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GAMBIERDISCUS TAXONOMY - MORPHOLOGY AND DNA METHODS
Litaker, R. Wayne, Mark W. Vandersea, Steven R. Kibler, Mireille Chinain, William
C. Holland, Michael J. Holmes, Maria A. Faust, and Patricia A. Tester

Gambierdiscus species identification is important because there is a 100 to 250 fold
difference in toxicity among species according to literature reports. In contrast, the
within species toxicity, varies only 2-9 fold. This suggests species composition is a
major determinant of ciguatera fish poisoning (CFP) events. Accurate identification
using light microscopy, however, is difficult even though Gambierdiscus cells are
relatively large. A review of the major morphological characteristics, such as the size
and shape of the cells and various plates such as the 2°, 4’” and, 1P, will be presented
to illustrate the challenges associated with species identification. In most cases,
unambiguous identification requires some type of molecular confirmation. There is a
close concordance between the distinct genetic clusters found in SSU, ITS and LSU
rDNA phylogenies and the currently described species. To date, phylogenetic
analyses indicate the existence of at least 12 different Gamberidiscus species, ten of
which have been formally described based on morphological criteria. It is likely that
additional species will be identified. By noting where the source materials used in the
phylogenetic analyses originated, it is possible to develop global distribution maps for
Gambierdiscus species. Our data indicate five species are endemic to the Atlantic,
five are endemic to the tropical Pacific, and that two species, G. carpenteri and G.
caribaeus are globally distributed. Future efforts will be directed at documenting the
relative toxicity of the various species, and in understanding their relative abundance
and habitat preferences in an effort to better predict CFP events.

'NOS/N OAA, 101 Pivers Island Road, Beaufort, North Carolina 28516, USA
(Wayne.Litaker@noaa.gov)

*Laboratoire Des Micro-Algues Toxiques, Institut Louis Malardé, BP 30 98713
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Tropical Marine Science Institute, 14 Kent Ridge Road, National University of
Singapore, Singapore 119223

4Department of Botany, Smithsonian Institution, 4210 Silver Hill Road, Suitland,
Maryland, 20746, USA




MORPHOLOGICAL IDENTIFICATION AND TAXONOMY OF
POTENTIALLY TOXIC BENTHIC DINOFLAGELLATES
Aligizaki, Katerina'

Accurate taxonomy is the prerequisite for every ecological and biogeographical study
especially in HAB species. Morphological identification of potentially toxic benthic
dinoflagellates constitutes a difficult task, as in almost every genus there are specific
ambiguities regarding the reliable morphological criteria that should be used.

The lack of compliance among more recent SEM and older LM descriptions, as in the
case of some Prorocentrum and Ostreopsis taxa, or the variability of morphotypes
included to a species, seem to have hampered exact taxonomy; Prorocentrum lima
morphotypes exhibit cell shapes from oblong to round, with round to kidney-shaped
valve pores, leading to the characterization as “P. lima complex” until the taxonomy
of the species/genus is clarified. The erroneous synonymy in some cases (P.
rhathymum vs. P. mexicanum) or the erection of too many species (P. concavum vs.
P. arabianum) in some others seems to be also related to the perpetuation of the
taxonomical confusion in the genus Prorocentrum.

Species description only from field samples, with no capability for observations
repeatability or molecular and toxicity analyses may have also resulted in taxonomical
inconsistencies; some Ostreopsis species have not been detected following their
original description, while a characteristic (and currently clarified) example is the case
of Gambierdiscus toxicus description that actually included more than one species.
The use of culture material certainly eliminates such problems and gives the
possibility for manifold approaches (life-cycle, molecular & toxicity analyses);
however, shape distortion in culture conditions, which has been observed for several
Ostreopsis strains, may cause remarkable difficulties.

! Department of Botany, School of Biology, Faculty of Sciences, Aristotle University,
54124 Thessaloniki, GREECE (aligiza@bio.auth.gr)

GENETIC DIVERSITY OF THREE HARMFUL BENTHIC GENERA OF
OSTREOPSIS, COOLIA AND PROROCENTRUM
Penna, Antonella'

The molecular approaches permitted to explore the genetic complexity within each
genus. Ostreopsis spp. shows a high level of morphological variability and most of
the Ostreopsis morphotypes described were not sequenced for the genotype
assignment. Few identified genetic species, as O. cf. ovata, O. cf. siamensis, O.
lenticularis and O. labens, were analyzed based on the phylogeny and nucleotide
diversity at inter- and intra- species level especially at the Mediterranean area. In the
O. cf. ovata different genetic lineages correlated with macrogeographical distribution
are present; they are represented by the Mediterranean/Atlantic and Indo-Pacific
clades. O. cf. ovata is found to be widely dispersed, while the other species turn out
restricted to just one of the two main warm-water oceanic basins. Molecular
phylogenetic, morphological and other phenotipical parameters are strongly suggested
to be applied together for the reconstruction of the taxonomy of this genus. Few
species of Coolia are genetically identified, as C. monotis, C. canariensis and C.
malayense, and it is still remaining to clarify the phylogenetic position of not



sequenced C. tropicalis and C. areolata, as well as other underscribed strains
worldwide. In the phylogenetic analyses of Prorocentrales, a controversy at genus
level arises on consisting in the polyphyletic or monophyletic origin of the
Prorocentrum based on different target genes, outgroups and number of taxa included
in the phylogenetic analyses; further, unresolved grouping of planktonic and benthic
Prorocentrum species need for additional investigation to determine whether these
lineages should be assigned to two separate genera and to solve ambiguities within
assigned taxonomic taxa.

'Dep. of Biomolecular Sciences, University of Urbino, 61121 Pesaro (PU), Italy
(antonella.penna@uniurb.it)

SAMPLING METHODOLOGY FOR BENTHIC DINOFLAGELLATES
Tester, P.A.", Kibler, S.R.2, Vandersea, M.W., Holland, W.C. and R.W. Litaker

Benthic dinoflagellates in the genera Gambierdiscus, Ostreopsis and Prorocentrum
are generally associated with a variety of benthic substrates. Quantifying their
abundance presents methodological challenges, not the least of which includes
relatively low cell abundance and a high degree of spatial/temporal variability.
Historically, the most common method for quantifying the abundance of benthic
dinoflagellates is by enumerating cells associated with benthic macrophytes, where
cell abundance is reported as cells g™ wet weight macrophyte. Data collected in this
manner is difficult to normalize because of large variability in surface area among
different macrophytes and limited distribution of particular macrophytes in different
tropical habitats. We review the historical sampling methodologies and advocate the
use of an artificial substrate (fiberglass screen). This method is inexpensive, easily
replicated, non-destructive and a reliable substitute for benthic macrophytes. We have
used the screen method to examine distribution and abundance of benthic
dinoflagellates in a number of different tropical systems in the Caribbean region.
Field testing of this method showed a significant correlation between abundance of
benthic dinoflagellates on screens and those on adjacent macrophytes for
Gambierdiscus (r = 0.82), Ostreopsis (r = 0.82) and Prorocentrum (r = 0.86). Cell
abundance data from screens had an equal or smaller coefficient of variation than did
comparable data from macrophytes.

1Pa‘[.Tes‘[er(a)noaa. ooV
2Steve.Kibler@noaa.,qov

A SIMPLE MODEL CAPABLE OF SIMULATING THE POPULATION
DYNAMICS OF GAMBIERDISCUS, THE BENTHIC DINOFLAGELLATE
RESPONSIBLE FOR CIGUATERA FISH POISONING

Michael L. Parsons, Chelsie J. Settlemier, and Paul K. Bienfang

Ciguatera fish poisoning (CFP) is the most prevalent form of phycotoxin-borne
seafood poisoning in the world, afflicting tens of thousands of individuals annually.
Efforts to monitor for and limit exposure to CFP are hindered by the spatially and
temporally sporadic nature of CFP outbreaks. This presentation describes a simple,
one-dimensional model that was developed using physico-chemical parameters to
simulate the population dynamics of the causative organism behind CFP events, the



benthic dinoflagellate, Gambierdiscus spp. The data used for this model includes
Gambierdiscus cell density and associated nutrient and physico-chemical data that
were collected monthly over 3.5 years at two windward and two leeward sites on the
island of Hawaii. Data from the windward sites were used to construct and calibrate
the model, which was then verified against actual Gambierdiscus cell density values
that were collected at the leeward sites. Additional modeling scenarios indicated that
bloom scenarios resulted from subtle (yet complementary) changes in environmental
conditions, and that nutrient enrichment and warming sea surface temperatures
stimulated Gambierdiscus growth and resulted in higher cell densities. The results
from this proof-of-concept effort to simulate the population densities of this benthic
dinoflagellate suggests promise for more elaborate modeling efforts, and their
potential value to protect against human impacts from future CFP outbreaks.

A REVIEW OF THE ECOLOGICAL FACTORS DRIVING
BIOGEOGRAPHY OF GAMBIERDISCUS SPECIES

Rhodes, Lesley

Global mapping of the genus Gambierdiscus, both temporal and spatial, is a
challenging exercise. The genus continues to expand its geographic range, probably
due to both increased research and to an increased presence. The expansion may well
be due to both natural and anthropogenic changes. There are many and varied drivers
for its establishment in a new area, including natural events (for example, cyclones
and earthquakes leading to tsunamis), anthropogenic occurrences (e.g. dredging,
building of boat ramps, etc.), and altered nutrient and trace metal inputs into coastal
waters. Pinpointing a particular driver is fraught with difficulties as Gambierdiscus
can proliferate on a range of substrates, within relatively wide temperature and
salinity ranges, and its distribution is often linked more closely to substrate
disturbance than to season and climate. Reports of ciguatoxin poisoning are increasing
in some areas. For example, in the Cook Islands serious ciguatera illnesses have been
reported in local communities, and an increased number of tourists returning to New
Zealand have exhibited symptoms on arrival home. This could be due to a greater
recognition of the illness and to better record keeping, but it could equally be due to
more toxic species blooming and entering the food web. The potential causes for the
apparent spread of Gambierdiscus globally will be reviewed.

Cawthron Institute, Nelson, New Zealand (lesley.rhodes@cawthron.org.nz)

OVERVIEW OF THE DISTRIBUTION OF OSTREOSPIS AND BENTHIC
PROROCENTRUM SPECIES AROUND THE WORLD SEAS
Zingone, Adriana

The first benthic Prorocentrum species, P. lima, was described from the
Mediterranean Sea. However, most records of benthic Prorocentrum and Ostreopsis
species were initially restricted to tropical and subtropical seas. In the last decade,
increasing attention has been paid to potentially toxic benthic dinoflagellates, due to a
higher frequency of harmful events associated with these species in temperate areas.
Ostreopsis species have been recently found at high concentrations (up to 10%cells g'1
fw of macroalga) in New Zealand, Brazil and the Mediterranean Sea. Most of the time
Ostreopsis species are found along rocky shores, where they grow either as epiphytic



on macroalgae or directly on the rocks or in the sand. The colonization of these
substrates appears to be favored by the production of mucous layers, although high
abundance in absence of mucous layers is also recorded. Peaks of Ostreopsis density
are generally associated with the warm season, but a relationship with high
temperatures is not always verified. A relationship with high nutrient concentrations is
also not supported by the available data. Several Prorocentrum species show either an
epiphytic or a benthic habit, but they are also found frequently in the water column.
The most widespread and abundant species, P. lima, reaches concentrations of 10
cells g fw of macroalga. After the first toxic episodes that drew more attention to the
benthic environment, records of Ostreopsis and Prorocentrum species have increased,
indicating that these species may have a wide distribution in coastal areas around the
world.

Stazione Zoologica Anton Dohrn, Villa Comunale, 80121 Napoli, Italy

(zingone@szn.it)

ECOPHYSIOLOGY OF GAMBIERDISCUS
Morton, Steve L.t

Gambierdiscus is a slow growing non-planktonic dinoflagellates usually associated
with macroalgae in subtropical and tropical locations. In culture, Gambierdiscus
produces copious amount of mucus which allows this species to attach to macrophytes
and other substrates. Growth rates of this dinoflagllate are generally less than 0.5
divisions/day. Gambierdiscus produces toxins throughout its entire growth phase. To
date there has been no reports of sexual reproduction and/or cyst formation in this
species. Early reports of “lumpy” or abnormal cells were an artifact of culture
conditions. Toxin production appears to originate from this genus and not bacteria
since xenic and axenic cultures produce similar profiles. In Gambierdiscus and other
benthic dinoflagllates, toxin production within a given strain grown under the same
acclimated conditions has been shown by a number of studies to be a stable trait.
Factors governing toxin production and growth in Gambierdiscus have been shown to
vary with the environmental factors of light intensity, light quality, temperature,
salinity, algal extracts, nutrient ratios and nutrient form. Studies have shown the
manipulation of environmental variables can result in the almost complete
suppression of toxin production even in the most toxic strains. These previous
studies will be reviewed and put in perspective because of the advances in toxin
identification utilizing mass spectroscopy and the newly described species within this
genus.

'NOAA/NOS/NCCOS, Marine Biotoxins Program, 331 Fort Johnson Rd., Charleston,
SC 29412

WHAT IS DIFFERENT IN BENTHIC vs. PLANKTIC HABS?
Fraga, Santiago ', Francisco Rodriguez ', Isabel Bravo ' and Manuel Zapata *

Algal blooms dynamics depend on the balance between gains and losses of cells. If
gains, due to replication or advection of cells are higher than losses from grazing,
mortality and dispersion, a bloom will occur. While these terms have been well



studied for phytoplankton, this is not the case for benthic microalgae like Ostreopsis
and Prorocentrum. Phytoplankton communities are associated to a particular water
body that can deplete nutrients limiting their growth, but benthic dinoflagellates are
associated with a substrate where water is changing continuously and where they have
a limited role in its nutrient dynamics. Most benthic dinoflagellates live in shallow
shores and need an adaptation to this light regime. Light curves obtained by PAM
fluorescence on benthic dinoflagellates include characteristics more typical of shade-
adapted organisms that can be reflected in the pigment composition showing a high
peridinin:chlorophyll ¢, ratio compared to planktic dinoflagellates. While plankton is
grazed mainly by filter feeders like copepods or tunicates, benthic dinoflagellates are
grazed by different groups like herbivorous fishes, gastropods or amphipods.
Mucilage production, in addition of being an attachment mechanism to the sediment
avoiding losses by dispersion, it can reduce grazing pressure as well. The role of
parasites is being increasingly recognized in planktic species but they also affect
benthic species and may play an important role ending blooms. Although benthic
dinoflagellate toxins are present in the foodweb, the role that toxins may play to
reduce grazing pressure has to be evaluated. Encystment could also relax grazing
pressure under adverse conditions.

! Centro Oceanografico de Vigo, IEO (Instituto Espafiol de Oceanografia), Subida a
Radio Faro 50, 36390 Vigo, Spain. (santi.fraga@yvi.ieo.es)

?Instituto de Investigacions Marifias de Vigo, CSIC, Eduardo Cabello 6, 36208 Vigo,
Spain.

THE CIGUATERA FISH POISONING “PLAGUE” IN THE PACIFIC
ISLAND COUNTRIES & TERRITORIES, 1999 TO 2008: RESULTS OF A
RECENT QUESTIONNAIRE.

Skinner, Mark P.!, Tom Brewer?, Ron Johnstone®, Glen Shaw” and Richard J. Lewis’

Ciguatera fish poisoning (CFP) occurs throughout the tropics. People that consume
contaminated fish may exhibit a number of both short and long term debilitating
gastrointestinal and neurological symptoms. Such debilitation can place increased
burden on coastal communities and national health services. Unfortunately, the true
extent of illness and impact on human communities and ecosystem health is still
poorly understood. A questionnaire was sent by email to the Health and Fisheries
authorities of the Pacific Island Countries and Territories (PICTS) in order to obtain
the latest records of CFP for the Oceanica region. The following countries
participated: Cook Islands, Fiji, French Polynesia, Guam, State of Hawaii, Kiribati,
Marshall Islands, Nauru, New Caledonia, Niue, Northern Mariana Islands, Palau,
Samoa, Tokelau, Tonga, Tuvalu, Vanuatu and Wallis & Futuna. The reported cases
(33,284) from these 17 PICTs showed that the mean annual incidence of ciguatera
across the region for the 11 years from 1998 to 2008, was 229 people per 100,000
population. This proportion is more than twice the reported annual incidence of
ciguatera for the 11 years from 1973 to 1983, which was 97/100,000. If the official
reported CFP represents 20 percent of actual incidence (conservative estimate for
food-borne illnesses ) then the actual number of cases for this period could be as high
as 166,420. We estimate that, since 1973, approximately half a million PICT
inhabitants have had CFP. Given the current population of the region surveyed, not
including the State of Hawaii, is approximately 2,084,000, this means that
approximately one in every four persons, in the Oceanica region, has had the disease.



This level of incidence exceeds many definitions of a plague as used for other
diseases. CFP has largely been ignored by PICT national governments and
international agencies. This new data emphasise that ciguatera remains a poorly
managed disease, despite research advances in our understanding of detection,
treatment and the culprit organisms, genera Gambierdiscus and other microalgae.
Adequate, urgent action is required to address this important health problem that is
expected to grow in significance in parallel with environmental degradation.
Multidisciplinary research teams, effectively funded through an international agency,
is needed to translate research advances into practical management solutions.

'Entox (National Research Centre for Environmental Toxicology), University of
Queensland, 39 Kessels Road, Coopers Plains, QLD, 4108, Australia
(mark_skinner59@yahoo.com.au)

2ARC Centre of Excellence for Coral Reef Studies, James Cook University,
Townsville, QLD. 4811;

3Coastal Ecosystems & Resource Management, School of Geography, Planning &
Environmental Management and Centre for Marine Studies, University of
Queensland, St.Lucia, QLD, 4113;

“School of Public Health, Griffith University, Meadowbrook, QLD, 4131;
*Institute of Molecular Bioscience, University of Queensland, St. Lucia, QLD, 4720,
Australia.
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FIRST REPORT OF CIGUATERA-ASSOCIATED DINOFLAGELLATES IN
KUWAIT'S MARINE ENVIRONMENT
Al-Yamani, Faiza ' and Maria Saburova *

The spatial and temporal abundance of dinoflagellates associated with ciguatera was
studied in the northwestern part of Arabian (Persian) Gulf along Kuwait’s shore
during 2008-2009. Six potentially toxic dinoflagellate species were isolated from
selected macroalgae (Phaeophyta) and intertidal sediments: Prorocentrum concavum,
P. emarginatum, P. lima, P. rhathymum, Coolia monotis, and Ostreopsis ovata; four
of them are new reports for Kuwait’s marine environment.

P. lima and P. rhathymum were previously observed in Kuwait’s waters; in the
summer of 1999, a bloom of P. rhathymum (reported as P. mexicanum) caused a
massive fish kill in Kuwait.

All the species of Prorocentrum and O. ovata were associated mainly with floating
Sargassum sp. as well as were found sporadically in adjacent sediments in low
numbers. C. monotis was found as associated with attached to hard substrate Padina
sp. Bloom of C. monotis was recorded in May 2009 on the coast south of Kuwait Bay.
The dinoflagellate epiphyte assemblage on macroalgae was sometimes accompanied
by other potentially toxic species such as Amphidinium carterae and A. operculatum.

'Kuwait Institute for Scientific Research, P.O. Box 1638, 22017 Salmiya, Kuwait
*Institute of Biology of the Southern Seas, Pr. Nakhimova, 2, 99011, Sevastopol,
Ukraine (msaburova@gmail.com)

DIVERSITY OF BENTHIC DINOFLAGELLATES IN SOUTH-BRITTANY
(NW FRANCE) WITH EMPHASIS ON THE GENUS PROROCENTRUM
Chomérat, Nicolas' and Elisabeth Nézan'

In tropical areas, benthic dinoflagellates have been well studied since they are often
associated with toxin production and are identified as causative agents of ciguatera.
However, although their presence is known for a long time in temperate areas, they
are comparatively little studied. A taxonomical study of benthic thecate taxa has been
undertaken in South Brittany, Northwestern France, using scanning electron
microscopy and when possible, a molecular approach to ensure the identification. It
revealed a high diversity and several new taxa have been described in the genera
Cabra, Prorocentrum and Sinophysis. Prorocentrum is the most abundant genus
among sand-dwelling dinoflagellates and eight species have been identified in the
samples. Among them, the most abundant species posseses the characters of P.
tsawwassenense that has been recently described from South Canada. Some other
species were not identified as existing taxa and were thus described. The phylogenetic
analysis of P. consutum, one of the recently described species, showed that this
species groups together with species with a symmetric shape which comprise mainly
tropical and okadaic-acid producing species. Thus, the toxin production by P.
consutum in temperate area remains a question and this risk has not been assessed yet.



Ifremer LER FBN, 13 rue de Kérose, 29187 Concarneau Cedex (FRANCE)
(nicolas.chomerat@jifremer.fr)

BENTHIC HABS ALONG THE MIDDLE TYRRHENIAN SEA
(MEDITERRANEAN SEA, ITALY): MICROCOSM EXPERIMENTS TO
STUDY OSTREOPSIS (DINOFLAGELLATES) OUTBREAKS

Congestri, Roberta

The requirement of intervention for benthic Harmful Algal Blooms (HABs) by public
officers and scientists has increased alarmingly in Italian coastal areas since 1998
when blooms of the toxic dinoflagellate Ostreopsis were first recorded in Tuscany
(Middle Tyrrhenian Sea). More recently benthic HAB impacts on marine ecosystem
and human intoxication have been serious in Italy.

In the framework of a national research program aimed to improve the knowledge of
Ostreopsis HABs in Italy, a laboratory microcosm approach was used to grow
microphytobenthic communities, sampled during bloom incidents, under controlled
conditions. HABs occur in nature as thick mucilaginous biofilms covering both biotic
and abiotic substrates during summer along the middle Tyrrhenian Sea coast. Within
the biofilm, Ostreopsis is associated with other toxic dinoflagellates along with a
variety of benthic diatoms, mostly pennates, and filamentous cyanobacteria, all
embedded in a common mucilage matrix (ExoPolymeric Substances, EPS).

A flow lane incubator prototype, designed to study microphytobenthic growth on
artificial substrata, was used to perform experiments at 25°C, 110 umol photons

m™” s and 50 L h™' flow velocity of K/2 medium. Three biofilm inocula were washed
off bryozoans and macroalgae collected at two stations in the Lazio region in July and
August 2009. Up to 15x10° Ostreopsis cells were present in the inocula. Qualitative
data, from a variety of microscopical techniques and quantitative results on cell
composition and matrix EPS will be presented in order to enhance understanding of
Ostreopsis bloom formation, development and eventual dispersion in relation to
environmental controls and substrata.

Department of Biology, University of Rome “Tor Vergata”, Via della Ricerca
Scientifica 1, 00173 Rome, Italy (roberta.congestri@uniroma2.it)

PROJECT “EBITOX”
Franco, José M., Santiago Fraga 2 Francisco Rodriguez 2 Isabel Bravo 2, Pilar
Riobd', Magda Vila 3 M. Montserrat Sala * and Emiliano Cacho *

Blooms of Ostreopsis in the Mediterranean Sea are being related to respiratory
problems and/or allergic reactions in some coastal areas in summer and they pose also
a potential risk of food poisoning. Ciguatera was registered in the Canary Islands (NE
Atlantic Ocean) for the first time in 2004, the same year that Gambierdiscus was
detected and isolated from those waters. As a consequence, a research project started
in 2009 to study morphological, genetic, toxicological and environmental aspects of
these genera. The main objectives are: 1) To characterize morphologically and



genetically different strains of Ostreopsis and Gambierdiscus from the Mediterranean
Sea and from Canary Islands. 2) To describe temporal and spatial distributions of both
genera and dynamics of associated epiphytic communities. 3) To progress in the
identification of environmental conditions which determine the proliferation of target
species. 4) To describe life cycles of the two genera and to identify how they
overwinter. 5) To determine toxin profiles of strains cultured in the laboratory and to
compare them with field samples. 6) To determine if toxins produced by Ostreopsis
are present in aerosols in the sea shore. 7) To characterize the toxic potency of
different toxins produced by selected cultured strains, to use them in toxicological
studies. 8) To detect the potential presence of toxins in mollusks and fish. 9) To
describe the benthic dinoflagellates community associated to toxic species in the
target areas. This project is coordinated with others dealing with chemistry and
biosynthesis of bioactive polyiketides from benthic dinoflagellates, toxicology and
engineering for producing bioactive substances.

"nstituto de Investigacions Marifias de Vigo, CSIC, Vigo, Spain.

? Centro Oceanografico de Vigo, IEO (Instituto Espafiol de Oceanografia), Vigo,
Spain. (santi.fraga@vi.ieo.es)

3 Institut de Ciéncies del Mar, CSIC, Barcelona, Spain.

* Dependencia del Area de Sanidad en Vigo, Spain.

CENTRE OF EXCELLENCE FOR DINOPHYTE TAXONOMY (CEDIT) AT
THE GERMAN CENTRE FOR MARINE BIODIVERSITY RESEARCH
(DZMB)

Hoppenrath, M. and Elbrichter M.

Living dinoflagellates are the focus of diverse research topics. They contribute
significantly to the biodiversity of marine ecosystems as primary producers and
secondary consumers. Many toxic or harmful flagellates in the plankton are
dinoflagellates. The taxonomic knowledge of living dinoflagellates (comprising about
2500 species) is scanty and restricted to few specialists worldwide. Nevertheless,
many new dinoflagellate taxa have been described over the last decades. Any
taxonomic work starts with the original descriptions of the taxa that are often
scattered in various European journals from the nineteenth century — not available to
many scientists.

The centre will provide a complete check-list of all described living dinoflagellate
genera and species with exact bibliographic details online. In addition, we intend to
provide all original descriptions electronically. Next to this core information we want
to make available information of general interest for the dinoflagellate research
community, e.g. important links, literature lists and images. Type material can be
deposited in the centre. In the future one main task will be to archive reference
material from cultures or field samples of dinoflagellate blooms. A library is in the
stage of development. The centre was founded in 2005 and visible online since 2008:
http://www.dinophyta.org/ .

Forschungsinstitut Senckenberg, DZMB, Wilhelmshaven, Germany,
mhoppenrath@senckenberg.de




FIVE TROPICAL BENTHIC DINOFLAGELLATES NEW TO THE
EGYPTIAN MEDITERRANEAN WATERS
Ismael, Amany A. and Y. Halim

A survey of benthic microalgae was carried out along Alexandria coastal waters (June
2005 to December 2007) following the mass mortality of a bottom feeding fish,
Siganus rivulatus. Although the mortality of fish occurred due to the proliferation of
Oscillatoria acutissima, five tropical benthic dinoflagellates were reported for the first
time in the Egyptian Mediterranean waters; Coolia monotis, Ostreopsis sp.,
Ostreopsis ovata, Prorocentrum lima and Gambierdiscus spp.

The statistical analysis between the standing crop of the epiphytic harmful microalgae
and environmental parameters showed a significant correlation between the total
standing crop and temperature. The five species increased in abundance with high
temperature. The maximum standing crop of Ostreopsis sp. was recorded during
summer at temperature 28.7°C. The other species were recorded in low abundance not
exceeding 4 x10* cell fwg™.

The epiphytic harmful microalgae to host association were investigated. The
dinoflagellate species showed a preference for some macroalgal species. Generally,
preferences were not consistent among the harmful species, indicating that it is a
matter of epiphyte-specific requirements. The increase in abundance of Coolia
monotis and Prorocentrum lima and the heavy benthic blooms of Ostreopsis sp and
O. ovata are statistically associated with brown and red algae (Hypnea, Laurencia,
Jania, Corallina and Sargassum) at p=0.002 but absent or insignificant elsewhere
where Ulva sp. is dominant. Gambierdiscus spp. statistically did not exhibit a
preference for any of the host species tested. As a result Coolia monotis, Ostreopsis
sp. and Ostreopsis ovata are restricted to the eastern side of Alexandria where
phaeophyta and rhodophyta are more diversified and abundant most of the year.
While Prorocentrum lima occurred along Alexandria coast both on macroalgal
species and sediment.

Although there is no harmful effect associated with the five species, their increase in
abundance may form a threat in the near future.

Oceanography Dept., Faculty of Science, Alexandria University, Alexandria 21511,
Egypt (amany_3@yahoo.com)

DIVERSITY OF BENTHIC DINOFLAGELLATES FROM PAPUA NEW
GUINEA
Kohli, Gurjeet Singh', Shauna A. Murray” and Brett A. Neilan’

The objective of this study was to conduct the first ever diversity survey of benthic
dinoflagellates in the coral reefs of Papua New Guinea, using a molecular clone
library approach. Samples were collected from three different locations i.e. 1) Lion
Island, Port Moresby, 2) Lolata Island, Port Moresby and 3) Tavali, Alotau, Milne
Bay, Papua New Guinea. As dinoflagellates are known to live epibenthically with
numerous macroalgae, specimens of Amphiroa sp., Turbinaria sp., Sargassum sp.,



Halimeda sp. and Padina sp. were collected and their associated dinoflagellate
populations were investigated. Dinoflagellate identification was achieved through
DNA barcoding of a 0.45 kb region of the mitochondrial cytochrome b (cob) gene.
Clone libraries were constructed and DNA sequences obtained for phylogenetic
analysis. Phylogenetic analysis revealed the presence of Amphidinium spp,
Prorocentrum spp, and other Gonyaulacalean spp, which were confirmed by
microscopic examination. Additionally, microscopic analysis revealed the presence of
Ostreopsis spp as well. This is the first study to apply the cob barcoding technique to
identify dinoflagellate lineages in benthic environmental samples, and shows that this
is a promising tool for rapid identification of potentially toxic dinoflagellates.

'School of Biotechnology & Biomolecular Sciences, University Of New south Wales,
Sydney, NSW 2052, Australia (gurjeet@unsw.edu.au)

?School of Biotechnology & Biomolecular Sciences, University Of New south Wales,
Sydney, NSW 2052, Australia (s.murray@unsw.edu.au)

3School of Biotechnology & Biomolecular Sciences, University Of New south Wales,
Sydney, NSW 2052, Australia (b.neilan@unsw.edu.au)

SPATIAL AND TEMPORAL VARIATIONS OF PLANKTONIC AND
EPIBENTHIC CELLS OF OSTREOPSIS CF. OVATA IN NW MEDITERREAN
(LIGURIAN SEA)

Lemée, Rodolphe ', Thierry Thibaut?, Stéphanie Cohu'*?, Aurélie Blanfuné'®* and
Luisa Mangialajo’

This work was done within the framework of the research program MediOs 2
(Mediteranean Ostreopsis). The goal of this national French project was to acquire
and analyze pertinent scientific knowledge on Ostreopsis occurrence in areas as
diverse as ecology, biology, chemistry, epidemiology or socio-economic issues in the
Mediterranean Sea, in order to provide a decision-making support for administrative
action.

Variability in concentrations of planktonic and epibenthic cells of the toxic
dinoflagellates Ostreopsis cf. ovata was studied in 2008 and 2009 in NW
Mediterranean Sea (from Cassis, France to Genoa, Italy). Different spatial and
temporal scales were analyzed, from meter to hundreds of km and from hours to
years.

Spatial patterns indicated that temperature, nutrients and local hydrodynamics could
be linked to the severity and the length of a bloom in a specific area, even if great
variances were observed, not always clearly relatable to biological substrate
characteristics or depth.

Temporal patterns showed the occurrence of a large first bloom in June, July or
August, according the area and a second less important bloom can occur in autumn. A
high-frequency sampling indicated a daily rhythm, with higher quantities of benthic
cells in the morning and higher concentrations of planktonic cells before night.

! Laboratoire d’Océanographie de Villefranche, CNRS UMR 7093, Université Pierre
et Marie Curie, 06234 Villefranche-sur-mer, France (lemee@obs-vlifr.fr).




? Université de Nice-Sophia Antipolis, Ecology of Coastal Marine Ecosystems and
Responses to Stress, EA 4228, Parc Valrose, 06108 Nice Cedex 2, France.

INFLUENCE OF TEMPERATURE ON GROWTH PARAMETERS OF
OSTREOPSIS OVATA, PROROCENTRUM CF. MACULOSUM, COOLIA
MONOTIS AND AMPHIDINIUM SP. STRAINS FROM RI0O DE JANEIRO,
BRAZIL

Nascimento, Silvia M.!, Eliliane V. Corréa’

Epi-benthic dinoflagellate species are common along the Rio de Janeiro coastline
where O. ovata blooms are associated with periods of warmer temperatures. In order
to study some aspects of cell physiology, laboratory cultures were established from
strains locally isolated. Cells were kept in L2 medium (or L2/2 for O. ovata), 60 umol
photon flux m” s irradiance and 12h light:12 h dark cycles. The growth rate,
doubling time, culture yield and chlorophyll-a content of four dinoflagellate species,
Ostreopsis ovata, Prorocentrum cf. maculosum, Coolia monotis and Amphidinium sp.
were determined under three temperatures, 16, 20 and 24 °C to evaluate the influence
of temperature on growth parameters. O. ovata was cultivated under 16, 20 and 26 °C.
The Tukey-Kramer test (GraphPad InStat) was used to test differences between
treatments. Growth rates of all species were significantly lower at 16 °C and O. ovata
cultures at this temperature showed lower chlorophyll-a values and chlorosis aspect.
Culture yield were also significantly lower at 16 °C, except for C. monotis. However,
Ostreopsis ovata and Amphidinium sp. growth rates at 20 °C & 26 °C and at 20 °C &
24 °C were not significantly different. In the study area aquaculture and tourism
activities are important for the local economy and may be susceptible to the impacts
of harmful algae bloom events. Culture studies may give support to broaden the
knowledge of species physiology and better understand species responses to a
changing environment.

'Laboratério de Ecologia e Recursos Marinhos, Universidade Federal do Estado do
Rio de Janeiro (UNIRIO), Av. Pasteur, 458, 22.290-240, Brazil
(silvia.nascimento@gmail.com).

*Programa de Pos-graduacgio em Ecologia e Recursos Naturais, Universidade Estadual
do Norte Fluminense, Av. Alberto Lamego, 2000, 28.013-602, Brazil.

EPI-BENTHIC DINOFLAGELLATES FROM THE RIO DE JANEIRO
COASTLINE, BRAZIL

Nascimento, Silvia M. !, Priscila O. Monteiro®, Alice G. Alencar’, Annaliza C.
Meneguelli*

There are sporadic reports of epi-benthic dinoflagellates along the Brazilian coastline.
Ostreopsis ovata blooms have been reported since 1998 in the Arraial do Cabo (AC)
region associated with sea-urchin (Echinometra lucunter) die-off. The aim of this
study was to identify and quantify epi-benthic dinoflagellate species in the dominant
macroalgae of AC and Buzios (Bz) and relate abundance data to abiotic factors.
Macroalgae samples were collected from June 2006 to November 2007 and the
epiphytic microalgae were dislodged. The epiphyte suspension was preserved with
neutral lugol iodine for microscopic identification and enumeration. Water



temperature and salinity were measured during sampling. Ostreopsis ovata and
Prorocentrum lima were the dominant species. Other species found as minor
constituents include Prorocentrum emarginatum, Prorocentrum rhathymum,
Prorocentrum fukuyoi, Prorocentrum cf. maculosum, Gambierdiscus cf. toxicus,
Coolia sp. and Amphidinium sp. Many species were reported for the first time in the
Brazilian coast. Three O. ovata blooms were reported and coincided with periods of
warmer temperatures (air temperature higher than 24 °C). Monthly mean O. ovata
densities in Bz reached 3 x 10* cells.g w.w.” in Sargassum vulgare, while lower mean
numbers were found at AC. P. lima followed O. ovata in cell numbers and peak
values of 1,2 x 10* cells.g w.w.” were recorded at AC in February 2007. The genus
Gambierdiscus was reported for the first time in the region and showed low cell
abundances throughout the period (maximum values of 74 cells.g w.w.™). Other
species were minor constituents of the community.

'Laboratorio de Ecologia e Recursos Marinhos, Universidade Federal do Estado do
Rio de Janeiro (UNIRIO), Av. Pasteur, 458, 22.290-240, Brazil
(silvia.nascimento(@gmail.com).

’Laboratorio de Ciéncias Ambientais, Universidade Estadual do Norte Fluminense,
Av. Alberto Lamego, 2000, 28013-602, Brazil.

CIGUATERA CAUSATIVE SPECIES FOUND IN MAIN LAND OF JAPAN
Omura, Takuo, Yukio Nagahama and Yasuwo Fukuyo

Ciguatera fish poisoning (CFP) has been known for a long time only in Okinawa, the
most southern islands having subtropical climate in Japan. However, several food
poisoning cases suspected as CFP occurred in recent years after eating stone flounder
(Oplegnathus punctatus) caught by surf fishing at several cities facing the Pacific
Ocean in the temperate area of Japan. To clarify the distribution of Gambierdiscus
toxicus, causative organism of CFP, field observation studies were conducted in the
Pacific coast region (Wakayama Prefecture, Shizuoka Prefecture and Hachijo Island).
G. toxicus was observed at all the research areas, though cell numbers were not high,
rather rare. It was clarified that the distribution of the species is not limited only in
tropical and subtropical regions, but also in temperate region. Culture strains were
established from Wakayama Prefecture and Hachijo Island for comparison of their
physiological characters. The strain from Wakayama was able to survive for one
month or more at shortest at low temperature (15°C). At that condition a culture
strain from Tahiti could not survive. On the other hand, salinity tolerance range
showed little difference among culture strains (Wakayama, Hachijo and Tahiti).

Asian Natural Environmental Science Center, the University of Tokyo, 1-1-1 Yayoi,
Bunkyo-ku, Tokyo 113-8657, Japan (aomura@mail.ecc.u-tokyo.ac.jp)

BIODIVERSITY OF KUWAIT'S BENTHIC DINOFLAGELLATES WITH
EMPHASIS ON POTENTIALLY TOXIC SPECIES
Polikarpov, Igor', Maria Saburova® and Faiza Al-Yamani'

The diversity of benthic flagellates and their distribution on different substrates were
studied in the northwestern part of Arabian (Persian) Gulf along the Kuwait’s



coastline during 2007-2009. The diversity of the flagellated group was mainly due to
sand-dwelling and epiphytic dinoflagellates (56 taxa); most of them being reported
from Kuwait from the first time. Amphidinium, with 17 species, was among the most
abundant and diverse sand-dwelling dinoflagellate genera.

Among taxa of benthic dinoflagellates recorded in Kuwait were nine species that must
be considered as potentially toxic: Prorocentrum concavum, P. emarginatum, P. lima,
P. rhathymum, Coolia monotis, Ostreopsis ovata, Amphidinium carterae, A. gibbosum
and A. operculatum. Potentially toxic species of Amphidinium genus were common
among sand-dwelling dinoflagellates, whereas all Prorocentrum species and O. ovata
were associated with macroalgae Sargassum sp. C. monotis was found mainly on
Padina sp. Most of potentially toxic dinoflagellates were present in Kuwait’s benthic
microalgal community in low numbers; however, bloom of C. monotis was recorded
in May 2009 in Al-Salmiya beach of Kuwait.

! Kuwait Institute for Scientific Research, P.O. Box 1638, 22017 Salmiya, Kuwait
(igor.polikarpov(@gmail.com)

? Institute of Biology of the Southern Seas, Pr. Nakhimova, 2, 99011, Sevastopol,
Ukraine

CAN THE CASES OF AIRBORNE INTOXICATION OF BEACH USERS IN
SOUTH COAST OF BAHIA (16°.24" S - 39°.02° W) BE RELATED TO
MICROALGAE?

Proenca', LAO, GL Boemer?, JP Dias’, MM Hatherly4, IL Mendes’, LAM Mendes’,
MCQ Mendes®, W.C. Rossi®, MS Tamanaha', DR Tenenbaum®, MA Schramm'

The south coast of Bahia at Porto Seguro and Santa Cruz Cabrélia is a tropical
environment and a major touristy destination in Brazil. In the last 10 years several
episodes of intoxication of beach users along this 50km long coast have being
registered. The episodes occur from December to April and are very punctual in time
and space. It is estimated that more than 10.000 people have experienced the
intoxication. Symptoms prevalence are sore throat(59%), headache(57%),
myalgy(53%), fever sensation(53%), cough(50%), rhinorrea(46%) and others. In
January/2008 a study was carried out to investigate the hypothesis that these
intoxications could be related to microalgae. Plankton, neuston and periphyton
samples were collected from water column along coral reefs, tidal pools and
macrophyte. Aerosol was also sampled. During the sampling period no toxic episodes
were observed but several potentially harmful species were found: Pseudo-nitzschia
complex delicatissima, Prorocentrum concavum, P. emarginatum, P. lima,
Dinophysis acuminata, D. caudata, Alexandrium tamiyavanichi, Ostreopsis ovata,
Lyngbia spp, Oscillatoria spp, Phormidium spp and Anabaena sp. Extracts from
scum and microperiphyton were toxic to sea-urchin larvae and produced haemolisys.
Extracts from of O.ovata and from aerosol were analyzed by LCMS/MS. O. ovata
presented a palytoxin-like peak with mass spectrum characteristic for ovatoxin-a. No
evidences of palytoxin were found in aerosol. These results do not confirm our
hypothesis that microalgae are the source of intoxications. On the other hand,
circumstances of how they occur are quite similar to those reported for Mediterranean
coast, which have being associated to Ostreopsis blooms.



'Universidade do Vale do Itajai lao.proenca@hotmail.com
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POTENTIALLY TOXIC BENTHIC DINOFLAGELLATES IN THE BAY OF
TULEAR, MADAGASCAR

Rasoanandrasana, Rafalimanana 1*, Christian Ralijaonal, Mawai Rabenevanana',
Roberto Komeno', Lalaina Ravaloson'

Works report on the potentially toxic dinoflagellates in the bay of Tuléar have shown,
at least the presence of 30 species, divided into 8 genuses (Prorocentrum, Ostreopsis,
Gambierdiscus, Coolia, Amphidinium, Gymnodinium, Gyrodinium, Sinophysis).
Ostreopsis and Gambierdiscus are observed on the substrates from external zone of
the reef, with rather clear water and strong hydrodynamism. Prorocentrum and others
species prefer the internal parts of the coral reef, between the slope of the lagoon and
seagrass bed with turbide water and the sediment. The benthic dinoflagellates
proliferate especially on the grass algal of the dead coral, thus constitutes a good
indicator of the degradation state of the reef. The higher cells number of benthic
dinoflagellates is observed at the end of the dry and cold season (September and
November), particularly for Ostreopsis and Gambierdiscus and during the hot and
rainy season for Prorocentrum (March and January). The lowest densities of cells are
recorded during the cold and dry season (May —July). The general degradation of the
coral reef contributes to develop toxic benthic dinoflagellates. Sometimes, the peaks
of dinoflagellates cells number synchronise with the cases of icthtyosarcotoxisms
observed in Tuléar.

For public health progress in Tuléar, it would be necessary,
e to improve human competency to recognize with precision the unidentified
cells sources of the intoxications in Madagascar.
e toidentify and to count cells present within the digestive system of the
suspected fishes.

"Marine Science and F ishery Institute, University of Tuléar, P.O. Box 141, Tuléar
(601), Madagascar (nandrasanarf@gmail.com)

EFFECTS OF DEPTH, HABITAT, AND WATER MOTION ON THE
ABUNDANCE AND DISTRIBUTION OF CIGUATERA
DINOFLAGELLATES AT JOHNSTON ATOLL, PACIFIC OCEAN
Richlen, Mindy L. ' and Phillip S. Lobel®

A major impediment to understanding the seemingly random occurrence of ciguatera
toxicity is uncertainty regarding the field ecology of benthic dinoflagellates that
introduce toxins into the coral reef food web. This study employed a statistically
rigorous approach, including standardized methodology, to investigate the distribution
and abundance of toxigenic benthic dinoflagellates from the genera Gambierdiscus,



Prorocentrum, Ostreopsis, and Amphidinium at Johnston Atoll, Pacific Ocean, to
determine how water flow, depth and habitat type influence patterns of biodiversity.
Sampling stations located in lagoon and channel habitats in the Atoll supported the
highest total dinoflagellate abundance, while dinoflagellate numbers were lower at
sampling stations in back reef and reef crest habitats. Total dinoflagellate abundance
was primarily determined by the degree of water motion; however, this effect varied
among genera. Three of the four genera surveyed (Gambierdiscus, Prorocentrum,
Amphidinium) were negatively correlated with water motion; conversely, Ostreopsis
was positively correlated with water motion. Habitat separation was observed
between Ostreopsis and Prorocentrum spp., which were negatively correlated.
Gambierdiscus was present at all sampling stations and at all habitats; however, was
rarely the dominant genus. This study describes the field ecology of ciguatera
dinoflagellates across a variety of coral reef habitats, and greatly contributes to an
accurate and coherent characterization of the population dynamics of this important
dinoflagellate community.

! Biology Department, Woods Hole Oceanographic Institution, MS 32, Woods Hole,
MA, 02543, USA (mrichen@whoi.edu)

? Department of Biology, Boston University, 5 Cummington Street, Boston,
Massachusetts 02215, USA

PHOTOSYNTHESIS-LIGHT RESPONSES OF BENTHIC
DINOFLAGELLATES MEASURED BY PAM FLUOROMETRY AND
PIGMENT ANALYSES

Rodriguez, Francisco', Santiago Fragal, Manuel Zapata2 and José Luis Garrido®

The rapid light curves (RLC’s) obtained by PAM fluorescence on benthic
dinoflagellates (e.g. Gambierdiscus spp., Ostreopsis spp. and Prorocentrum levis) are
more typical of “shade-adapted” organisms. They develop fast photoprotective
responses (increment of non-photochemical quenching (NPQ) at low light intensities)
and lower relative electron transport rates (tETR) in comparison with planktonic
species. This “shade” behavior is more accentuated in the case of Gambierdiscus and
P. levis, while Ostreopsis would represent an intermediate model.

These results have been explained by the fact that benthic epiphytes growing on
macroalgae can minimize their light exposure, as it would be the case of
Gambierdiscus (Villareal and Morton 2002). This would agree with the apparent
inability of Gambierdiscus to grow in high-light in the laboratory. However, this
shouldn’t be extrapolated to all benthic species which can display diverse life
strategies. For example, during the incubation of an Ostreopsis culture exposed to full
sunlight we observed healthy cells and intense growth, as expected for an organism
“blooming” on the rocky shore.

Regarding pigment composition in benthic dinoflagellates, peridinin-containing
organisms represent the dominant pigment pattern in this environment, in contrast
with different plastid types found in planktonic species. Benthic dinoflagellates also
display higher pigment ratios to chl a than most planktonic species. However, benthic
organisms can’t be simplified to a single model species and they exhibit distinct
photoacclimation responses depending on their ecological characteristics. These



adaptations, mainly thanks to an efficient mechanism of photoprotection, enable them
to thrive in high light environments, either in steady or rapid fluctuating conditions.

'Centro Oceanogréfico de Vigo, IEO (Instituto Espafiol de Oceanografia), Subida a
Radio Faro 50, 36390 Vigo, Spain. (santi.fraga@vi.ieo.es)

’Instituto de Investigacions Marifias de Vigo, CSIC, Eduardo Cabello 6, 36208 Vigo,
Spain.

A PROBABLE NEW PROROCENTRUM SPECIES FROM COLD
TEMPERATE SOUTH AMERICA
Uribe, Juan Carlos'; Sylvia Oyarzun?; Carlos Garcia® and Nestor Lagos’

Benthic species of Prorocentrum are widely distributed in tropical and warm waters
with only a small number ocurring in temperate zones. Here we describe a (probable)
new toxic Prorocentrum found in the Straits of Magellan in Southernmost Chile. We
also provide some ecological information for this species. Toxin analysis was
performed with a HPLC-MS system in extracts of Prorocentrum sp. cells collected
from the field. The analysis showed the presence of DSP toxins like okadaic acid and
DTXI1. The taxonomic study was carried out using light and SEM microscopy.
Prorocentrum sp. is a medium size species with oblong cells. Thecal surface is
smooth in the center and the rest of the valve has several radially arranged rows of
pores that reach the valve margin. The periflagellar area is made up of 10 platelets.
The species seems to differ from all the Prorocentrum until now described. The
species is found as a sand-dwelling organism in tidal plains, altough probably extends
its distribution to subtidal reaches. It occurs from spring to autumn, mostly as minor
component of the microphytobenthic community. Its highest abundance has been
observed from mid-summer to autumn. The temperature in this particular habitat
varies from 7 °C in spring to 10 °C in summer, whereas salinity fluctuates around
30.5 psu. To the authors” knowledge this is the first sand-dwelling Prorocentrum
described in the cold temperate South America.

(This research was partially supported by DIAT-UMAG proyecto PY-F3-01AB-08
and FONDECYT N° 1090058).
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IMPACT OF TEMPERATURE AND NUTRIENTS ON THE GROWTH AND
TOXICITY OF OSTREOPSIS OVATA
Vidyarathna, Nayani and Edna Granéli

Ostreopsis ovata Fukuyo is an epiphytic, toxic dinoflagellate, inhabiting tropical and
sub-tropical waters worldwide. Toxic blooms of O. ovata have recently been reported
in SE Brazil in 1998/99 and 2001/02 and the French-Italian Riviera in 2005 and 2006.



O. ovata cells produce palytoxin, a very strong toxin, only second in toxicity to
botulism. Laboratory experiments were performed with O. ovata, isolated from the
Ligurian coast, Italy to determine the effects of water temperature and how the cells
growing under N and P deficiency versus sufficiency, have on the growth and toxicity
of the cells. The cultures were grown at 20 °C and 30 °C and N and P deficient
conditions (N:P ratios of 3.2:1 and 80:1 respectively) and also under NP sufficiency
(N:P ratio of 16:1). Cell toxicities were measured on two occasions during the
stationary phase. Irrespective of N:P ratios, the toxicities in the cells grown at 20 °C
were significantly higher than that of 30 °C. However, at 20 °C under N deficiency
cell toxicity was significantly higher than in the P deficient and NP sufficient
treatments. Contrarily, cells densities were higher at 30 °C in all nutrient treatments.
The lowest cell densities were found under N deficient condition at 20 °C. Our results
show that low temperature (20 °C) and N deficiency, increase O. ovata toxicity
although temperature has a greater impact than nutrient conditions. Thus changes in
sea surface temperatures and N and P unbalanced conditions might have a crucial role
in O. ovata bloom formation.

Marine Ecology Department, Linnaeus University, 391 82 Kalmar, Sweden.
(nayani.vidyarathna@Inu.se)

GROWTH RESPONSE OF OSTREOPSIS OVATA OVER A RANGE OF
TEMPERATURE AND PHOTOPERIOD COMBINATIONS
Zingone, Adriana, Eleonora Scalco, Francesca Marino and Marina Montresor

In the last years, blooms of Ostreopsis ovata repeatedly occurred along the
Mediterranean coasts during summer and/or autumn, and they caused problems to
human health and economic activities. In order to gain insights on the factors that
regulate the bloom dynamics of Ostreopsis ovata, we tested its growth response over
a multifactorial combination of temperature (14, 18, 22, 26, 30 and 34°C),
photoperiod (9L:15D, 12L:12D, 15L:9D) and irradiance (50 and 200 pmol photons
m™~s™) conditions simulating those recorded in the natural environment over the
annual cycle. We tested duplicates of 3 monoclonal cultures isolated from different
locations along the Italian coasts: Trieste, Ancona and Napoli.

Ostreopsis ovata can grow over a range of temperature varying between 18 and 30°C.
At 14°C the species can survive but does not grow; at 34°C cells die. The maximum
growth rates, spanning from 0.56 to 0.82 divisions-day ', were recorded at the two
longer daylength conditions and at temperature values comprised between 18 and
26°C. A peak of 1.2 divisions-day™ was observed at 26°C, 12L:12D). At low
irradiance, no significant differences were recorded between growth rates at 12L:12D
and 15L:9D, whereas at higher irradiance, longer daylength conditions often caused a
decrease in the growth capability.

Our results show that the ‘theoretical growth niche’ of O. ovata matches the
conditions at which the species is recorded in the natural environment and suggest
that the species is adapted at the relatively low irradiances recorded within the
macroalgal vegetation.
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