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Fig. 18 Proposed EBSAs for South Africa. Map created ex-novo by Dr. Lauren Williams (sourced
from https://cmr.mandela.ac.za/EBS A-Portal/MARISMA-Spatial-Data-Portal)

These included 11 EBSAs that were contained within the Exclusive Economic Zone
(EEZ) and 6 that extended into other country’s EEZs or into Areas Beyond National
Jurisdiction (ABNJ). Since 2016 the country’s EBSAs have been under review, and
a SCP approach has been used to assist with identifying new potential areas, which
were then assessed in terms of EBSA criteria, and also to delineate their boundaries
or to revise the boundary delineations of existing EBSAs. As part of this process,
descriptions of three newly described EBSAs (i.e. Protea Seamount Cluster, Seas of
Good Hope, Tsitsikamma-Robberg) have been proposed. Eight of the existing or
proposed EBSAs in South Africa have been motivated largely, or partly, on the basis
of scoring highly in terms of the “vulnerability, fragility, sensitivity or slow recov-
ery” EBSA criterion. For most, this was based on the presence of animal forest-type
communities which are highly applicable to this category. Examples include struc-
turally complex and habitat-forming cold-water corals, habitat-forming sponges,
hydrocorals, gorgonians, bryozoans and others.

These animal forest communities are also highly consistent with the definition of
Vulnerable Marine Ecosystems (VMEs), which are groups of species, communities
or habitats that may be vulnerable to fishing activities. The key concepts of VMEs,
namely, “vulnerability” and “significant adverse effects”, are very much in line with
the EBSA category “vulnerability, fragility, sensitivity or slow recovery”. In
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particular VMESs describe habitat types that are easily disturbed by fishing activities
and are slow to recover, or which may never recover, including features such as
seamounts, banks, knolls, the slopes of oceanic islands, carbonate mounds, subma-
rine canyons, trenches, manganese nodule habitats, hydrothermal vents and biogenic
reefs such as cold-water corals, octocoral gardens and deep-sea sponge beds. Several
of these such coral reefs, octocoral gardens and deep-sea sponge beds not only form
complex animal structures but provide habitat and shelter for other animals, giving
rise to complex and fragile communities.

While the guidelines for the identification and management of VMEs, which were
developed by the Food and Agriculture Organization of the United Nations (FAO),
were aimed at high seas fisheries and provide a voluntary tool through which to
achieve this objective of better-managed fisheries and protected VMEs, the concept
is also applicable to areas within national jurisdiction. Atkinson and Sink (2018)
identified a number of deep-water taxa that are considered potential indicators of
VMEs in South Africa (Table 5). This list contains species that form complex and
emergent biogenic benthic structures, are typically fragile and therefore easily
damaged by fishing gears and are likely to be long-lived and slow to recover.

5.3 Marine Spatial Planning

The recently proclaimed Marine Spatial Planning Act for South Africa provides an
operational framework for MSP in South Africa (Government Gazette No. 42479).
MSP is a process for allocating and siting ocean uses to avoid user conflict and
ensure that trade-offs between ecosystem services are appropriately dealt with. As
per the Act, marine plans will need to be informed on the characteristics of the ocean
including species, habitats and ecosystems, as well as ecological processes.
Therefore a critical component of the MSP process is the development of a national
data- and information-gathering platform, in which existing knowledge on marine
biodiversity, ecology, economics and societal impacts and their interactions are
consolidated. A concern is that proper planning may be hampered by the current
poor state of knowledge for several ecosystem types. This is the case especially for
deeper, less accessible ecosystem types, some of which have hardly been sampled, if
at all. These include ecosystems where animal forest communities may be found
such as deep reefs, cold-water coral communities and submarine canyons. However,
EBSAs, including several of which comprise animal forest communities, and the
databases that have been amassed in the process of identifying, describing and
revising them in recent years provide a useful spatial tool and ecological basis to
inform MSP. This process is still in its infancy in South Africa.
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6 Conclusion

South Africa’s seascape is host to a diverse range of animal forest assemblages, from
high-latitude soft coral-dominated reefs along its eastern coast to cold-water coral
assemblages fringing its continental shelf drop-off along the south coast and exten-
sive, highly diverse sponge grounds on the Agulhas Bank and western shelf. There is
limited knowledge on the extent of these assemblages, their species composition and
their ecological function, but the information that exists suggests that many of these
assemblages constitute both EBSAs and VMEs, making them a priority for protec-
tion from adverse anthropogenic impacts. The recently established offshore MPA
network will preserve a number of these assemblages, broadly representative of their
diversity and their distribution, but outside of these MPAs many of them may have
already been impacted by mining and demersal fishing activities. In the last decade,
there has been an increased effort to study these benthic assemblages with equipment
such as ROVs, jump and tow cameras and benthic sleds. This is providing for the
first time visual imagery of the in situ structures and organizations of South African
animal forests. Some of these assemblages resemble shrublands, and some are more
analogous to thickets, whereas others form a true canopy more synonymous with
that of a terrestrial forest, albeit on a scale that is one magnitude lower (centimetres to
metres vs. metres to tens of metres for a terrestrial forest). These research initiatives
are providing new insights into their ecology with indications that these habitats not
only harbour an increased diversity when compared to their surroundings but also
provide refuge, areas for reproduction and nursery grounds for a range of fish
species, some of which are threatened and some of which are commercially impor-
tant. Continued investigation into the ecology and distribution of these areas is
crucial in order to manage them carefully and to avoid their destruction with the
concomitant loss of endemic species and ecosystem services.

Acknowledgements We thank the Oceans and Coasts Research Directorate, Department of
Environmental, Forestry and Fisheries, Cape Town, for the logistic support under their Marine
Biodiversity and Ecosystems Programme. We thank the captains and crew of the many vessels that
supported this research and acknowledge the pilots and technicians who enabled the acquisition of
seabed imagery including the Jago submersible team. The following projects funded by the
National Research Foundation through the African Coelacanth Ecosystem Program (ACEP) are
acknowledged: ACEP Deep Secrets, ACEP Imida Frontiers, ACEP Spatial Solutions and ACEP
Deep Forests. We also acknowledge with gratitude the following institutions and research organi-
zations—SANBI, SAEON, Fisheries Research (DEFF) and Iziko Museums of South Africa —for
their support. We also gratefully acknowledge the numerous colleagues, postdoctoral research
fellows and postgraduate students, who contributed to South African marine biodiversity
knowledge.



The Marine Animal Forests of South Africa: Importance for Bioregionalization. . . 57

References

Acufia FH, Griffiths CL (2004) Species richness, endemicity and distribution patterns of
South African sea anemones (Cnidaria: Actiniaria and Corallimorpharia). Afr Zool 39
(2):193-200

Anderson RJ, Bolton JJ, Stegenga H (2009) Using the biogeographical distribution and diversity of
seaweed species to test the efficacy of marine protected areas in the warm-temperate Agulhas
Marine Province, South Africa. Biodivers Res 15:1017-1027

Anderson TJ, Morrison M, MacDiarmid A, Clark M, D’Archino R, Nelson W, Tracey D,
Gordon D, Read G, Kettles H, Morrisey D, Wood A, Anderson O, Smith AM, Page M, Paul-
Burke K, Schnabel K, Wadhwa S (2019) Review of New Zealand’s key biogenic habitats.
National Institute of Water and Atmospheric Research, Wellington

Atkinson (2010) Effects of demersal trawling on marine infaunal, epifaunal and fish assemblages:
studies in the southern Benguela and Oslofjord. PhD thesis, University of Cape Town, p 141

Atkinson L, Sink K (2008) User profiles for the South African offshore environment. SANBI
biodiversity series 10. South African National Biodiversity Institute, Pretoria, p 66. isbn:978-1-
919976-46-4

Atkinson LJ, Sink KJ (eds) (2018) Field guide to the offshore marine invertebrates of South Africa.
Malachite Marketing and Media, Pretoria, p 498. https://doi.org/10.15493/SAEON.PUB.
10000001

Awad AA, Griffiths CL, Turpie JK (2002) Distribution of South African marine benthic inverte-
brates applied to the selection of primary conservation areas. Divers Distrib 8:129-145

Bastos AC, Moura RL, Moraes FC, Vieira LS, Braga JC, Ramalho LV, Amado-Filho GM,
Magdalena UR, Webster JM (2018) Bryozoans are major modern builders of South Atlantic
oddly shaped reefs. Sci Rep 8(1):9638

Bolton JJ, Anderson RJ (1990) Correlations between intertidal seaweed community composition
and seawater temperature patterns on a geographical scale. Bot Mar 33:447-457

Bolton JJ, Anderson RJ (1997) Marine vegetation. In: Cowling RM, Richardson DM, Pierce SM
(eds) Vegetation of southern Africa. Cambridge University Press, Oxford, pp 348-370

Bolton JJ, Stegenga H (2002) Seaweed biodiversity in South Africa. S Afr J Mar Sci 24:9-18

Bolton JJ, Leliaert F, DeClerck O, Stegenga ARJ, H. Engledow H.E. and Coppejans E. (2004)
Where is the western limit of the tropical Indian Ocean seaweed flora? An analysis of intertidal
seaweed biogeography on the east coast of South Africa. Mar Biol 144:51-59

Boonzaaier-Davids MK, Florence WK, Gibbons MJ (2020) Novel taxa of Cheilostomata Bryozoa
discovered in the historical backlogs of the Iziko South African Museum. Zootaxa, 4820
(1):105-133

Branch GM, Branch ML (2018) Living shores: interacting with southern Africa’s marine ecosys-
tems. Struik Nature, Cape Town

Branch GM, Griffiths CL, Branch ML, Beckley LE (2016) Two oceans. A guide to the marine life
of Southern Africa. Struik Nature, Cape Town

Brown DA (1952) The Tertiary cheilostomatous polyzoa of New Zealand. British Museum,
London, 405 pp. https://doi.org/10.5962/bhl.title.118779

Buhl-Mortensen L, Vanreusel A, Gooday AJ, Levin LA, Priede IG, Buhl-Mortensen P,
Gheerardyn H, King NJ, Raes M (2010) Biological structures as a source of habitat heteroge-
neity and biodiversity on the deep ocean margins. Mar Ecol 31:21-50

Cairns SD (2001) A generic revision and phylogenetic analysis of the Dendrophylliidae (Cnidaria:
Scleractinia). Smithsonian Contrib Zool 615:1-75. https://doi.org/10.5479/51.00810282.615

Cairns SD, Keller NB (1993) New taxa and distributional records of azooxanthellate scleractinia
(Cnidaria, Anthozoa) from the tropical South-west Indian Ocean, with comments on their
zoogeography and ecology. Ann S Afr Mus 103(5):213-292

Cairns SD, Kitahara MV (2012) An illustrated key to the genera and subgenera of the recent
azooxanthellate Scleractinia (Cnidaria, Anthozoa), with an attached glossary. ZooKeys
227:1-47. https://doi.org/10.3897/zookeys.227.3612


https://doi.org/10.15493/SAEON.PUB.10000001
https://doi.org/10.15493/SAEON.PUB.10000001
https://doi.org/10.5962/bhl.title.118779
https://doi.org/10.5479/si.00810282.615
https://doi.org/10.3897/zookeys.227.3612

58 T. Samaai et al.

Cairns SD, Zibrowius H (2013) Stylasteridae (Cnidaria, Hydrozoa, Filifera) from South Africa.
Zootaxa 3691(1):1-57

Clark MR, Althaus F, Schlacher TA, Williams A, Bowden DA, Rowden AA (2015) The impacts of
deep-sea fisheries on benthic communities: a review. ICES J Mar Sci 73(Suppl 1):1, 51-69

Cook PL (1968) Bryozoa (Polyzoa) from the coast of tropical West Africa. Atlantide Rep
10:115-262

Cordes EE, Jones DOB, Schlacher TA, Amon DJ, Bernardino AF, Brooke S, Carney R, DeLeo
DM, Dunlop KM, Escobar-Briones EG, Gates AR, Génio L, Gobin J, Henry LA, Herrera S,
Hoyt S, Joye M, Kark S, Mestre NC, Metaxas A, Pfeifer S, Sink K, Sweetman AK, Witte U
(2016) Environmental impacts of the deep-water oil and gas industry: a review to guide
management strategies. Front Environ Sci 4:58. https://doi.org/10.3389/fenvs.2016.00058

Durholtz MD, Singh L, Fairweather TP, Leslie RW, van der Lingen CD, Bross CA, Hutchings L,
Rademeyer RA, Butterworth DS, Payne Al, Yafiez-Aranciba H (2015) Fisheries, ecology and
markets of South African hake. Hakes: Biol Exploitation 38-69

FAO (Fisheries and Agriculture Organization) (2008) International guidelines for the management
of deep-sea fisheries in the high seas. FAO Technical Consultation Document. FAO, Rome

Florence WK (2016) Some deep-water cheilostome Bryozoa from the south coast of South Africa.
Afr Nat Hist 12:05-11

Florence WK, Atkinson LJ (2018) Phylum Bryozoa. In: Atkinson LJ, Sink KJ (eds) Field guide to
the offshore marine invertebrates of South Africa. Malachite Marketing and Media, Pretoria, pp
227-243

Florence WK, Hayward PJ, Gibbons MJ (2007) Taxonomy of shallow-water Bryozoa from the west
coast of South Africa. Afr Nat Hist 3:1-58

Freiwald A, Fossa JH, Grehan A, Koslow T, Roberts JM (2004) Cold-water coral reefs. UNEP-
WCMC, Cambridge

Gibbons MJ, Barange M, Hutchings L (1995) Zoogeography and diversity of euphausiids around
southern Africa. Mar Biol 123:257-268

Gibbons MJ, Abiahy BB, Angel M, Assuncao CML, Bartsch I, Best P, Biseswar R, Bouillon J,
Bradford-Grieve JM, Branch W, Burreson E, Cannon L, Casanova J-P, Channing A, Child CA,
Compagno L, Cornelius PFS, Dadon JR, David JHM, Day J, Della Croce N, Emschermann P,
Erseus C, Esnal G, Gibson R, Griffiths CL, Hay-ward PJ, Heard R, Heemstra P, Herbert D,
Hessler R, Higgins R, Hiller N, Hirano YM, Kensley B, Kilburn R, Kornicker L, Lambshead J,
Manning R, Marshall D, Mianzan H, Monniot C, Monniot F, Newman W, Nielsen C,
Patterson G, Pugh P, Roeleveld M, Ross A, Ryan P, Ryland JS, Samaai T, Schleyer M,
Schockaert E, Seapy R, Shiel R, Sluys R, Southward EC, Sulaiman A, Thandar A, van der
Land J, van der Spoel S, van Soest R, Vetter E, Vinogradov G, Williams G, Wooldridge T
(1999) The taxonomic richness of South Africa’s marine fauna: crisis at hand. S Afr J Sci
95:8-12

Grieve C, Brady DC, Polet H (2015) Best practices for managing, measuring and mitigating the
benthic impacts of fishing. Mar Stewardship Council Sci Ser 3:81-120

Griffiths CL, Robinson TB, Lange L, Mead A (2010) Marine biodiversity in South Africa: an
evaluation of current states of knowledge. PLoS One 5(8):¢12008. https://doi.org/10.1371/
journal.pone.0012008

Hayward PJ, Cook PL (1979) The South African museum’s Meiring Naudé cruises. Part 9, Bryozoa.
Ann S Afr Mus 79:43-130

Hayward PJ, Cook PL (1983) The South African Museum’s Meiring Naudé cruises. Part
13, Bryozoa II. Ann S Afr Mus 91:1-161

Hayward PJ, Ryland JS (1999) Cheilostomatous Bryozoa, Part 2, Hippothooidea — Celleporoidea.
Issue 14 (2nd edn). Field Studies Council for the Linnean Society of London and The Estuarine
and Coastal Science Association, Shrewsbury

Hiddink JG, Jennings S, Sciberras M, Szostek CL, Hughes KM, Ellis N, Rijnsdorp AD,
McConnaughey RA, Mazor T, Hilborn R, Collie JS (2017) Global analysis of depletion and


https://doi.org/10.3389/fenvs.2016.00058
https://doi.org/10.1371/journal.pone.0012008
https://doi.org/10.1371/journal.pone.0012008

The Marine Animal Forests of South Africa: Importance for Bioregionalization. . . 59

recovery of seabed biota after bottom trawling disturbance. Proc Natl Acad Sci 114
(31):8301-8306

Hooper JNA, Kennedy JA (2002) Small-scale patterns of sponge biodiversity (Porifera) on sun-
shine coast reefs, eastern Australia. Invertebr Syst 16:637-653

Hooper JNA, Van Soest RWM (eds) (2002) Systema Porifera: a guide to the classification of
sponges. 2 volumes. Kluwer Academic/Plenum, New York, 1718 p

Hughes KM, Kaiser MJ, Jennings S, McConnaughey RA, Pitcher R, Hilborn R, Amoroso RO,
Collie J, Hiddink JG, Parma AM, Rijnsdorp A (2014) Investigating the effects of mobile bottom
fishing on benthic biota: a systematic review protocol. Environ Evid 3(1):23

Joseph B, Sujatha S (2011) Pharmacologically important natural products from marine sponges. J
Nat Prod 4:5-12

Kaiser MJ, Hilborn R, Jennings S, Amaroso R, Andersen M, Balliet K, Barratt E, Bergstad OA,
Bishop S, Bostrom JL, Boyd C (2016) Prioritization of knowledge needs to achieve best
practices for bottom trawling in relation to seabed habitats. Fish Fish 17(3):637-663

Laird MC (2014) Taxonomy, systematics and biogeography of South African Actiniaria and
Corallimorpharia. PhD Thesis. University of Cape Town, p 368

Laird MC, Griffiths CL (2016) Additions to the South African sea anemone (Cnidaria, Actiniaria)
fauna, with expanded distributional ranges for known species. African Invertebr 57(1):15-37.
https://doi.org/10.3897/afrinvertebr.57.8459

Lallemand P, Bergh M, Hansen M, Purves M (2016) Estimating the economic benefits of MSC
certification for the South African hake trawl fishery. Fish Res 182:98-115

Lartaud F, Galli G, Raza A, Priori C, Benedetti MC, Cau A, Santangelo G, lannelli M, Solidoro C,
Bramanti L (2017) Growth patterns in long-lived coral species. In: Rossi S, Bramanti L, Gori A,
Orejas C (eds) Marine animal forest, the ecology of benthic biodiversity hotspots. Springer
International, Cham

Lombard AT, Strauss T, Harris J, Sink K, Attwood C, Hutchings L (2004) South African National
spatial biodiversity assessment 2004. S Afr J Mar Sci 25:131-157

Lutjeharms JRE (2006) The Agulhas current. Springer, New York, xiii, 329 pp

Majiedt P, Holness S, Sink K, Oosthuizen A, Chadwick P (2013) Systematic marine biodiversity
plan for the west coast of South Africa. South African National Biodiversity Institute, Cape
Town, p 46

Makwela MS, Kerwath SE, Gotz A, Sink K, Samaai T, Wilke CG (2016) Notes on a remotely
operated vehicle survey to describe reef ichthyofauna and habitats — Agulhas Bank,
South Africa. Bothalia 46(1):a2108. https://doi.org/10.4102/abc.v46i1.2108

Martin SM, Cambridge TA, Grieve C, Nimmo FM, Agnew DJ (2012) An evaluation of environ-
mental changes within fisheries involved in the marine stewardship council certification scheme.
Rev Fish Sci 202:61-69. https://doi.org/10.1080/10641262.2011.654287

Matcher GF, Waterworth SC, Walmsley TA, Matsatsa T, Parker-Nance S, Davies-Coleman MT
et al (2017) Keeping it in the family: coevolution of latrunculid sponges and their dominant
bacterial symbionts. Microbiol Open 6:1-13. https://doi.org/10.1002/mbo3.417

Miller KA, Thompson KF, Johnston P, Santillo D (2018) An overview of seabed mining including
the current state of development, environmental impacts, and knowledge gaps. Front Mar Sci
4:418. https://doi.org/10.3389/fmars.2017.00418

Monniot C, Monniot F, Griffiths CL, Schleyer M (2001) South African ascidians. Ann S Afr Mus
108:1-141

Moyano HI (1979) Bryozoa from Antarctic bays: some ecological aspects. In: Larwood GP, Abbott
MB (eds) Advances in bryozoology. Academic, London, pp 383—402

Parker-Nance S, Atkinson LJ (2018) Phylum chordata. In: Atkinson LJ, Sink KJ (eds) Field guide to
the offshore marine invertebrates of South Africa. Malachite Marketing and Media, Pretoria, pp
477-490

Payne AI (1989) Cape hakes. In: Payne Al, Crawford RJ, Van Dalsen AP (eds) Oceans of life off
southern Africa. Vlaeberg, pp 136-147


https://doi.org/10.3897/afrinvertebr.57.8459
https://doi.org/10.4102/abc.v46i1.2108
https://doi.org/10.1080/10641262.2011.654287
https://doi.org/10.1002/mbo3.417
https://doi.org/10.3389/fmars.2017.00418

60 T. Samaai et al.

Porter S, Schleyer MH (2017) Long-term dynamics of a high-latitude coral reef community at
Sodwana Bay, South Africa. Coral Reefs 36:369-382. https://doi.org/10.1007/s00338-016-
1531-z

Proches S, Marshall DJ (2002) Diversity and biogeography of southern African intertidal Acari. J
Biogeogr 29:1201-1215

Roberts CM, McClean CJ, Veron JEN, Hawkins JP, Allen GR, McAllister DE, Mittermeier CG,
Schueler FW, Spalding M, Wells F, Vynne C, Werner TB (2002) Marine biodiversity hotspots
and conservation priorities for tropical reefs. Science 295:1280-1284

Rossi S, Bramanti L, Gori A, Orejas Saco del Valle C (2017) Marine animal forests: the ecology of
benthic biodiversity hotspots. Springer, Berlin

Samaai T (2002) Systematics of the family Latrunculiidae Topsent (Porifera: Demospongiae) and
consideration of the diversity and biogeography of shallow-water sponges of western
South Africa. Volumes 1 & 2. Ph.D Thesis, University of the Western Cape, Unpublished

Samaai T (2005) Biodiversity “hotspots”, patterns of richness and endemism, and distribution of
marine sponges in South Africa based on actual and interpolation data: a comparative approach.
Zootaxa 1358:1-37

Samaai T, Kelly M (2002) Family Latrunculiidae. In: Hooper JNA, Soest Van RWM (eds) Systema
Porifera. Guide to the supraspecific classification of sponges and Spongiomorphs (Porifera).
Plenum, New York, pp 709-719

Samaai T, Gibbons MJ, Kerwath S, Yemane D, Sink K (2010) Sponge richness along a bathymetric
gradient within the iSimangaliso Wetland Park, South Africa. Mar Biodivers 40:205-217

Samaai T, Maduray S, Janson L, Gibbons M, Ngwakum B, Teske P (2017) A new species of
habitat-forming Suberites (Porifera, Demospongiae, Suberitida) in the Benguela upwelling
region (South Africa). Zootaxa 4254:49-81

Santagata S, Ade V, Mahon AR, Wisocki PA, Halanych KM (2018) Compositional differences in
the habitat-forming bryozoan communities of the Antarctic shelf. Front Ecol Evol 6:116

Schleyer MH (1999) South African coral communities. In: McClanahan T, Sheppard C, Obura D
(eds) Coral reefs of the Indian Ocean: their ecology and conservation. Oxford University Press,
New York, pp 83-105

Schleyer MH, Celliers L (2003a) Coral dominance at the reef-sediment interface in marginal coral
communities at Sodwana Bay, South Africa. Mar Freshwater Res 54:967-972. https://doi.org/
10.1071/MF02049

Schleyer MH, Celliers L (2003b) Biodiversity on the marginal coral reefs of South Africa: what
does the future hold? Zool Verhandelingen 345:387-400

Schleyer MH, Celliers L (2005) Modelling reef zonation in the Greater St Lucia Wetland Park,
South Africa. Estuarine, Coastal Shelf Sci 63(3):373-384. https://doi.org/10.1016/j.ecss.2004.
12.003

Shannon LV (1985) The Benguela ecosystem 1. Evolution of the Benguela, physical features and
processes. Oceanogr Mar Biol Annu Rev 23:105-182

Sharma R (2017) Deep-sea mining: current status and future considerations. In: Deep-sea mining
2017. Springer, Cham, pp 3-21. https://doi.org/10.1007/978-3-319-52557-0_1

Shenkar N, Swalla BJ (2011) Global diversity of Ascidiacea. PLoS One 6(6):¢20657. https://doi.
org/10.1371/journal.pone.0020657

Sink K (2016) Operation Phakisa African coelacanth ecosystem Programme (ACEP) deep secrets
cruise: the outer shelf and slope ecosystems of South Africa — RV Algoa Voyage 230, p 77

Sink K, Samaai T (2009) Identifying potential vulnerable marine ecosystems in the offshore
environment of South Africa. Technical report. South African National Biodiversity Institute,
Cape Town, p 21

Sink KJ, Boshoff W, Samaai T, Timm PG, Kerwath SE (2006) Observations of the habitats and
biodiversity of the submarine canyons at Sodwana Bay. S Afr J Sci 102(9):466—474

Sink KJ, Atkinson LJ, Kerwath S, Samaai T (2010) Assessment of offshore benthic biodiversity on
the Agulhas Bank and the potential role of petroleum infrastructure in offshore spatial manage-
ment. Report prepared for WWF South Africa and PetroSA through a SANBI initiative.
South African National Biodiversity Institute, Cape Town, p 78


https://doi.org/10.1007/s00338-016-1531-z
https://doi.org/10.1007/s00338-016-1531-z
https://doi.org/10.1071/MF02049
https://doi.org/10.1071/MF02049
https://doi.org/10.1016/j.ecss.2004.12.003
https://doi.org/10.1016/j.ecss.2004.12.003
https://doi.org/10.1007/978-3-319-52557-0_1
https://doi.org/10.1371/journal.pone.0020657
https://doi.org/10.1371/journal.pone.0020657

The Marine Animal Forests of South Africa: Importance for Bioregionalization. . . 61

Sink KJ, Attwood CG, Lombard AT, Grantham H, Leslie R, Samaai T, Kerwath S, Majiedt P,
Fairweather T, Hutchings L, van der Lingen C, Atkinson LJ, Wilkinson S, Holness S, Wolf T
(2011) Spatial planning to identify focus areas for offshore biodiversity protection in
South Africa. Final Report for the Offshore Marine Protected Area Project. South African
National Biodiversity Institute, Cape Town

Sink K, Holness S, Harris L, Majiedt P, Atkinson L, Robinson T, Kirkman S, Hutchings L, Leslie R,
Lamberth S, Kerwath S, von der Heyden S, Lombard A, Attwood C, Branch G, Fairweather T,
Taljaard S, Weerts S, Cowley P, Awad A, Halpern B, Grantham H, Wolf T (2012a) National
biodiversity assessment 2011: technical report. Marine and coastal component, vol 4.
South African National Biodiversity Institute, Pretoria, p 325

Sink KJ, Wilkinson S, Atkinson LJ, Sims PF, Leslie RW, Attwood CG (2012b) The potential
impacts of South Africa’s demersal hake trawl fishery on benthic habitats: historical perspec-
tives, spatial analyses, current review, and potential management actions. Unpublished report,
South African National Biodiversity Institute, p 75

Sink KJ, Gibbons MJ, Laird MC, Atkinson LJ (2018) Phylum Cnidaria. In: Atkinson LJ, Sink KJ
(eds) Field guide to the offshore marine invertebrates of South Africa. Malachite Marketing and
Media, Pretoria, pp 65-115

Sink KJ, Sibanda SM, Fielding P, Skowno AL, Franken M, Harris LR, Adams R, Baleta T (2019)
Ecosystem protection level. In: Sink KJ, van der Bank MG, Majiedt PA, Harris LR, Atkinson
LJ, Kirkman SP, Karenyi N (eds) South African National Biodiversity assessment 2018
technical report. Marine Realm, vol 4. South African National Biodiversity Institute, Pretoria.
http://hdl.handle.net/20.500.12143/6372

Smith AM, Gordon DP (2011) Bryozoans of Southern New Zealand: a field identification guide. In:
New Zealand aquatic environment and biodiversity report no. 75. Ministry of Fisheries,
Wellington, p 65

Stach LW (1936) Correlation of zoarial form with habitat. J Geol 44:60-65

Sweetman AK, Thurber AR, Levin LA, Smith CR, Levin LA, Moral C, Wei CL, Gooday AJ, Jones
DOB, Rex M, Yasuhara M, Ingels J, Ruhl HA, Fieder CA, Danovaro R, Wiirzberg L, Baco A,
Grupe BM, Pasulka A, Meyer KS, Dunlop KM, Henry LA, Roberts MJ (2017) Major impacts of
climate change on deep-sea benthic ecosystems. Elem Sci Anthropocene 5:4. https://doi.org/10.
1525/elementa.203

Turpie JK, Beckley LE, Katua SM (2000) Biogeography and the selection of priority areas for
conservation of South African coastal fishes. Biol Conserv 92:59-72

Uriz M (1988) Deep-water sponges from the continental shelf and slope off Namibia (south-west
Africa): classes Hexactinellida and Demospongiae. Monografias Zool Marina 3:9-157

Van Dover CL, Ardron JA, Escobar E, Gianni M, Gjerde KM, Jaeckel A, Jones DO, Levin LA,
Niner HJ, Pendleton L, Smith CR (2017) Biodiversity loss from deep-sea mining. Nat Geosci 10
(7):464. https://doi.org/10.1038/nge02983

Van Soest RWM, Boury-Esnault N, Vacelet J, Dohrmann M, Erpenbeck D et al (2012) Global
diversity of sponges (Porifera). PLoS One 7(4):e35105. https://doi.org/10.1371/journal.pone.
0035105

Van Soest RWM, Boury-Esnault N, Hooper JNA, Riitzler K, de Voogd NJ, Alvarez B, Hajdu E,
Pisera AB, Manconi R, Schonberg C, Klautau M, Picton B, Kelly M, Vacelet J, Dohrmann M,
Diaz M-C, Cérdenas P, Carballo JL, Rios P, Downey R (2019) World Porifera database. https://
doi.org/10.14284/359. http://www.marinespecies.org/porifera. Accessed 11 July 2019

Wood ACL, Probert PK, Rowden AA, Smith AM (2012) Complex habitat generated by marine
bryozoans: a review of its distribution, structure, diversity, threats and conservation. Aquat
Conserv Mar Freshwat Ecosyst 22:547-563

Wood ACL, Rowden AA, Compton TJ, Gordon DP, Probert PK (2013) Habitat-forming bryozoans
in New Zealand: their known and predicted distribution in relation to broad-scale environmental
variables and fishing effort. PLoS One 8:1-31

Zibrowius H, Gili J (1990) Deep-water scleractinia (Cnidaria: Anthozoa) from Namibia,
South Africa, and Walvis Ridge, southeastern Atlantic. Sci Mar 54(1):19-46


http://hdl.handle.net/20.500.12143/6372
https://doi.org/10.1525/elementa.203
https://doi.org/10.1525/elementa.203
https://doi.org/10.1038/ngeo2983
https://doi.org/10.1371/journal.pone.0035105
https://doi.org/10.1371/journal.pone.0035105
https://doi.org/10.14284/359
https://doi.org/10.14284/359
http://www.marinespecies.org/porifera

Coral and Reef Fish Communities )
in the Thermally Extreme Persian/Arabian e
Gulf: Insights into Potential Climate

Change Effects

J. Bouwmeester, R. Riera, P. Range, R. Ben-Hamadou, K. Samimi-Namin,
and J. A. Burt

Abstract Coral reefs are facing global challenges, with climate change causing
recurrent coral bleaching events at a faster rate than corals may be able to recover
from, and leading to an overall decline of coral cover and shifts in communities
across the tropics. Scleractinian corals are ecosystem builders that provide a habitat
for numerous marine species, and their loss is disrupting a range of ecosystem
functions and services that reefs normally provide. Climate change will continue
to warm the world’s oceans, leading to thermal conditions similar to those already
existing in the Persian/Arabian Gulf (hereafter termed “the Gulf”). Indeed, the Gulf
is in the summer the world’s hottest sea (SST > 36 °C) and thus represents a “natural
laboratory” in which to understand how reefs in other regions might respond under
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