= H S Taylor & Francis
Taylor & Francis Group

Beodiversicy

Biodiversity

ISSN: 1488-8386 (Print) 2160-0651 (Online) Journal homepage: http://www.tandfonline.com/loi/tbid20

First record of two potentially toxic dinoflagellates
in tide pools along the Sardinian coast

C. Calabretti, S. Citterio, M.A. Delaria, R. Gentili, C. Montagnani, A. Navone &
S. Caronni

To cite this article: C. Calabretti, S. Citterio, M.A. Delaria, R. Gentili, C. Montagnani, A. Navone
& S. Caronni (2017): First record of two potentially toxic dinoflagellates in tide pools along the
Sardinian coast, Biodiversity, DOI: 10.1080/14888386.2017.1310058

To link to this article: http://dx.doi.org/10.1080/14888386.2017.1310058

@ Published online: 12 Apr 2017.

N
G/ Submit your article to this journal &

II|I Article views: 9

A
& View related articles &'

@ View Crossmark data (&'

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tbid20

(Download by: [87.8.144.227] Date: 25 April 2017, At: 02:27 )



http://www.tandfonline.com/action/journalInformation?journalCode=tbid20
http://www.tandfonline.com/loi/tbid20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14888386.2017.1310058
http://dx.doi.org/10.1080/14888386.2017.1310058
http://www.tandfonline.com/action/authorSubmission?journalCode=tbid20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tbid20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/14888386.2017.1310058
http://www.tandfonline.com/doi/mlt/10.1080/14888386.2017.1310058
http://crossmark.crossref.org/dialog/?doi=10.1080/14888386.2017.1310058&domain=pdf&date_stamp=2017-04-12
http://crossmark.crossref.org/dialog/?doi=10.1080/14888386.2017.1310058&domain=pdf&date_stamp=2017-04-12

BIODIVERSITY, 2017
http://dx.doi.org/10.1080/14888386.2017.1310058

JTY COy,
& 1‘%»/

4
B Q'r"i X Taylor & Francis
47@1 emﬂ\\"¢ Taylor & Francis Group

<,

BIOD,,,
KONVNY

'.) Check for updates

First record of two potentially toxic dinoflagellates in tide pools along the

Sardinian coast

C. Calabretti?, S. Citterio?, M.A. Delaria®, R. Gentili?, C. Montagnani?, A. Navone© and S. Caronni®<

aDepartment of Earth and Environmental Sciences, University of Milano-Bicocca, Milan, Italy; "Department of Science for Nature and
Environmental Resources, University of Sassari, Sassari, Italy; “Marine Protected Area of Tavolara Punta Coda Cavallo, Olbia, Italy; Department of

Earth and Environmental Sciences, University of Pavia, Pavia, Italy

ABSTRACT

Nowadays harmful algal blooms (HABs) represent a serious problem for the conservation of the
biodiversity in the Mediterranean Sea. Nevertheless the knowledge on the presence of potentially
toxic benthic microalgae in particular habitats, such as tide pools, is still scarce. In order to detect
HAB-producing benthic microalgae in tide pools of the rocky intertidal zone, a pilot study was
conducted in Tavolara Punta Coda Cavallo Marine Protected Area (MPA) during the late spring of
2016.Three different pools were sampled in two study sites (six pools were sampled in total) and the
cell density of toxic species was estimated in each. In all the collected samples, the two potentially
toxic dinoflagellates, Prorocentrum lima (Ehrenberg) F. Stein and Coolia monotis Meunier, were
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recorded and significant differences in their density were observed, in relation to both sites and

pools.

1. Introduction

In the last few years, harmful algal blooms (HABs) have
become more frequent in the Mediterranean Sea, favoured
by global warming, which has led to a suite of environ-
mental changes that benefit HAB potentials as the conver-
sion of land-derived nutrients into harmful-algal biomass
seems to be strictly related to climatic conditions (Cloern
et al. 2005).

Harmful blooms are produced by a large num-
ber of microalgae, especially belonging to diatoms
(Bacillariophyceae) and dinoflagellates rapidly expanding
their distribution in the Mediterranean basin (Mangialajo
et al. 2011). Some of the harmful microalgae spreading
in the above-mentioned basin can produce both muco-
polysaccharides and/or toxic compounds (Zingone and
Oksfeldt Enevoldsen 2000). Toxic compounds, in par-
ticular, are able to enter the food chain and reach top
predators and humans (Ignatiades and Gotsis-Skretas
2010; Maso and Garcés 2006). Effectively, algal toxins
are responsible for die-offs of fish and shellfish and have
been implicated in mortalities of marine mammals, birds
and other animals (Hallegraeft 2003; Momigliano et al.
2013). Moreover, algal toxins are responsible for an array

of human illnesses associated with the consumption of
contaminated seafood and the exposure to aerosolised
toxins (Van Dolah 2000).

Therefore, HABs events, especially if caused by toxin
producer species, are a relevant problem in marine eco-
systems, causing not only environmental damage but also
economic and health problems (Mangialajo et al. 2008).

Among HAB producing species, harmful benthic
microalgae represent an emergent phenomenon in
temperate zones (Mangialajo et al. 2011) and some of them
(e.g. Ostreopsis ovata Fukuyo) are nowadays considered as
the largest cause of HABs (Hallegraeff 2003). Nevertheless,
only a few studies on the presence of potentially toxic
benthic microalgae in particular habitats, such as tide
pools, have been conducted till today. Consequently,
despite tide pools are considered to be conspicuous
components of rocky intertidal shores (Metaxas and
Scheibling 1993), the information on the presence of toxic
microalgae in such habitat is still very scarce.

Tide pools form a widely distributed habitat where
environmental conditions are subject to wider fluctua-
tions than in the sea (Gibson 1986) and they are consid-
ered dynamic ecosystems, changing with the flow of tides
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(Jensen and Muller-Parker 1994). At high tide the pools
are submerged and the system is open, as water is con-
tinually exchanged with the sea. When the tide recedes,
instead, pools are isolated and they can be considered as
a closed ecosystem. For this reason, deepening the knowl-
edge on the presence of toxic microalgae in them could
be particularly useful not only to manage future blooms
but also to acquire useful information on the ecology of
these species, specifying which environmental factors
play a key role in regulating their distribution and density.
Effectively, the presence of one or more toxic microalgae
in tide pools could prove the ability of the observed spe-
cies to survive and adapt to the remarkable diurnal and
tidal changes in temperature and pH as well as in oxygen
content and salinity typical of such habitats (Goss-Custard
1979).

In order to detect the presence and to estimate the
abundance of toxic benthic microalgae in tide pools of
the rocky intertidal zone, a pilot study was conducted
along the Sardinian coast in 2016 to acquire useful data
to plan ad hoc mentoring programs. To verify if tide pools
could represent a dissemination zone from which summer
blooms of toxic microalgae originate, the research was
carried out in March when cells densities of the considered
species are usually very low and their presence is detecta-
ble only in the above mentioned zones.

2. Materials and methods
2.1. Study sites

The study was conducted in Tavolara Punta Coda Cavallo
Marine Protected Area, along the North-eastern Sardinian
coasts (Western Mediterranean Sea). Two key sites of a
C area (partial protection) of the MPA where HAB pro-
ducing benthic species had been recently observed (S.
Caronni, personal observations) were chosen for this pilot
study: Punta Don Diego bay (PD: 40°52.501' N, 9°39.306'
E) and Cala Finanza bay (CF: 40°52.759' N; long: 9°38.759’
E) (Figure 1). In each site, three different pools of the
intertidal zone were randomly chosen, approximately
10 m apart.

The considered pools were all characterised by a max-
imum depth of around 30.00 cm (almost corresponding
to the water depth during high tides) and by a diameter of
around 60.00 cm. The mean daily water fluctuation related
to tides was of about 7 cm and the mean temperature dur-
ing samples was of about 17 °C. In all pools macroalgae,
molluscs (limpets and gastropods), crustaceans (barnacles
and little shrimps) and small fishes (blennies) as well as
bare rocky surfaces were present.

Figure 1. Map of Tavolara Punta Coda Cavallo (TPCC) Marine
Protected Area (MPA) showing the study sites. Grey tones are
used to distinguish among differently protected zones of the MPA
(A zone dark grey; C zones light grey).
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Figure 2. Mean cell density (+SE) of the two species in each pool
(P, P,and P,) of the two sampling sites (PD: Punta Don Diego; CF:
Cala Finanza).



2.2. Samples collection and laboratory procedures

In each pool three samples of water and epilithic material
were collected by scraping the bare rocky surfaces of the
pool at a depth of around 0.20 cm. Samples were obtained
by using a brush-sampler, an efficient sampling device
successfully used in other studies on benthic microalgae
(Caronni et al. 2014).

All collected samples were fixed with Lugol’s solution
(Auinger, Pfandl, and Boenigk 2008) immediately after
collection and transported to the laboratory. Cell iden-
tification and counts were carried out with an inverted
microscope according to Utermohl’s sedimentation
method (Utermohl 1958). Three sub-samples for each
sample were analysed after sedimentation (24 h) in spe-
cific sedimentation chambers (5 ml). The cell density of
each species was expressed as the number of cells ml~.

2.3. Data analysis

Statistical analysis was performed using the software
GMAV5 for Windows (Underwood and Chapman
1997). Differences in the cell density of the toxic microal-
gae observed during the study among sites and pools
were assessed through a two-way analysis of variance
(ANOVAs) where site (two levels) and species (two levels)
were treated as fixed factors while pool (three levels) was
treated as a random factor nested in site. To test for nor-
mality and homogeneity of variances, the Shapiro-Wilk
and Cochran’s tests were run, respectively. A Student-
Newman-Keuls test (SNK) was used for a posteriori
comparisons of means for fixed factors.

3. Results

During the study, two potentially toxic benthic
dinoflagellates were recorded in the considered tide pools:
Prorocentrum lima (Ehrenberg) E Stein (PL) and Coolia
monotis Meunier (CM). The two species were observed
in both study sites, although significant differences in
their cell densities were recorded, as confirmed also by
the statistical analysis (Table 1). In all the investigated
pools, P lima appeared to be more abundant than
C. monotis (Figure 1; Table 1) with a mean cell density of
59 and 111 cells ml™, respectively, in Punta Don Diego
and Cala Finanza Bay. C. monotis abundance, instead, did
not exceed 16 and 31 cells ml™! in the first and in the
second study site respectively (PD and CF).

Finally, with regard to P, lima, significant differences in
its cell density were recorded also among pools in the same
study site. In Punta Don Diego Bay, in particular, the mean
density of the microalga per pool varied from 32 to 112
cells ml™! (Figure 1; Table 1) and this latter value was very
similar to these observed in Cala Finanza Bay (CF: 111,
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Table 1. Results of the three-way ANOVA testing the differences
in cell density among sites (two levels), pools (three levels) and
species (two levels). Significant results are given in bold. SNK tests
for comparisons of significant interactions were also performed.

Source df MS F P
ANOVA

Site = Si 1 10,268.4444 4.76 0.0947
Pool = Po(Si) 4 33,856.0000 23.03 0.0087
Species = Sp 1 2159.0000 78.44 0.0000
SiXSp 1 3173.4444 2.16 0.2157
SpXPo(Si) 4 1470.3889 53.41 0.0000
Residual 24 27.5278

Cochran’s Test C=0.3542ns

SNK test

SpXPo(Si) SE=3.0292

PD P, CM < PL

PD P, CM < PL

PD P, CM < PL

CF P, CM < PL

CF P, CM < PL

CF P, CM < PL

PD PL P,=P, <P,

PD ™ P,=P,=P,

CF PL P, <P, <P,

CF ™M P,=P,=P,

96 and 123 cells ml™" in the three considered pools - P,
P, and P,). C. monotis densities, instead, appeared to be
more homogeneous among pools in both the study sites,
as highlighted also by the statistical analysis (Table 1).

4. Discussion and conclusions

During this pilot study, the two dinoflagellates P, lima and
C. monotis were found in the intertidal tide pools of Tavolara
Punta Coda Cavallo Marine Protected Area. Both species
produce a variety of toxins with harmful effects on other
marine organisms and human health (Laza-Martinez, Orive,
and Miguel 2011; Pagliara and Caroppo 2012). P, lima, in
particular, has been shown to produce okadaic acid and
dinophysis toxins (Nascimento, Purdie, and Morris 2005;
Vale, Veloso, and Amorim 2009), while C. monotis is able
to synthesise an analogue of yessotoxin named cooliatoxin
(Ben-Gharbia et al. 2016; Holmes et al. 1995). Vila, Garcés,
and Maso (2001) reported that P, lima and C. monotis are
frequently found associated and their assemblages seem to
contribute to the polymorphism of the clinical features of
ciguatera disease (Karafas, York, and Tomas 2015; Yasumoto
et al. 1987), a widespread ichthyosarcotoxism which
causes gastrointestinal, neurological and cardiovascular
disturbances (Baumann, Bourrat, and Pauillac 2010).
Nowadays, these two species are widely distributed not
only in tropical and subtropical marine areas but also in
colder waters (David et al. 2014; Heil, Glibert, and Fan
2005; Rhodes et al. 2014; Vale, Veloso, and Amorim 2009).
The highest cell concentrations of these dinoflagel-
lates have always been documented at depths superior
to 0.50 m (Bomber, Norris, and Mitchell 1985; Cohu and
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Lemée 2012) while their presence at around 0.20 m of
depth has not been documented till today. Therefore, the
results of this research, even if only preliminary, represent
the first evidence of the ability of these two species to
survive in very shallow waters, as already observed for
other toxic microalgae, like O. ovata (Sbrana et al. 2017;
Tawong et al. 2014).

The observation of P, lima and C. monotis in tide pools,
characterised by variable and unstable environmental con-
ditions, demonstrate their ability to adapt to such envi-
ronmental conditions, proving they are characterised by
a flexible behaviour, that is a complex balance between
physiological optimisation and environmental stress, as
asserted by Kamykowski (1981) studying other benthic
dinoflagellates.

However, both the species were observed in the pools
in very low abundances (<150 cells ml™) if compared
with those usually recorded on rocky substrata in coastal
waters (P lima: >3 x 10° cells I"!, Tango et al. 2005; C.
monotis: 15.2 x 10° cells 17!, Ismael 2014). The reasons
of such differences appear to be various. First of all,
the distribution pattern of these species seems to be
completely different among seasons and blooms always
occur in summer or early autumn while in late spring
(sampling period) the abundance of the considered
species is always quite low (Ismael 2014). Even though,
Ignatiades and Gotsis-Skretas (2010) found high densities
of similar species in Greek coastal waters also in late spring
(up to 1.2 x 10° cells I"! for a Prorocentrum species quite
similar to P. lima). Therefore, as differences in cell density
among tide pools of TPCC MPA and coastal waters in
other geographic areas appear to be highly remarkable,
it is plausible to suppose that also other factors beyond
the season played a role in determining P. lima and C.
monotis cell density in pools. Even if Saravia, Giorgi, and
Momo (2012) asserted that the abundance of microalgae
is not entirely imposed by external conditions but
generated endogenously by their own growth and by their
interactions with the other components of microbenthos,
the above mentioned variability of the environmental
conditions typical of pools and the limited depth could
play a key role in limiting these species abundance.
Beyond fluctuations in temperature, salinity and dissolved
inorganic materials, also water motion produced by tides
could significantly affect dinoflagellates abundance as
their density was reported to be significantly negatively
correlated with water motion (Carlson and Tindall 1985;
Totti et al. 2010), especially for P. lima (Richlen and
Lobel 2011). Even if several benthic microalgae are able
to stick to rocks and cobbles using the mucous they secret
as an adhesive, it is more difficult for cells to settle and
proliferate on the substratum when a high hydrodynamic
stress occurs (Abelson and Denny 1997; Seuront and
Spillmont, 2002).

Finally, the significant differences in P, lima cell density
recorded among pools in the same study site indicate
that a sort of patchiness in this species abundance at
centimetres and metres of distance is present, as already
observed for other bloom forming microalgae (Caronni
etal. 2014). On this matter, Diaz et al. (2012) have recently
demonstrated that multiple, often interacting ecological
processes affect marine assemblages at small scales and
their interaction provides the explanation for patchiness
at small spatial scales.

In conclusion, even if further and more deepened stud-
ies will be necessary to better understand the abundance
patterns of these two toxic dinoflagellates in tide pools of
TPCC MPA, the obtained results offer some important
insights into the ecology of these HAB producing microal-
gae and contribute to predict future blooms, planning ad
hoc monitoring activities in the marine protected area.
Indeed, the observed results suggest the importance of
including tide pools when planning monitoring programs
on P. lima and C. monotis.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

Abelson, A., and M. Denny. 1997. “Settlement of Marine
Organisms in Flow” Annual Review of Ecology and
Systematics 28 (1): 317-339.

Auinger, B. M., K. Pfandl, and J. Boenigk. 2008. “Improved
Methodology for Identification of Protists and Microalgae
from Plankton Samples Preserved in Lugol's Iodine Solution:
Combining Microscopic Analysis with Single-Cell PCR”
Applied and Environmental Microbiology 74 (8): 2505-2510.

Baumann, E, M. B. Bourrat, and S. Pauillac. 2010. “Prevalence,
Symptoms and Chronicity of Ciguatera in New Caledonia:
Results from an Adult Population Survey Conducted in
Noumea during 2005 Toxicon 56 (5): 662-667.

Ben-Gharbia, H., O. K. D.Yahia, Z.Amzil, N.Chomérat,
E.Abadie, E.Masseret, M.Sibat, H.Zmerli Triki, H.Nouri,
and M.Laabir 2016. "Toxicity and Growth Assessments of
Three Thermophilic Benthic Dinoflagellates (Ostreopsis cf.
ovata, Prorocentrum lima and Coolia monotis) Developing
in the Southern Mediterranean Basin." Toxins, 8(10), 297.

Bomber, J. W,, D. R. Norris, and L. E. Mitchell 1985. “Benthic
Dinoflagellates Associated with Ciguatera from the Florida
Keys. II. Temporal, Spatial and Substrate Heterogeneity of
Prorocentrum Lima” In Toxic Dinoflagellates, edited by
D. M. Anderson, A. W. White, and D. G. Baden, 45-50. New
York: Elsevier.

Carlson, R. D., and D. R. Tindall. 1985. “Distribution and
Periodicity of Toxic Dinoflagellates in the Virgin Islands”
In Toxic Dinoflagellates, edited by D. M. Anderson, A. W.
White, and D. G. Baden, 171-176. New York: Elsevier.

Caronni, S., M. A. Delaria, A. Navone, P. Panzalis, N. Sechi,
and G. Ceccherelli. 2014. “Relevant Scales of Variability
of the Benthic Allochthonous Microalga Chrysophaeum
Taylorii” Marine Biology 161 (8): 1787-1798.



Cloern, J. E., T. S. Schraga, C. B. Lopez, N. Knowles, R. Grover
Labiosa,and R. Dugdale. 2005. “Climate Anomalies Generate
an Exceptional Dinoflagellate Bloom in San Francisco Bay”
Geophysical Research Letters 32: L14608.

Cohu, S., and R. Lemée 2012. “Vertical Distribution of the
Toxic Epibenthic Dinoflagellates Ostreopsis cf. Ovata,
Prorocentrum Lima and Coolia Monotis in the NW
Mediterranean Sea” CBM-Cahiers De Biologie Marine 53
(3): 373-380.

David, H., A. Laza-Martinez, I. Miguel, and E. Orive. 2014.
“Broad Distribution of Coolia monotis and Restricted
Distribution of Coolia cf. Canariensis (Dinophyceae) on the
Atlantic Coast of the Iberian Peninsula” Phycologia 53 (4):
342-352.

Diaz, E. R, P. Kraufvelin, and J. Erlandsson. 2012. “Combining
Gut Fluorescence Technique and Spatial Analysis to
Determine Littorina littorea Grazing Dynamics in Nutrient-
Enriched and Nutrient-Unenriched Littoral Mesocosms.”
Marine Biology 159: 837-852.

Gibson, R. N. 1986. “Intertidal Teleosts: Life in a Fluctuating
Environment.” In The Behaviour of Teleost Fishes, edited by
Tony J. Pitcher, 388-408. Springer US.

Goss-Custard, S., J. Jones, J. A. Kitching, and T. A. Norton.
1979. “Tide Pools of Carrigathorna and Barloge Creek”
Philosophical Transactions of the Royal Society of London B:
Biological Sciences 287: 1-44.

Hallegraeff, G. M. 2003. “Harmful Algal Blooms: A Global
Overview”” Manual on Harmful Marine Microalgae 33: 1-22.

Heil, C. A., P. M. Glibert, and C. Fan. 2005. “Prorocentrum
minimum (Pavillard) Schiller: A Review of a Harmful
Algal Bloom Species of Growing Worldwide Importance”
Harmful Algae 4 (3): 449-470.

Holmes, M. J., R. J. Lewis, A. Jones, and A. W. W. Hoy.
1995. “Cooliatoxin, the First Toxin from Coolia Monotis
(Dinophyceae)” Natural Toxins 3 (5): 355-362.

Ignatiades, L., and O. Gotsis-Skretas 2010. “A Review on
Toxic and Harmful Algae in Greek Coastal Waters (E.
Mediterranean Sea)." Toxins, 2(5), 1019-1037.

Ismael, A. A. 2014. “First Record of Coolia Monotis Meunier
along Alexandria Coast-Egypt” The Egyptian Journal of
Aquatic Research 40 (1): 19-25.

Jensen, S. L., and G. Muller-Parker. 1994. “Inorganic Nutrient
Fluxes in Anemone-Dominated Tide Pools.” Pacific Science
48 (1): 32-43.

Kamykowski, D. 1981. “Laboratory Experiments on the
Diurnal Vertical Migration of Marine Dinoflagellates
through Temperature Gradients” Marine Biology 62 (1):
57-64.

Karafas, S., R. York, and C. Tomas. 2015. “Morphological and
Genetic Analysis of the Coolia monotis Species Complex
with the Introduction of Two New Species, Coolia Santacroce
sp. nov. and Coolia Palmyrensis sp. nov. (Dinophyceae).”
Harmful Algae 46: 18-33.

Laza-Martinez, A.,E. Orive,and I. Miguel. 2011. “Morphological
and Genetic Characterization of Benthic Dinoflagellates of
the Genera Coolia, Ostreopsis and Prorocentrum from the
South-Eastern Bay of Biscay” European Journal of Phycology
46 (1): 45-65.

Mangialajo, L., R. Bertolotto, R. Cattaneo-Vietti, M. Chiantore,
C. Grillo, R. Lemee, N. Melchiorre, P. Moretto, P. Povero,
and N. Ruggieri. 2008. “The Toxic Benthic Dinoflagellate
Ostreopsis Ovata: Quantification of Proliferation along the
Coastline of Genoa, Italy” Marine Pollution Bulletin 56 (6):
1209-1214.

BIODIVERSITY (&) 5

Mangialajo, L., N. Ganzin, S. Accoroni, V. Asnaghi, A. Blanfuné,
M. Cabrini, R. Cattaneo-Vietti, et al. 2011. “Trends in
Ostreopsis Proliferation along the Northern Mediterranean
Coasts.” Toxicon 57 (3): 408-420.

Maso, M., and E. Garcés. 2006. “Harmful Microalgae Blooms
(HAB); Problematic and Conditions That Induce Them”
Marine Pollution Bulletin 53 (10): 620-630.

Metaxas, A., and R. E. Scheibling. 1993. “Community Structure
and Organization of Tidepools” Marine Ecology Progress
Series. Oldendorf 98 (1): 187-198.

Momigliano, P., L. Sparrow, D. Blair, and K. Heimann. 2013.
“The Diversity of Coolia spp. (Dinophyceae Ostreopsidaceae)
in the Central Great Barrier Reef Region.” PLoS ONE 8 (10):
€79278.

Nascimento, S. M., D. A. Purdie, and S. Morris. 2005.
“Morphology, Toxin Composition and Pigment Content of
Prorocentrum lima Strains Isolated from a Coastal Lagoon
in Southern UK. Toxicon 45 (5): 633-649.

Pagliara, P,, and C. Caroppo. 2012. “Toxicity Assessment of
Amphidinium carterae, Coolia cfr. monotis and ostreopsis cfr.
ovata (Dinophyta) Isolated from the Northern Ionian Sea
(Mediterranean Sea).” Toxicon 60 (6): 1203-1214.

Rhodes, L., K. Smith, G. G. Papiol, J. Adamson, T. Harwood,
and R. Munday. 2014. “Epiphytic Dinoflagellates in Sub-
Tropical New Zealand, in Particular the Genus Coolia
Meunier” Harmful Algae 34: 36-41.

Richlen, M. L., and P. S. Lobel. 2011. “Effects of Depth, Habitat,
and Water Motion on the Abundance and Distribution of
Ciguatera Dinoflagellates at Johnston Atoll, Pacific Ocean.”
Marine Ecology Progress Series 421: 51-66.

Saravia, L. A., A. Giorgi, and F. Momo. 2012. “Multifractal
Spatial Patterns and Diversity in an Ecological Succession.”
PLoS ONE 7 (3): 1-8.

Sbrana, F, E. Landini, N. Gjeci, E Viti, E. Ottaviani, and M.
Vassalli. 2017. “OvMeter: An Automated 3D-Integrated
Opto-Electronic System for Ostreopsis Cf. Ovata Bloom
Monitoring.” Journal of Applied Phycology 1-13.

Seuront, L., and N. Spilmont. 2002. “Self-organized Criticality
in Intertidal Microphytobenthos Patch Patterns” Physics A
313: 513-539.

Tango, P. ], R. Magnien, W. Butler, C. Luckett, M. Luckenbach,
R. Lacouture, and C. Poukish. 2005. “Impacts and Potential
Effects due to Prorocentrum Minimum Blooms in
Chesapeake Bay” Harmful Algae 4 (3): 525-531.

Tawong, W., T. Nishimura, H. Sakanari, S. Sato, H. Yamaguchi,
and M. Adachi. 2014. “Distribution and Molecular
Phylogeny of the Dinoflagellate Genus Ostreopsis in
Thailand” Harmful Algae 37: 160-171.

Totti, C., S. Accoroni, . Cerino, E. Cucchiari, and T. Romagnoli.
2010. “Ostreopsis Ovata Bloom along the Conero Riviera
(Northern Adriatic Sea): Relationships with Environmental
Conditions and Substrata” Harmful Algae 9 (2): 233-239.

Underwood, A. J., and M. G. Chapman. 1997. GMAV 5 for
Windows. Sydney: University of Sydney.

Utermohl, H. 1958. “Zur Vervollkommnung der quantitativen
Phytoplankton-Methodik. Mitt int. Verein. theor. angew.”
Limnology 9: 1-38.

Vale, P, V. Veloso, and A. Amorim. 2009. “Toxin Composition
of a Prorocentrum Lima Strain Isolated from the Portuguese
Coast.” Toxicon 54 (2): 145-152.

Van Dolah, E M. 2000. “Marine Algal Toxins: Origins, Health
Effects, and Their Increased Occurrence” Environmental
Health Perspectives 108 (Suppl 1): 133.



6 e C.CALABRETTIET AL.

Vila, M., E. Garcés, and M. Maso. 2001. “Potentially Toxic Zingone, A., and H. O. Oksfeldt Enevoldsen. 2000. “The

Epiphytic Dinoflagellate Assemblages on Macroalgae in Diversity of Harmful Algal Blooms: A Challenge for Science
the NW Mediterranean” Aquatic Microbial Ecology 26 (1): and Management.” Ocean & Coastal Management 43 (8-9):
51-60. 725-748.

Yasumoto, T., N. Seino, Y. Murakami, and M. Murata. 1987.
“Toxins Produced by Benthic Dinoflagellates” The Biological
Bulletin 172 (1): 128-131.



	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Study sites
	2.2. Samples collection and laboratory procedures
	2.3. Data analysis

	3. Results
	4. Discussion and conclusions
	Disclosure statement
	References



