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Dinoflagellates are important primary producers, symbionts, but, atthe same
time, also consumers and parasites. The species composition in benthic
habitats is quite distinct from planktonic habitats. The lack of compre-
hensive taxanomic studies of these taxa has complicated our progress in
understanding dinoflagellate biodiversity, biogeography, and ecology. In
recent years, benthic harmful algal blooms have attracted increasing in-
terest because of the impact of ciguatera, the most important food-borne
disease of nonbacterial origin worldwide, which is caused by benthic dino-
flagellate species. These taxa seem to have widened their distribution lately.

This book summarizes the knowledge about the currently known benthic
dinoflagellate species for the first time.

It presents the first comprehensive identification help for benthic dinofla-
gellates and is a basic contribution to improve monitoring efforts worldwide.

About 190 species in 45 genera are presented, illustrated with more than
200 color images, about 150 scanning electron micrographs, and more than
250 drawings.
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Greetings

At present fewer than two million species are known to inhabit the biosphere, but experts estimate
that between 5 to 50 times as many species are actually living on our planet. The relatively unex-
plored deep sea is fascinating for the public by its unknown biodiversity. But there is no need to
search those far reaches to discover new species, they can be found “right in front of the door”. To
understand marine habitats, a lot of effort has been put into phytoplankton inventories worldwide.
In particular, Harmful Algal Blooms {(HABs) caused by diverse dinoflagellate taxa, are a am_.o.s
socially and economically relevant field of research. In recent years the importance & benthic
HABSs is increasingly recognized because of the impact of ciguatera, which is the most important
food borne disease of non-bacterial origin in the world and is caused by benthic dinoflagellate spe-
cies. Benthic dinoflagellates are understudied, and the known species diversity has nearly doubled
in the past 15 years, with new taxa discovered every year — including new genera. This book is the
first comprehensive summary of their worldwide biodiversity and biogeography, covering a total &
189 species in 45 genera. With its excellent illustrations it will certainly help to identify and moni-
tor these species and to assess potential risks of HABs causes by some of them. _._ocma_z..%_m
book will also broaden the awareness of these fascinating, tiny, single-celled marine organisms
and motivate students to study them.

The authors, who are among the very few expert taxonomists for these dinoflagellates {respon-
sible for over a third of the taxon descriptions), illustrate through their long-term research that
systematics and compiling inventories of life is a demanding and complex science requiring
many years of experience and patience as well as advanced laboratory techniques.

My congratulations go to the four authors of this timely and important monograph, which cer-
tainly will serve as a standard work for many years to come. Senckenberg is proud to have
supported this great project.

Volker Mosbrugger
Senckenberg Gesellschaft fiir Naturforschung
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Foreword

It is a pleasure to introduce Marine benthic dinofiagellates — unveiling their worldwide bio-
diversity. The complicated taxonomy of benthic dinoflagellates is summarized using the most
recent information from combinations of detailed microscopic observations, genetic approaches
and careful, patient field studies. This work provides new and useful clues on the biogeog-
raphy, systematics and ecology of this group, including some of the organisms causing harmful
outbreaks, and concurrently highlights the unresolved difficulties and challenges for the thor-
ough comprehension of the benthic dinoflagellates. This effort benefitted not only from recent
technological advances, but especially, from the youth and diversity (from Germany, France,
Australia and Japan) of the co-authors. The expertise of these young, motivated researchers
holds much promise for the future of dinoflagellate taxonomy. At the beginning of the XXlst
century, taxonomy is essential not only to establishing the worldwide biodiversity of benthic
dinoflagellates, but to identify particular harmful taxa. Indeed, a main aim of this effort is to help
monitoring programs prevent and mitigate the consequences of harmful events affecting human
and ecosystem health. Finally, the thorough treatment of the benthic dinoflagellates provided in
this book constitutes a solid basis for future studies on the structure and dynamics of benthic
dinoflagellate communities.

This publication is especially timely because it comes to press in the spring of 2014, ten years
after Professor Ramon Margalef passed away. Margalef would be particularly delighted reading
it given his special admiration for dinoflagellates, as he clearly expressed in his contribution to
the Vlith Conference on Harmful Algae” held in Vigo on 1997: “Dinoflagellates are admirable
in their organization and behaviour" (Margalef 1997). This book provides excellent images of
this wonder of nature. The high quality and resolution of the microphotographs illustrate what
it would be defined in Margalef's terms as “a comprehensive dictionary” of benthic dinoflagel-
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l. Introduction

The first studies of dinoflagellates inhabiting
in sandy sediments were conducted early last
century {Kofoid and Swezy 1921, E.C. Herd-
man 1922, 1924a,b, Balech 1956), however,
few studies were conducted in the decades
after these. Further investigations started in
the 1980s (e.g. Saunders and Dodge 1984,
Larsen 1985, Dodge and Lewis 1986, Horigu-
chi and Pienaar 1988a, Horiguchi 1995, Faust
1995). Faust and Horiguchi had a continuous
interest in benthic dinoflagellates, exploring
mangrove and coral reef habitats and tide
pools (e.g. Faust 1993a,b, 1997, 1999, Hori-
guchi and Chihara 1983a, 1988, Horiguchi and
Pienaar 1994a, Horiguchi et al. 2000, 2011,
2012}. Comprehensive studies of sand habi-
tats occurred in the 2000s (Hoppenrath 2000b,
Murray 2003, Tamura 2005, Mohammad-Noor
et al. 2007b, Al-Yamani and Saburova 2010).
These studies showed that a species compo-
sition quite distinct from planktonic habitats
was present in benthic habitats. Less than
10% of the about 2000 described extant di-
noflagellate species appear to be benthic
(Taylor et al. 2008). They occur in different
types of habitats {see chapter Il) and appear
to be adapted to a benthic life style in their
morphalogy, in their behavior, and some also
in their life cycles (see ecology chapter VI).
Some taxa are known to produce toxins
impacting humans, particularly those oc-
curring in tropical and subtropical regions
{see chapter VII), which has caused an in-
crease in research interest in benthic dino-
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flagellates. The study of harmful benthic dino-
flagellates started in late 1970s with the
discovery that a benthic species, later named
Gambierdiscus toxicus, was thought to be re-
sponsible for ciguatera fish poisoning, a type
of human poisoning linked to the consumption
of certain species of tropical reef fish {Yasu-
moto et al. 1977). As ciguatera fish poisoning
incidences are increasing, and the distribu-
tion of toxin producing benthic taxa seems
to expand, an understanding of the species
diversity and their identification is becoming
more and more important. Blooms of harmful
benthic dinoflagellates can cause serious
human and environmental health problems.
Recently the potentially toxic species have
been subject of intense research activities
{e.g. Litaker et al. 2009, Laza-Martinez et al.
2011; reviews: Parsons et al. 2012, Hoppen-
rath et al. 2013a).

The lack of comprehensive taxonomic in-
vestigations of benthic dinoflagellates 8:6_;
cates progress in our understanding of their
biodiversity, biogeography and ecology, and
motivated us to compile current information
into this book. One hundred and eighty-nine
species belonging to 45 genera are described
and their known distribution recorded herein.
The distribution section for the species lists
the references in the following order: Arctic
Ocean, North Atlantic (e.g., UK, North Sea,
France, Spain, Portugal, east USA, Gulf of
Mexico, Caribbean Sea), South Atlantic (e.g.,
Cape Town, South Africa), Mediterranean Sea,

Arabian/Persian Gulf, Indian Ocean (e.g., Viet
Nam, Malaysia, West Australia, South Af-
rica), North Pacific (e.g., Sea of Japan, Korea,
Japan, BC Canada, California), South Pacific
(e.g., East Australia, New Caledonia, French
Polynesia, New Zealand). It is the first com-
prehensive treatise on the group, and it is our
intention that it will facilitate further studies.

The classification of dinoflagellates is cur-
rently changing and is far from being settled,
with the discovery of new species and gen-
era, and the rearrangements of systematic
entities. Many benthic dinoflagellate genera
have unusual morphologies and appear to
be not closely related to known planktonic
taxa, and molecular phylogenetic analyses
frequently show low statistical support for
any relationship (see chapter IV). They show
unique thecal plate arrangements when com-
pared to planktonic species, e.q. Adenoides,
Amphidiniella, Cabra, Planodinium, Rhino-
dinium, Sabulodinium (see taxonomy chapter
). Therefore, no higher classification was
used in this book and the genera (and species
within a genus) are presented in alphabetical
order. No keys were provided but information
about similar species with which a taxon can
be confused is given.

A good introduction to dinoflagellates
is the Tree of Life web project page (http://
tolweb.org/Dinoflagellates/2445). Summar-
ies of main dinoflagellate characteristics
were published in Hoppenrath et al. (2009a,
2013a) and of their diversity in F.J.R. Taylor
et al. {2008). The cell orientation is explained
in figure 1. For the thecal plate designation,
the Kofoid system as modified and described
in Fensome et al. (1993) was followed (Fig. 2).
Some benthic taxa have thecal tabulations
difficult to interpret and sometimes different
designaticns (plate formulae) have been pub-
lished for one taxon.

As our understanding of the morphologic-
al and genetic diversity of dinoflagellates
has increased in recent years, some original
descriptions of species may no longer be ad-
equate to identify a taxon. Cryptic species
diversity has been detected already (Murray
et al. 2012}, and it is highly likely that further
cryptic species will be found. Furthermore,
some old taxonomic concepts are no longer
valid. For example within the unarmoured
(athecate, naked) dinoflagellate genera some
genus delimitations are unsatisfactory, and
reclassification is still ongoing. For instance,
the genera Amphidinium, Gymnodinium, and
Gyrodinium were redefined (Daugbjerg et al.
2000, Flg Jgrgensen et al. 2004a, Murray et al.
2004). As a consequence of the redefinitions
many species can no longer be classified in
the genera, need reinvestigation, reclassi-
fication or classification within new genera.
For practical reasons and not to make them
“nameless”, the old generic names were used
in this book, and the genera were separated
into sensu stricto (s.s.) and sensu lato (s.|)
species.

Dinoflagellates are protists that histori-
cally have been treated in accordance with
the International Code of Botanical Nomen-
clature (ICBN) and the International Code of
Zoological Nomenclature (ICZN) — ambiregnal
taxa. It has been agreed on solely applying the
botanical code for dinoflagellates in future,
and we here follow the latest version of the
International Code of Nomenclature (ICN} for
algae, fungi, and plants — the Melbourne Code
{(McNeil! et al. 2012). Some species epithets
(names) have been corrected, following article
32.2: "Names or epithets published with an
improper Latin termination but otherwise in
accordance with this Code are regarded as
validly published; they are to be changed to
accord with Art. 1619, 21, 23, and 24, with-
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Fig. 1: Cell orientation. A-D: Dinokont cells. A, B: Dorsoventrally flattened cell. C, D: Later-
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Fig. 2: Kofoid system of thecal plate designation.

out change of the author citation or date (see
also Art. 80.12)." For the holotype designation
in many published (past) new dinoflagellate spe-
cies descriptions article 40.5 applied and still ap-
plies: “For the purpose of Art. 40, the type of a
name of a new species or infraspecific taxon of

microscopic algae or microfungi (fossils except-
ed: see Art. 8.5) may be an effectively published
illustration if there are technical difficulties of
preservation or if it is impossible to preserve a
specimen that would show the features attrib-
uted to the taxon by the author of the name.”
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