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ICHA Proceeding Guidelines 

Presenters of all contributed talks and posters will have the opportunity to submit their papers for inclusion in the 
Proceedings of the International Society for the Study of Harmful Algae. Your paper must be submitted no later than 1st 
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complete proceedings will be published on the ISSHA website no later than 12 months after the conference, but reviewed, 
revised and accepted submissions will be uploaded prior to that as they are completed. Editors of the proceedings are 
selected jointly by the ISSHA Conference Committee and the Local Organizing Committee, and may be from within and from 
outside the two committees as required to have an editorial team and an editor-in-chief with the required scientific 
background and editorial experience. 
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Key Notes 

KN01 

Progress in our understanding of fish-killing microalgae: implications for management and 
mitigation   
  
Gustaaf Marinus Hallegraeff1 
  
1University of Tasmania, Australia 
  
e-mail: Hallegraeff@utas.edu.au 
  
Fish-killing microalgal species are responsible for much greater global economic impacts on human society than HAB species 
leading to seafood biotoxin contamination (i.e. the нлмс /ƘƛƭŜŀƴ άDƻŘȊƛƭƭŀ ǊŜŘ ǘƛŘŜέ ǘƘŀǘ ǘǊƛƎƎŜǊŜŘ ǎƻŎƛŀƭ ǳƴǊŜǎǘύΦ ¸Ŝǘ ǘƘŜ 
precise mechanism how microalgae kill fish remains poorly understood. Progress has been hindered by the use of widely 
different bioassay systems and lack of analytical methods to quantify and chemically characterize so-ŎŀƭƭŜŘ άƛŎƘǘƘȅƻǘƻȄƛƴǎέΦ 
All high biomass blooms even of nontoxic phytoplankton (eg. diatoms Chaetoceros, Leptocylindrus, Thalassiosira, 
dinoflagellates Noctiluca, Tripos) can cause significant stress for finfish contained in intensive aquaculture operations. Highly 
potent fish-killers include the taxonomically unrelated flagellate groups Cochlodinium, Karenia, Chattonella, 
Pseudochattonella, Heterosigma, Prymnesium which all readily lyse upon impact upon the sensitive gill tissues of fish. A key 
mechanism for fish-gill damage being proposed is HAB cell lysis releasing free fatty acids (EPA, DHA, OPA, OTA etc) which in 
synergism with reactive oxygen species generates labile (minutes to hours) lipid peroxidation products. Cell lysis is essential 
for Karlodinium and Alexandrium ichthyotoxicity, and high ROS producing strains (eg. Chattonella, Chilean A.catenella) cause 
greatest gill damage. With a single known exception (Florida Karenia brevis), none of these ichthyotoxins are of human health 
significance, meaning that recently killed fish are fit for human consumption. Fine-ground clays at environmentally 
acceptable concentrations can effectively mop up ichthyotoxins and offer great potential as a HAB species-specific 
emergency response tool until other mitigation measures such as towing away cages or airlift upwelling can be implemented.
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KN02 

Ecological public health, Harmful Algal Blooms and climate change 
  
Lora E Fleming1, Lorraine Backer2, Elisa Berdalet3, Rosa Barciela4, Melissa Friedman5, Daniel Baden6, George Morris1, 
Gordon Nichols7, Keith Davidson8, Lucinda Lintott1 
  
1University of Exeter, United Kingdom 
2US Centers for Disease Control and Prevention, United States 
3Consejo Superior Investigaciones Científicas, Spain 
4UK Met Office, United Kingdom 
5University of Miami, United States 
6University of North Carolina Wilmington, United Kingdom 
7University of Exeter - European Centre for Environment and Human Health, United Kingdom 
8Scottish Association of Marine Sciences, United Kingdom 
  
e-mail: L.E.Fleming@Exeter.ac.uk 
  
[ŀƴƎ ŀƴŘ wŀȅƴŜǊΩǎ ŎƻƴŎŜǇǘ ƻŦ ά9ŎƻƭƻƎƛŎŀƭ tǳōƭƛŎ IŜŀƭǘƘέ ŀǘǘŜƳǇǘǎ ǘƻ ƛƴǘŜƎǊŀǘŜ ǘƘŜ ƳŀǘŜǊƛŀƭΣ ōƛƻƭƻƎƛŎŀƭΣ ǎƻŎƛŀƭΣ ŀƴŘ cultural 
aspects of public health. This perspective has broadened from the local, regional and national to encompass a more planetary 
view of the interactions between the health of the environment and humans as illustrated in the complex interactions 
between Harmful Algal Blooms (HABs), climate change, and human health.   HABs have existed for millennia, impacting on 
human health usuallly through exposure to the HAB biotoxins bio-accumulated and transmitted through the food chain. With 
increasing direct and indirect anthropogenic pressures and drivers, the future trends of HABs are unclear in a world of climate 
and other environmental change, yet the potential risk of exposure and health impacts for humans and other organisms 
makes this an urgent area for research. Given the historically narrow focus of public health with regards to both HABs and 
climate change, a new approach is needed. Taking an ecological public health approach would mean greater integration and 
collaboration not only between different scientific disciplines, but also between the different groups and entities involved in 
all aspects of HABs. Recent examples can be seen with collaborations around Ciguatera, Florida red tide, the One Health 
Harmful Algal Bloom System (OHHABS), Ostreopsis, and the recently launched GlobalHAB Programme.  Ecological public 
health provides both an opportunity and a challenge for seeking a more truly interdisciplinary collaboration and a wider 
vision of the interconnections between HABs, climate change, human behavior, and the future of our planet.  
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Plenary Sessions 

PS01 

Chemical and analytical sciences in a whirlwind of global change 
  
Philipp Hess1 
  
1Ifremer, France 
  
e-mail: philipp.hess@ifremer.fr 
  
Oceans and coastal ecosystems provide a number of services to man, including the provision of seafood and drinking water, 
waterways for the transportation of goods, recreational spaces and increasingly renewable energy. Harmful Algal Blooms 
(HABs) potentially impact negatively on any of these services. Detecting toxins has always been a challenge due to the 
difficult predictability of algal blooms and the need for rapid reaction due to consumption of seafood as a fresh commodity. 
Global change accentuates this challenge further. Globalized trade and potential transportation of harmful organisms 
increase the need for detection of a wider range of toxins than ever. Recent discovery of tetrodotoxin in echinoderms and 
bivalve molluscs underlines the discovery of known compounds in unusual compartments of our ecosystems. Hence, the 
use of non-targeted analysis as a tool to screen for not just dozens but hundreds of compounds in a single analysis is outlined 
at the example of recent studies. Chemical ecology of HABs also raises questions leading to novel analytical challenges. 
Recent developments in passive sampling and related techniques for the analysis of seawater respond to some of these 
needs. The combination of chemical analytical and bioanalytical tools for the discovery of yet undescribed toxins are 
discussed. The challenges and recent developments in method validation and regulatory monitoring, including the detection 
of toxins in desalinated drinking water, fish killing toxins and ciguatoxins, are also discussed in the context of recent 
requirements by IOC-UNESCO IPHAB task teams and other international bodies (Codex, FAO). 

PS02 

The diatom genus Pseudo-nitzschia: life history and its relevance to species ecology and evolution 
  
Marina Montresor1 
  
1Stazione Zoologica Anton Dohrn, Italy 
  
e-mail: marina.montresor@szn.it 
  
Pseudo-nitzschia species, as all diatoms, are caged within a rigid siliceous wall and this feature is at the base of their unique 
life cycle characterized by a tight link between the progressive cell size reduction along with vegetative growth and the 
restitution of the large cell size that occurs within the sexual phase. Sex is thus a fundamental phase in the life history of 
diatoms; besides reshuffling the genetic make-up, sex has the additional role of restoring large cell size, thus allowing 
persistence of the population. For several species of the genus life-history traits have been elucidated over the last decade. 
Almost all Pseudo-nitzschia species are heterothallic, i.e. sex occurs when cells of opposite mating type get in contact. 
Experimental results show that sex in Pseudo-nitzschia is a density-dependent event and there is both direct and indirect 
evidence of the occurrence of sex in the natural environment. The availability of transcriptomic and genomic resources now 
allows decrypting the molecular mechanisms that regulate transitions amongst different life cycle phases. Ongoing research 
is shedding light on the signaling processes that mediate early-stage communication between the two mating types and on 
possible genes characterizing distinct mating types. Molecular approaches provide new tools to gain information about the 
functional role of the different life history stages, to track them in the natural environment and to carry out comparative 
studies among the different species, thus helping in understanding species ecology, evolution and population dynamics. 
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PS03 

Metagenomic approach for HAB monitoring in Japanese coastal waters 
  
Satoshi Nagai1, Shingo Urushizaki2, Hungyen Chen1, Atushi Fujiwara1, Motoshige Yasuike1, Seiji Katakura3 
  
1Fisheries Research Agency of Japan, Japan 
2AXIOHELIX Co. Ltd, Japan 
3City of Mombetsu, Japan 
  
e-mail: snagai@affrc.go.jp 
  
Sequencing technologies, such as Roche 454 or illumina MiSeq, have made it possible to obtain millions of sequence reads 
in a single experiment, and massively parallel sequencing (MPS) is a currently revolutionizing survey of eukaryotic diversity 
including HAB species, because this technology enables us to detect several hundreds of operational taxonomic units (OTUs) 
of eukaryotes from seawater samples and facilitates the detection of low-abundance populations in complex eukaryote 
communities. We have employed the MPS-based technology for HAB monitoring such as Alexandrium, Chattonella, Pseudo-
nitzschia in Japanese coastal waters. Weekly monitoring was conducted at two locations of Osaka Bay from February to May 
during 2012-2014 (n = 122) and at one location of Mombetsu city in Okhotsk Sea from Apr 2012 to Jun 2014 (n = 112). In 
osaka Bay, we compared the abundance of the toxic dinoflagellate A. tamarense by the morphology-based observation using 
microscopy vs. the relative abundance of the MPS data, and confirmed similar fluctuation patterns between them, although 
the MPS-based method is not quantitative in principle. In Okhotsk sea samples, we detected the genue Alexandrium, 
Azadinium, Chattonella, Cochlodinium, Karenia, Karlodunium, Prorocentrum, Pseudochattnella, Takayama including toxic 
and fish killing species. Our data indicated that these HAB species were carried by the Tsushima warm current in summer 
seasons, suggesting the possibility of settlements in northern Japan. The detection limit of MPS-based monitoring of A. 
tamarense was 50 copies of rRNA genes, indicating that the technique is sufficiently sensitive for practical use in the 
monitoring of HABspecies. 

PS04 

Environment-friendly strategies for prevention of harmful algal blooms using algicidal bacteria 
associated with seagrass beds 
  
Ichiro Imai1 
  
1Hokkaido University, Japan 
  
e-mail: imai1ro@fish.hokudai.ac.jp 
  
There is an urgent need for bloom mitigation strategies in aquatic areas due to huge fishery damages by harmful algal 
blooms. Algicidal bacteria (AB) are promising agents and have actually been isolated from the coastal waters. ABs 
contributed to the rapid termination of HABs in the coastal waters such as the Seto Inland Sea. Large numbers of ABs were 
found to attach onto the surface of seaweds (maximum, million of killers per gram wet weight) such as Ulva sp. (Chlorophyta) 
and Gelidium sp. (Rhodophyta) without occurrences of any blooms. And further we discovered comparatively abundant 
existence of ABs (ten times or more) on the surface of leaves of seagrass (Zostera marina) and in seawater of seagrass beds. 
Chattonella antiqua (Raphidophyceae) was killed by ABs existing in the seawater of Z. marina bed. The strains of ABs isolated 
from the biofolm on the seagrass Z. marina and from seawater at seagrass beds were also identically isolated from the 
offshore seawater, strongly suggesting that the origin of ABs is seagrass beds in coastal environments. The presence the 
large number of ABs indicates the potential for preventing HAB occurrences. We here propose new prevention strategies 
for red tides by cultivation of seaweeds in aquaculture areas. When we develop and restore the natural seaweeds- and 
seagrass-bed as a part of Sato-Umi concept, these presumably function to prevent the occurrences of HABs. Further, 
restored seaweed and seagrass beds also surve as nursery grounds for important fisheries resources. 
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PS05 

Wiring the ocean to understand and predict Harmful Algal Blooms 
  
Raphael M Kudela1 
  
1University of California Santa Cruz, United States 
  
e-mail: kudela@ucsc.edu 
  
Research and monitoring programs designed to detect, understand, and predict harmful algal bloom events have access to 
an ever-increasing array of technologies that can be deployed, ranging from in situ molecular tools to autonomous vehicles, 
scaling all the way to airborne and remote sensing. The availability of these technologies introduce new challenges, including 
how to optimally integrate multiple sensors and platforms, how to identify the most cost-effective systems, and how to 
ƛƴǘŜǊǇǊŜǘ ǘƘŜ ƳǳƭǘƛǇƭŜ ǎǘǊŜŀƳǎ ƻŦ ŘŀǘŀΦ !ǎ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳ ά/ŀƭƛŦƻǊƴƛŀ IŀǊƳŦǳƭ !ƭƎŀƭ .ƭƻƻƳ IƻǘǎǇƻǘǎέΣ ǿŜ ƘŀǾŜ ŀŘdressed 
these challenges in a series of experiments focusing on HAB events related to both a wastewater discharge scenario in 
Southern California, and the recent Pseudo-nitzschia event that occurred along the North American coast in 2015, while 
planning is underway to develop optimal sampling of HABs for the San Francisco Bay ecosystem.  Using these three systems 
as examples, this talk will explore the use of multiple technologies to monitor and predict harmful algal blooms. These three 
examples span a range of spatial and temporal scales. For Southern California, a wastewater diversion occurred in a fixed 
location for 3 weeks. The west coast Pseudo-nitzschia bloom occurred over several hundred kilometers, and lasted many 
months. San Francisco Bay sampling is envisaged to continue indefinitely. Across these experiments, multiple technologies 
were deployed including traditional shipboard sampling and experiments, wave-powered profiling moorings and 
autonomous vehicles, buoyancy gliders, AUVs, Environmental Sample Processors (ESPs), Imaging Flow CytoBots, numerical 
models, and airborne/satellite remote sensing. 

PS06 

Harmful Algal Blooms and climate change: challenges and paths for moving forward 
  
Mark Lovell Wells1 
  
1University of Maine, United States 
  
e-mail: mlwells@maine.edu 
  
Emerging evidence suggests that climate change is impacting marine and freshwater phytoplankton communities, and that 
future trends may include increases in the frequency and severity of Harmful Algal Blooms (HABs).  But while some 
fundamental linkages between climate change and HABs are strongly anticipated, our projections are speculative and 
founded on limited and often conflicting data. The traditional main thrusts of HAB researchτHAB organism taxonomy and 
physiology, HAB distributions and dynamics, and the detection and characterization of algal toxinsτhave served well to 
create a solid foundation of knowledge, but they will not adequately inform on purported climate change:HAB linkages.  New 
research foci are needed to build understanding about how competition among HAB and non-HAB species may shift with 
long-term, climate-driven changes in marine and freshwater environments. The field of HAB science is at a critical juncture. 
Our decisions now will shape whether HAB science can provide sound forecasting that contributes to the societal debate 
about the urgency in addressing climate change, or whether our work instead will mainly center on explaining HAB changes 
after they occur. 
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PS07 

Mining cyanobacterial genomes for natural products 
  
Janaina Rigonato1 
  
1Universidade de São Paulo, Brazil 
  
e-mail: jana_rigonato@yahoo.com.br 
  
During the last decades advances in DNA sequencing technologies had provided a dramatically increase in the number of 
genome sequences available in databases. This volume of data boosted the development of bioinformatics tools that 
allowed scientists to view inside the DNA molecule, and look for information contained in the DNA language. Currently, the 
trend in genomic research lies on mining the genome to find out what is written in it. Cyanobacterial natural productshave 
been identified using traditional molecular biology and chemical methods. However, due the genome data available and 
recent advances in computational approaches, in silicoprediction of bioactive compounds has become an 
extremelyattractive tool to explore the cyanobacteria potential. Neverthelessmembers of Cyanobacteria still remain 
underrepresented when compared to other Bacteria phyla, mainly due to the difficulties in their genome assemblies. Efforts 
are being made to overcome this problem, and the Brazilian contributions tocyanobacterial genome mining, especially 
related to toxins, will be discussed. 

PS08 

Paralytic Shellfish Poison toxins: clinical applications 
  
Nestor Wilson Lagos1 
  
1University of Chile, Chile 
  
e-mail: nlagos@med.uchile.cl 
  
In the past 20 years, there has been great interest in using poisonous substances from plants, animals and microorganisms 
in studies on animal physiology, searching for potential clinical applications. Microalgae are primary producers that make 
up the base of both marine and fresh water food webs. Many microalgae also produce unusual compounds that exhibit 
potent biological activities. They are considered to be secondary metabolites, some are potent biotoxins responsible for a 
range of human illnesses; Paralytic Shellfish Poisoning poses a serious threat to public health due to its high mortality rate 
in mammals. The high toxicity of these phycotoxins is due to the reversible binding to site 1 of the voltage-gated sodium 
channel (Nav) in excitable cells, blocking neuronal transmission and causing mammals death by respiratory arrest and 
ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ǎƘƻŎƪΦ t{t ǘƻȄƛƴǎ ōƛƴŘ ǿƛǘƘ ƘƛƎƘ ŀŦŦƛƴƛǘȅ ōƭƻŎƪƛƴƎ ǎƻŘƛǳƳ ƛƴŦƭǳȄ ǘƘǊƻǳƎƘ ǘƘŜ ŎƘŀƴƴŜƭΦ bŀǾΩǎ Ǉƭŀȅ ŀ ƪŜȅ role in 
neurotransmission at both neuronal synapses and neuromuscular junctions. Consequently, their main physiological effect 
is linked to the blocking action at axonal level impeding both, nerve impulse propagation and neuronal transmission over 
the neuromuscular junction. Therefore, when they are applying locally, two clinical activities are manifested simultaneous: 
(i) the control of pain (anaesthetic activity) and (ii) the control of muscle hyperactivity (relaxant effect). Until now, all the 
clinical applications using PSP toxins have been performed merely in the University of Chile Clinical Hospital. The data 
published in those clinical trials will be analysed and discussed in this lecture. 
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Sponsor Activity - McLANE 

11 Oct. Room: Arvoredo 6 
 

SA01 

Imaging FlowCytobot provides novel insights on phytoplankton community dynamics 
  
Lisa Campbell1 
  
1Texas A&M University, United States 
  
e-mail: lisacampbell@tamu.edu 
  
The Imaging FlowCytobot (IFCB) combines flow cytometry and video technology to capture images of individual cells which, 
together with machine-learning technology, enables near real-time reporting of individual phytoplankton species abundance 
and community composition. The IFCB is designed for in-situ submersibleautomatedoperation.Over a decade of sustained 
high temporal resolution observations (hourly to daily) ŀǘ ǘƘŜ aŀǊǘƘŀΩǎ ±ƛƴŜȅŀǊŘ /ƻŀǎǘŀƭ hōǎŜǊǾŀǘƻǊȅ όa±/hύ ŀƴŘ ǘƘŜ ¢ŜȄŀǎ 
Observatory for Algal Succession Time series (TOAST)are providing new insights into dynamics of phytoplankton community 
structure. On the east coast of the US at MVCO, multi-year trends in blooms have been linked to regional climate-related 
variables. In the Gulf of Mexico at TOAST, the IFCB has provided successful early warning for seven harmful algal bloom (HAB) 
events. Initial stages of HABs are detected with sufficient time to close shellfish harvesting and prevent human illness. Time 
series data are also being used to develop models to determine the origin of HAB populations and forecast HAB 
occurrences.As the network of IFCBs expands globally, an unprecedented level ofinformation will be available on the 
variability and diversity of the phytoplankton community. Of particular interest are those species that are harmful or early 
indicators of ecosystem response to environmental change. 
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GlobalHAB 

11 Oct. Room: Arvoredo 2 
 

GHAB01 

GlobalHAB: the international SCOR-IOC program for the study of Harmful Algal Blooms 
  
Elisa Berdalet1, Neil S. Banas2, Eileen Bresnan3, Michele Astrid Burford4, Keith Davidson5, Henrik Enevoldsen6, Christopher J 
Gobler7, Bengt Karlson8, Raphael M Kudela9, Po Teen Lim10, Lincoln MacKenzie11, Marina Montresor12, Vera L. Trainer13, Ed 
Urban14, Gires Anak Usup15, Kedong Yin16 
  
1Consejo Superior Investigaciones Científicas, Spain 
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GlobalHAB, launched in January 2016, is the new international SCOR-IOC program for the study of HABs. The overall goal of 
the new programme is to foster activities to stimulate scientific advances leading to a better understanding of harmful algal 
blooms(HABs)and to helpmitigate their impacts impacts in marine and freshwater systems. GlobalHAB follows the legacy of 
the former GEOHAB program, incorporating new themes, as was recommended by the international scientific community at 
the GEOHAB Open Science Meeting in Paris, April 2013. Among others, toxin-related challenges, linksbetween aquaculture 
and HABs events and the potential climate change impacts on HAB occurrences in freshwater and marine ecosystems were 
highlightedas main pressing issues that face the international HAB science community.Because HABs are a global problem 
with direct effects on economy and human health, GlobalHAB also aims to foster the direct interaction between science and 
stakeholdersbelonging to socio-economic and medical communities to facilitatethe management of HAB impactsand protect 
human health. The active engagement of the individual researchers, and international and regional initiatives and 
organizations that have HAB research, including a focus on global comparisons, among their priorities,is fundamental for the 
implementation of GlobalHAB. For this reason, the Scientific and Implementation Plan of GlobalHAB, to be implemented 
over the next decade, will be presented and discussed at a Town Hall session at the ICHA17. Participants are invited to identify 
specific activities to address the GlobalHAB objectives and suggest ways to facilitateinteractions among scientists interested 
in implementing GlobalHAB-related activities. 
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OS0101 

Biotransformation and chemical degradation of paralytic shellfish toxins in shellfish 
  
Michael A Quilliam1, Aifeng Li2, Pearse McCarron1, Krista Thomas1, John Walter1 
  
1National Research Council Canada, Canada 
2Ocean University of China, China 
  
e-mail: Michael.Quilliam@nrc.gc.ca 
  
Paralytic shellfish toxins (PSTs) are potent neurotoxins produced by several marine dinoflagellates and freshwater 
cyanobacteria. They have a high oral toxicity to humans and have been responsible for many incidents of paralytic shellfish 
poisoning (PSP). The PSTs are a large family of compounds that include over thirty structural analogs of saxitoxin. While most 
of the analogs are produced by dinoflagellates, once they accumulate in shellfish their relative proportions can be changed 
through biotransformation and chemical degradation. These changes include hydrolysis of the carbamoyl group at C17 (N-
sulfocarbamoyl > carbamoyl > decarbamoyl), reduction of the N1-hydroxy group(-OH > -H), and epimerization of the 11-
hydroxysulfate group. Recently, some new derivatives, named M1-M4, have been identified in mussels contaminated by 
Alexandrium tamarense blooms on the Canadian coast [1]. They were presumed to be metabolites or chemical degradation 
products because they were present only in shellfish and not in the precursor algae. These analogs have received little 
attention because they have a very low response in HPLC analysis based on oxidation to fluorescent derivatives and can only 
be measured using LC-MS/MS. In this presentation, we will reveal the identities of 8 more analogs and demonstrate that 
they are produced by an initial biotransformation of the 11-hydroxysulfate group to a hydroxyl function, which is then 
followed by further reactions that involve a combination of enzymatic and chemical degradations. [1] Dell'' Aversano, C., 
Walter, J. A., Burton, I. W., Stirling, D. J., Fattorusso, E. and Quilliam, M. A. J. Natural Products 71, 1518-1523 (2008). 

OS0102 

UHPLC-HRMS based dereplication: from fungi or microalgae 
  
Kristian Fog Nielsen1 
  
1Technical University of Denmark / Danmarks Tekniske Universitet, Denmark 
  
e-mail: kfn@bio.dtu.dk 
  
UHPLC -high resolution MS is vital for fast dereplication of known compounds and the subsequent identification of novel 
compounds, which again can be used for prioritization. Exploring the major peaks in an UHPLC-HRMS data-file from a clean 
extract can be done using a simple peak picking algorithm followed by adduct pattern. However not all natural products 
ionize well and if combined media components, plastic contaminants finding the right peaks gets complicated. For this we 
have used: i) Metabolomics:  where 4-6 replicates per, along with 4-6 replicates of media blanks are in a single sequence. 
However a single data-file may contain 20000 features including many random false features. ii) Using lists (up to many 
thousands) of elemental compositions of possible candidates (aggressive dereplication), where isotopic patterns, known 
adducts, reference standards and known blanks. These can then be combined with a peak picking approach for novel 
compounds. iii) MS/HRMS library approach where known and tentatively identified compounds are identified by auto-
MS/MS (data dependent MS/MS) but also known substructures in larger unknowns. For fungal extracts we have focused on 
a combination of II and III along with taxonomic knowledge, 30 years of HPLC- UV/Vis data, MS/MS data from 1500 reference 
standards, and bioinformatics. For the algae we have tried the same approach and dereplicated the known prymenisins, as 
well as discovered two novel classes of prymenisins, of which one has just been structure elucidated and is currently being 
published. We have also discovered a novel class of karlotoxins which is also under 
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The state-of-the-art in natural marine biotoxin analysis in seafood is quite diverse with progress in moving away from the 
antiquated mouse bioassays. Future bioanalytical methods require cost-effective approaches to compete with multi-analyte 
laboratory based analytical approaches such as mass spectrometry. Advancements are required whereby biosensors should 
detect diverse groups of contaminants as a single test. The difficulties of this approach with nanoarray platforms arise with 
regulatory limits and assay design. For marine and cyanobacterial toxins antibody based novel sensor methods offer model 
solutions. For natural toxins the design and application of broad specificity antibodies on multiplex and nanoarray platforms 
using a single combinational sample preparation offers this opportunity. Broad specificity antibodies to the toxin targets 
(microcystins; cylindrospermopsin, saxitoxin, domoic acid, okadaic acid, brevetoxin) were produced and characterised. A 
planar waveguide immunoassay platform for the multiplex detection of the toxins has been developed. Toxin-protein 
conjugates were spotted onto sensor slides and molecular interactions between antibodies and conjugates were measured 
using secondary antibodies labelled with a fluorescent dye. The assays were optimised with regards sensitivity. The speed 
of the assay was optimised from 45 min, by studying the reaction kinetics, until a fully completed test could be performed 
within 15 minutes. The sensitivity (IC50) for each toxin group has been illustrated as 0.06, 0.42, 1.86, 1.40 and 0.19 ng/mL for 
saxitoxin, okadaic acid, domoic acid, microcystins and cylindrospermopsin in water samples. To date the assay demonstrates 
high suitability for toxin detection in seafood samples for PSP toxins and tetrodotoxin in ten minutes. 

OS0104 

Towards fast and early detection of fast acting marine neurotoxins. 
  
Romulo Araoz1, Pascal Kessler2, Jordi Molgó1, Gilles Mourier2, Denis Servent2 
  
1Neuro-PSI/ LTMB Toxines Récepteurs et Canaux, France 
2LTMB Toxines Récepteurs et Canaux, France 
  
e-mail: araoz@inaf.cnrs-gif.fr 
  
Muscle nicotinic acetylcholine receptors are evolutionary conserved pentameric transmembrane proteins that mediate fast 
neurotransmission at the neuromuscular junction necessary for muscle contraction (e.g. scape from predation). Therefore, 
they constitute a primary target for a wide array of toxins from diverse origin including cyanobacteria and 
dinoflagellates.  The assessment that «fast acting» neurotoxins targeting nicotinic acetylcholine receptors could 
contaminate freshwater reservoirs (e.g. anatoxin-a) or shellfish (e.g. cyclic imine toxins), requests the development of 
bioassays to detect these families of neurotoxins. Cyanobacterial anatoxins, associated with fatal episodes of wild and stock 
animals, are agonists of nicotinic acetylcholine receptors. Cyclic imine toxins are potent antagonist of nicotinic receptors. 
Shellfish accumulate cyclic imine toxins following filter feeding on toxic dinoflagellates. We have developed a lateral flow 
test for early detection of nicotinic neurotoxins directly in the field. «NeuroTorp» is based on a new concept for test strips: 
the high affinity of neurotoxins for their receptor targets. We immobilized Torpedo marmorata electrocyte-membranes rich 
in nicotinic acetylcholine receptors on the test-line. When a toxic sample is applied, the nicotinic toxin will displace a 
biotinylated toxin tracer enabling its visual detection. Alternatively, the use fluorescent toxin tracers enhance sensitivity and 
simplify toxin detection. In contrast to immunochromatographic tests that detect a given toxin, NeuroTorp could be applied 
to the detection of an array of neurotoxins acting on nicotinic acetylcholine receptors (e.g. anatoxin-a, pinnatoxins, 
spirolides, bungarotoxin, curare, etc). NeuroTorp does provide the means for early, rapid and quantitative detection of 
nicotinic neurotoxins in the field.   
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Novel application of the Microelectrode Ion Flux Estimation technique to study fish-kills by 
harmful microalgae 
  
Jorge I. Mardones1, Lana Shabala1, Sergey Shabala1, Gustaaf M. Hallegraeff1 
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e-mail: jorge.mardonessanchez@utas.edu.au 
  
A non-invasive ion selective microelectrode (MIFE) technique has become a powerful tool to study the adaptive response 
of different organisms to a wide number of biotic and abiotic stressors. This study pioneers the use of MIFE to assess changes 
in membrane-transport processes in fish gill cells exposed to harmful marine microalgae and their toxins. Net ion fluxes of 
H+, Ca2+ and K+ in the rainbow trout cell line RTgill-W1 were monitored before and after the addition of ruptured cells of the 
ichthyotoxic dinoflagellate Alexandrium catenella and the purified paralytic shellfish toxin (PST) analogues STX and GTX1&4. 
Significant differences in net K+ and H+ fluxes were observed after the challenge of gill cells with dinoflagellate cultures. 
However, gill cells exposed to PSTs only exhibited ion flux changes in H+ but no changes in K+ or Ca2+ fluxes. Together with 
our viability staining studies on gill cells, this firmly establishes that PSTs alone do not play an important role in fish gill 
damage but that other ichthyotoxic metabolites from Alexandrium catenella that result in net K+ efflux from gill cells, lead 
to gill cell death. The MIFE technique offers considerable potential to clarify the mechanisms of different marine toxins 
impacting on fish gills leading to massive fish mortalities. 

OS02 - Ecology 

Chair: Edna Graneli 

OS0201 

Harmful effects of Dinophysis to the ciliate Mesodinium rubrum: implications for prey capture 
  
Luiz Laureno Mafra Jr.1, Satoshi Nagai2, Hajime Uchida2, Camila Prestes Tavares1, Bruno Pimenta Escobar1, Toshiyuki 
Suzuki2 
  
1Universidade Federal do Paraná, Brazil 
2Fisheries Research Agency of Japan, Japan 
  
e-mail: mafrajr@gmail.com 
  
Toxigenic Dinophysis spp. are obligate mixotrophic dinoflagellates requiring a constant supply of prey-Mesodinium rubrum-
to achieve long-term growth by means of kleptoplasty. However, M. rubrum is a fast moving, jumping ciliate, exhibiting an 
effective escape response from suspensivorous predators. Here, we used a series of laboratory experiments evaluating the 
motility and survival of M. rubrum in the presence of Dinophysis cells and/or substances contained in their culture medium, 
in order to assess the mechanisms involved in prey capture by Dinophysis spp. Cell abundance of M. rubrum decreased in 
the presence of Dinophysis cf. ovum cells producing okadaic acid (OA; max. 7.94±2.67 pg.cell-1) and smaller amounts of 
dinophysistoxin-1 (DTX-1) and pectenotoxin-2 (PTX-2). Prey capture was often observed after the ciliate had been attached 
ǘƻ ŀŘƘŜǎƛǾŜ άƳǳŎǳǎ ǘǊŀǇǎέΣ ǿƘƛŎh only appeared in the presence of Dinophysis cells. Before being attached to the mucus, 
M. rubrum cells reduced significantly their swimming frequency (from ~41 to 19±3 jumps.min-1) after only 4h of initial 
contact with D. cf. ovum cells. M. rubrum survival was not affected in contact with purified OA, DTX-1 or PTX-2 solutions, 
but decreased significantly when the ciliate was exposed to cell-free or filtered culture medium from both D. cf. ovum and 
D. caudata, the latter containing moderate concentrations of free eicosapentaenoic acid and docosahexaenoic acid. We 
propose that Dinophysis combines the release of toxic compounds other than shellfish toxins, possibly free PUFAs, and a 
άƳǳŎǳǎ ǘǊŀǇέ ǘƻ ŜƴƘŀƴŎŜ ƛǘǎ ǇǊŜȅ ŎŀǇǘǳǊŜ ǎǳŎŎŜǎǎ ōȅ ƛƳƳƻōƛƭƛȊƛƴƎ ŀƴŘ ǎǳōǎŜǉǳŜntly arresting their prey. 
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The allelopathic effect of domoic acid on a natural phytoplankton community composition 
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Domoic acid (DA) is a neurotoxin produced by the phytoplankton genus Pseudo-nitzschia. Most studies have focused on the 
effects of DA on filter feeders, birds and mammals but direct impacts on the phytoplankton community composition are still 
unknown. Understanding the effects of DA on the different phytoplankton groups not accustomed to the presence of toxic 
Pseudo-nitzschia is essential for predicting how exposed ecosystems will respond. A possible shift in the phytoplankton 
composition due to DA could change the structure of the entire food web. The purpose of this research was to examine the 
phytoplankton response to DA exposure on a natural estuarine phytoplankton community from North Inlet Estuary, a 
pristine ecosystem not exposed to toxigenic blooms of Pseudo-nitzschia. In particular we detail here the phytoplankton 
response over two different light conditions (75% surface irradiance and darkness), two nutrient treatments (with and 
without nitrate + phosphate addition) and four different DA concentrations (2, 20, 40 and 100 ng/mL). Phytoplankton 
responses were based on measurements of chlorophyll a fluorescence, photopigment concentrations, phytoplankton cell 
abundances, DA and nutrient concentrations. Preliminary data showed a negative effect of DA on the growth of some 
phytoplankton groups such as cyanobacteria, chlorophytes, prasinophytes and dinoflagellates. Interestingly, DA had a 
positive effect on the growth of cryptophytes, diatoms, and euglenophytes suggesting a possible assimilation of DA. This 
positive effect on some phytoplankton groups was unexpected and provides a new insight on the effect of DA on estuarine 
phytoplankton. 

OS0203 

Allelochemicals released by the toxic dinoflagellate Alexandrium minutum impact Chaetoceros 
neogracile photosystem and viability 
  
Marc Long1,2, Kevin Tallec2, Philippe Soudant2, Fabienne Le Grand2, Géraldine Sarthou2, Dianne Jolley1, Hélène Hégaret2 
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Dinoflagellates from the genus Alexandrium have the potential to produce paralytic shellfish toxin (PST) and to release 
unknown extra-cellular compounds (ECC) with cytotoxic, hemolytic, ichtyotoxic and allelopathic activities. Impacts on 
organisms are widely reported, although the nature of these ECC remains unidentified. It is not even clear if one or more 
compounds with different properties are involved in the deleterious effects. In the literature, Alexandrium allelopathic 
activity is mainly reported to cause cell lysis or deleterious effects on the photosystem. However, the precise toxic 
allelopathic mechanisms are unknown. To better characterize these mechanisms, the allelopathic activity of A. minutum 
filtrate on the physiology of the diatom Chaetoceros neogracile was investigated. When C. neogracile was exposed to A. 
minutum ECC, effects were observed upon the diatom photosystem II (PSII) within five minutes. PSII quantum yield (QY) 
increased within the first ten minutes, then decreased until reaching a plateau after 60 min of exposure. Along with QY 
inhibition, PSII energy fluxes changed with a large increase in dissipated energy. Photoinhibition of the PSII was accompanied 
by an increase in non-photochemical quenching as well as changes in the pigment composition, especially those linked to 
the xanthophyll cycle. In addition to deleterious effects on PSII, ECC impacted more widely the diatom cells by increasing 
the reactive oxygen species production and decreasing esterase activity. ECC also impacted cell viability by increasing 
membrane permeability and inducing cell lysis. Modifications in lipid classes and fatty acids were also analyzed in order to 
better understand ECC toxicity mechanisms. 
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To date, allelopathy has been shown to be an important ecological strategy in blooms caused by several classes of harmful 
algae but not pelagophytes.  Brown tides caused by the pelagophytes, Aureoumbra lagunensis and Aureococcus 
anophagefferens, have caused ecosystem disruptive algal blooms in sub-tropical and temperate estuaries of North America, 
Africa, and Asia since 1985.  Here, we describe the allelopathic ability of Aureoumbra isolated from coastal waters of Cuba 
(CB), Florida (FL), and Texas (TX), USA and Aureococcus isolated from New York (NY) to inhibit the growth of potentially 
competing phytoplankton.  The allelopathic effects of Aureoumbra were broad inhibiting the growth of multiple classes of 
phytoplankton and causing mortality up to 93% of competing cells after 120 h.  Recently isolated strains of Aureoumbra (FL 
isolated in 2012 and CB isolated in 2013) were more potent than a TX strain isolated 20 years ago.  The mortality of 
Synechococcus sp. or Chaetoceros calcitrans was proportional to cell density of Aureoumbra and varied with growth stage 
of Aureoumbra being highest (80%) during late exponential or stationary stage and lowest (20%) during early exponential 
stage.  Different types of Synechococcus sp. responded to Aureoumbra filtrate differently as phycoerythrin-containing 
cyanobacteria were more resistant to allelopathic compounds than phycocyanin-containing cyanobacteria.  Culture filtrate 
was also capable to significantly (p<0.05) reducing the densities of eukaryotic and prokaryotic phytoplankton from estuarine, 
bloom prone waters.  Collectively, these findings suggest that allelopathic inhibition of competitors may be an important 
process in facilitating the occurrence of harmful brown tide blooms caused by pelagophytes. 

OS0205 

Trophic interactions and the relevance of dissolved nutrients, phagotrophic feeding and 
allelopathy for two different bloom-forming dinoflagellates 
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Many bloom-forming dinoflagellates have evolved particular strategies to escape competition, such as phagotrophic feeding 
on other phytoplankton (mixotrophy), or producing harmful secondary metabolites (allelopathy). In the present study 
microcosm experiments were conducted to investigate the impact of different nutrient conditions and the availability of 
prey on growth and feeding characteristics of the bloom forming dinoflagellates Lingulodinium polyedrum and Alexandrium 
catenella. Nutrient limitation affected A. catenella more severely than L. polyedrum. Both species were able to ingest a 
variety of different prey organisms, but had a particularly strong negative impact on the picophytoplankton Ostreococcus 
sp. irrespective of nutrient limitation. However, there was only little benefit for the dinoflagellates from growing with prey 
regarŘƛƴƎ ǘƘŜƛǊ ōƛƻƳŀǎǎ ǇǊƻŘǳŎǘƛƻƴΦ ¢ƘŜƛǊ ŎŜƭƭǳƭŀǊ ƴǳǘǊƛŜƴǘ ŎƻƴǘŜƴǘǎ ƛƴŘƛŎŀǘŜŘ ƛƴƛǘƛŀƭ ƳŜǘŀōƻƭƛŎ ΨŎƻǎǘǎΩ ŦƻǊ ǎǿƛǘŎƘƛƴƎ 
nutritional modes from photosynthesis to phagotrophic feeding, before having a benefit from ingested prey. To differentiate 
between the feeding impact on prey and potential allelopathic effects, additional tests for lytic activity were conducted, in 
which A. catenella showed strong lytic activity, while L. polyedrum did not. Overall, this study shows that different bloom-
forming dinoflagellates pursue different strategies to gain a competitive advantage potentially facilitating bloom formation. 
Furthermore, it emphasizes that such strategies need to be considered in the context of nutrient dynamics to be able to 
understand dinoflagellate population dynamics and their impact on planktonic food webs. 
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Gymnodinium catenatum is a chain-forming naked gymnodinoid dinoflagellate, notorious for formation of harmful algal 
blooms (HABs) and production of paralytic shellfish toxins (PSTs), including a wide array of neurotoxic analogs of saxitoxin 
(STX). G. catenatum is distributed globally, but occurs primarily in temperate and sub-tropical waters. Enhanced research 
efforts linked to improved detection and structural elucidation techniques have led to discovery of a new group of STX 
derivatives, named GC toxins or benzoyl analogs, originating from G. catenatum. We fractionated extracts of bulk G. 
catenatum cultures by column chromatography and analyzed semi-purified extracts by hydrophilic interaction liquid ion 
chromatography coupled with tandem mass spectrometry (HILIC-MS/MS) and nuclear-magnetic resonance (NMR). We 
confirmed the presence of 15 of the 18 theoretical benzoyl toxins in cultured G. catenatum isolates from the Pacific coast 
of Mexico and corrected errors in the previously proposed structures of the di-hydroxybenzoyl analogs. This is the first 
record of such high relative and quantitative richness of the benzoyl toxins. To date G. catenatum is the unique source 
organism of benzoyl toxins, but they can also accumulate in shellfish during G. catenatum blooms. Mammalian toxicity is 
unknown but some studies suggest neurotoxicity. Benzoyl toxins are not routinely monitored in shellfish and this might be 
a risk in seafood safety programs that rely exclusively on chemical analytical methods. Research on these emerging toxins 
to determine bioactivity, chemical properties, and ecological and human health risks, is therefore imperative. 

OS0302 

The use of Ultra-Performance Liquid Chromatography-Tandem Mass Spectrometry 
(UPLC/MS/MS) in the analysis of toxins produced by freshwater Cyanobacteria 
  
Stuart Oehrle1, Miriam Kannan1 
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Liquid Chromatography/Tandem-Mass Spectrometry (LC/MS/MS) is a powerful tool for the analysis of various analytes in a 
wide variety of matrices.  What is especially attractive about LC/MS/MS is its sensitivity and selectivity.  Microcystins, in 
particular, represent an emerging class of algal toxins of concern to the drinking water industry. Recognizing the potential 
health risk, the World Health Organization, and other nations throughout the world have established guidelines for the 
amount of microcystins permissible in drinking water. In this paper we investigate the use of the newer technologies in 
ǎƳŀƭƭŜǊ ŎƻƭǳƳƴ ǇŀŎƪƛƴƎǎ όǎǳō н˃Ƴ ǇŀǊǘƛŎƭŜǎύ to both improve the selectivity, speed, sensitivity and resolution to screen for 
many of these toxins (microcystins, anatoxin-a, cylindrospermopsin and a newer toxin, euglenophycin) using Ultra-
Performance Liquid Chromatography (UPLC) combined with tandem mass spectrometry.  Specifically we will investigate the 
analysis of freshwater samples including those from the Ohio River algae bloom incident in late summer of 2015.  Examples 
showing the various parameter changes as applied to freshwater samples will be discussed as well as sample preparation 
methodology and how this can be used to assist and augment other monitoring methods (i.e. ELISA and cell counts).  
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Discovery of novel B-type prymnesins from the fish killing microalgae Prymnesium parvum 
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Blooms of the microalga Prymnesium parvum cause devastating fish kills all over the world, suspected to be caused by the 
super-sized ladder frame polyether toxins prymnesin-1 and -2. These toxins have, however, only been detected from P. 
parvum in rare cases since they were originally described two decades ago. Chemical investigations by liquid 
chromatography high resolution mass of ten strains of P. parvum collected worldwide showed to our surprise that only one 
strain produced prymnesin-1 and -2, whereas the remaining nine strains produced novel B and C type of prymnesins. In total 
14 new prymnesin analogues differing in their core backbone, chlorination and glycosylation patterns, were identified. In 
order to elucidate the structure of the novel B-type prymnesin (C91H132ClNO34), extensive 2D- and 3D-NMR investigation of 
natural as well as 90% 13C enriched B-type prymnesin showed that they lack a complete core 1,6-dioxadecalin unit, and 
instead contains a short acyclic C2 linkage, when compared to the structure of the original prymnesins. Comparison of the 
bioactivity of prymnesin-2 with prymnesin-B1 in a RTgill-W1 cell line assay identifies both compounds as toxic in the low 
nanomolar range. In addition, B-type prymnesin was also found highly toxic to rainbow trout. This is the first report of novel 
prymnesin toxins since their first discovery and altogether, our work concludes that divergent evolution of prymnesins has 
yielded a diverse family of fish killing toxins that occurs around the globe and has significant ecological and economic impact. 
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Sixteen new azaspiracids from phytoplankton and bivalves and occurrence of AZA-phosphates 
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The first reported Azaspiracid shellfish poisoning (AZP) episode occurred in the Netherlands in 1995 and in 1998 azaspiracid-
1 (AZA-1) was identified as the causative agent. In 2008 the producing organism was described as member of a new genus 
Azadinium. Isolation of several species from this genus and the closely related species Amphidoma languida lead to the 
discovery of new analogs. Since the 16th ICHA in 2014, sixteen new AZAs have been identified by LC-MS/MS (AZA-43 to AZA-
58) from either shellfish as metabolic products of the most abundant AZA-1 and -2 or as de novo biosynthesized in 
Amphidoma and Azadinium spp. AZA-43 was detected in Amphidoma languida isolated from the Andalusian Atlantic coast 
and has the same nominal mass as AZA-3. AZA-44 to -49 were found in unheated extracts of Mytilus edulis harvested in 
Ireland but not in the heated extracts. AZA-50 and -51 are novel AZAs from A. spinosum isolated from the Norwegian coast 
in 2015 that show a unique combination of group 4 and group 5 fragments consisting of m/z 362 and 248. AZA-52 and -53 
are novel AZAs isolated from new A. languida strains from Norway. AZA-54 to -58 are novel AZAs from the Mediterranean 
type culture of A. dexteroporum. AZA-55 and AZA-58 present an unusual unsaturation in the H/I ring system of the AZA 
skeleton. LC-MS/MS data will be presented and structural features discussed. In addition, we report on various AZA-
phosphates recently detected in Azadinium spp. 
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Micro algae are prolific sources of novel secondary metabolites as evidenced by the isolation of hundreds of structurally 
unique compounds that demonstrate a host of potent biological activities.Owing to limitations in the quantity of biomass 
available through conventional collection methods or laboratory culture, these investigations have generally been limited 
to the most abundant metabolites.  At Biosortia, we have developed technologies that enable the efficient collection and 
concentration of metric tons of wet microbial biomass in a single batch.  The biomass consists of a wide range of microbial 
species, in addition to true micro-algae and cyanobacteria, many other bacterial species are present.   Within the consortium 
the individual species produce secondary metabolites for communication and defense and this collection of diverse 
ŎƘŜƳƛǎǘǊȅ ŎƻƴǎǘƛǘǳǘŜǎ ǘƘŜ άƳŜǘŀ-ƳŜǘŀōƻƭƻƳŜέΦ  In order to recover the full range of secondary metabolites present in the 
biomass, we process tens of kilograms of freeze-dried material followed by high resolution refining, thereby creating 
simplified pools of the constituents at elevated concentrations suitable for screening.  While this concentration-
fractionation strategy is highly effective in exposing a broad range of the meta-metabolome for testing, this process also 
yields purified major metabolites as a by-product.   A second aspect of our strategy employs simple chemical modification 
of these metabolites aimed at altering their physico-chemical properties in order to reveal inherent biological activities.  One 
example of this strategy is in the anabaenopeptin class of metabolites wherein simple chemical modification reveals 
inherent Mycobacterium tuberculosis activity.  
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In order to protect consumers for marine biotoxins, methods have been developed and put into practice. Within Europe 
several analytical chemical alternatives for the widely applied mouse bioassay (MBA) are implemented. Current trends 
involve UHPLC-MS/MS or targeted screening with LC-hrMS for (un)regulated toxins. Despite the alternatives, the unethical 
and unreliable MBA is still being used, as it is capable to detect possible unknown toxins or new risks. Animal-free in vitro 
cell based effect assays offer the same opportunity as the MBA, i.e. to detect unknown toxins and new risks. A 
neuroblastoma cell assay was optimized at our laboratory for the detection of various toxins in seafood samples. This easy 
and relatively cheap in vitro cell assay is used as a first screening to differentiate between blank and suspect samples. Only 
suspect samples are further investigated with analytical chemical tools. For the regulated toxins such targeted LC-MS/MS 
methods have been established, and can be applied in monitoring programs (e.g. if countries miss laboratories with cell 
culture facilities). However, the combination of effect screening with LC-MS/MS confirmation is very powerful. If 
unexplained results are obtained, i.e. suspect samples in the cell assay that cannot be confirmed by LC-MS/MS, a second 
stage of cell based assays may be applied. If suspect samples show a response in these assays, and thus suggest presence of 
an unknown, analytical tools (LC-hrMS) are used for identification. Results indicate that the complete proposed workflow, 
effect assays combined with analytical tools, will be able to bypass the MBA. 
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The wide distribution of cyanobacteria in aquatic environments leads to the risk of water contamination by cyanotoxins, 
which generate environmental and public health issues, specially for microcystins (MCs), the most prevalent cyanotoxins in 
freshwater. Measurements of cyanobacterial cell densities or pigment contents allow the early detection of blooms and 
their monitoring, but are not sufficiently accurate to predict actual cyanotoxin risk. In toxic cyanobacterial species, MCs 
production is restricted to some strains, and blooms can contain varying proportions of toxic and non-toxic cells, 
morphologically indistinguishable. Since the characterization of the genetic cluster responsible for MC synthesis, the 
quantification of MC genes by polymerase chain reaction (PCR) appeared as a new method for estimating the potential 
toxicity of blooms. This raises a question whether qPCR-based methods would be a reliable indicator of MC concentrations 
in the environment. Here, we reviewed 38 studies that reported the parallel detection of MC genes and MC concentrations 
in natural populations, analyzing the nature of the samples, PCR design, and MC extraction and detection methods. From 
these, 22 reported a consistent positive correlation between the MC concentration and mcy gene copy number, and 11 
reports did not (others were inconclusive). No single technical aspect was critical to finding a positive correlation between 
mcy qPCR data and MC contents. Since one-third of these reports did not identify this correlation, we question the actual 
utility of qPCR for monitoring toxic cyanobacterial blooms, discuss contradictory findings, present methodological limitations 
and consider perspectives to use this tool 



 

22 

OS0402 

Isolation and characterization of an algicidal compound secreted by the bacteria Shewanella sp. 
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Growth and competition of dinoflagellates are likely controlled by allelopathic interactions they maintain with other 
planktonic species such as other micro-algae and bacteria. Although those interactions have been widely described from an 
ecological point of view, the chemistry that stands behind remains unconstrained. This can be partly explained by the 
analytical challenge that lies in isolation and characterization of those chemical compounds. Indeed, the existence of various 
chemical families that display their own chemical properties in seawater requires the development of specific protocols. 
Here, we describe an approach for isolation and characterization of an algicidal compound from the bacteria Shewanella sp. 
IRI-160. Previous results showed that this dinoflagellate-specific algicidal compound is secreted by the bacteria and is 
hydrophilic. Isolation of hydrophilic compounds in seawater is particularly challenging since few analytical methods are 
currently available. To isolate this hydrophilic algicide, a bio-guided protocol was developed: a variety of solid phase 
extraction cartridges were tested across a range of pH, along with a breakthrough study in order to identify the best 
extraction conditions. Solvents for elution were further evaluated and the volatility of the compound was assessed. 
Preliminary research indicates that the compound may be a small volatile base (pka>9) most likely belonging to the family 
of volatile amines. After full structural characterization, the toxicity of this algicidal compound will be determined for 
dinoflagellates and other non-dinoflagellate species to assess the potential risks and benefits associated with the application 
of the algicide for control of dinoflagellate blooms. 
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Hydrogen peroxide (H2O2) was expected to be used in removing Microcystis aeruginosa (M. aeruginosa), a bloom forming 
cyanobacteria. The available applications were indicated by the short-term and long-term effects on M. aeruginosa after 
exposing to H2O2. Short-term effects were focused on the changes of physiological activities, including intracellular reactive 
oxygen species, pigments, antioxidant enzymes and photosynthetic activities. The results showed that H2O2 could penetrate 
cell membrane directly, inducing higher intracellular oxidative levels. The subsequent inhibition of antioxidant enzymes 
further strengthened the oxidative risk of physiological activities, resulting the decrement of chlorophyll a and inhibition of 
photosynthesis. Long-term effects on M. aeruginosa ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ мрл ˃a I2O2 reversibly reduced the growth of M. 
aeruginosaǿƘƛƭŜ ŀǎ ƘƛƎƘ ŀǎ олл ˃a I2O2 irreversibly inhibited the growth. To achieve the selective damages on M. 
aeruginosa, low concentration of H2O2 should be applied. For the reason, the application was carried out as continuous 
treatment, keeping H2O2 ŀǘ ŀ ƭŜǾŜƭ ƻŦ плϤмрл ˃aΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƛƴŘƛŎŀǘŜŘ ǘƘŀǘ Ŏƻƴǘƛƴǳƻǳǎ ǘǊŜŀǘƳŜƴǘ ŎƻǳƭŘ ǇǊƻƭƻƴƎ ǘƘŜ ǇŜǊƛƻŘ 
of oxidative stress, ultimately inducing irreversible inhibition on M. aeruginosa. We proposed that relative high 
concentration of H2O2, which may make detrimental effects on all the aquatic organisms, is not indispensable in controlling 
cayonbacterial blooms. Instead, continuous treatment with low concentration of H2O2 will be more feasible in practice and 
obtain the similar results. 
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Clay dispersal to mitigate fish-killing algal blooms has been practiced in Korean waters since 1996, with the focus on HAB 
removal by cell flocculation. Previously (ICHA16), we outlined the potential of clays for ichthyotoxin adsorption, which we 
since applied to a wide variety of ichthyotoxic species (Karlodinium veneficum, Prymnesium parvum, Karenia mikimotoi, 
Chattonella marina). In 2015, we worked with Korean National Institute of Fisheries Science scientists on routine clay 
dispersal operations targeting Cochlodinium polykrikoides blooms off Namhae Island causing 1.5M of fish losses. Samples 
from both clay treated fish farm areas and upstream control sites were analysed for Cochlodinium cell density and associated 
ichthyotoxicity. Clay effectively reduced Cochlodinium cells to below levels considered dangerous to finfish aquaculture 
(<300 cells.mL-1), but exacerbated toxicity towards the gill cell line RTgill-W1 by up to 32% compared to control sites. 
Identical results were obtained during repeat sampling 3 days later. Simulated laboratory experiments with Korean loess 
demonstrated that rapid (within 5min) Cochlodinium cell lysis after clay treatment was the principal cause of increased 
ichthyotoxicity. Identical, finely ground clay also caused significant cell lysis, but instead was capable of completely 
eliminating ichthyotoxicity. During laboratory manipulations of various clay application regimes (pulsed additions, 
turbulence), only Cochlodinium concentration was found to significantly influence cell removal efficiency (higher removal at 
lower algal densities). Ground clay consistently outperformed conventional Korean loess (up to 20% higher cell 
removal).These findings highlight the potential of clay for ichthyotoxin adsorption and point towards fine-tuning current 
practices for improved HAB treatment efficacy. 
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Eutrophication is considered the most important water quality problem in freshwaters and coastal waters worldwide 
promoting frequent occurrence of blooms of potentially toxic cyanobacteria. Removal of cyanobacteria from the water 
column using a combination of coagulant and ballast is a promising technique for mitigation and an alternative to the use 
of algaecides. In laboratory, we tested experimentally the efficiency of two coagulants, polyaluminium chloride (PAC) and 
chitosan (made of shrimp shells), alone and combined with two ballasts: red soil (RS) and the own lagoon sediment, to 
remove natural populations of cyanobacteria, from an urban brackish coastal lagoon. PAC was a very effective coagulant 
ǿƘŜƴ ŀǇǇƭƛŜŘ ŀǘ ƭƻǿ ŘƻǎŜǎ όҖу mg Al Lҍмύ ŀƴŘ ǎŜǘǘƭŜŘ ǘƘŜ ŎȅŀƴƻōŀŎǘŜǊƛŀΣ ǿƘƛƭŜ ŀǘ ƘƛƎƘ ŘƻǎŜǎ όҗмс mg Al Lҍм) large flocks 
aggregated in the top of test tubes. In contrast, chitosan was not able to form flocks, even in high doses (>16 mg Lҍм) and did 
not efficiently settle down cyanobacteria when combined with ballast. The RS itself removed 33-47 % of the cyanobacteria. 
This removal was strongly enhanced when combined with PAC in a dose-dependent matter; 8 mg Al Lҍм was considered the 
best dose to be applied. The lagoon sediment alone did not promote any settling of cyanobacteria but removal was high 
when combined with PAC. Combined coagulant and ballast seems a very efficient, cheap, fast and safe curative measure to 
lessen the harmful cyanobacteria bloom nuisance in periods when particularly needed. 
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The use of different algal polysaccharides: agar, alginate, refined and semi-ǊŜŦƛƴŜŘ ˁ-carrageenan were used in the study to 
evaluate their adsorption against paralytic shellfish toxins: saxitoxin (STX), neo-saxitoxin (neoSTX), and gonyautoxin (GTX). 
Algal polysaccharide gels were prepared by heating and cooling of 1.5% solution, or by precipitation using calcium chloride 
solution. The rheological properties of the gels were evaluated, followed by PST adsorption assay, and toxin quantification 
using HPLC-FLD. The crude extract obtained from Pyrodinium bahamense var compressum was mainly composed of STX 
(42.66%) and neoSTX (41.88%), with trace amounts of GTX (15.46%). Semi-refined carrageenan was found to be the most 
effective adsorbent for STX and neoSTX, having a toxin reduction of 44.17 ± 2.62% and 36.58 ± 1.45% respectively. On the 
other hand, alginate had the highest GTX percent reduction of 48.70 ± 4.32. The reactive functional groups (sulfates and 
carboxylates) and the rheological properties of the algal polysaccharide gels may be an influential factor on the adsorption 
of Paralytic Shellfish Toxins. 

  



 

25 

OS05 - Ciguatera and Benthic HABs 

Chair: Richard Wayne Litaker 

OS0501 

Gambierdiscus species composition at sites deeper than 15 m in Japanese coastal waters and the 
evaluation of the effect of irradiance on the growth of a dominant species at the sites 
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We examined the species composition of Gambierdiscus in Japanese surface coastal waters and at sites below 15 m using a 
quantitative PCR assay. In the temperate area (Kochi Pref.), Gambierdiscus cf. silvae was a dominant species in the deeper 
sites, whereas Gambierdiscus sp. type 2 was dominant in the shallow sites. In the subtropical area (Okinawa Pref.), 
Gambierdiscus cf. silvae was a dominant species in the deeper sites, whereas Gambierdiscus scabrosus dominated the 
surface layer. These results suggest that Gambierdiscus cf. silvae is a dominant species below 15 m in Japanese coastal 
waters. Further, we evaluated the effect of irradiance on the growth of a strain of Gambierdiscus cf. silvae. Irradiance of the 
maximum strain growth (Lmύ ǿŀǎ ммр ˃Ƴƻƭ ǇƘƻǘƻƴǎ Ƴҍн sҍмΦ Lǘ ǊŜǉǳƛǊŜŘ ƻƴƭȅ ммΦн ˃Ƴƻƭ ǇƘƻǘƻƴǎ Ƴҍн sҍм to maintain growth. 
The upper light limit for strain growth (Luύ ǿŀǎ умл ˃Ƴƻƭ ǇƘƻǘƻƴǎ Ƴҍн sҍм. The light intensities in coastal waters at the Kochi 
Pref. site were measured vertically once per season. The relationship between the observed light intensity and depth was 
ŦƻǊƳǳƭŀǘŜŘ ǳǎƛƴƎ .ŜŜǊΩǎ [ŀǿΦ .ŀǎŜŘ ƻƴ ǘƘŜ ŜǉǳŀǘƛƻƴǎΣ ǘƘŜ ǇǊƻƧŜŎǘŜŘ ŘŜǇǘƘ ǊŀƴƎŜǎ ƻŦ Lm and Lu for G. cf. silvae under sunny 
conditions were 21 m and 7 m, respectively. Based on these results, we propose that light intensity plays an important role 
in the vertical distribution of Gambierdiscus in Japanese coastal waters. 
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Gambierdiscus is a genus of epibenthic microalgae, for which some species are associated with the human illness Ciguatera 
Fish Poisoning (CFP). Species from this genus are typically found in tropical environments though in recent years populations 
have been documented in more temperate locations. On the east coast of Australia, it is hypothesised that this range 
extension is facilitated by regional warming and a strong boundary current, the East Australian Current (EAC), a southward 
vector for dispersion. Fitness curves of 14 monoclonal isolates were determined under constant conditions across 
environmental gradients of temperature, salinity and irradiance. Growth occurred across a broad range of conditions, 
suggesting the temperate distribution of Gambierdiscus does not appear to be constrained by these abiotic factors. 
However, successful colonisation of a species in a novel location also involves effective integration of the new species into 
the recipient community, which can often depend on the number of propagules introduced. Dose response experiments 
using Gambierdiscus monoclonal isolates supplemented into both natural and artificial epibenthic microalgae assemblages 
showed very few propagules are required for prospective colonisation success under ideal environmental conditions. Here 
we provide experimental evidence that Gambierdiscus can occupy a broad range of environmental conditions outside its 
currently recognised tropical range and extension of its distribution into novel temperate regions may only require a single 
pulse of very few propagules. These findings are critical in understanding the risk of human exposure to CFP in temperate 
regions under a changing climate. 



 

26 

OS0503 

Distribution, abundance and species composition of the dinoflagellate genus Gambierdiscus in 
the Canary Islands (NE Atlantic) 
  
Francisco Rodriguez1, Rosa Figueroa1, Santiago Fraga1, Isabel Ramilo1, Pilar Rial1, Pilar Riobó2, Isabel Bravo1 
  
1Instituto Español de Oceanografía, Spain 
2Instituto de Investigaciones Marinas, CSIC, Spain 
  
e-mail: francisco.rodriguez@vi.ieo.es 
  
Ciguatera fish poisoning (CFP) is one of the most relevant seafood-borne illnesses worldwide. Detected in the Canary Islands 
since the last decade, now constitutes a major alimentary concern and has become a notifiable disease in the area since 
2015. Spatial distribution and abundance of benthic dinoflagellate Gambierdiscus was studied in five islands (El Hierro, 
Tenerife, Gran Canaria, Fuerteventura and Lanzarote), during September-October 2015. Temporal distribution was also 
followed at one location (Punta del Hidalgo, Tenerife). Our results showed that a diverse benthic dinoflagellates community 
is present in the Canary Islands, with Prorocentrum, Coolia, Ostreopsis and Gambierdiscus as dominant genera, widely 
distributed. Up to five Gambierdiscus species were detected based on morphological and molecular data, namely G. 
australes, G. excentricus, G. silvae, G. carolinianus and G. caribaeus. Among them, G. australes and G. excentricus accounted 
by far the most common species based on phylogenetic analyses on cultures and single cell isolates. Concentrations peaked 
at 4900 Gambierdiscus spp. cells/gr in Fuerteventura. The abundance of Gambierdiscus seems to follow an increasing trend 
from west to east islands, the first characterized by a steeper topography and more humid conditions and the second ones 
with a smoother relief and dryer climate. 
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Outbreaks of dinoflagellates of the genus Ostreopsis are frequent in the Mediterranean Sea. Human respiratory symptoms 
related to these events have been reported in the north and in the south of the Spanish Mediterranean coast but not in the 
studied area. The routine phytoplankton monitoring does not include sampling for benthic HABs. Ostreopsis cells have been 
rarely found in these water samples and hardly ever in the area of the Ebro delta. In order to evaluate the presence of 
Ostreopsis along the southern Catalonian coast and to investigate the influence of the river discharge on Ostreopsis 
populations a survey for benthic microalgae was conducted between 2011-2013. The results confirmed the presence of 
Ostreopsis cf. ovata, which showed a restricted ecological niche, and the lowest abundances in areas with the lowest 
salinities and the highest nitrate and silicate concentrations, toxic content per cell was lower when abundances were 
maximal. The strains of O. cf. ovata isolated during this survey were phylogenetically grouped within the 
Atlantic/Mediterranean clade and produced OVTX-a, OVTX-b, OVTX-b, OVTX-c, isomers OVTX-d and -e, and isoPLTX. Species 
diversity within the genus Ostreopsis is higher in tropical areas. In order to assess the diversity of the genus the study was 
extended to two tropical areas: Reunion Island and the Ecuadorian coast, Ostreopsis cf. ovata was found in both areas, the 
strains isolated from Reunion Island and from Ecuador grouped within the Indo-Pacific clade and did not produce PLTX-like 
compounds. 
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Blooms of the epibenthic dinoflagellate Ostreopsis cf. ovata have been recurrently registered at Rio de Janeiro. Nonetheless, 
the reasons related to the establishment of frequent blooms are still poorly understood. The ecology of the epibenthic 
dinoflagellate assemblage was studied at Rio de Janeiro to evaluate factors affecting the development of O. cf. ovata blooms. 
Sampling of macroalgae (Sargassum, Dictyota, Amphiroa, Jania) was carried out monthly at sites Arraial do Cabo (AC, 
ннȏртΩппέ{Σ пнȏллΩрмέ²ύ ŀƴŘ ¢ŀǊǘŀǊǳƎŀ όннȏппΩпфέ{Σ пмȏрнΩррέ²ύ ŦǊƻƳ bƻǾŜƳōŜǊ нллс - нллт ŀƴŘ ŀǘ CƻǊƴƻ όннȏпрΩпнέ{Σ 
пмȏрнΩопέ²ύ ŦǊom September 2012 to May 2013. The area is subject to the influence of coastal upwelling that transports 
cold and nutrient rich seawater to shallow environments and sustains a high primary productivity and marine biodiversity. 
Seawater temperature and salinity varied between 16.0 - 27.5 oC and 34.1 - 36.2 respectively. In 2006/2007 monthly mean 
O. cf. ovata abundances were higher than 103 cells.gFW-1 in 7 of the 13 sampling dates in Tartaruga and in 2 of the 13 
sampling dates in AC. At Forno high O. cf. ovata abundances (>104 cells.g-1FW) and a brownish biofilm were observed 
between December 2012 and February 2013, whereas during the rest of the year abundances did not reach 103 cells.g-1FW. 
The O. cf. ovata biofilm had a negative impact on Sargassum spp., that lost all its leaves. Prorocentrum lima, Prorocentrum 
emarginatum, Prorocentrum fukuyoi, Gambierdiscus excentricus and Coolia sp. were registered mainly at Tartaruga in 
abundances lower than 103 cells.g-1FW. 
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In the last decades, intense blooms of the toxic benthic dinoflagellate Ostreopsis cf. ovata were reported as a recurrent 
phenomenon during summer along several Mediterranean coasts. In these areas, blooms are associated with both noxious 
effects on human health and mortality of marine organisms, due to the production of palytoxin-like compounds. Ostreopsis 
grows on several benthic substrata (macrophytes, rocks, invertebrates, sands) forming a brownish mucilaginous mat easily 
resuspended in the water column. Blooms typically develop in sheltered shallow coastal areas characterized by rocky 
bottom. The role of environmental factors on the Ostreopsis bloom dynamics is studied in the northern Adriatic Sea since 
2006. Each year, maximum abundances are typically recorded in late summer-autumn with 106 cells g-1 fw macroalgal thalli. 
Ostreopsis abundances show a significant decrease with depth, likely related to the light intensity. Available substrata in the 
blooming area influence the Ostreopsis colonization as living substrata host lower abundances of epibionts than any other 
substrate, suggesting possible allelopathic interactions. The synergic effects of hydrodynamics, temperature and N:P ratios 
trigger the bloom onset while during the bloom maintenance an important contribution of mixotrophy was recognised. 
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The allelopathy between Skeletonema costatum and Alexandrium minutum 
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In this study, allelopathic interactions between Skeletonema costatum and Alexandrium minutum were investigated by bi-
algal culture, filtrate culture in f/2 medium. Results demonstrated that A. minutum exerted no allelopathic activityon S. 
costatum.Thecell-free filtrate of the S. costatum culture in later exponential growth phase inhibited the growth of A. 
minutum significantly, and the inhibitory effect was related to the proportions of S. costatum filtrate in culture. Therefore, 
it was suggested that allelopathy might be an important factor to influence the competition between S. costatum and A. 
minutum in field. The impact of allelochemical on the growth of microalgae was studied by adding standard substance of 
15(S)-HEPE into the culture of S. costatum and A. mintum. This substance was a kind of autoinhibitor released by S. costatum 
and inhibited the growth of itself, but there was no apparent allelopathic activity that inhibited the growth of A. minutum 
by adding this substance to the culture of A. minutum. Further studies would be focused on analyzing allelochemicals which 
could inhibit the growth of A. minutum in the filtrate culture of S. costatum. 

OS0602 

Life strategies of harmful planktonic algae (with respect to phosphate limitation) in marine 
environments 
  
Daniela Maric Pfannkuchen1, Ingrid Ivancic, Mirta Smodlaka Tankovic1, Ana Baricevic1, Tihana Sesar1, Blazenka Gasparovic1, 
Martin Pfannkuchen1 
  
1Rudjer Boskovic Institute, Croatia 
  
e-mail: daniela.maric@cim.irb.hr 
  
While bloom formation is associated with nutrient availability, bloom manteinence and the general life strategy of harmful 
algae have to cope with nutrient limitations. Phosphate limitation is a general phenomenon in marine ecosystems and a 
predicted global trend. The northern Adriatic (Mediterranean) is an interesting ecosystem to study life strategy adaptations 
to phosphate limitation. It is characterized by steep gradients of nutrient availability and thus allows the comparison of 
harmful algae in-situ behavior in correlation with a large range of culture experiments reflecting in situ conditions. In earlier 
studies we found that alkaline phosphatase extracellular activity as well as membrane lipid remodeling are major reactions 
of phytoplankton to phosphate limitations. However, each species is using those functions in its own way to ensure survival 
and success within the phytoplankton community. Having identified phosphate limitation as a major shaping factor we here 
present how harmful algae species of the genera Pseudo-nitzschia H.Peragallo, 1900 and Skeletonema Greville, 1865 ensure 
successful competition within the phytoplankton community. We discuss how the derived life strategies explain the spatio-
temporal distribution of those harmful species. Recent results suggest a large range of species specific strategies to cope 
with P-stress. 
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Functional traits of blooming species: a travel with Gulliver 
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Eutrophication and climate change play key roles explaining the worldwide increase of cyanobacteria and algal harmful 
blooms (CyanoHABs). However, not all species respond in the same way and are able to bloom. Under the hypothesis that 
potentially blooming species share adaptive attributes we used a trait-based approach to compare blooming and not 
blooming species from different groups (i.e. cyanobacteria, dinoflagellates). We analysed a database of ca. 250 aquatic 
ecosystems (i.e. lakes, reservoirs, rivers, estuaries) spanning subpolar to tropical regions and including more than 1000 
species. Based on their demographic parameters and a literature review, we classified species populations into blooming 
and not-blooming. We compared species distribution along the latitudinal gradient, their morphological and physiological 
traits and the environmental conditions in which they dominate. Results indicated that CyanoHAB occur along the whole 
assessed latitudinal gradient but the higher biomass is reached at both high temperature and total phosphorus, as has been 
previously observed. Blooming species have larger volume and maximum linear dimension, with lower surface/volume ratio 
relative to most species. Within blooming species, those potentially toxic had significantly smaller size, as well as lower 
growth rate. We discuss the implications of these traits in the mechanisms involved in species success and also evaluate 
which combination of particular functional traits might provide competitive advantages of the blooming over the non-
blooming species. 

OS0604 

Relative contribution of Trichodesmium spp. and potential associations with other plankton 
functional groups in the Southwestern Atlantic 
  
Marcio Silva de Souza1, Amália Sacilotto Detoni1, Virginia Maria Tavano1, Rodrigo Kerr Duarte Pereira1, Eduardo Resende 
Secchi1 
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Patches of high chlorophyll biomass can be generally observed during the warmer season along the southwestern Atlantic 
Ocean (SWAO), particularly at the shelf-break region. Under certain environmental conditions (low nitrate and moderate 
phosphate concentration, -1 wind speed) trichomes of Trichodesmium spp. dominate the regional phytoplankton 
community at the expense of other functional groups. As a goal of the TALUDE and EstARte-Sul projects, this study aims at 
understanding the potential ecological associations among many phytoplankton species and their relation to environmental 
processes, around the continental shelf-ōǊŜŀƪ ƛƴ ǘƘŜ {²!h όнтȏлсΦпнΩτопȏорΦрнΩ{ύΦ ¦ǘŜǊƳǀƘƭ ǎŜǘǘƭƛƴƎ ŎƘŀƳōers were used 
for species identification and counting in 12 samples from three cruises during a warm season: October, November-
December 2014 (spring) and January 2015 (summer), respectively. Trichodesmium spp. (mainly T. erythraeum) attained the 
highest coƴŎŜƴǘǊŀǘƛƻƴ όǳǇ ǘƻ пΦо ω мл6 count units L-1) in the northernmost latitudes at springtime, when trichomes were 
mainly associated with the diatom Nitzschia longissima όǳǇ ǘƻ лΦм ω мл6 cells L-1). As the season progressed and towards the 
southern sites, both Trichodesmium spp. and N. longissima significantly dropped in numbers, being replaced by either high 
ŀōǳƴŘŀƴŎŜ ƻŦ ƻǘƘŜǊ ŘƛŀǘƻƳǎ όŦƻǊ ƛƴǎǘŀƴŎŜΣ ǳǇ ǘƻ лΦлн ω мл6 Chaetoceros spp.cells L-1) or a mixed assemblage of diatoms and 
nannoflagellates. Also, the Rhizosolenia spp. + Richelia intracellularis association was observed in January 2015.High 
concentration of Trichodesmium spp. and the latitudinal variations in phytoplankton community could be related to both 
mesoscale instabilities and other local physical processes, combined with latitudinal variation in temperature. 
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Modeling the cumulative effects of different ichthyotoxicity components produced by harmful 
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Ian R Jenkinson1,2 
  
1Chinese Academy of Sciences - IOCAS, China 
2Agence de Conseil et de Recherche Océanographiques, France 
  
e-mail: ianjenkinson@qdio.ac.cn 
  
Harmful algae (HA) kill fish in different ways. Some HA species harm fish by several ichthyotoxic components (ITCs) 
simultaneously. For example some species secrete viscous mucus leading to partial or total gill-clogging, and also produce 
cytolytic toxins that damage gill epithelia. In blooms of more than one HA, the different ITCs present may be intuitively 
difficult to elucidate. Yet, rare are studies that evaluate quantitatively the relative contribution of different ITCs acting 
synergistically in any one HA bloom. Many proposed ITCs involve reduction of fluxes, including: 1) water taken into gill 
channels; 2) O2 content of this water; 3) O2 taken up at gill membranes and passed into the blood; 3) fluxes of ions (e.g. K+, 
Na+, Cl-), relative to osmoregulation and cell metabolism; 4) changed O2 utilization rate by the whole fish due to toxic action, 
as well as stress. I propose that a model based primarily on assessing the cumulative effects of ITCs on fluxes will help 
researchers and managers evaluate the total potential impact of ITCs present in a bloom, as well as the percentage 
contribution of each ITC. The model can also incorporate interaction between different ITCs, and will act as a framework for 
investigating them.  Such a model also permits the effects of ITCs to be calculated at different length and time scales, to 
allow for 1) time scales of processes in the fish; 2) variation of intensity in time and space of the different ITCs. 

OS0702 

Relationship between ichthyotoxicity and gill cell cytotoxicity of the hapthophyte Prymnesium 
parvum 
  
Nikolaj Gedsted Andersen1, Daniel Killerup Svenssen2, Silas A Rasmussen2, Kristian Fog Nielsen2, Thomas Ostenfeld Larsen2, 
Per Juel Hansen3 
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Prymnesium parvum Carter is a haptophyte that is known for its ichthyotoxic capabilities. However, even though there has 
been ongoing research on the ichthyotoxic properties of P. parvum during the last century, the causative mechanism for the 
fish kills is still unknown. Due to increased awareness of the reduction of animals for experimental use, we investigated the 
possibility of using a rainbow trout (Oncorhynchus mykiss) gill cell assay as a proxy for live rainbow trout, when testing 
ichthyotoxic properties of P. parvum. We used 5 strains of P. parvum, all expressing different degree of ichthyotoxicity, in 
the present study. All strains were grown in 9 psu water, thereby allowing for use in gill cell assay. Each algal strain was 
grown from 10.000 cells ml-1 to 110.000 cells ml-1 before use (3 replicates) and tested on juvenile rainbow trout (LT50) and 
gill cells (LC50) in true replicates. Live fish were exposed to both supernatant of P. parvum and to whole cell cultures, while 
the gill cell assay was only exposed to supernatant. Exposure of fish to whole algal culture lead to increased mortality 
compared to supernatant. Prymnesin derivatives were identified in all strains and currently these toxins are being quantified 
in cells and in supernatant for all strains from the experiment. Toxin data and the possible correlation of these toxins to the 
observed ichthyotoxicity of both whole culture and supernatant and the observed cytotoxicity of P. parvum supernatant will 
be presented at the meeting. 
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Habitat complexity affects the benthic harmful dinoflagellate assemblages in the fringing reefs of 
Malaysia 
  
Chui Pin Leaw1, Hwa Lin Yong1, Nurin Izzati Mustapa1, Toh Hii Tan2, Zhen Fei Lim1, Li Keat Lee1, Po Teen Lim1 
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The presence and relative abundance of the benthic harmful algal bloom (BHAB) forming dinoflagellate species was 
determined in the coral reefs of Perhentian Island, Terengganu, Malaysia, with the aim to investigate the ecological 
interaction between BHAB dinoflagellates and their benthic habitats. The study involved deployment of fiberglass screens 
as an artificial substrate for the benthic epiphytic microalgae. The screens were placed above the seafloor for 24 h. Benthic 
species attached to the screens were identified and cell abundances were enumerated under a light microscope. The BHAB 
community at the study site was dominated by Prorocentrum spp. and Ostreopsis spp. Other species collected included 
Amphidinium spp., Coolia spp. Fukuyoa spp. and Gambierdiscus spp. Total cell densities collected on the screens reached up 
to 10,000 cells per 100 cm2. Cell enumeration coupled with underwater habitat documentation demonstrated that different 
BHAB species preferred reef areas with different habitats. The main BHAB group of primary concern, Gambierdiscus spp., 
remained at relatively low abundances in the study area. 

OS0802 

Biotic substrate preferences of the benthic dinoflagellate Ostreopsis cf. ovata in the NW 
Mediterranean Sea 
  
Rodolphe Lemée1, Cécile Jauzein1, Luisa Mangialajo2, Stéphanie Cohu1 
  
1UNIVERSITE PIERRE ET MARIE CURIE, France 
2Université de Nice Sophia Antipolis, France 
  
e-mail: lemee@obs-vlfr.fr 
  
The substrate-related distribution of the benthic dinoflagellate Ostreopsis cf. ovata was investigated at a medium and a 
small spatial scale respectively in Monaco and in the Villefranche Bay (South-Eastern France) during summer. The first 
experiment included the sampling of the four most common macroalgae in the coastal area and resulted in higher O. cf. 
ovata abundances on Dictyota sp. than on Halopteris scoparia, Corallina elongata and Jania rubens. In the second study, 17 
various biotic substrates were collected. Higher O. cf. ovata abundances were observed on Dictyota sp., Taonia atomaria, 
Dictyopteris polypodioides and Laurencia sp., especially during bloom periods. The substrate preference of O. cf. ovata 
seemed then to be host species specific, but phylogenetic groups as well as chemical defense and susceptibility to herbivory 
of the macroalgae may have been determinant in the distribution of the microalgae benthic cells.  
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The role of human altered macroalgal complexity on the facilitation of epiphytic Ostreopsis cf. 
ovata blooms 
  
Daniela Catania1, Anna Fricke2, Rodolphe Lemée3, Luisa Mangialajo1,4 
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Over the past two decades, several countries along the Mediterranean coast have been experiencing problems related to 
the increasing blooms of the harmful benthic dinoflagellate Ostreopsis cf. ovata. The factors driving proliferation and growth 
of Ostreopsis in the Mediterranean Sea are still poorly understood, especially, the role of macroalgal communities as 
potential habitat and substrate for the formation of the biofilm. The structure and composition of macroalgal communities 
can be strongly affected by anthropogenic impacts, which consequently might also affect the epiphytic dinoflagellate 
assemblages. In this context, a literature review has been conducted and a subsequent field experiment has been performed 
during summer 2015. The review highlighted that information concerning on the habitat types supporting bloom 
development is scarce (the majority of papers describing Ostreopsis blooms do not provide any information on the 
ecosystem concerned). In the subsequent field study, five sites were monitored for bloom development. In the study three 
levels of macroalgal community complexities were distinguished: low (barren grounds), medium (turf forming communities, 
Dictyotales) and high (complex, Cystoseira) complexity. A total of 540 samples were collected. Results showed that 
Ostreopsis abundances strongly decrease with increasing macroalgal complexity, with turf algae being the most favourable 
habitat for biofilm formation and lowest cell numbers measured in complex macroalgal stands (Cystoseira). Our results 
suggest that macroalgal communities, shaped by human impacts, may play an important role in facilitating blooms and 
should be considered in the management and forecasting of Ostreopsis blooms.   

OS0804 

Development of a model to predict ciguatera fish poisoning outbreaks. 
  
Michael L Parsons1, Donald M Anderson2, Mindy L Richlen3, Alison Robertson4 
  
1Florida Gulf Coast University, United States 
2Woods Hole Oceanographic Institution, United States 
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4Dauphin Island Sea Lab, United States 
  
e-mail: mparsons@fgcu.edu 
  
Ciguatera fish poisoning is caused by the consumption of demersal reef fishes contaminated with ciguatoxins, the precursors 
of which are produced by some species in the benthic, epiphytic dinoflagellate genus, Gambierdiscus, and enter the 
demersal food web via herbivory. In this study, we present a model that simulates the growth of seven species of 
Gambierdiscus and three host algae upon which Gambierdiscus cells reside (Halimeda, Dictyota, and turf algae)in response 
to seasonal changes in temperature and light intensity at Tennessee Reef in the Florida Keys. Toxin loads were then 
estimated from the resultant cell densities growing on the host algae, coupled with the estimated toxin content of each 
Gambierdiscus cell.  Seasonal changes in grazing rates were simulated as a function of temperature, resulting in an 
integrated model capable of estimating toxin ingestion rates into reef grazers over time.  While this initial model includes 
many components of ciguatera, many are hypothetical (e.g., static toxin levels in cells) and will require further 
refinement.  Additionally, validation of the model will be needed to determine if predicted toxin pulses are expressed in 
herbivorous fishes. 
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Eutrophication control experiments in a tropical shallow system 
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Cyanobacterial bloom is a serious global problem which affects the water quality and compromise the use of water for all 
purposes. Thus, mitigation of cyanobacterial blooms is an essential task. We conducted mesocosm experiments in a small 
eutrophic artificial reservoir (Mariano Procópio Museum Lake - Juiz de Fora, MG) to test controlling eutrophication using a 
combination of a low dose coagulant with a solid phase phosphate (P) fixative. Preliminary laboratory tests was conducted 
to determine the doses needed to flocculate and precipitate cyanobacteria and to reduce P efflux from the sediment. In the 
mesocosm experiment, we used a combination of two coagulants [poly-aluminium chloride or chitosan (made of shrimp 
shells)] and two ballasts [lanthanum modified bentonite or local red soil]. Chlorophyll (Chl) and total phosphorus (TP) 
concentration were monitored over a 15-day period. We observed a strong reduction of Chl (85 %) and TP (78%) (p<0,001) 
regardless treatment applied. But, this reduction did not ǊŜƳŀƛƴ ƻǾŜǊ ǘƛƳŜΦ !ǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘΣ ǘƘŜǊŜ ǿŀǎƴΩǘ 
difference of Chl and TP between the controls and treatments. However, tests with sediment cores indicate there was no P-
release from the sediment. Although coagulant-ballast technique seems an efficient, cheap, fast and safe curative measure 
to lessen the harmful cyanobacteria bloom nuisance, further tests are necessary to maintain chlorophyll and total 
phosphorus low for a longer. 
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Cyanobacterial blooms and associated toxins have become increasingly problematic globally and have far reaching effects 
downstream of their origin, creating issues in brackish and marine waters. The transfer of toxins at the land-sea interface 
has been largely overlooked, however recent studies in Southern California have shown there are multiple loading sources 
of cyanotoxins to downstream waters from a wide variety of waterbody types including streams (benthic algae), 
depressional wetlands, lakes, reservoirs, coastal lagoons and estuaries. Statewide surveys of benthic algal samples from 
wadeable streams detected microcystins in one-third of wadeable stream reaches, and multiple cyanotoxins were detected 
at a subset of sites, indicating the potential for other cyanotoxins to be prevalent. Intensive targeted studies conducted in 
San Diego successfully used passive samplers, Solid Phase Adsorption Toxin Tracking (SPATT), to capture the prevalence of 
microcystins in a diverse array of waterbodies and results indicated microcystins are pervasive, and missed by traditional 
sampling approaches. Specific studies to evaluate the transfer of cyanotoxins from freshwater streams to estuarine 
waterbodies will be discussed. Regional surveys of lentic waterbodies revealed the presence of numerous harmful 
cyanobacteria species, simultaneous detection of multiple cyanotoxins, and several previously undocumented cyanotoxins 
in Southern California. The results from these surveys suggest there are multiple sources of cyanotoxins, including benthic 
cyanobacteria, as loading sources to downstream waterbodies which has implications for the management of drinking 
water, wildlife, and recreational resources and highlights the need to expand HAB monitoring to include both freshwater 
and marine toxins at the land-sea interface. 
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Dynamics of cyanobacteria blooms in the Baltic Sea 
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Blooms of diazotrophic cyanobacteria in the Baltic Sea are common mainly in summer months. The dominant genera are 
Aphanizomenon, Dolichospermum (syn. Anabaena) and Nodularia, the latter produces the hepato-toxin nodularin. Surface 
accumulations of cyanobacteria are observed offshore, along coasts and in archipelagos. The blooms are of concern to the 
society in several ways, e.g. they affect tourism, ecosystem services and provide input of atmospheric nitrogen that may 
increase primary production leading to hypoxia in deep water. Cyanobacteria distribution was observed using water 
sampling and microscope analysis and by automated measurements of fluorescence of the pigment phycocyanin using 
buoys and Ferrybox-systems as instrument platforms. The in situ data were combined with ocean colour data from satellite 
(Aqua-MODIS) to describe bloom dynamics and the spatial and temporal variability. The observations were compared and 
combined with results from a coupled 3D-physical-biogeochemical with a novel Cyanobacteria Life Cycle Model (CLCM) to 
describe bloom dynamics. Satellite observations show a large inter-annual variability in the distribution of near surface 
cyanobacteria accumulations. This may be a result of the method since cloud cover makes satellite observations impossible. 
The in situ observations show a different pattern in bloom dynamics. The bloom dynamics will be described based on the 
different cyanobacteria observations together with environmental conditions and the model results. 
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The seasonal dynamics of Microcystis populations with or without microcystin-producing genes were monitored in 
Pequenos Libombos dam, Nhambavale Lake and Chòkwé irrigation channels, all located in Southern Mozambique. Water 
samples and environmental parameters (pH, surface temperature and turbidity) were collected monthly from September 
2009 to July 2010. The number of gene copies from Microcystis was identified and quantified using real time PCR. The 
Microcystis gene copy numbers were measured throughout the study period in all the three sampling areas, and we found 
that the non-microcystin producing strains were predominant. Microcystin-producing copy numbers of microcystis were 
abundant during the bloom season, reaching the highest levels in January 2010 at Pequenos Libombos dam and Chòkwé 
irrigation channels. Microcystin concentrations exceeded the WHO guideline of 1µg/L for drinking water in some water 
samples (44 µg/L). Changes in microcystin profiles were observed during the different seasons and between the water 
bodies. Microcystins MC-LR, -RR, -YR, RY, -LA, -[Dha7]-LR, and -[Asp3]-LR were detected in water samples by LC-MS/MS. 
Generally MC-LR was the most dominant variant of microcystin in the three water bodies (detected in 77 % of the amples) 
followed by MC-LA (70 % of the samples). Considering that Pequenos Libombos dam provides the drinking water supply for 
the capital Maputo City, these results suggest the need of further studies to evaluate the human health risk associated with 
MC occurrence. 
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Dinophysis acuminata and Messodinium rubrum annual cycle in the Ria of Cedeira (NW Spain) 
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Dinophysis acuminata produces two toxic episodes each year, during summer and autumn, that result in the closure, due to 
presence of lipophilic toxins, of the extraction areas of infaunal mollusks in the small pristine fluvial valley of Ria of Cedeira. 
Hydrography and phytoplankton abundance in the water column were measured during ten seasonal cruises, from February 
2012 to September 2013. Compared to the well known Rias Baixas, the magnitude of the fluvial inputs of nutrients in Ría of 
Cedeira is greater and there is less time for renewal by Ekman transport. On June 6, Messodinium rubrum, a prey of D. 
acuminata, developed into  bloom  concentrations with values of of 4450 cell·L-1 at surface, from the river inputs and just 
after an upwelling event. Following this first episode, D. acuminata fed, grew and accumulated at surface (with a maximum 
concentration of 2280 cell L-1 at July 11) in a stratified water column resulting from upwelling relaxation and seasonal 
insolation. A strong second upwelling event dispersed the dinoflagellate off the Ria and the process was  repeated: a bloom 
of M. rubrum occurred (5940 cell·L-1) on August and D. acuminata grew again and was accumulated inside the Ria during  the 
downwelling (1080 cell·L-1 at October 26). In addition to the oceanographic conditions definition and the cell counting of 
Dinophysis spp., the study shows the need for a monitoring of Messodinium rubrum to understand the predator-prey 
relationship in the natural environment and its usefulness for prediction of toxic episodes. 
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Upwelling regions are among the most productive fisheries areas of the oceans. Nutrient inputs promote phytoplankton 
growth, pumping the biological production, with consequences to the entire trophic web, therefore playing a key hole in 
the regional carbon fluxes. The "Cabo Frio" region at Southeast Brazil is well known by presenting specific atmospheric (E to 
NE trade winds) and geomorphologic (shortened continental shelf, and with E to W orientation) conditions that displace the 
surface oligotrophic Tropical Water (TW) off the coast, simultaneously favoring the intrusion of cold and nutrient-rich South 
Atlantic Central Waters (SACW) over the shelf. During upwelling events, diatoms are the main microplankton group, 
replacing an otherwise dinoflagellate-dominated community. From March to December 2012, we investigated the diversity 
and seasonal trend of Pseudo-nitzschia spp. in relation to an upwelling event. About ten species occurred; P. 
pseudodelicatissima, P. caciantha and Pseudo-nitzschia sp. were the most abundant. In terms of biomass, low cell numbers 
(up to 124.0x104 cel.L-1 total phytoplankton, and 60.2 x104 cel.L-1 Pseudo-nitzschia) were recorded, despite relatively high 
nutrient concentrations (nitrate and silicate), when compared to periods of upwelling relaxation (dominated by TW); growth 
limitation under high nutrient concentration might be caused low levels of soluble iron and/or lacking organic chelators. The 
higher cell abundances were detected in May and August, along the front between colder waters (mostly SACW) and warm 
oligotrophic TW. Cell accumulation due to physical process at the boundary between SACW and TW can be invoked as the 
main mechanism explaining the peaks of Pseudo-nitzschia recorded. 

OS1004 

Characterization of species composition, spatial and temporal trends and occurrence of Harmful 
Algal Blooms species in fjords and channels, Southern Chile. 
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This study present the phytoplankton assemblages from May 2006 to February 2015, based on samples monthly collected 
from 158 sites in Los Lagos (LL), Aysén (AY) and Magellan (MA) regions of Southern Chile. Phytoplankton analysis included 
species identification, estimation of cell density and bio-volume. In addition, the study includes the results from multivariate 
analysis on phytoplankton spatial changes and the relationship with environmental conditions. Diatoms were the major 
component, dominating the phytoplankton abundance at all sites, being the principal species Chaetoceros socialis, Pseudo-
nitzschia cf. pseudodelicatissima and Chaetoceros debilis in the LL (13%), AY (13%) and MA (9%), respectively.  Dinoflagellates 
acquire numerical relevance during summer at some sites located in the AY. We observed less frequent occurrence and low 
abundance of harmful dinoflagellate species in comparison to diatoms. Within this group, Alexandrium catenella showed 
high abundance (104 ~105 cells L-1) in the AY and the MA, with the highest values (1.2×106 cells L-1) detected near the Melinka 
zone in the AY during summer 2009 bloom. In biomass terms, A. catenella incremented its importance, reaching values ~5% 
for stations located in Moraleda channel (AY). All samples multivariate analysis showed that the phytoplankton assemblages 
responded to environmental variability and defined a different phytoplankton composition for each study region. Significant 
relationships between HABs species and environmental variables were found, being ~25% of HABs species variability 
explained by the water temperature. Baseline studies are relevant to determine future approaches to understand changes 
in species composition, occurrence and abundance of HABs associated to environmental conditions. 
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Systematics and genomics of genus Ostreopsis along the East Australian Current 
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Species of the marine epi-benthic genus Ostreopsis Schmidt (1902) occur in tropical and temperate Australian waters 
attached to coral rubble, macroalgae, seagrass and sand.  Specific Ostreopsis species and strains produce highly toxic and 
complex polyketide molecules like palytoxin (PLTX, C129H223N3O54) and its analogues, which are associated with human 
illnesses triggered by consumption of contaminated seafood or direct contact through aerosolic exposure during blooms. 
Such large polyketide compounds are known to be synthesized by polyketide synthases (PKSs) and non-ribosomal peptide 
synthases (NRPSs) multi-enzyme complexes. The distribution and toxicity of Ostreopsis spp. in Australian waters is largely 
unknown. In our study, we report the systematic and genetic diversity of Ostreopsis species along the east Australian coast, 
including a novel species Ostreopsis rhodeasae sp. nov.. Strains of different species were investigated for transcripts related 
to PKS and NRPS using RNA-Seq, screened for PLTX-like analogues using LC-MS/MS and compared to the closely related non-
PLTX producer dinoflagellate Coolia malayensis. Bioinformatic analyses revealed a vast diversity of PKS genes encoding 
mono- and multi-functional domains retaining the catalytic ketosynthase (KS) domain in all investigated species. The KS 
domain encoding transcripts was found to form distinct clades in the phylogenetic analysis, in comparison to similar genes 
from other microbial eukaryotes and bacteria. The results presented here aid in bridging the gap between biodiversity and 
functional genetics in this marine phytoplankton, and are an important step forward in understanding the genetic basis of 
PLTX production. 
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A very wide size range and different forms observed in Gambierdiscus balechii, a new species 
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A new benthic toxic dinoflagellate described from the Celebes Sea, Gambierdiscus balechii was isolated from seaweeds 
growing in tidal ponds. Its morphology was studied by means of LM and SEM; G. balechii is an anterioposteriorly compressed 
species having a central Po plate, a hatchet shaped second apical plate and a narrow second antapical plate.  Phylogenetic 
analyses of two G. balechii strains, based on LSU rRNA (D8-D10) and partial SSUrRNA sequences confirmed that these 
clustererd in its'' own group, separated from the rest of Gambierdiscus species and with G. pacificus, G. belizeanus and G. 
scabrosus as its closest relatives. A very wide size range (36 to 88 µm, n=1315) was observed, together with a clear 
relationship between cell size and nuclear morphology. Thus, small cells were associated with round to oval or slightly U-
shaped nuclei and large cells with obviously U-shaped nuclei. Different shapes were observed with some globular cells 
among the smallest cells. Other cells have a very thick theca showing like a step on the surface of the hypotheca dividing it 
in two parts: One is composed of plates 2'''''', 3'''''', 4'''''' and 2'''''''', and the other with the rest of plates. All these forms 
correspond to different stages of the cell cycle  and probably would appear in other Gambierdiscus species if a high number 
of cells were studied. Thecate cysts were also observed from culture as non motile vegetative-like cells which germinated 
after being isolated and transferred to fresh medium. 

OS1103 

Amphidomataceae, the dinophycean source of azaspiracid toxins: new records, new species, new 
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Azaspiracids (AZAs) are the most recently discovered group of lipophilic marine biotoxins of microalgal origin associated 
with human incidents of shellfish poisoning. It took about twelve years from the first human toxicity event until a culprit for 
AZA production was unambiguously identified and described as a novel species, Azadinium spinosum, within a newly erected 
genus. Today 11 species of Azadinium are described, and there are 10 described species in the related genus Amphidoma. 
Azadinium and Amphidoma are now grouped in the family Amphidomataceae, which forms an independent lineage among 
other monophyletic major groups of the dinophytes. Although the first species of Azadinium were initially described from 
the North Sea, there is increasing evidence that amphidomatacean species have a wide geographical distribution. At least 
three species of Azadinium, A. spinosum, A. poporum and A. dexteroporum, and also Amphidoma languida have been found 
to produce AZAs. Around 12 AZA analogs of dinoflagellate origin are currently published, but there is evidence for a higher 
diversity of structural variants. We here will present an up-to-day overview on the current circumscription of the 
Amphidomataceae including a number of new global records as well various aspects of taxonomy, biogeography, and toxin 
profile. 
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Recent ultrastructural and phylogenetic study has shown wide distribution of marine woloszynskioid dinoflagellates, 
suggesting they have been overlooked due to their superficial resemblance to Gymnodinium spp. In the present study, a 
woloszynskioid dinoflagellate was isolated from the southern coast of Vietnam and characterized by electron microscopy 
and molecular phylogenetic analysis based on rDNA. SEM showed a pair of elongate anterior vesicles (PEV) in the apical 
furrow, and the tabulation pattern of amphiesmal vesicles as PEV, x, 8', 5'', 4c, 6s, 4''', 1''''; five latitudinal vesicle series is 
the smallest known in a woloszynskioid dinoflagellate. A large peduncle was located at the sulcal extension in the epicone. 
TEM revealed that the peduncle was supported by a microtubular strand containing ca. 140 microtubules. An eyespot was 
composed of osmiophilic globules and brick-like materials located in- and outside of the chloroplast, respectively (type B). 
The structure of trichocysts, ornamented by lateral hairs around the anterior fibers, is novel in dinoflagellates. In the 
phylogenetic tree, this species was situated at the base of the Suessiaceae, in a sister position to the Borghiellaceae. These 
two families have been distinguished by the difference of eyespot and apical furrow; the Suessiaceae has an eyespot type E 
comprising only brick-like materials and single elongate apical vesicle (EAV), whereas the Borghiellaceae has an eyespot type 
B and PEV. The ultrastructure of the present species agrees with the Borghiellaceae, despite its close relationship to the 
Suessiaceae. 
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The phylogenetics and morphometrics of newly described species, Coolia santacroce and Coolia 
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The dinoflagellate genus Coolia Meunier is an important epi-benthic organism that is commonly found in association with 
other dinoflagellates known to cause ciguatera.  In this study we introduce two newly described toxic species included in 
the Coolia monotis species complex, Coolia palmyrensis Karafas, Tomas, York sp. nov. and Coolia santacroce Karafas, Tomas, 
York sp. nov., collected from the Palmyra Atoll in the Pacific Ocean and Saint Croix, US Virgin Islands, respectively.  These 
two species can be distinguished morphologically by size, pore shape, pore density, and the relative size of the apical pore 
complex.  The ITS1/5.8S/ITS2 and the D1/D2 regions of the LSU rDNA were used to provide molecular support of 
morphological observations using maximum likelihood and Bayesian analyses.  Furthermore, C. palmyrensis and C. 
santacroce both showed cytotoxic effects on human derived cells in vitro. 
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The IOC-UNESCO Taxonomic Reference List of Harmful Microalgae, status, or state of the art 
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The IOC-UNESCO Taxonomc Reference List of Harmful Microalgae at the time of writing comprises 22 species of diatoms, 8 
haptophytes, 87 dinoflagellates, 4 raphidophytes, 3 dictyochophytes and 30 cyanobacteria, altogether 154 species. The list 
is regularly modified to include additional species found to be harmful, to add new information on individual species, and 
to make taxonomic changes when such are considered necessary. Taxonomic changes are now coordinated with Algae-Base. 
A healthy conservative approach is maintained in the list regarding name changes at all levels, as changes often result in 
confusion for users of the list. This can be serious when changes are based on insufficient evidence, resulting in further 
changes when additional data become available. The species and generic concept of harmful species are in many cases 
subjective, and the use of electron microscopy (SEM and TEM) and molecular data has generally resulted in splitting at many 
(in fact most) taxonomic levels. We are trying, in the list, to maintain a taxonomy based on both morphological, genetic and 
other data, and to provide notes on reasons for accepting or refusing recent suggestions for taxonomic changes. Problems 
are presently often associated with conflicts between the morphospecies concept and certain molecular-based species 
concepts such as ribospecies. This results in confusion which is not always readily easy to solve. In the presentation I will 
give an update of the IOC-UNESCO list and discuss some of the problems faced by the committee that maintains the list. 
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Advances in molecular tools for routine monitoring of toxic algae and pathogens in aquatic 
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Microarrays are oligonucleotides applied to the surface of a glass slide in an ordered array. When rRNA sequences are used, 
these are called phylochips, which can identify organisms and is a relatively new, innovative microarray application. 
Phylochips can facilitate monitoring for any microorganism in any environment and visualize its changes in abundance over 
time for long-term records.  We developed in three EU projects: a phylochip for the detection of toxic algae in marine waters 
and for freshwater pathogens in freshwater and tested them with environmental samples in 5 countries for the toxic algae 
and 6 countries for the freshwater pathogens. Water samples were filtered until they clogged or concentrated into one litre 
using a kidney dialysis filter, of which free filters are being distributed upon request. Total RNA was extracted using 
TriReagent, fluorescently labelled and hybridised to the phylochip.  The pattern captured via fluorescent excitation in the 
microarray scanner is exported as an excel file and analyzed based on presence/absence of probe signals in a hierarchical 
fashion. For a species to be present, probes for higher taxa, viz., genus to kingdom must also be present.  Where calibration 
curves have been made, then the microarray signal can be converted into cell numbers. In a fourth EU project microarray 
probes were transferred to a SHA coupled to an electrochemical and a colorimeter detection.  The electrochemical detection 
was 16 fold higher than that obtained in earlier applications and the colorimetric detection was automated for a real time 
in-situ assay in a buoy.     

OS1202 

Comparative performance of four commercially available immunological PST test kits during a 
major Alexandrium tamarense bloom event 
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Recurrent blooms of the dinoflagellate Alexandrium tamarense (group I) impacted the Tasmanian shellfish industry during 
2012 and 2015, necessitating product recalls and intensive PST product testing at a high annual cost. The performance of 
ŦƻǳǊ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀǾŀƛƭŀōƭŜ t{¢ ǘŜǎǘ ƪƛǘǎΣ !ōǊŀȄƛǎϰΣ 9ǳǊƻǇǊƻȄƛƳŀϰΣ {Ŏƻǘƛŀϰ ŀƴŘ bŜƻƎŜƴϰΣ ǿŀǎ ŎƻƳǇŀǊŜŘ ƻƴ ŎƻƴǘŀƳƛƴŀǘŜŘ 
mussels and oysters. Shellfish tested (n=69) covered a wide range of PST levels. 
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HAB-related detection systems have been routinely designed based on structure-specific technologies, such as antibodies. 
We propose to shift this paradigm towards effect-based detection through bacteria and simple microorganisms, mimicking 
the initial idea behind mouse bioassay and biological tests. Bacteria have a natural capacity to gather and 
process information about its surroundings. By giving this natural functionality both a purpose and a human interface, we 
can turn bacteria into information gathering machines, capable of expressing their findings to human users by simple 
organoleptic changes. RTDK, or Red Tide Detection Kit, is an example of this bacterial computer or new generation biosensor 
approach. Using Synthetic Biology tools, our team has been capable of devising metabolic pathways that allow a cell culture 
to measure the amount of a certain targeted toxin in a sample, and inform the result to the user through an organoleptic 
change. RTDK received a grant from the Chilean government on 2013 for its development. Our current prototype design is 
based upon generating metabolic systems that act as logical gates, allowing us to operate simple AND, OR and XOR 
computer-like functions in simple chassis such as E. coli and S. cerevisiae. The use of this logical gates allows for a certain 
redundancy that makes the system more robust, associating a triple detection check to a certain target by contrast of a 
direct one-to-one association that could result in high amounts of false positives. 
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Monitoring seasonal dynamics of selected harmful algae in the North Sea using molecular 
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Microalgae are the major producers of biomass and organic compounds in the aquatic environment. Among them there are 
toxic species (mainly dinoflagellates) known to have the potential to form Harmful Algal Blooms, the so called HABs. HABs 
are occurring more often and at new locations. In general, knowledge about biogeographic distribution of harmful algae in 
the northern hemisphere is limited and patchy. During this project, we will study the seasonal dynamics of marine protists, 
with special emphasis on toxic algae in the North Sea. Samples will be taken from four geographical distinct locations in the 
German Bight and from the Orkney Islands. Protist community composition will be assessed by Illumina sequencing and a 
newly developed fully automated biosensor system. The latter allows for automated sampling and filtration of water 
samples and automated detection of selected toxic algal species, while the detection is based upon electro chemical 
quantification of RNA by sandwich hybridization. Here we show first results of calibrating the biosensor for selected toxic 
algae that are known to occur in the North Sea. Furthermore, we also show preliminary results of the characterization of 
protist communities from spring to autumn 2016 at four different observation locations in the North Sea via Illumina 
sequencing. 
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Effective monitoring programs are required for risk anticipation of toxic algal contamination, which affects both recreational 
waters and aquaculture production sites worldwide. Molecular biological tools applied to species identification are simpler, 
faster and more accurate than conventional methods that still rely on microscopic observations. The next challenge will be 
the integration of molecular techniques into a single-step test, which requires a multidisciplinary approach. Lab-on-a-chip 
(LOC) systems integrate and scale down laboratory functions onto a single chip, which leads to low reagent consumption, 
reduced analysis time, portability and low-costs. Microbia Environnement R&D team has developed a fast and reliable 
sandwich hybridization immunoassay (SHIA) procedure for the identification of toxic algae in the marine environment using 
species-specific unique barcodes. The assay was adapted to an off-the-shelf self-pumping microfluidic cartridge 
commercially available. The cartridge performs a programmable flow sequence and the different assay steps were optimized 
to it sequentially. The results were obtained in-situ by an electrochemical sensor, which was mounted onto the cartridge 
itself in only 40 minutes and were comparable to those performed in batch mode. This opens up a broader application of 
LOC systems for environmental monitoring programs and/or for any in-situ analysis of harmful microorganisms. 

OS1206 

Novel insights into Alexandrium fundyense bloom dynamics from in situ autonomous biosensors 
and high-speed imaging: bloom cells swim faster, divide faster, form more gametes, and are more 
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Blooms of the toxic, cyst-forming dinoflagellate Alexandrium fundyense cause recurrent outbreaks of paralytic shellfish 
ǇƻƛǎƻƴƛƴƎ όt{tύ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǿƻǊƭŘΦ Lƴ ǊŜŎŜƴǘ ȅŜŀǊǎ ƻǳǊ ǎǘǳŘƛŜǎ ƻŦ ǘƘƛǎ ǎǇŜŎƛŜǎΩ ōƭƻƻƳŘȅƴŀƳƛŎǎ ƘŀǾŜ ōŜŜƴ ŎŜƴǘŜǊŜŘ ƛƴ {ŀƭǘ 
Pond (Eastham, MA USA), an embayment with self-seeding, localized blooms.  Most recently we have co-deployed two 
autonomous biosensors - the Environmental Sample Processor (ESP) and the Imaging FlowCytobot (IFCB) - from a specially 
built observatory raft. The ESP uses molecular assays to detect and analyze cells and toxins whereas the IFCB is an automated 
underwater microscope.  These instruments have typically been deployed separately, but in 2016, were used concurrently 
during a major A. fundyense bloom for the first time.  In addition to these two advanced biosensors, the raft also supports 
a CTD profiler programmed to record salinity, temperature, chlorophyll, and other parameters through nearly the full depth 
of the pond, several times per hour. Data collected from each of these instruments are transmitted to our lab in near real-
time and we have begun leveraging this data stream for targeted, adaptive sampling of different A. fundyense life cycle 
stages. One example is our use of a newly developed High-Speed Microscale Imaging System (HSMIS) that is able to record 
A. fundyense swimming without interference from wall effects and sample heating, both factors that are inherent to 
traditional microscopy. Together, these new technologies are providing extraordinary new insights into the rate processes 
underlying A. fundyense blooms.  Specifically, field populations of Alexandrium cells swim and migrate faster (1.3 - 2X), divide 
faster (up to 2X), produce more gametes (up to 4X) and are more toxic (4X) than indicated from past culture-based 
experiments using isolates from these same waters.  The implications of these findings are profound as it is clear that culture-
based assessments have substantially underestimated the true growth and toxigenic potential of natural blooms of 
Alexandrium. 
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Exposure to the paralytic shellfish toxin producer Alexandrium catenella increases the 
susceptibility of the oyster Crassostrea gigas to pathogenic vibrios 
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The multifactorial etiology of massive Crassostrea gigas summer mortalities results from complex interactions between 
oysters, opportunistic pathogens and environmental factors. In a field survey conducted in 2014 in the Mediterranean Thau 
Lagoon (France), we evidenced that the development of the toxic dinoflagellate Alexandrium catenella, which produces 
paralytic shellfish toxins (PSTs), was concomitant with the accumulation of PSTs in oyster flesh and the occurrence of C. 
gigas mortalities. In order to investigate the possible role of toxic algae in this complex disease, we experimentally infected 
C. gigas oyster juveniles with Vibrio tasmaniensis strain LGP32, a strain associated with oyster summer mortalities, after 
oysters were exposed to Alexandrium catenella. Exposure of oysters to A. catenella significantly increased the susceptibility 
of oysters to V. tasmaniensis LGP32. On the contrary, exposure to the non-toxic dinoflagellate Alexandrium tamarense or to 
the haptophyte Tisochrysis lutea used as a foraging alga did not increase susceptibility to V. tasmaniensis LGP32. This study 
shows for the first time that A. catenella increases the susceptibility of Crassostrea gigas to pathogenic vibrios. Therefore, 
in addition to complex environmental factors explaining the mass mortalities of bivalve mollusks, feeding on neurotoxic 
dinoflagellates should now be considered as an environmental factor that potentially increases the severity of oyster 
mortality events. 
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At least two domoic acid (DA) producing Pseudo-nitzschia species induce toxin production in the presence of Calanus 
copepods. Nevertheless the toxic cells are consumed by the copepods, with no indication of reduced grazing rates.  To 
address this enigma we carried out a series of experiments to explore the dynamics of the interactions between toxin-
producing Pseudo-nitzschia and their grazers. The kinetics of the toxin induction was studied and the possible time for 
relaxation of grazer-induced DA in Pseudo-nitzschia and the depuration rate of two Calanus species determined. For 
excluding all other factors known to induce toxin-production in Pseudo-nitzschia and to further understand the impact of 
chemical signalling we exposed the cells to the predator cues previously found to be responsible for toxin induction in 
dinoflagellates using either natural blend or isolated individual compounds from Calanus finmarchicus. Other copepods than 
Calanus may produce predator cues and therefore the cells were also exposed to cues from the carnivore copepod 
Paraeuchaeta, this copepod is not known to graze on diatoms. To investigate the possibility for adaptation in copepods to 
the toxic diet we compared ingestion rates of copepods collected from the field in Trondheim fjord, Norway, where Pseudo-
nitzschia species are a part of the phytoplankton community to copepods from the same area that have been in culture for 
50 generations on a controlled diet without any exposure to Pseudo-nitzschia cells. Do these combined results affect our 
understanding of harmful Pseudo-nitzschia blooms? 
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Although phytoplankton chemical defense may regulate plankton dynamics, demonstrating an ecologically relevant anti-
grazer cue is challenging. Presented here is a novel approach to evaluate the quantitative effect of microcystin (MC), the 
most studied group of cyanobacterial metabolites, on grazing by the common copepod Eudiaptomus gracilis. A temperature-
induced gradient in the intracellular MC concentration of three different Microcystis strains enabled the comparison of 
grazing pressure on cells of the same cyanobacterial strain producing different amounts of MC, in a diet with alternative 
food (Chlamydomonas). In all treatments, grazing pressure on Microcystis was inversely related to its MC-LR content, while 
selection for alternative prey was positively related to the MC-LR content of Microcystis. Moreover, grazing 
in Chlamydomonas also declined with increasing Microcystis MC-LR content, suggesting toxicity related inhibition of E. 
gracilis. The negative relation between cellular MC-LR concentration and feeding responses supported the anti-
grazer hypothesis. Not all MC variants responded to temperature, and some were therefore not associated to grazing 
responses. Using an induced gradient in the concentration of a suspected phytoplankton defense metabolite to evaluate 
its quantitative relationship with grazing pressure offers an improved inference on the ecological roles of toxins. Results 
suggest that either MC-LR or a correlating trait may be inversely linked to the grazer pressure on Microcystis.   
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Dinoflagellate of the genus Alexandrium spp. are a major cause of Harmful Algal blooms (HABs) that have increasingly 
impacted coastal ecosystems for the last decades. Alexandrium algae are known to produce paralytic shellfish toxins (PST) 
but also bioactive extracellular compounds (BEC), that can display allelopathic, ichtyotoxic, cytotoxic or haemolytic effects 
on marine organisms. The objective of this experimental study was to assess the impact of PST and BEC produced by A. 
minutum on juvenile great scallops Pecten maximus. Scallops were exposed during a week to two different strains of A. 
minutum, the first one producing PST, the second one producing only BEC. Escape response to starfish, daily shell growth, 
histological effects and accumulation of PST were recorded after one week of exposure, and after two extra weeks of 
recovery. Daily shell growth was delayed three days in scallops exposed to BEC A. minutum strain, probably on the three 
first days of the exposure. An increase of reaction time to predators was observed in scallops exposed to the BEC condition, 
suggesting that bioactive extracellular compounds might have altered the feeding and sensing processes. Scallops exposed 
to PST displayed a less efficient escape response and muscular damages, which could reflect the effects of paralytic toxins 
on nervous system of scallops. This study demonstrates contrasted effects of the distinct toxic compounds produced by A. 
minutum on marine bivalves, thus highlighting the importance to better characterize these extracellular bioactive 
compounds in order to better 
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Several species of the genus Dinophysis are responsible for the widespread contamination of shellfish with diarrhetic 
shellfish toxins (DST), oakdaic acid (OA) and dinophysistoxins (DTX) responsible for the diarrhetic shellfish poisoning (DSP) 
in humans. Mollusc bivalves are known to accumulate DST at differential rates and are not known to be affected by DST 
toxins. In a previous study at our research facilities, feeding a clonal culture of a strain of Dinophysis caudata isolated from 
western Japan and producing only the lipophilic toxin PTX-2, to adult Japanese scallop, Patinopecten yessoensis, and noble 
scallop, Mimachlamys nobilis, resulted in lethargy and behavioural alterations followed by mortalities of the scallops. The 
results were the first report of lethal effects of a Dinophysis species in shellfish. The lethal effects were not associated with 
PTX-2, strongly suggesting the implication of unknown toxins and / or other metabolites. The results also suggested species-
specific sensitivity to D. caudata; Japanese scallops being more sensitive than noble scallops. Building on our previous 
findings, additional feeding experiments were conducted with Japanese and noble scallops and with Pacific oysters, 
Crassostrea gigas. Quantitative pathological alterations, neuroenzymatic activity, oxidative stress response, digestive 
enzyme production, and hemato-immunological parameters in several organs of adult Japanese and noble scallops and 
Pacific oysters have been investigated. Based on these results, a preliminary mechanism of toxicity is proposed and future 
research plan exposed and discussed. 
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The geoduck clam Panopea globosa is an important commercial species grown at the Gulf of California. The extraction of 
this species and other bivalves from the Northern region of the Gulf of California was banned in January of 2015 due to the 
accumulation of paralytic shellfish poisoning toxins (PSPt). A massive bloom of Gymnodinium catenatum was the cause for 
the accumulation of PSPt in bivalves. This bloom was also associated with a massive death of marine mammals, marine birds 
and was related to the first recognized human intoxications in the region. Water samples and clams were collected for the 
measurement of PSPt concentration and G. catenatum cell abundance during and in the following months after the bloom. 
Maximum toxin concentration in viscera of P. globosa measured by mouse bioassay, HILIC-MS/MS and HPLC-PCOX was as 
ƘƛƎƘ ŀǎ муΣулл ˃Ǝ {¢·Ŝǉ ƪƎ-1. In contrast, maximum toxin concentration recorded in the siphon was below, but close to the 
regularity action level. Toxin profile of highly toxic samples of P. globosa was dominated by C1 and C2 toxins, followed by 
GTX5, GTX2 and low to undetectable values for GTX1 and 4, dcSTX and STX in the different tissue analyzed. The relative to 
highly toxic analogs such as dcSTX and STX increased during the PSPt depuration process. This characteristic maintained 
toxicities in viscera above de regulatory limit for more than 5 months after the bloom of G. catenatum. Implications on the 
regulation and metabolism of PSPt in geoduck clams is discussed. 
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The toxic dinoflagellate, Alexandrium minutum, widely distributed in the Asian Pacific region, is known to produce saxitoxin, 
the neurotoxin that causes paralytic shellfish poisoning (PSP) in humans. In early September 2015, a remarkably high density 
of A. minutum occurred in Sungai Geting, a semi-enclosed lagoon located at the north-eastern coast of Malaysia. Dense 
discoloration of water in the lagoon was observed and the clams collected containing toxins 40 times above regulatory level. 
Our weekly field investigation showed that the bloom peaked at cell densities of 106 to 107 cell/L and remained at the same 
densities for two months. The bloom declined in early October, succeeded by an ephemeral bloom of the freshwater green 
algae, Tetraselmis sp. for a week, coincided with a sudden drop of salinity. The bloom of A. minutum recurred, and persisted 
in the lagoon for several weeks before bloom termination in mid-November. Flow cytometric analysis of plankton samples 
suggested that the bloom was initiated by cyst excystment, as planomyocetes (4C cells) were observed in the early 
development of bloom. Following that, half of the bloom population was contributed by planozygotes (2C cells), indicating 
that the population was undergoing sexual reproduction before the termination of the bloom. Although the bloom triggering 
factors remain unclear, this event provides a fundamental understanding of the bloom initiation and termination of this 
tropical toxic dinoflagellate. Further studies of bloom dynamics coupled with analysis of cyst distributions are crucial for the 
enhanced understanding of A. minutum in this coastal lagoon. 
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In this study we tested the hypothesis that the contribution of dinoflagellates is related to water column stratification in a 
subtropical area influenced by oceanographic fronts associated with freshwater outflow and distinct water masses. The 
phytoplankton structure and composition was evaluated at a section across the continental shelf off the mouth of Patos 
Lagoon (Lat. 32х12 S) during summer (February 2013). Vertical profiles of photosynthetically active radiation (PAR), 
temperature, salinity and fluorescence were measured using a CTD equipped with a fluorometer and Brünt-Väisäla 
frequency was also estimated. Water was sampled for phytoplankton (HPLC pigments and microscopy), and nutrients 
analysis. The CHEMTAX software was applied to estimate the chlorophyll a (chl a) biomass of different taxonomic groups. 
The highest values of chl a (>1.5 µg L-1) were found at coastal stations, where diatoms (e.g., Pseudonitzschia spp., 
Thalassiosira minuscula) dominated in the homogeneous water column. Dinoflagellates and prokaryotes Synechococcus 
and/or Prochlorococcus, replaced diatoms at stratified stations. Two dinoflagellate populations were recognized: (i) 
peridinin-containing (e.g., Prorocentrum and Scrippsiella), more abundant at coastal stations, and (ii) fucoxanthin-containing 
(<15 µm, Gymnodiniales cells), which dominated some stations of the continental shelf, mainly associated with the deep 
chlorophyll maximum (DCM). Cells classified as cf. Karenia (±5 µm) were observed in the frontal zone of La Plata River Plume 
water and Subtropical Shelf Water. The results emphasize that dinoflagellate blooms occur in the study region and 
strengthen the role of water stratification, positively correlated with the largest biomass of fucoxanthin-containing species. 
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Blooms of Karenia brevis on the West Florida Shelf (WFS) are considered driven by nutrient sources and availability and 
large-scale circulation patterns. Although such circulation patterns strongly influence formation and movement of blooms, 
on a smaller-scale water column structure likely also has an influence on the phytoplankton community structure and the 
resulting ability of K. brevis to dominate.  A bloom was first detected on the WFS in late September 2015, persisting through 
February 2016 before largely dissipating in March. Mote Marine Laboratory conducted 10 boat-based surveys of shelf and 
near-coastal waters, roughly between Tampa Bay and Naples, FL, measuring a multiple physical, chemical and biological 
variables. We examined these data to evaluate the influence of the physical and chemical water-column structure on the 
phytoplankton community composition and the distribution of K. brevis along the WFS over a 12-month period. The region 
of highest intensity (based on cell abundance) shifted between the northern and southern portions of the region and 
between nearshore and offshore regions throughout the duration of the bloom. These shifts appear to be, at least in part, 
influenced by differential patterns of water column stratification that varied on a north-south and nearshore-offshore basis. 
In some cases, structure was strongly influenced by flows from Tampa Bay and the Caloosahatchee River. Patterns of water 
column stratification appeared strongly associated with observed patterns of community structure.  Additionally, non-
parametric multi-dimensional scaling analysis indicated phytoplankton community assemblages fundamentally differ at 
higher and lower total phytoplankton biomass, associated with temperature, salinity, DIN and TDN. 
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Wind reversals and sudden changes from relaxation to upwelling in coastal areas subject to seasonal upwelling cause 
dramatic changes in phytoplankton distribution. Further, increased input of energy, shoaling of isoclines and shear stress 
inflictŜŘ ǘƻ ǇƭŀƴƪǘƻƴƛŎ ŎŜƭƭǎ Ƴŀȅ ƭŜŀŘ ǘƻ ƛƳǇƻǊǘŀƴǘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǊŀǘŜ ƻŦ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǇǊƻŎŜǎǎŜǎΦ ¢ƘŜ ŎǊǳƛǎŜ άASIMUTH-Rías 
нлмоέ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ƻƴ мт-21 June 2013 in the Galician Rías and adjacent shelf to study small-scale physical processes 
associated with late spring blooms of Dinophysis acuminata. The cruise coincided with the initiation of an upwelling pulse 
following relaxation. A 36-h cell-cycle study carried out on 18-20 June showed a brusque decline (0.51 to 0.25 d-1) in division 
rates (µ), associated ǿƛǘƘ ƛƴŎǊŜŀǎŜŘ ǊŀǘŜǎ ƻŦ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ ŘƛǎǎƛǇŀǘƛƻƴ όʶύ ŀƴŘ ǘǳǊōǳƭŜƴǘ ŘƛŦŦǳǎƛƻƴ όYȊύ ŀƴŘ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ 
dominant algal groups (pigment analysis) at the Chl a maximum. Negative effects in division rates were not observed at a 
mid-shelf station used as reference (µ~0.5 d-1). There was no evidence of daily vertical migration of D. acuminata. Here we 
describe microscale changes in water column structure and in the physiological status and distribution of the D. acuminata 
population and co-occurring ciliates as a result of increased mixing. Upwelling pulses, in addition to a direct physical effect 
of advective dispersion, appeared associated with a physiological disturbance to the cells through shear stress. The short-
term impact of upwelling pulses in this population and the role of mid shelf populations as a relatively undisturbed reservoir 
of Dinophysis cells for subsequent inoculations is discussed. 
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It has been proposed that the gene sxtA, thatinitiates saxitoxin biosynthesis, has a bacterial origin, and was acquired by 
horizontal gene transfer in dinoflagellates. It is considered that this event occurred in an ancestor of the genus Alexandrium 
and Pyrodinium, with a later dinoflagellate-dinoflagellate transfer to Gymnodinium catenatum. Since G. catenatum had an 
early divergence from Alexandrium and Pyrodinium, we propose that the acquisition of these genes took place at an early 
stage of the evolution of dinoflagellates, in the Gymnodinial ancestor. PCR reactions were carried out using primers to 
amplify domain sxtA1 present in toxic and nontoxic species,and the domain sxtA4 exclusive of saxitoxin producersin six 
strains of G. catenatum from the Mexican Pacific. A BLAST search for homologous genes was done, and phylogenetic 
analyzes were performed using Maximum Likelihood and Bayesian Inference. Phylogenetic methods showed similar results, 
and in both domains G. catenatum form a separate clade of nontoxic and toxic strains of Alexandrium and Pyrodinium 
strains. These results may indicate that the gene transfer for saxitoxin biosynthesis occurred in an early event in the 
evolution of dinoflagellates, with posterior processes of duplication and loss of genes within the different dinoflagellate 
groups that produce these toxins. However, this hypothesis is still being evaluated. 
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Dinoflagellates are eukaryotic algae with large genomes and a minimal role for transcriptional regulation. All mRNA in 
dinoflagellates is trans-spliced with a 22-nucleotide 5''-spliced-leader sequence bearing a novel multi-methylated cap. The 
spliced leader introduces a cap with m7DǇǇǇ ŀǘ ǘƘŜ рΩ-end, any one of the four nucleotides at the second position and 
additional methylations on downstream bases. Like other eukaryotes, dinoflagellates encode multiple eIF4E family members 
that are anticipated to fulfill a range of functions. Between eight to fifteen eIF4E family members have been found in 
different dinoflagellates species. These fall into three distinct and novel clades that are separate from the three metazoan 
classes of eIF4E. Members of each clade differ significantly from each other, but all bear the distinctive features of a cap-
binding protein. eIF4Es from clade 1 are unusual in having amino acid insertions between hallmark conserved tryptophans. 
In this study, we show large differences in expression and function among the eight eIF4E family members from 
Amphidinium carterae. Transcripts of each are expressed through a diel cycle, but only eIF4E-1 family members and eIF4E-
2a are expressed at the level of protein. Recombinant eIF4E-1 family members and eIF4E-3a, but not eIF4E-2a, are able to 
bind to m7GTP-agarose beads in vitro. Overall, eIF4E-1a emerges with characteristics consistent with the role of a 
prototypical initiation factor; eIF4E-1a is the most conserved and highly expressed eIF4E family member in A. carterae, has 
the highest affinity for m7GpppG and m7GpppC by surface plasmon resonance, and is able to complement a yeast strain 
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Microalgae play a major role as primary producers in aquatic ecosystems, shaping diversity and functioning. Cell signalling 
regulates their interactions with the environment and other organisms, yet the molecular mechanisms underlying these 
processes are poorly defined. We investigated the cell response to cues released during sexual reproduction, a key phase of 
their life cycle, which impacts on population dynamics. We selected Pseudo-nitzschia multistriata, a marine planktonic 
diatom with a controllable life cycle, for genome sequencing. We define gene gains and losses, events of retrotransposition, 
and gene acquisitions via horizontal gene transfer, and identify a small number of conserved non-coding elements, likely 
involved in gene expression regulation. Through a transcriptomic study we show that sexual reproduction impacted the cell 
cycle progression, involved expression changes in 9% of genes and induced an asymmetric response of the opposite mating 
types. G protein-coupled receptors and cGMP appear to be implicated in the response. Overall, the response entails a 
modulation of cell cycle, meiosis-related and nutrient transporter genes, suggesting a fine control of nutrient uptake during 
sexual reproduction even under nutrient replete conditions. Finally, the genome sequence was exploited to characterize the 
gene set employed in the response to sexual cues, defining conservation and evolutionary rate of sex-related genes. Sexual 
stages are rare in natural phytoplankton samples and the identification of genes regulated during sexual reproduction 
provides markers for data-mining of metatranscriptomic datasets. Data on the genetic control of sexual reproduction in P. 
multistriata will improve our ability to understand the dynamics of toxic blooms. 
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Pyrodinium bahamense is one of the major Harmful Algal Bloom-causing species in the Southeast Asian region. The first 
recorded occurrence of the said bloom in the Philippines is in 1983. Hitherto, bloom occurrence of the said organism has 
caused tremendous economic impact to the country. Mitigation of the impact of the bloom can be addressed by 
understanding the growth and toxin dynamics of the organism. A molecular approach using post-genomic approaches such 
as proteomics can help shed light on the biological and cellular pathways that the organism undertakes. A previously isolated 
Pyrodinium bahamense from Masinloc Bay, Zambales, Philippines is hereby studied for its proteome. We report a new 
technique using whole cell proteome analysis of the said organism.  A combination of trypsin and LysC enzyme digestion 
was performed to reduce the proteins into peptides. Analysis was performed using a long nano-LC MS/MS gradient using a 
reverse phase column.  Using the available genome database for Alexandrium, Pyrodinium bahamense and the whole-
genome sequence of Symbiodinium as reference, we present a proteome map of the said organism. The present study 
highlights the whole cell proteome analysis of Pyrodinium bahamense using a gel-free technique. We further present 
regulatory and regulated proteins for the said organism.   
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It is usual consider a direct relationship between cyanobacterial cell density and the cyanotoxin concentration in surface 
waters to predicting and avoiding human exposures. Our main aim was understand how the C. raciborskii density affects 
the variation of STX concentration in a natural system. Water samples were collected from Peri Coastal Lake over a 15-
month period (Jul 2013 - Sep 2014) and were analyzed for limnological factors, phytoplankton composition and intracellular 
and dissolved cyanotoxins. Cyanotoxins were extracted from whole and filtered water samples, then separated and detected 
using HPLC coupled with a tandem mass spectrometry methods including microcystins, nodularin, microginin 690, 
anabaenopeptins A and B, cyanopeptolins 1020, 1041, 1007, anatoxin-a, homoanatoxin-a, cylindrospermopsin and STX. We 
developed a Generalized Linear Model with gamma distribution, adjusted by the Akaike Information Criterion, assessing 
both the relationships between C. raciborskii density and environmental factors or STX concentrations. Cyanobacteria 
dominated the phytoplankton community during the sampling period (97.4%) with cell densities ranging from 21 × 103 ind. 
mL-1 (5x106 µm3. mL-1) to 66 × 103 ind. mL-1 (19x106 µm3. mL-1). C. raciborskii and Limnothrix sp. were abundant during the 
entire study period. The C. raciborskii density was very favored by high temperatures and by the allochthone material 
provided by rainfall (orthophosphate). Saxitoxin was the only cyanotoxin found in the Peri Coastal Lake (0.013±0.007 µg.L-

1), and it was concentrated intracellularly. The C. raciborskii density explained just 20% of the STX concentration in the 
studied system. Higher C. raciborskii density could be recorded during hot-rainy periods. 
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High temperature boosts cyanobacterial blooms whereas ultraviolet radiation (UVR) undertakes phytoplankton growth due 
to its adverse effects on their photosynthetic system (PSII) and DNA. The isolated effect of these two important 
environmental factors is well known, but the result of their interaction is still unclear. Thus, we tested the combined effect 
of the UVR exposure (UVA and UVB) and the raise of the temperature on growth, photosynthesis and DNA breakage of two 
cyanobacteria species (Microcystis aeruginosa-MIRF and Cylindrospermopsis raciborskii-CYRF). The strains grew in two 
temperatures (24°C and 28°C) and were exposed to three light treatments: only photosynthetically active radiation (P), 
P+UVA+UVB (PAB) and P+UVA (PA). UVR was added daily for 4 hours and the variables were monitored for five days. The 
increased of the temperature benefited the growth of the two species, reducing the negative effect of UVR exposure in 95% 
and 40% (PAB and PA, respectively) in MIRF and 98% (PAB) and 80% (PA) in CYRF. PSII efficiency after the UV exposure 
showed a marked reduction and a daily recovery of the PSII activity for CYRF in both temperatures and light treatments 
whereas for MIRF only in the treatment PA at 28ºC. DNA break seem to be more evidenced in MIRF than CYRF. Our results 
showed that in higher temperature CYRF presented better recovery from UVR damage than MIRF. Ours results reinforces 
the species-specific response to UVR stress and how its interaction with the increased of the temperature could influence 
the dynamic and persistence of cyanobacteria species. 

OS1604 

Co - cultivation of Microcystis aeruginosa PCC 7806 and Desmodesmus subspicatus SAG 86.84, 
ƴŜǿ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ǘƘŜ ŜŎƻƭƻƎƛŎŀƭ ƛƳǇƭƛŎŀǘƛƻƴ ƻŦ ŎȅŀƴƻōŀŎǘŜǊƛŀƭ ǘƻȄƛƴ άaƛŎǊƻŎȅǎǘƛƴέ 
  
Azam Omidi1, Valeska Contardo-Jara, Sandra Kühn, Stephan Pflugmacher1 
  
1Technische Universität Berlin, Germany 
  
e-mail: azam.omidi@gmail.com 
  
Among cyanobacterial toxins, microcystins are the most commonly studied, however their plausible physiological and / or 
ecological functions have not been elucidated yet. In aquatic habitats, cyanobacterial blooms are associated frequently with 
green algae, another member of phytoplankton community. Then, the study of interspecies interactions between 
cyanobacteria and green algae can provide some insight into the probable ecological significance of microcystins in algal 
succession. In the present study, the interactions between bloom forming cyanobacterium Microcystis aeruginosa PCC 7806 
and the green algae Desmodesmus subspicatus SAG 86.81 have been studied. We applied a dialysis co - cultivation system 
where M. aeruginosa PCC 7806 was inoculated in dialysis semi-permeable membrane and D. subspicatus was grown out of 
the tubing. Consequently, extracellular MC-LR contents and the algal growth under continuous toxin exposure at different 
incubation periods were measured. The results indicated the assistant role of microcystins in dominance of Microcystis sp. 
in algal succession via the growth restriction of other co - existing organisms. 
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In January 2015, a 20 months old child and her family concurred to Carrasco beach, Montevideo, Uruguay; and made 
recreational activities in the water where it was developing a severe HAB. A few hours after these activities, the family 
presented gastrointestinal symptoms which were self-limiting shortly; while the girl was admitted to a Uruguayan hospital 
with diarrhea, vomiting, fatigue and jaundice. The patient had serum levels of liver enzymes and bilirubin increased. She 
was transferred to the Hospital Italiano of Buenos Aires city with acute liver failure, entering with grade II-III encephalopathy, 
cerebral edema and hepatomegaly; requiring mechanical respiratory assistance. The serological evaluation was negative for 
hepatitis viruses A, B, C, Epstein-Barr virus and cytomegalovirus. Blood tests showed anemia and increases in ammonium, 
AST, ALT and bilirubin serum levels.Type II autoimmune hepatitis was diagnosed by the presence of LKM-1 antibody. Patient 
did not respond to the treatment and liver transplant was performed twenty days after the admission.The explanted liver 
histology showed hemorrhagic necrosis in zone 3, cholestasis, portal tracts without inflammatory activities and parenchyma 
with nodular regeneration.HPLC/MS-MS analysis of MCs in explanted liver revealed the presence of 2,4and 75,4ng/gr liver 
of MC-LR and [DLeu1]MC-LR respectively. Considering that both clinical presentation and pathology are not characteristic 
of autoimmune hepatitis, plus the background of recreational exposure to HAB and the presence of MC-LR and [DLeu1]MC-
LR in explanted liver (two toxins typically present in Del Plata basin) we can conclude that exists a strong link between these 
hepatotoxins and the development of fulminant hepatitis. 
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Domoic acid (DA) is a neurotoxin that is naturally produced by phytoplankton and accumulates in seafood products during 
harmful algal blooms. As the prevalence of DA increases in the marine environment, there is a critical need to quantify 
human exposure to DA in order to identify groups potentially at risk for DA toxicity. We have found that chronic exposure 
to subclinical levels of DA lead to severe learning deficits in laboratory mice. We, therefore, quantified DA exposure in 
recreational razor clam (Siliqua patula) harvesters to determine if exposures above current regulatory guidelines occur, and 
whether harvesters are chronically exposed to low levels of DA. We analyzed human consumption rates of razor clams by 
distributing 1,523 surveys to recreational razor clam harvesters in spring 2015 and winter 2016, in Washington, USA. These 
consumption rate data were combined with DA concentrations in razor clams to quantify and predict human DA exposure. 
A portion of the survey population was at risk for DA exposure above the current regulatory tolerable daily intake (TDI = 
0.075 µgDA·gbodyweight

-1·d-1) due to higher than previously reported consumption rates, lower body weights (consumers aged 
1-20 years), and/or consumption of clams at the upper range of legal DA levels (maximum 20 µg · g-1). Another group of 
recreational harvesters (4% of survey respondents) was potentially at risk of chronic DA exposure by consuming a minimum 
of four meals of clams per month for at least six consecutive months. 
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Ciguatera poisoning is a foodborne illness caused by the consumption of usually edible coral reefs fishes or marine 
invertebrates contaminated by ciguatoxins: neurotoxins produced by the benthic dinoflagellate Gambierdiscus spp. 
Ciguatera is considered as the most prevalent seafood poisoning worldwide and is characterized by a combination of non 
specific gastro-intestinal, cardiovascular and neurological manifestations that can last from several days to decades and can 
prove to be extremely disabling. If acute symptoms are usually well described, chronic manifestations (>3 months) are often 
neglected and remain poorly docǳƳŜƴǘŜŘΦ ¢ƘŜ ǇǊŜǎŜƴǘ ǎǘǳŘȅ ŀƛƳǎ ǘƻ ŀ ōŜǘǘŜǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ /ƛƎǳŀǘŜǊŀΩǎ ŎƘǊƻƴƛŎ 
manifestations and attempt to identify predisposing factors as well as efficient treatments among a hospitalized cohort 
ŀŘƳƛǘǘŜŘ ŀǘ CǊŜƴŎƘ tƻƭȅƴŜǎƛŀΩǎ Ƴŀƛƴ ƘƻǎǇƛǘŀƭ ōŜǘǿŜŜƴ Wŀnuary 2010 and December 2015. Data were obtained from 
retrospective analyses of medical records and from questionnaires. Among the studied cohort, 23% of patients presented 
chronic manifestations, mainly of neuromuscular nature. While the severity of symptoms, Ciguatera antecedents or fish 
consumed do not seem to have any influence, smoking habits and comorbidities are likely to intervene in chronic Ciguatera 
installation. According to patients, traditional medicine has proven to be more efficient than standard western treatments. 
These data also leave an open door to a possible individual genetic susceptibility to develop Ciguatera sequels. Given the 
expansion of ciguatoxic events and the increasing number of populations exposed to this risk, it appears necessary to 
encourage biomedical studies in order to better characterize Ciguatera pathophysiology, develop diagnostic tools and 
identify effective treatments. 
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A 4-year French project, called ACCUTOX, was launched in 2013 on PSP toxins accumulation in oysters Crassostrea gigas, 
with 3 main areas of research. A first part of the work was to better understand the physiological and genetic determinism 
of PSP toxins accumulation by oysters. A second part was dedicated to social issues related to HABs and shellfish. And in a 
last part, the aim was to develop a quantitative risk assessment model for human health associated with PSP toxins. The 
first step was to establish the dose-response relationship between symptoms and the amount of toxins ingested. A 
systematic review has been conducted to identify and collect raw data of reported cases of human intoxications. Detailed 
information of around 200 cases from 32 studies was retrieved. Symptoms have been classified according to the severity 
and hospitalization. For none of the cases was the toxin profile available as the mouse bioassay was the only method used 
for quantification. When a chemical method was used, it was only for identification of the congeners present. In many cases, 
key information was missing: total number of people exposed, body weight of ill people, amount of shellfish ingested. In 
some cases, contamination was estimated in shellfish collected several days or weeks after the outbreak. When possible, 
assumptions were made to include the case in the modelling. Data were analyzed using classical Benchmark dose modelling 
and logistic regression. This work highlights the need to better collect information when an outbreak occurs. 
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Adverse effects of human exposure to algal toxins have been known for centuries, but the problems with harmful algae 
seem to be increasing, and new toxic organisms and toxins are still being found. Authorities in many countries have 
programmes to protect against algal poisonings by applying guideline levels from the World Health Oganization. The acute 
effects of human poisonings with marine algal toxins are relatively well-known, and humans are, except for brevetoxins, 
exposed to these toxins mainly via food. The exposure routes for freshwater toxins are more diverse, including drinking 
water, bathing, and aerosols. The knowledge on long-term effects on humans of chronic exposure to algal toxins is limited 
or absent with the exception of ciguatera toxins. No compilation of data or review on long-term effects exists. However, 
exposures to some algal toxins have been associated with chronic effects in humans or animals. For example, chronic 
exposure to microcystins has been linked to liver cancer and chronic liver injury. ExposurŜ ǘƻ ǘƘŜ ƴŜǳǊƻǘƻȄƛŎ ʲ-N-
methylamino-L-alanine BMAA has been associated with subsequent neurodegenerative diseases and ciguatera toxins with 
long-term neurological problems in some people. Domoic acid (DA) exposure causes a chronic DA syndrome in sea lions. 
Our knowledge of the chronic effects of toxins like brevetoxins and saxitoxins is limited. No compilation of data exists, and 
the needed long-term human and animal epidemiology studies have not been done. We have compiled available 
information describing what we currently understand about chronic effects from exposure to algal toxins in animals and 
humans. 
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In the last two decades the number of poisoning incidents caused by Harmful Algal Blooms (HABs) has decreased due to the 
establishment of legislation for seafood consumption and monitoring practices, mainly using bivalves as indicator species. 
The forming circumstances of HABs are not fully explained which makes them complex to manage. Climate change and 
anthropogenic intervention increased the difficulty for monitoring exercise, since the opening of new sea canals and the rise 
of water temperature aid the migration and establishment of toxic alien species from warmer environments to more 
temperate ones. This results in the settling of emergent toxins like Tetrodotoxin, Ciguatoxins, Palytoxins and Cyclic Imines 
in the food-web. Though these phycotoxins are typical from tropical environments, they already been reported in more 
temperate ecosystems by causing poisoning incidents and in new vectors. Monitoring practices based in bivalves alone are 
ǊŜŘǳŎǘƛǾŜΣ ǎƛƴŎŜ ƴƻǘ ŀƭƭ ǘƘŜǎŜ ǘƻȄƛƴ ǇǊƻŘǳŎŜǊǎ ŘǿŜƭƭ ƛƴ ǘƘŜ ǿŀǘŜǊ ŎƻƭǳƳƴΣ ǎƻƳŜ ƘŀǾŜ ōŜƴǘƘƛŎ ƴŀǘǳǊŜΦ !ƭǎƻΣ Řŀǘŀ ƛǘΩǎ ōŜŜƴ 
proven that some phycotoxins can be biomagnified along the food-chain, increasing human health risk.This new knowledge 
advances demonstrate the need of different approach regarding monitoring strategies, analysis methods, and more 
importantly an accurate human risk assessment for the update of more rigorous legislation for consumers protection. 
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The main unresolved issue with Dinophysis blooms and their contamination of shellfish with DSP toxins has been the 
identification of their source.   Little is known of the distribution of causative species of this genus on the continental shelf 
during the season when DSP events arise.   From cruises covering the shelf region south of Ireland over the past years, we 
show that extensive blooms of D. acuta and D. acuminata develop in the productive region close to the Celtic Sea Front, a 
tidal front extending from southeast Ireland across to Britain.  In this region, Dinophysis populations develop, with cells both 
actively dividing and feeding, once waters are suitably warm,.   Of particular note has been the development of D. acuta 
populations with cells ranging from 2000 cells L-1 to 55,000 (2014) and 75,000 (2015) cells L-1.  Both D. acuta and D. 
acuminata were located in a layer of varying thickness found at the top of the sub-surface chlorophyll maximum.  Despite 
the blooms being localized to stratified water adjacent to the tidal front, they extended over an area of over 3000 km2.   Over 
the rest of the Celtic Sea Shelf, cell densities were less than 100 cells L-1 at this time.   We show that developed blooms 
advect westwards along the south coast of Ireland in a coastal current towards the economically important shellfish culture 
region of southwest Ireland where they subsequently do harm.  The source of these Dinophysis blooms is thus in excess of 
300 km from their point of impact. 



 

58 

OS1802 

Winter algal blooms in Abu Dhabi waters: definition, mechanisms and link to eutrophication. 
  
Rajan Anbiah1, Rajasekhar Thankamony1, Azza Al Raisi1, Ponpandi Ulagalanthaperumal1, Shaikha Al Hosani1, Glenn Whaley2 
  
1Environment Agency-Abu Dhabi, United Arab Emirates 
2Research Triangle International Organization, United States 
  
e-mail: anbiahrajan9@hotmail.com 
  
The frequency, magnitude and distribution of harmful algal blooms (HAB) have increased in Arabian Gulf countries over 
recent decades. Coastal environments are being degraded by rapid economic growth, resulting in eutrophication and 
subsequent HABs. The density of harmful algal species tends to increase in winter (December - February) producing 
significant blooms during the past several years in Abu Dhabi waters. Winter blooms were mostly dominated by 
dinoflagellates particularly the Prorocentrum species, except in 2015. Prorocentrum triestinum was first seen in the Abu 
Dhabi waters in 2011 when it dominated with concentrations between 8 x105 cells/L and 2.2 x107 cells/L. Prorocentrum 
minimum was found in concentrations from 2.5 x104cells/L to 2.63 x107cells/L. and dominated during 2012 and 2014. The 
2013 bloom was a mixture of Oscillatoria sp and P.minimum, whereas the 2015 bloom was dominated by Heterocapsa 
triquetra, with cell concentrations between 4.5 x105 cells/L and 1 x107 cells/L. In Abu Dhabi waters the frequency and 
intensity of HABs has increased annually since 2002, corresponding to increases in nutrient concentrations. Bloom frequency 
appears to be linked to nitrate and phosphate concentrations, whereas bloom intensity appears to depend upon other site-
specific factors. Bloom intensity in the Mussafah channels was lower in early 2016. Variations in nutrient concentrations and 
the relationship between the nitrate-phosphate ratio and HAB intensity were studied in detail. 
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There are evidences that HABs are increasing worldwide due to human causes, such as eutrophication and an increase in 
confined waters. In addition, it is also likely that climate variations can affect HABs dynamics. To understand future 
perspectives of coastal harmful events, we need to identify the underlying factors contributing to the current variations. 
Using a phytoplankton time series collected at 16 confined NW Mediterranean Sea locations, we investigated the long-term 
trends of two local PSP-toxin-producing species, Alexandrium minutum and A. pacificum, and their responses to different 
environmental drivers. These two species responded differently to the same environmental conditions along the Catalan 
coast (NE Spain). From 2000 to 2012, blooms of A. minutum in Catalan harbors doubled in their frequency whereas those of 
A. pacificum decreased slightly. In the 1990s, the first detection of the toxic bloom-forming A. pacificum in several localities 
of the NW Mediterranean coast suggested the expansion of this species. Our results show that, after the initial period of 
expansion, the abundance of A. pacificum declined such that by 2008 the species was no longer found in most sampling 
locations. The potential contributions of regional and local factors in this decrease in A. pacificum abundance are considered. 
For example, the colder water temperatures in 2004-2005 coincided with a reduction in A. pacificum abundances in most of 
the monitored stations. The possible link between these two events is assessed by analyzing data from a wider geographic 
area, including other NW Mediterranean locations in Sardinia and southern France. 
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A paleoecological approach was used to investigate protist biological changes at both the community and species levels over 
a time scale of ~150 years in the Bay of Brest. Using ancient DNA (aDNA) amplifications, we were able to detect the 
occurrence of the toxic Alexandrium minutum up to 1873±6. Specific aDNA could be quantified by means of a newly-
developed real-time PCR assay targeting the ITS1 rDNA in the upper layers of two sediment cores, in which the germination 
of the species was also obtained in up to 18 year-old sediments. Paleogenetic data showed, in both cores, a species-specific 
increasing trend in the abundances (ITS1 rDNA copy number) of A. minutum over time, corroborating three decades of local 
plankton data documenting the increasing concentrations of the species in the water column in recent years. Protist 
metabarcoding analyses based on the V4 region of the 18S rDNA showed that protist richness was reduced of about 60% in 
deep layers relative to that of superficial sediments. Changes in protists paleocommunity composition were identified in 
both cores, mostly due to a decreasing trend in dinoflaƎŜƭƭŀǘŜ ǊŜƭŀǘƛǾŜ ŀōǳƴŘŀƴŎŜ ŦǊƻƳ ǘƘŜ тлΩǎ ǘƻ ǊŜŎŜƴǘ ȅŜŀǊǎΦ ¢ƘŜǎŜ 
changes in community dynamics are probably the result of the variations in the hydrological conditions (N/P ratios) occurring 
ƛƴ ǘƘŜ .ŀȅ ƻŦ .ǊŜǎǘ ŦǊƻƳ ǘƘŜ ƭŀǘŜ слΩǎ ǘƻ ǇǊŜǎŜƴǘΦ ¢ƘŜǎŜ ǊŜǎǳƭǘǎ ǿill be discussed in the context of current research in 
paleoecology, showing the advantages and the limits of this approach for studies on the multiannual dynamics of marine 
microbes. 
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Climate change has been reported to be a factor influencing outbreaks of red tides, but evidence is rare due to lack of time 
series of red tide occurrences. We used a time series 32 year data set of red tides in Hong Kong to examine the relationship 
between climate indices and red tides. The analysis for 1983-2014 time series shows that correlation between red tides and 
NPGO (North Pacific Gyre Oscillation) is significant at p<0.01. Correlation of red tides with MEI, the El Niño index, is not 
significant, but becomes significant by 7-10 months lag. The significant correlation of red tides with PDO is only significant 
after 7 months lag. Starting in 2001, due to sewage effluent control, water quality has been significantly improved in most 
Hong Kong marine waters.  Consequently, the number of total red tides has been reduced from 512 during 1983-2001 to 
255 during 2002-2014.  The correlation analyses for 2002-2014 show that most significant correlations for 1983-2001 
disappears for 2002-2014 with only a few exceptions. This demonstrates that climate variability plays an important role in 
setting up the conditions for the formation of red tides, particularly under eutrophic conditions caused by anthropogenic 
input of nutrients. 
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Climate change and anthropogenic activities in the coastal zone are increasing the risk of Harmful Algae Blooms (HABs). 
{ƛƴŎŜ мфсу ƳƻǊŜ ǘƘŀƴ млл I!. ŜǾŜƴǘǎΣ ƻŦǘŜƴ ŎŀƭƭŜŘ ΨǊŜŘ ǘƛŘŜǎϥϥ ƘŀǾŜ ōŜŜƴ ǊŜǇƻǊǘŜŘ ǿƛǘƘƛƴ ǘƘŜ ƻŎŜŀƴ ŀƴŘ Ŏƻŀǎǘŀƭ ȊƻƴŜ ƻŦ 
Ecuador. Approximately 77% of these events were associated with the massive death of fish, birds, and or shrimp. Seasonal 
recurrence of HABs during the wet and warm season suggests that weather factors such as temperature and rainfall, 
together with warmer sea surface temperatures (SST) and nutrients may have a key role in the establishment of HABs. We 
analyze the variability of weather on ocean systems in the coastal Ecuador and correlate with data related to historical HABs 
reports.  We are developing the historical reconstruction (i.e. 2000-2014) of climate-ocean variables associated with HABs 
events reported by previous studies.   And combining with remotely sensed imagery (i.e., sea surface temperature and 
Chlorophyll-a at 4 km resolution) to investigate the seasonal patterns, anomalies of sea surface temperature and Chl a, as 
the first step in the surveillance of HAbs.  The historical data reveals the recurrence of Karenia Brevis, during the wet season 
(Jan-April) with concentration greater than 3100 cells per liter accompanied with episodes of dead fish and birds.  This 
ongoing study attempts to enable a collaborative partnership between interdisciplinary researchers, public health staff, and 
key local stakeholders, to promote a participative process to identify risk areas and seasons and guide interventions and 
coastal policy delineation in this largely neglected public health coastal issue. 
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Fatty acid synthesis is an essential metabolic process. Despite its significance, little is known about this process in microbial 
eukaryotes, which comprise ~90% of eukaryotic lineages. Elaborate polyketide compounds are produced by some microbial 
eukaryotes, in particular, the toxins released during harmful algal blooms. While fatty acid synthesis is a primary metabolic 
process, other polyketide compounds are secondary metabolites, involved in processes such as defence against predation. 
Selection pressures on such compounds may be different, resulting in differing evolutionary histories. Surprisingly, some 
studies of alveolates have suggested that the processes may be catalyzed by the same enzymes. Here we show the presence 
and evolutionary distinctiveness of genes encoding six key enzymes essential for fatty acid production in 13 eukaryotic 
lineages for which no previous sequence data were available (alveolates: dinoflagellates, Vitrella, Chromera; stramenopiles: 
bolidophytes, chrysophytes, pelagophytes, raphidophytes, dictyochophytes, pinguiophytes, xanthophytes; Rhizaria: 
chlorarachniophytes, haplosporida; euglenids) and 8 other lineages (apicomplexans, bacillariophytes, synurophytes, 
cryptophytes, haptophytes, chlorophyceans, prasinophytes, trebouxiophytes) including Gambierdiscus.  The genetic 
potential for secondary metabolite production was also investigated and polyketide synthase gene families were highly 
expanded in dinoflagellates and haptophytes. Expansion in these selective gene families suggests selection for 
diversification, demonstrating: a) the vast potential these organisms encompass for the production of bioactive polyketide 
compounds and b) that, the evolution of these bioactive compounds may have played an important role in the ecological 
success of these organisms. In contrast, the phylogeny of fatty acid synthase genes mirrored the evolutionary history of the 
organism and indicated selection to maintain conserved functionality.  
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During the past decades there have been several reports on the increased frequency and intensity of blooms of the nuisance 
microalga Gonyostomum semen (Raphidophyceae) in northern Europe. Evidence from our previous population genetic 
studies suggest that this is a single lineage forming a metapopulation. However, the question of whether the species has 
expanded its habitat range or if it was already present in the lakes but was too rare to be detected remains unanswered.  The 
aim of this work was thus to determine the direction and dispersal pathways of the population expansion. To this end we 
applied population genomic analyses using RAD (Restriction-site Associated DNA)- tag sequencing. This method allows 
simultaneous genotyping of many thousands of loci across the genome. For G. semen, which has a huge genome, we faced 
particular challenges, but were nevertheless able to recover over 25,000 SNPs at high coverage. This new data set revealed 
a distinct population genetic structure in northern lakes, which could not be detected with AFLP analyses. Furthermore, we 
found an isolation-by-distance relation at smaller distances (<100 km), while there was no relationship at larger distances. 
Based on various population genetic metrics we propose a path for the expansion of the northern European lineage of G. 
semen. 
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The dinoflagellate Azadinium spinosum produces azaspiracid (AZA) neurotoxin which causes azaspiracid shellfish poisoning 
in humans. The first global reporting of AZA poisonings was in 1998 from Irish shellfish and has reoccurred there frequently 
since. Then during 2011, 2012 and 2013 AZA toxicity was detected in Scotland for the first time. In response to these events, 
we conducted the first detailed Scottish survey of A. spinosum to determine distribution and seasonality. Currently all 
biotoxin-producing phytoplankton species are monitored using light microscopy, however this technique is not suitable for 
A. spinosum as cells are too small to confidently identify. We will therefore describe the furthering development and 
optimisation of qPCR for the routine analysis of A. spinosum with the aim of its future inclusion in the Scottish biotoxin-
producing phytoplankton monitoring programme. The use of molecular probes is set to revolutionise the way in which we 
approach cell monitoring but incremental development per species is required. The application of qPCR for A. spinosum is 
well documented in the literature, however we found development of this technique is still ongoing. Here, we present our 
status and pose future questions which must be answered before qPCR can be fully implemented into Scottish regulatory 
monitoring. 
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Members of the benthic dinoflagellate genus Gambierdiscus are the causative agents of ciguatera fish poisoning worldwide. 
Incidence and range of ciguatera appears to be increasing, similar to many other HAB phenomena, with new outbreaks being 
reported from unprecedented regions. To investigate Gambierdicus population dynamics, connectivity and dispersal routes 
we developed eight microsatellite markers for Gambierdiscus caribaeus, a common species at our study site in St. Thomas, 
USVI, and the Florida Keys. We used high-throughput partial genome sequencing along with an existing transcriptome for 
microsatellite discovery. Screening of contigs with less than three times coverage resulted in 558 (partial genome) and 33 
(transcriptome) candidate microsatellites. Four primer pairs from the partial genome and four from the transcriptome 
successfully amplified polymorphic microsatellites in multiplexed PCR reactions. We utilized the newly developed markers 
in a temporal population genetic analysis to study seasonal differences in the genetic structure of Gambierdiscus caribaeus 
using strains from four locations at St. Thomas, USVI, collected monthly over three years. Preliminary data show a decrease 
in genetic diversity during summer in comparison to the rest of the year, as environmental conditions during these months 
might select for a few adapted genotypes. Further analyses aim to detect genetic differentiation of this species over time 
and identify causal environmental parameters. The microsatellites will also facilitate spatial population genetic analyses in 
the Greater Caribbean Region and provide insights into the range expansion and dispersal routes of this important species 
complex. 
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Investigating co-occurring blooms of A. pacificum and A. fundyense using sxtA-based and species 
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aŜƳōŜǊǎ ƻŦ ǘƘŜ ά!ƭŜȄŀƴŘǊƛǳƳ ǘŀƳŀǊŜƴǎŜέ species complex are responsible for annual blooms in estuaries and coastal 
waters of the east coast of Tasmania and New South Wales, Australia. In recent years, some of these blooms have been of 
large scale and duration, and caused considerable losses to aquaculture industries due to the production of paralytic shellfish 
toxins (PST). Understanding the species distribution and detecting PST toxins rapidly are crucial to mitigate the public health 
and financial risks associated with Alexandrium blooms. For this purpose, Quantitative Polymerase Chain Reaction  (qPCR) 
assays specific to a saxitoxin synthesis gene (sxtA) and species within Alexandrium tamarense species complex have been 
used. We compared several assays specific to A.fundyense, A. pacificum, and A.australiense for their efficiency, specificity 
and performance. Using these assays as well as next generation amplicon sequencing methods allowed us to detect a mixed 
bloom of A. pacificum and A. fundyense in Tasmania in 2015, something we previously were unaware of from microscopy. 
We have also determined the copy number variability of sxtA, and used this information to further evaluate the performance 
of the commercial sxtA-ōŀǎŜŘ ŀǎǎŀȅ tƘȅǘƻȄƛƎŜƴŜϰ 5ƛƴƻ5¢ŜŎ ƛƴ ǘƘŜ ŦŀŎŜ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ǾŀǊƛŀōƛƭƛǘȅΦ 
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Environmental DNA analysis is a powerful means for assessing biodiversity, allowing the quasi-exhaustive detection of 
multiple species in a relatively rapid, accurate and simultaneous way. Here we tested the feasibility and effectiveness of 
High throughput sequencing (HTS)-DNA metabarcoding to assess Harmful Microalgae distribution across temporal and 
spatial scales. To this aim we first built up a custom Harmful Microalgae 18S reference database (18S-HMa db) including 
manually checked sequences available for 95 of the 113 known HMa species and for their non-toxic congeners. Then an 18S-
V4 HMa sub-database was generated, which consisted of 642 reference sequences among which, V4 haplotypes shared 
among different species were labelled. The V4-18S HMa db was then used to analyse:  i) The Ocean Sampling Day (OSD) 18S-
V4 dataset, collected on 21 June 2014 at 157 world-wide distributed coastal sites. In this dataset we detected 49 different 
HMa species across 147 OSD samples, and identified the most frequent HMa species along with the hot-spot sites for HMa 
diversity. ii) The long term MareChiara station (LTER-MC, Gulf of Naples, Mediterranean Sea) 18S-V4 dataset, obtained from 
48 samples collected over three years (2011-2013). In this dataset 26 HMa species were detected, three of which never 
recorded before in the area. For the most abundant species, seasonal patterns matched those recorded using light 
microscopy. These results suggest that, despite some limitations, HTS-DNA metabarcoding is an appropriate tool to be 
applied to the detection of harmful microalgae in monitoring programs and for the assessment of their geographic ranges. 
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Marine microbial interactions involving eukaryotes and their parasites play an important role in shaping phytoplankton 
communities. These interactions may alter densities of the main host, which in turn have consequences for the concurrent 
species. The effect that generalist parasitoids exert on a community is strongly dependent on the degree of host specificity. 
Parvilucifera sinerae is a generalist parasitoid able to infect a wide range of dinoflagellates, including toxic-bloom-forming 
species. A density-dependent chemical cue is the trigger for the activation of the infective stage, but the seek strategy of its 
host is completely different. In the infective stage, P. sinerae is able to sense potential hosts, but does not actively select 
among them. Instead, the parasitoids contact the host at random and once encountered, the chance to penetrate inside 
and develop the infection strongly depends on the degree of host susceptibility. As such, their strategy for persistence is 
more of a game of Russian roulette, where the chance of survival is dependent on the host susceptibility. Our study identifies 
P. sinerae as a potential key player in community ecology, where in mixed dinoflagellate communities consisting of hosts 
that are highly susceptible to infection, parasitoid preferences may mediate coexistence between host species, reducing the 
dominance of the superior competitor. Alternatively, it may increase competition, leading to species exclusion. If, however, 
highly susceptible hosts are absent, the parasitoid population could suffer a dilution effect maintaining a lower parasitoid 
density. Therefore, both host community structure and host susceptibility will determine infectivity in the field. 
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The genus Parvilucifera (Perkinsozoa, Alveolata) comprises parasitoid species that infect dinoflagellates. However, they are 
scarcely reported and little is known about their diversity, distribution, habitat and host range. Such aspects have been 
explored in this study either at the regional scale of Spain and at global scale. At regional scale, we commonly reported them 
during harmful algal bloom events, infecting toxic or bloom-forming dinoflagellates like Alexandrium minutum, Dinophysis 
sacculus, Barrufeta bravensis, Prorocentrum micans or Durinskia baltica. These parasitoids seem to be well-adapted to the 
ecology of their blooming hosts given that the high reproduction rate of Parvilucifera and their density-dependent 
transmission allow a rapid increase of the parasitoid population during the outbreaks of its hosts. Several species of 
Parvilucifera were recurrently detected, sometimes coexisting at the same location, and clearly some of them represent 
new diversity yet to be described. At global scale, most of the diversity of Perkinsozoa in marine waters worldwide is only 
represented by unidentified environmental sequences. During recent years, extensive studies have been conducted to 
explore the diversity of marine protists using high-throughput sequencing techniques, including circumnavigation cruises 
(BioMarks, Ocean Sampling Day, Malaspina, Tara). We have used some available datasets to study the presence of the 
different species of Parvilucifera. The results obtained suggest a global distribution of Parvilucifera and its preference for 
coastal and shallow environments, in agreement with its infection strategy. 
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Algal blooms are recurrent phenomena in Guanabara Bay, a heavily eutrophicated, 400 Km2 estuarine system surrounded 
by a 10 million inhabitant metropolitan area in the Rio de Janeiro state, southeastern Brazil. In this work we investigated the 
infection of planktonic dinoflagellates by endoparasites of the genus Amoebophyra (Syndiniales) in this environment. 
Samples were collected monthly over a period of nearly four years at the water surface in two locations inside the bay. 
Dinoflagellate cell densities were quantified by inverted microscopy or with an automated imaging system (FlowCam). 
Parasite infections were visualized by both DAPI staining and whole-cell FISH (Fluorescent in situ hybridization) with an 
Amoebophrya spp.-specific rRNA probe. Dinoflagellates found blooming in the bay included Prorocentrum triestinum (up to 
5.9 x 106 cells L-1) and Levanderina fissa (up to up to 1.8 x 106 cells L-1), among others. Amoebophrya spp. prevalence 
(percentage of host cell population infected) was very low throughout the survey. Only eight out of 45 sampling occasions 
had detectable infections with prevalence normally below 1%. A maximum prevalence of 5% was detected in an unidentified 
gymnodinoid population (diameter ca. 15 µm diameter) collected off the regular monitoring program. Such low parasite 
prevalence, despite the high abundance of potential dinoflagellate hosts in Guanabara Bay, might be due to the 
destabilization of the host-ǇŀǊŀǎƛǘŜ ƛƴǘŜǊŀŎǘƛƻƴ ŎŀǳǎŜŘ ōȅ ǘƘŜ ƘƛƎƘ ŜǳǘǊƻǇƘƛŎ ǎǘŀǘǳǎ ƻŦ ǘƘŜ ōŀȅΩǎ ǿŀǘŜǊǎΦ wŜƭŜŀǎŜ ŦǊƻƳ 
parasitism is likely contributing to the success of planktonic, bloom-forming dinoflagellates in Guanabara Bay, including 
potentially harmful species. 
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Harmful algal blooms are a worldwide problem, and their occurrence is determined by interactions between phytoplankton 
species and the environment. Unfortunately, the influence of allelopathic interactions on phytoplankton physiology under 
different nutrient conditions is still poorly understood in quantitative terms. We evaluated physiological changes of 
Microcystis aeruginosa LE-3and Anabaena variabilis UTEXB337 during co-cultivation with partitioned chambers under high 
nutrient (HN), low phosphorus (LP) and low nitrogen (LN) conditions. HN condition favored higher growth, photosynthetic 
activities and pigment content of M. aeruginosa, while the reverse occurred for A. variabilis. Growth and photosynthetic 
efficiencies of both species were inhibited under co-culture conditions compared to their respective monocultures. The most 
severe allelopathic effects on either species were recorded under LP. Regardless of the nutrient condition, the presence of 
M. aeruginosa significantly inhibited the ability of A. variabilis to fix nitrogen. In addition, no nitrogen fixation by A. variabilis 
was detected when it was co-cultured with M. aeruginosa under LP. When co-cultured together, peroxidase, superoxide 
dismutase and glutathione S-transferase activities of both species were upregulated under each nutrient condition. M. 
aeruginosa grown under HN had the highest intracellular microcystins concentrations, while under LN and LP the levels were 
lower. Furthermore, the lowest intracellular microcystins concentrationwas recorded under combined co-culture and LP 
conditions. From these results, it is evident that nutrient variation determines the severity of allelopathic interactions 
between these phytoplankton species. Furthermore, the inhibition of nitrogen fixation by M. aeruginosa may have serious 
ecological consequences, contributing to phytoplankton succession in aquatic ecosystems. 
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Harmful algal blooms (HABs) have affected salmon farms ƛƴ /ƘƛƭŜ ǎƛƴŎŜ ǘƘŜ ŜŀǊƭȅ мфтлΩǎΣ ŎŀǳǎƛƴƎ ƳŀǎǎƛǾŜ ƭƻǎǎŜǎ ƻŦ ŦƛǎƘΦ ¢ƘŜ 
two largest HABs registered in the last decade occurred in 2002 and 2009, during which Alexandrium catenella blooms killed 
tons of salmon over an extended geographical area in southern Chile. At the beginning of 2016, high and persistent densities 
of harmful algae were detected in the estuarine and marine ecosystems of southern Chile. Mortality for this latter event 
reached 27 million salmon and trout (i.e. 39,000 tons). Unfortunately, a quantification of threshold concentrations of 
harmful algae that could affect the health of farmed salmon in southern Chile is still lacking. Here we quantified critical 
concentration levels, i.e. thresholds over which the behavior of farmed salmon is affected, using generalized linear (GLM) 
and mixed models (GLMM). An extensive database from southern Chile covering from 1989 to 2016 was analyzed. The 
database included salmon behavior, cell densities of microalgae and oceanographic factors. For all microalga species 
analyzed, the higher the cell density the greater the probability of detecting anomalous behavior. For Gymnodinium sp., a 
threshold density of 9200 cells/ml was calculated. For Alexandrium catenella, 150 cells/ml was estimated as a threshold 
value although it varies according to the tidal phase. A low threshold value equal to 1 cell/ml for Chatonella sp. was found 
to be associated with anomalous salmon behavior. Preliminary analyses were conducted to quantify the relationship 
between cell densities surpassing threshold values and salmon mortality.  Funded by: INCAR-FONDAP 15110027, INTESAL. 
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Ichthyotoxic blooms of the marine raphidophyte Heterosigma akashiwo, (Y. Hada) Y. Hada ex Y. Hara et M. Chihara, have 
been observed in mariculture facilities around the world. Primarily occurring in temperate coastal waters, these blooms 
have resulted in a variety of cultured fish mortalities including yellowtail, red sea bream, chinook salmon, Atlantic salmon, 
rainbow trout, and sea bass. Dense concentrations of this alga, however, do not necessarily involve toxicity to finfish, as 
extensive non-toxic blooms of H. akashiwo have been observed.  We provide a meta-analysis of environmental factors that 
correlate with the growth of H. akashiwo and the reported toxicities of the bloom using data provided by members of the 
North Pacific Marine Science Organization (PICES) Section on Harmful Algal Blooms. An extensive comparison of H. akashiwo 
events in Japan and Canada indicate a strong positive relationship between lower temperature or salinity and the level of 
toxicity - relationships that do not affect the growth rate or biomass of the blooms.  The combination of salinity and 
temperature correlates strongly with both regional environmental differences (eastern vs. western Pacific) and within 
regional (embayment vs. open water exposure) water signatures. The meta-analysis data will be compared and contrasted 
with published laboratory results on the effects of these and other abiotic factors on the growth and toxicity of H. akashiwo 
strains. 
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Eutrophication is the main general process that promotes noxious cyanobacterial blooms. Climate change predictions for 
warm climates pointed out a complex situation with higher temperatures, lower river flow, and increasing number of 
extreme meteorological events which can enhance cyanobacterial blooms. Besides, there is still limited information about 
cyanobacteria distribution in subtropical climates, particularly for lotic ecosystems. We constructed a matrix with 3665 
observations from 1980 to 2014 for more than 60 freshwater ecosystems from Uruguay (30°- 35°S and 53°- 58°W), in a 
consortium effort of different national institutions. We sought to achieve three objectives; to determine the relationship 
between cyanobacteria biovolume and chlorophyll a; to analyze the differences between lentic and lotic ecosystems in 
phytoplankton chlorophyll a concentration in response to total phosphorus, total nitrogen and temperature; and for each 
type of ecosystems select the best(s) model(s) using a Bayesian model selection approach. Cyanobacterial blooms were 
widely distributed along lentic and lotic ecosystems. Cyanobacterial biovolume had a strong relationship with chlorophyll a 
(lentic; r2 > 0.66, p-valor < 0.002 x10-3, lotic; r2 > 0.42, p-valor < 0.002). Temperature was a major variable to predict 
chlorophyll a in both types of ecosystems. Remarkably the classic predictive models for temperate regions based on total 
nutrients, were not selected for either of the two ecosystem types. Our results reveal the importance of temperature for 
prediction, in warm climates in general and for lotic systems in particularly, and we contribute with information about 
cyanobacterial blooms and eutrophication that can be valuable for water management. 
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Harmful and/or toxic phytoplankton blooms impact for a long time marine ecosystems worldwide. These massive 
developments have an adverse effect on ecosystems and their exploitation. The lagoons of the region Languedoc-Roussillon 
are affected for decades. In addition to recurring health risks from Dinophysis (DSP toxins) and Alexandrium (PSP toxins), 
Vulcanodinium rugosum was identified in 2011 in the Ingril lagoon. This new species product pinnatoxins (neurotoxins). 
Through this work, the biology of this new species (growth condition, toxin production), its shellfish contamination capacity 
and geographic distribution in neighboring lagoons were studied on cultures in the laboratory and via environmental 
monitoring.The results of this study have demonstrated its thermophilic and euryhaline features (optimum salinity and 
temperature of 25°C and 40 respectively) and its growth ranges between 20 and 30°C. Its ability to grow on an organic 
nitrogen source (urea) has been showed in vitro. Its expansion in other lagoons of Languedoc-Roussillon, was confirmed by 
the contamination of the mussels by the pinnatoxin G. The survival of this organism in the digestive tract of mussels and 
oysters proves that the transfer of shellfish is potentially a source of contamination of new ecosystems not yet affected by 
this toxic species.This study highlights the growth of an emerging thermophilic species that might with others and thanks to 
climate change provide important health and economic problems in vulnerable lagoon ecosystems of the Mediterranean. 
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We investigated the effects of aeration versus turbulence on the growth and toxicity of P. parvum (Pp)cells.Batch 
monocultures of P-limited Pp were grown with no, low (20) and high (100) ml min-1 aeration. The highest specific growth 
rates of Pp were found at low aeration rates. Cell toxicity increased significantly with aeration rates and the highest levels 
were found in the high aeration condition. To clarify if aeration or turbulence was the cause of increase in toxicity, batch 
monocultures of P-limited Pp were grown without and under aeration and/or turbulence. The highest specific growth rates, 
biomass intra- and extra-cellular toxicities were found at aeration condition.  P. parvum cell-free filtrates were not 
haemolytic but, caused Rhodomonas salina cells lysis. Storage of filtrates at -20 ºC reduced this lytic activity significantly 
suggesting that extra-cellular toxins are less thermally stable. As P. parvum toxicity was higher in the aeration treatment 
than those at the turbulence treatment we suggest that the higher concentrations of oxygen cause more toxins to be 
produced, as these are oxygen rich compounds. We suggest that oxygenation of surface waters caused by mixing promote 
highly toxic P. parvum blooms in shallow lakes and coastal waters. 
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Evidence is increasing for a mutualistic relationship between bloom forming algae and some marine bacteria. However, how 
such algae-bacteria interactions might contribute to harmful algal blooms has not been thoroughly investigated. In the 
phycosphere, the nutrient rich zone around phytoplankton where microbial activity is altered, bacterial-algal interactions 
are likely to be influenced by available nutrients. We hypothesize that bacteria may affect algal growth and bloom dynamics 
by their possible control of iron a trace element known to growth limiting to phytoplankton. Iron is an essential nutrient for 
all living organisms but is extremely insoluble in the oceanic environment. While bacteria have evolved to produce 
siderophores (iron chelating agents) for their iron uptake, how phytoplankton effectively acquire this metal from the low 
concentration iron environment is still ambiguous. As some bacterial siderophores are degraded photo-chemically to release 
soluble forms of Fe(II) and Fe(III) to environment, we think that these soluble iron derived from bacteria could be in theory 
utilized by the pairing phytoplankton. Our previous study of a dinoflagellate Lingulodinium polyedrum bloom at Scripps Pier 
in 2011 showed a strong case for the involvement of photoactive siderophores in potentially affecting iron bioavailability to 
phytoplankton. Here we are presenting observations from the binary-culture, L. polyedrum and Marinobacter algicola 
DG893, a well studied vibrioferrin siderophore producing bacteria, under various controlled iron environments. Such data 
may aid us in gauging the importance of mutualism between siderophore producers and pairing phytoplankton through iron 
generation which may affect bloom dynamics. 
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The unusual non-ǇǊƻǘŜƛƴ ŀƳƛƴƻ ŀŎƛŘΣ ʲ-N-methylamino-L-alanine (BMAA), has been linked to the fatal neurodegenerative 
diseases, i.e. Amyotrophic Lateral Sclerosis, Parkinson and Alzheimer disease. Knowledge on BMAA bioaccumulation in 
aquatic and terrestrial ecosystems, ecotoxicology and neurotoxicity has been achieved during the last decades. Nevertheless 
studies on the physiological role of BMAA in the producing species or the ecological factors that induce or reduce its 
production are still lacking. This is of great importance, especially because BMAA has recently shown to be produced not 
only by cyanobacteria (as it was previously thought) but also by diatoms and dinoflagellates. Therefore in the present study, 
two natural BMAA producers, the diatoms Phaeodactylum tricornutum and Thalassiosira weissflogii were exogenously 
expose to BMAA. At first the diatoms physiological response mirrors their response to nitrogen starvation. However shortly 
after excretion and consequently the sudden presence of extracellular ammonia leads to their total recover, i.e. physiological 
state of cultures supplemented with BMAA is equivalent to control cultures.  Hence, BMAA is suggested to be involved in 
cellular nitrogen balance of the diatoms and perhaps contributes to their fast response to environmental nitrogen 
fluctuations. 
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Previous research showed that the bacterial algicide IRI-160AA kills dinoflagellates while having little impact on the growth 
of other phytoplankton in laboratory culture experiments.  Here, we provide an overview of our investigation on 
physiological and cellular impacts of IRI-160AA on harmful dinoflagellates in unialgal culture, as well as on microbial 
community structure after application of the algicide to water collected during blooms. Algicidal effects were greatest during 
active growth stages of dinoflagellates compared to stationary phase, so that its application to control dinoflagellate blooms 
will likely be most effective in the early stages of a bloom. Results indicated that exposure to IRI-160AA caused autocatalytic 
(non-necrotic) cell death in dinoflagellates, with increases in caspase-like activity and increased production of extracellular 
and intracellular reactive oxygen species. Changes in cellular morphology and ultrastructure point to the nucleus as the 
primary organelle targeted by the algicide, with a loss of chromosomal structure in all species examined. Cell cycle analysis 
also indicates a loss of DNA and inhibition of cell cycle progression from S-phase to G2. Downstream effects on the 
chloroplast were also observed, resulting in a decrease in photochemical function, but these effects varied depending on 
species. Natural community microcosm experiments during blooms of these species revealed a restructuring of the 
community in response to the algicide, with a decrease in dinoflagellate abundance and increases in the abundance of 
heterotrophic protists and diatoms. Results of this research show promise for application of IRI-160AA for the control of 
dinoflagellate HABs in the natural environment. 
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OS23 - Toxicology/Toxin 

Chair: Bernd Krock 

OS2301 

Molecular diversity and yessotoxin variation among isolates of the dinoflagellate Lingulodinium 
polyedrum from a western Swedish fjord (Skagerrak) 
  
Allan Douglas Cembella1, Alejandra Mera2, Carolin Peter1, Nina Heinzmann2, Greta Giljan2, Elena Ines Fabro3, Uwe John4, 
Bernd Krock4 
  
1Alfred Wegener Institute for Polar and Marine Research, Germany 
2Max-Planck-Institut für Marine Mikrobiologie, Germany 
3Universidad Nacional de la Plata, Argentina 
4Alfred-Wegener-Institute, Germany 
  
e-mail: Allan.Cembella@awi.de 
  
Lingulodinium polyedrum is a toxigenic dinoflagellate capable of forming massive harmful blooms, particularly in temperate 
coastal waters, although it also occurs globally in sub-tropical regions and the open ocean. Multiple clonal isolates were 
established in culture from net tow samples collected on an oceanographic expedition along a longitudinal transect in a 
Swedish fjord on the Skagerrak coast. Phylogenetic analysis by Sanger sequencing the D1/D2 hypervariable domain of the 
28S rDNA and ITS region revealed tight clustering of the isolates consistent with the morphospecies L. polyedrum and a close 
expected relationship to other gonyaulacoid dinoflagellates, including Protoceratium reticulatum, a related producer of 
yessotoxins (YTXs). Analysis of lipophilic toxins by tandem mass spectrometry coupled to liquid chromatography (LC-MS/MS) 
detected YTXs in 20 of 21 isolates, with an unusually diverse toxin spectrum comprising the parent compound yessotoxin 
(YTX) and numerous analogs, including trinor-, homo-, hydroxyl- and keto-YTX and several putative but incompletely 
characterized YTXs. Among isolates, total cell yield ranged from 0 to 0.76 pg YTXs/cell - low compared to values reported for 
other YTX-producing species. The highly diverse toxin profile among the isolates was not consistent with the limited variation 
of the apparently more conservative molecular marker. There was no obvious genetic differentiation, based upon the rDNA 
analysis, of geographical populations along the fjord transect nor any clustering of YTX phenotypes according to stations of 
origin. Toxin phenotype may not be a reliable characteristic for discriminating biogeographical populations of this species, 
although the profile is stable in culture and apparently genetically fixed.  
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Temporal variability of the toxin profile of Ostreopsis cf. ovata along a natural bloom in the NW 
Mediterranean 
  
Elisa Berdalet1, Magda Vila1, Élida Alechaga2, Encarnación Moyano2, Marta Estrada3, Jaume Farràs2, Laia Viure1, Soraya 
Hernández-Llamas1, Rafael Abós-Herràndiz4 
  
1Institut de Ciències del Mar (ICM-CSIC), Spain 
2University of Barcelona, Spain 
3Consejo Superior Investigaciones Científicas, Spain 
4Institut Català de la Salut (Dept. de Salut, Generalitat de Catalunya), Spain 
  
e-mail: berdalet@icm.csic.es 
  
Outbreaks of the toxic benthic dinoflagellate Ostreopsis cf. ovata are recurrent in the summer-fall season in Sant Andreu de 
Llavaneres beach (40 km North of Barcelona), NW Mediterranean. These blooms have been related to massive macrofauna 
mortalities and respiratory symptoms and general malaise in people exposed to marine aerosols. We characterized the 
toxinology profile of the epiphytic O. cf. ovata population blooming in the summer of 2015 using ultra-high performance 
reversed phase liquid chromatography coupled to electrospray-high resolution mass spectrometry (UHPLC-HRMS) 
optimized protocols. Overall, total toxin cellular content was below 30 pg·cell-1 along the bloom, although it exceptionally 
peaked at the transition from the exponential to the stationary phase (up to 300 - 700 pg·cell-1). On average, ovatoxin a 
(OVTX-a) accounted for the 75% of the total toxin content, followed by OVTX-b (22%) while OVTXs c to g and isobaric 
palytoxin (PLTX) were minor components. PLTX, up to 2.5 pg·cell-1 (corresponding to < 0.5% of the total content), was only 
present coinciding with maximum O. cf. ovata cell abundances (ca. 7-10·105 cells·g-1 of macroalgae fresh weight). These 
results are contributing to shed light on the direct implication of these biotoxins in the observed symptoms in humans and 
the ecosystem, and to ascertain the potential risk of seafood intoxication in the area. 

OS2303 

Modeling Gambierdiscus growth in the Caribbean and Gulf of Mexico and potential for assessing 
the risk of ciguatera fish poisoning 
  
Steven R Kibler1, Donnie Ransom Hardison1, William Chris Holland1, Mark W. Vandersea1, Patricia A. Tester1, Richard 
Wayne Litaker1 
  
1National Oceanic and Atmospheric Administration, United States 
  
e-mail: steve.kibler@noaa.gov 
  
Benthic dinoflagellates in the genus Gambierdiscus produce potent neurotoxins known as ciguatoxins. These large lipophyllic 
polyether toxins bioaccumulate in the food chain, reaching their highest concentrations in fish. Consumption of fish 
containing sufficient ciguatoxin causes ciguatera fish poisoning (CFP), the largest cause of non-bacterial seafood poisoning 
associated with eating fish. Because measuring ciguatoxins is expensive and analytically complex, assessing CFP risk through 
a direct monitoring program is challenging. An alternative approach is to develop an ecologically based risk assessment 
model. Laboratory studies demonstrated that Gambierdiscus growth is strongly dependent on water temperature, and 
much less so on light or salinity. Field studies further indicate that nutrient limitation is not likely a controlling factor in the 
benthic habitats occupied by Gambierdiscus. This talk presents the results from the first phase of the ecological risk 
assessment model development which predicts monthly growth rates for five Gambierdiscus species throughout the 
Caribbean and Gulf of Mexico from 2003 to 2013. It is hypothesized that the highest predicted growth rates will correspond 
with regions where CFP is most commonly reported. The modeling results showed little interannual variation in growth 
during the study period, but that predicted growth rates were highest in the central and eastern Caribbean where reported 
CFP cases are highest. Differences in local and seasonal growth predicted by the model will be discussed. 
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Experimental evidence of ciguatoxin bioaccumulation in an herbivorous coral reef fish after long-
term exposure to Gambierdiscus polynesiensis 
  
Rachel Clausing1, Barbara Losen1, Francois Oberhaensli1, Mireille Chinain2, Marie-Yasmine Dechraoui Bottein1 
  
1International Atomic Energy Agency, Monaco 
2Institut Louis Malardé, French Polynesia 
  
e-mail: r.clausing@iaea.org 
  
Ciguatoxins (CTXs) in upper trophic level organisms of coral reef ecosystems are assumed to originate from herbivory of the 
benthic dinoflagellate, Gambierdiscus, and subsequent transfer up the food chain; yet, bioaccumulation of CTXs through 
consumption of Gambierdiscus cells has never been demonstrated experimentally. Juvenile individuals of Naso sp., a genus 
of herbivorous coral reef fish distributed throughout the Indo-Pacific, were fed a gel-food diet enriched with a highly toxic 
strain of Gambierdiscus polynesiensis (12.6 pg P-CTX-3C equiv. cell-1) five days per week for 2, 4, 8 and 16 weeks (N=5; 80 
cells or 1 ng P-CTX-3C equiv. g-1 fish). Control fish (N=5) were fed gel-food without algal cells. Behavioral observation 
indicated no signs of intoxication over the 16-week experiment. Toxin extraction and subsequent analysis with the receptor 
binding assay demonstrated bioaccumulation of CTXs over time in the flesh of Naso: Insignificant CTX concentrations after 
2 weeks had increased to levels above thresholds for human intoxication by 4 weeks (1.54 ng ± 0.66 SE ng P-CTX-3C equiv 
g-1 muscle) and reached 3.18 ng ± 0.27 SE after 8 weeks. These toxin concentrations, the rate of accumulation (~1 month 
lag-time from initial consumption), and the absence of signs of intoxication are consistent with findings on herbivorous fish 
in the wild and confirm the ecological relevance of this study. This work is the first experimental demonstration of ciguatoxin 
bioaccumulation in an herbivorous fish via consumption of Gambierdiscus and provides a good laboratory model for CTX 
toxicokinetic and trophic transfer studies. 

OS24 - HABs in a Changing World 

Chair: Esther Garcés 

OS2401 

Climatic anomalies and harmful flagellates blooms in Southern Chile 
  
Alejandro Clement1, Leandro Lincoqueo1, Marcela Saldivia1, Carmen Gloria Brito1, Francisca Muñoz1, Cesar Fernandez1, 
Felipe Perez1, Carmen Paz Maluje1, Nicole Correa Serra Martins Silva1, Victor Moncada1, Gustavo Contreras1 
  
1Plancton Andino Spa, Chile 
  
e-mail: alexcle@plancton.cl 
  
The exceptional summer-Ŧŀƭƭ ŎƭƛƳŀǘƛŎ ŀƴƻƳŀƭƛŜǎ ŀƴŘκƻǊ άEl Niñoέ ǎƛƎƴŀƭǎ ƻŦ нлмс ƛƴ southern Chile favor several HABs in 
fjords and oceanic coastal waters with enormous social and economic impacts. These blooms have been the most damaging 
in South America with losses greater than US$ 500 M. The principal species were Pseudochattonella cf. verruculosa, 
and Alexandrium catenella, among others flagellates. The objective of this study is to analyze the P. cf. verruculosa summer 
blooms in the Inland Sea of Southern Chile. It was surveys during the bloom the biological, optical and physical variables, 
such as; phytoplankton abundance and composition, active fluorescence (Fo, Fm, Fv), CTD-O data, in situ chlor a, 
Bb(460&660nm), for more than 25 days during February and March. It was observed large patches of P. cf. verruculosa, with 
record abundance (>5000 cells/mL) and high chlor a (> 38,4 mg/m3) and photosynthetic rates, respectively. The essential 
features of P. cf. verruculosa bloom was a remarkable thin layer formation and an extremely high toxicity situation, with 
extensive damage on salmon farms with more than 40000 ton salmon killed in few days.  Profiles, during the bloom, showed 
a sub-surface maximum above the pycnocline based on in situ chlor aΣ .ō ό˂ύΣ Cƻ όҔ млύ ŀƴŘ CƳ όҔ нлύ 
and P. cf. verruculosa cells distribution.  The thin layer maximum was coherent with the highest temporal peak of the bloom. 
The climatic anomalies and vertical dynamics of thin layer are key issues in the formation and decay of P. cf. verruculosa 
bloom.     
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OS2402 

The Alexandrium catenella and PSP outbreak in the Chilean coast, the first in the open coast of 
the South East Pacific Ocean 
  
Leonardo Guzmán1, Oscar Espinoza-González1, Elias Pinilla1, Rodrigo Martínez1, Pamela Carbonell1, María José Calderón1, 
Loreto López1, Cristina Hernández2 
  
1Instituto de Fomento Pesquero, Chile 
2Secretaria Regional Ministerial de Salud, Chile 
  
e-mail: leonardo.guzman@ifop.cl 
  
Since 1972, Alexandrium catenella and Paralytic Shellfish Poison (PSP) for the Chilean fjords are known. This species in about 
three decades colonized the fjords from south to north (55° to 41°S), blooming at the northern end of the fjords, in 2002, 
2006 and 2009, and restricted to south and southeast of the Chiloé Island waters. The last 2016 A. catenella autumn event 
occurred also in a different geographical area, spreading for the first time to the Pacific Ocean coastal zone and extending 
its distribution from the southernmost of Chiloé Island (43°S) to Mehuin (39°S). The event lasted about 6 weeks, densities 
grew up to 5,000 cells ml-1 and PSP reached 15,000 ug STX eq. 100 g-1. Evidences linking this bloom and the 2015-16 El Niño, 
are presented. These include a southward displacement and prolonged maintenance of the Pacific anticyclone determining 
a declination of bad weather fronts, high radiation, rainfall absence and high temperatures. In addition, an increase of 
southerly winds favored coastal upwelling events raising nutrient-rich and poor in oxygen waters. These conditions triggered 
an intense and extended phytoplankton bloom between 37°S and 47°S at the end of March and mid-April 2016. Afterwards, 
during the upwelling relaxation, the A. catenella bloom in the final phase of the phytoplankton succession occurred, in 
waters with an increased stability, calm period, high radiation, and relative high temperatures in shallow waters. The 
inoculum would have come from the southeast of Chiloé Island and its entry into the Pacific Ocean, would resulted from 
oceanographic forces 

OS2403 

Unprecedented Alexandrium blooms in a previously low biotoxin risk area of Tasmania, Australia 
  
Gustaaf Marinus Hallegraeff1, Chris Bolch2, Juan José Dorantes-Aranda1, Shauna A Murray3, Alison Turnbull4, Sarah C. 
Ugalde2, Katrina Wilson5 
  
1University of Tasmania, Australia 
2Institute for Marine and Antarctic Studies, Australia 
3Sydney Institute of Marine Science, Australia 
4South Australian Research Development Institute, Australia 
5Tasmanian Shellfish Quality Assurance Program, Australia 
  
e-mail: Hallegraeff@utas.edu.au 
  
During Oct 2012 a shipment of blue mussels (Mytilus galloprovincialis) from the poorly monitored east coast of Tasmania, 
Australia, was tested by Japanese import authorities and found to be contaminated with unacceptable levels of Paralytic 
Shellfish Toxins (10 mg/kg). Subsequently local oysters, scallops, clams, the viscera of abalone and rock lobsters were also 
found to be contaminated. This led to a global product recall and loss to the local economy of AUD 23M. Following low 
toxicity during 2013 and 2014 and minimal shellfish farm closures implemented, a more severe bloom event occurred during 
July-Nov 2015 (up to 300,000 Alexandrium cells/L; 15 mg/kg PST in mussels, 6 mg/kg in Crassostrea gigas oysters), also 
causing 4 human hospitalisations after consumption of wild shellfish. While Alexandrium tamarense had been previously 
detected in low concentrations in south-eastern Australia, cultured strains mostly belonged to the mostly non-toxic group 
5 (now australiense; detectedsince 1987) and toxic group 4 (pacificum; since 1997). Instead, the 2012 and 2015 outbreaks 
were dominated by group 1 (fundyense) never seen in bloom proportions previously in the Australian region. Preliminary 
microsatellite evidence suggests that the latter may have been a previously cryptic genotype in the Tasmanian area, but 
newly stimulated by increased water column stratification driven by climate-driven range extension of the East Australian 
Current. Increased seafood and plankton monitoring of the area now include the implementation of Alexandrium qPCR, 
routine immunological and HPLC PST tests, but ultimately may also drive change to the local seafood industry.   
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Interactive effects of ocean acidification and nutrient limitation on two dinoflagellate species 
  
Dedmer Bareld Van de Waal1, Tim Eberlein2, Uwe John2, Bjoern Rost2 
  
1Netherlands Institute of Ecology, Netherlands 
2Alfred-Wegener-Institute, Germany 
  
e-mail: d.vandewaal@nioo.knaw.nl 
  
Global change comprises a shift in the availabilities of multiple resources, which together affect the dynamics and toxicity 
of future harmful algal blooms. We therefore investigated the impact of ocean acidification under nutrient replete and 
nitrogen (N) limiting conditions on two cosmopolitan bloom-forming dinoflagellate species, Scrippsiella trochoidea and the 
paralytic shellfish poisoning (PSP) toxin producing Alexandrium fundyense. The expected benefit from ocean acidification on 
growth, elemental composition, and toxin production was relatively small under nutrient replete conditions, as underlying 
processes allowed to saturate carbon fixation over a wide range of relevant CO2 concentrations. N limitation, on the other 
hand, led to strong alterations in elemental quota and an anticipated reduction of PSP toxin content. These adverse effects 
were counteracted under simultaneous exposure to ocean acidification. As a result, N assimilation was enhanced and 
facilitated the synthesis of PSP toxins. Ocean acidification may thus alleviate the negative effects from N limitation, with 
potential consequences the composition and toxicity of harmful algal blooms. 

OS2405 

Ocean warming since 1982 has expanded the niche of harmful algal blooms in multiple ocean 
ecosystems 
  
Christopher J Gobler1, Theresa Hattenrath-Lehmann1, Yoonja Kang1, Andrew Griffith1, Owen M Doherty2 
  
1Stony Brook University, United States 
2Eagle Rock Analytics, United States 
  
e-mail: christopher.gobler@stonybrook.edu 
  
Ocean temperatures affect the abundance and distribution of ocean life including harmful algal blooms (HABs).  Coastal 
ocean temperatures have increased up to 3°C in some regions in recent decades, yet the impacts of such changes on HABs 
are unclear.  Here, daily, quarter-degree resolution, satellite-derived sea surface temperature data was used to represent 
surface ocean temperatures from 1982 through 2015.  Growth rate - temperature relationships of multiple HABs were 
derived from experimentally measured growth rates and, through bootstrapping, 10,000 sets of growth rate - temperature 
relationships were produced per HAB and fit with polynomials that were used with temperature records to assess long-term 
trends in mean annual growth rates and duration of bloom seasons.  Analyses indicated that growth rates and bloom seasons 
of multiple HABs have increased significantly since 1982.  For example, in some regions of the northeast US, the mean annual 
growth rate of the ichthyotoxic dinoflagellate, Cochlodinium polykrikoides, has increased significantly and its bloom season 
has increased by more than a month.  This region had not experienced regular Cochlodinium blooms in the twentieth 
century, but now experiences annual blooms, suggesting higher temperatures may contribute to bloom 
occurrence.  Dinophysis acuminata is well-known for causing diarrheic shellfish poisoning (DSP) and has recently been 
responsible for new DSP events on the east and west coasts of North America.  Analyses suggest rising temperatures in these 
regions have led to significant increases in growth rates and bloom season for this dinoflagellate.  This talk will highlight 
these and other temperature-dependent growth trends for HABs.   
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An unprecedented coastwide toxic algal bloom linked to anomalous ocean conditions 
  
Vera L. Trainer1, Ryan M. McCabe2, Barbara M. Hickey3, Raphael M. Kudela4, Kathi A Lefebvre1, Nicolaus G Adams1, Brian D. 
Bill1, Frances M.D. Gulland5, Richard E. Thomson6, William P. Cochlan7 
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6Deparment of Fisheries and Oceans, Canada 
7San Francisco State University, United States 
  
e-mail: vera.l.trainer@noaa.gov 
  
A coastwide toxic bloom of the Pseudo-nitzschia in 2015 resulted in the largest recorded outbreak of the neurotoxin, domoic 
acid, along the North American west coast. Lengthy closures of razor clam, rock crab, and Dungeness crab fisheries resulted 
in economic and social damage to coastal communities.  Domoic acid was measured in numerous stranded marine 
mammals, including dophins, porpoises, harbor seals, whales, fur seals and a record number of sea lions. We demonstrate 
that this outbreak was initiated by anomalously warm ocean conditions accompanied by the appearance of Pseudo-nitzschia 
australis north of its typical range in the nutrient-poor water spanning the northeast Pacific in early 2015. A series of spring 
storms delivered the cells to the coast where upwelling provided the nutrients necessary for a large-scale bloom. Laboratory 
and field experiments with P. australis isolated from the 2015 bloom confirmed maximum growth rates at elevated 
temperatures and enhanced toxin production with nutrient enrichment.  These data, together with a retrospective analysis 
of toxic events, demonstrate the potential for similarly devastating ecological and economic disruptions in the future. 

OS25 - Cyanobacteria 

Chair: Sandra M.F.O. Azevedo 

OS2501 

Buy cyanotoxins in the supermarket - The possible transfer of cyanotoxins into edible plants 
  
Stephan Pflugmacher1 
  
1Technische Universität Berlin, Germany 
  
e-mail: stephan.pflugmacher@tu-berlin.de 
  
The progressive degradation of the quality of surface freshwater resources, due to the mass proliferation of toxic 
cyanobacterial blooms, is a growing global concern. Albeit the occurrence of cyanobacterial blooms is not a new 
phenomenon, there is strong evidence, that in the past decades a complex interplay of direct and indirect anthropogenic 
influences has led to an apparent global increase in the frequency, duration and distribution of toxic cyanobacterial blooms 
in temperate freshwater lakes, with numerous associated incidences of animal and human illnesses. Due to spray irrigation 
practice the transfer of toxins into edible food plants is becomming more and more likely. Plants in general are the starting 
point of many terrestrial food webs and a central part of our world ecosystems. They are a most necessary resource for food 
of human and also animals involved as human food resources. The uptake of these organic pollutants into the plants is 
normally a function of several chemical and physical properties, such as hydrophilicity, water solubility, vapour pressure, 
which depend on the respective pollutants, and of course environmental conditions such as temperature, UV-light, soil 
properties and plant species. The uptake into plants such as spinach, wheat, salad, corn etc. is depending on the water 
application. Uptake experiments were conducted into various food plants and a life cycle experiment with wheat will show 
the transfer of a cyanotoxins from germinating seeds to plant produced seeds after ripeness. 
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Removal of harmful cyanobacterial blooms in tropical eutrophic systems through effective flock & 
sink technique 
  
Marcelo Manzi Marinho1, Natalia Pessoa Noyma1, Leonardo de Magalhães1, Marcela Aparecida Campos Neves Miranda2, 
Vera Lúcia Moraes Huszar3, Miquel Lürling4,5 
  
1Universidade do Estado do Rio de Janeiro, Brazil 
2Universidade Federal de Juiz de Fora, Brazil 
3Universidade Federal do Rio de Janeiro, Brazil 
4Wageningen University & Research Centre, Netherlands 
5Netherlands Institute of Ecology, Netherlands 
  
e-mail: manzi.uerj@gmail.com 
  
Eutrophication often results in blooms of toxic cyanobacteria that hamper the use of lakes and reservoirs. Removal of 
cyanobacteria from the water column using a combination of coagulant and ballast is a promising technique for mitigation. 
We experimentally evaluated the efficacy of coagulants [polyaluminium chloride (PAC) and chitosan (made of shrimp 
shells)], alone and combined with ballasts [lanthanum modified bentonite (LMB) or local red soil (LRS)] to remove positively 
buoyant natural populations of cyanobacteria collected from three different waterbodies: a reservoir and a brackish coastal 
lagoon with a bloom of Microcystis, and a pond with alternating blooms of Microcystis (summer) and Cylindrospermopsis 
(autumn). Microcystis bloom from the reservoir could be flocked and effectively precipitated using a combination of low 
dose (2mg/L) of PAC or chitosan with ballast (LMB or LRS). PAC was a very effective coagulant and precipitated Microcystis 
bloom from the lagoon at low doses όҖу ƳƎ !ƭκ[ύΦ Lƴ ŎƻƴǘǊŀǎǘΣ ŎƘƛǘƻǎŀƴ ǿŀǎ ƴƻǘ ŀōƭŜ ǘƻ ŦƻǊƳ ŦƭƻŎƪǎ ŀƴŘ ŘƛŘƴΩǘ ǇǊŜŎƛǇƛǘŀǘŜ 
cyanobacteria, even combined with ballast. Low dose of PAC (2mg/L), alone or combined with ballast, flocked and effectively 
precipitated blooms of Microcystis and CylinŘǊƻǎǇŜǊƳƻǇǎƛǎ ŦǊƻƳ ǘƘŜ ǇƻƴŘΦ bŜǾŜǊǘƘŜƭŜǎǎΣ /Ƙƛǘƻǎŀƴ ŘƛŘƴΩǘ ŜŦŦƛŎƛŜƴǘƭȅ ǎŜǘǘƭŜ 
down the Cylindrospermopsis bloom. The coagulant-ballast technique by itself already seems widely applicable. PAC was an 
effective coagulant in all experiments, but chitosan didnΩǘ ǇŜǊŦƻǊƳ ƛƴ ǎƻƳŜ ǎƛǘǳŀǘƛƻƴǎΦ ¸ŜǘΣ ƛƴŘƛǾƛŘǳŀƭ ƭŀƪŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ 
need to be considered to determine optimal combinations and dosages. Each lake is unique, and mitigating cyanobacteria 
nuisance probably needs tailor made solutions. 

OS2503 

Biodegradation of cyanotoxins: the other face of the coin 
  
Rehab El-Shehawy El-Shehawy1 
  
1Instituto IMDEA Agua, Spain 
  
e-mail: rehab@imdea.org 
  
Mass development of toxic cyanobacteria in freshwater systems is of major concern in a changing world. In aqueous media, 
microcystins (a group of potent cyanobacterial hepatotoxins frequently found in water bodies worldwide) are structurally 
stable and resistant against physical and chemical processes and biodegradation remains the most efficient natural process 
by which microcytins (MCs) are eliminated. The field of research into the biodegradation of MCs is expanding rapidly; 
however, there remain gaps in the research matrix caused by concentration of research efforts in limited directions, leaving 
us unable to answer important questions. Can we use biodegradation to combat HABs? To answer this question, we 
developed a serious of studies on population dynamics of biodegrading bacteria, their metabolic diversity and existing 
biodegradation pathways. These data and others from literature will be discussed. We aim to redirect the attention of the 
scientific community towards biodegradation as a potential tool we have in hand to combat one of the serious consequences 
of HABs development and that is toxin production. 
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Cylindrospermopsis raciborskii: a harmful cyanobacterium that succeeds with less resources 
  
Luis Aubriot1, Fátima Martigani1, Federica Hirsch1, Andrea Somma1, Sylvia Bonilla1 
  
1Facultad de Ciencias, Universidad de la República, Uruguay 
  
e-mail: laubriot@fcien.edu.uy 
  
The worldwide distribution, frequency and duration of cyanobacterial blooms are driven by eutrophication and climate 
change. A particular case is Cylindrospermopsis raciborskii, that succeeds under low and fluctuating dissolved nutrients and 
show negative trends of dominance on total phosphorus. This apparent antagonist response is poorly understood. We 
investigated this phenomenon in a complementary approach: study of nutrient dynamics of a lake dominated by C. 
raciborskii(Lago Javier), by incubating lake samples with several nutrient pulse patterns, and by experiments with [32P] pulses 
using C. raciborskiicultures. C. raciborskiidominated the phytoplankton in the late stratification period, in which epilimnetic 
phosphate and inorganic nitrogen dropped below detection limits. The incubation of lake samples under three phosphate 
pulse patterns: single addition (1P), one pulse every ten minutes (10P), one pulse ever day (4P) and no addition (control), 
showed that C. raciborskii, and Planktothrix agardhii did not show differences in growth rates except that C. raciborskiigrew 
under no P additions. Growth rate of C. raciborskiiincreased up to two times under 10P in comparison with 1P, 4P and control 
(p<0.05). [32P] uptake experiments showed that C. raciborskii take up phosphate down to nanomolar levels (2 nmolL-1) and 
optimize the uptake rate to pulse patterns. The maximum growth rate of the species occurs at hundred times less phosphate 
than for P. agardhii. The adaptable physiology of C. raciborskii at low phosphate levels helps to understand its emergency 

OS2505 

Two strains and two responses of Cylindrospermopsis raciborskii under concomitant acclimation 
to temperature and phosphate concentrations 
  
Elena Fukasawa Galvanese1, Luis Aubriot2, André Andrian Padial1 
  
1Universidade Federal do Paraná, Brazil 
2Facultad de Ciencias, Universidad de la República, Uruguay 
  
e-mail: elenagalvanese@gmail.com 
  
Cylindrospermopsis raciborskii is one of the most studied harmful algae. However, there is no consensus about the factors 
involved in the increase in frequency and intensity of blooms in temperate regions. The rising of global temperature is the 
main factor pointed out to favor this phenomenon; nonetheless C. raciborskii can optimize growth under low and fluctuating 
phosphate concentrations. Is there different ecotypes or just enough species'' plasticity? The concomitant acclimation to 
temperature and phosphate levels is not known and may lead to more realistic scenarios. Our objective was to test the 
performance of two strains of C. raciborskii isolated from different latitudes (Uruguay-MVCC19 and Brazil-LP1) under 
different temperatures (25°C and 32°C), acclimation state (acclimated and not) and two transitions from phosphate 
sufficiency to deficiency (7 mgPL-1 to 0.31 mgPL-1 and 1mgP-1 to 0.31 mgPL-1). Strains were cultured in BG11 medium 
without nitrogen and under constant light. According to preliminary analysis comparing growth rates (optical density 
750nm), we found differences between the strains in temperature treatment of 25°C and in both phosphate deficiency 
treatments in 32°C. Differently than expected, acclimation to the new phosphorus concentration occurred at higher 
temperature, and the previous temperature acclimation had a positive effect in this process. Moreover, the pattern of the 
MVCC19 curve was more explosive in relation to LP1. This probably reflects the different environmental conditions each 
strain was selected, reinforcing the existence of ecotypes with different ranges of physiological plasticity. 
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Top-down control of cyanobacteria is a controversial topic due to conflicting reports of success and failure as well as a bias 
towards studies in temperate climates. In the tropical lowland lakes of Brazil, calanoid copepods of the Notodiaptomus 
complex co-exist in high abundance with permanent blooms of toxic cyanobacteria, raising questions for grazer effects on 
bloom dynamics. Accordingly, the relative role of copepod grazing vs. allelopathy on the competition between Microcystis 
and another phytoplankton (Cryptomonas) was evaluated in a series of laboratory experiments. First, the growth rate of 
Microcystis (M) and Cryptomonas (C) in single (triplicates) and mixed-species batch cultures across initial C: M ratios ranging 
from 0.2 - 5.5 (n = 9) was compared across six days. In a second experiment, the relative growth of each phytoplankton 
(initial ratio = 6:1) in the presence (treatment, n=4) or absence (control, n=4) of Notodiaptomus was monitored in 1L batch 
cultures for six days. Grazing rates and selectivity on each prey type was also calculated. The growth rate of Microcystis was 
unaffected by the presence or relative abundance of Cryptomonas, and vice versa, indicating insignificant allelopathic 
effects. Compared to the no grazer controls, Notodiaptomus reduced Cryptomonas abundance and growth rate but had no 
effect on Microcystis growth, resulting in a six fold decline in the C:M ratio. Copepods grazed selectively on Cryptomonas, 
which was the likely mechanism facilitating Microcystis in this setup. These results suggest that selective grazing copepods 
may facilitate cyanobacteria blooms by grazing on their eukaryotic phytoplankton competitors.  
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Suffocating Phytoplankton, Suffocating Waters - Red Tides and Anoxia 
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The dynamics of O2 depletion within blooms of exceptional biomass, in some cases referred to as red tides or harmful algal 
blooms (HABs), was investigated. The transition to bloom decay and anoxia was examined through determination of O2-
based productivity and respiration rates. Changes in O2 concentrations in relation to bloom metabolism were tracked by fast 
response optical sensors following incubation of red tide waters in large volume light-and-dark polycarbonate carboys. 
Concurrent measurements of nutrients and nutrient uptake rates served to assess the role of nutrient stressors in 
community metabolism and bloom mortality. The estimates of community productivity and respiration are among the 
highest values recorded. Nutrient concentrations were found to be low and were unlikely to meet the demands of the bloom 
as dictated by the rates of nutrient uptake. Ratios of community respiration to gross production were particularly high 
ranging from 0.6 - 0.73 and are considered to be a function of the inherently high cellular respiration rates of dinoflagellates. 
Nighttime community respiration was shown to be capable of removing as much as 17.34 ml O2 l-1 from surface waters. 
These exceptional rates of O2 utilization are likely in some cases to exceed the rate of O2 replenishment via air-water 
exchange thereby leading overnight to conditions of anoxia. These conditions of nighttime anoxia and nutrient starvation 
are likely triggers of cell death and bloom mortality further fueling the microbial foodweb and consumption of O2.   
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Anthropogenic induced ocean acidification is altering seawater carbonate speciation with important consequences for 
marine phytoplankton physiology. Exposure of the toxigenic dinoflagellate Alexandrium catenella to variations in pCO2/pH 
(pH ranging from 7.73 to 8.66), comparable to present-day fluctuations and near future levels in Southern Chilean fjords, 
revealed species specific optimum growth rates at pH ~8.1. Furthermore, A. catenella reduced cell size and enhanced chain 
formation under low pCO2/high pH conditions, suggesting a potential functional adaptation mechanism. DistaLM analysis 
between carbonate system parameters (CO2, HCO3 and H+) and cellular rates (growth rate and DIC uptake) identified HCO3 
as the key variable driving the physiological response, suggesting the presence of a carbon concentrating mechanism (CCM). 
These results are compared to the pCO2/pH response of other phytoplankton functional groups (e.g. coccolithophores, 
diatoms). Similarities and discrepancies are discussed in the context of gaining a unified understanding of phytoplankton 
response to changing carbonate chemistry. It is suggested that coastal A. catenella Chilean strains and other coastal 
phytoplankton species are highly adapted to spatial-temporal pCO2/pH fluctuations in marine surface waters, becoming 
resilient winners from expected climate change effects. 
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The main goal of this work was to investigate the effect of cells and cell-filtrates of different taxonomic groups on the growth 
and toxicity of Gymnodinium catenatum isolates. We selected isolates from the Mexican Pacific coast: a raphidophyte 
(Chattonella marina var. marina), a dinoflagellate (Cochlodinium polykrikoides), and a bacterial community isolated from G. 
catenatum. All strains were cultivated in GSe media and maintained at 24°C, salinity 34, and light:dark cycle 12:12. Samples 
were taken daily for cell counts and microscopic observations. Both negative and positive effects were observed in G. 
catenatum. In presence of C. marina cells, growth inhibition of G. catenatum was higher and occurred in a shorter time 
when there was cell contact. Mortality of G. catenatum also occurred without direct cell contact, indicating that toxic 
metabolites are liberated to the culture medium. Cochlodinium caused mortality in G. catenatum in a longer time span. The 
growth response of G. catenatum towards the bacterial community was isolate specific, however the toxic content per cell 
always decreased and changes in the toxin profile were observed. In all cases changes in cell morphology of G. catenatum 
occurred in the presence of cells and filtrates of the different organisms tested, such as loss of flagella, swelling, prominent 
nucleus, rupture of cell membrane, and cell lysis. In some cases induction of temporary cysts was observed. Results suggest 
that biotic factors affect the growth of G. catenatum and cause changes in its life history, providing new insights of the 
interactions between G. catenatum and other species.  



 

81 

 
  

OS2604 

Experimental effects of changing photoperiod on the physiology and toxicity of Pseudo-nitzschia 
  
Amandine Caruana1,2, Fabienne Hervé2, Virginie Raimbault2, Nour Ayache2, Korian Lhaute2, Vona Méléder3, Véronique 
Martin-Jézéquel4, Zouher Amzil2 
  
1Laboratoire Phycotoxines, France 
2Ifremer, France 
3Université de Nantes, France 
4Université de la Rochelle, France 
  
e-mail: Amandine.Caruana@ifremer.fr 
  
The cosmopolitan diatom Pseudo-nitzschia represents a global threat for seafood contamination and human disease due to 
the domoic acid production by toxic species. They are responsible for frequent shellfish harvesting closures with potential 
heavy economic impacts. Over the French coasts, Pseudo-nitzschia species form pluriannual blooms during the light-evolving 
seasons of spring and autumn. One major question is how the photoperiod variation may affect the physiology of toxic and 
non-toxic species of Pseudo-nitzschia. Therefore, we assessed in batch cultures, how decreasing or increasing the 
photoperiod may influence the photosynthetic activity, pigments, primary metabolites and toxin production in the toxic P. 
australis and the non-toxic P. delicatissima cells. We observed similar physiological responses to photoperiod change for 
both species suggesting that toxicity may not strongly interfere with the metabolic response of P. australis. Surprisingly, 
increasing photoperiod leads to an earlier population decline whilst reducing photoperiod leads to a new growth phase. For 
both species, the population decline is characterised by a decrease of photosynthetic activity, Chla degradation, the setting 
of photoprotective xanthophylls, the accumulation of carbohydrates and for P. australis, an increase in toxin production. In 
contrast, reducing photoperiod leads to restarting cell division, maintaining the pool of Chla, weakly synthesising 
carbohydrates and for P. australis, limiting toxin production. Hence, Pseudo-nitzschia cells seem to adapt their metabolic 
ŀŎǘƛǾƛǘȅ ōȅ άǎƘƛŦǘƛƴƎ ǘƻ ŀ ƭƻǿŜǊ ƎŜŀǊέ ǎǳǇǇƻǊǘƛƴƎ ƎǊƻǿǘƘ ōǳǘ ƴƻǘ ǘƻȄƛƴ ǇǊƻŘǳŎǘƛƻƴΦ CƛƴŀƭƭȅΣ ŘƻƳƻƛŎ ŀŎƛŘ ŀǇǇŜŀǊǎ ǘƻ ōŜ ǇǊƻŘǳŎŜŘ 
continuously by P. australis, following an antagonist pattern to cell growth. 
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The dinoflagellate Karenia brevis is one organism responsible for harmful algal blooms (HABs) that severely impact marine 
life. K. brevis produces brevetoxins (PbTx) which bind to voltage-gated sodium channels (VGSCs), affecting cell permeability 
leading to cell death. Brevetoxicosis is difficult to treat in sea turtles as the physiological impacts have not been investigated 
and the magnitude and duration of brevetoxin exposure are generally unknown. Due to sea turtles threatened and 
endangered status, experimental exposures cannot be performed to determine the fate of PbTx-3 in tissues, making it 
difficult to design appropriate treatments. We used the freshwater turtle, Trachemys scripta, as a model for brevetoxin 
exposure. Turtles were exposed either orally or intratracheally to PbTx-3 and tissues were collected for ELISA to investigate 
PbTx-3 uptake and distribution, route of excretion, and rates of clearance (1h-1wk post-exposure) and preserved for 
histopathology. PbTx-3 was widely distributed in all tissues and fluids following both intratracheal and oral exposures, but 
was largely cleared from the system within 24 hours. PbTx-3 moved into the bile and feces over 48h post exposure indicating 
that this is the main route of excretion. While exposed animals showed clear clinical symptoms of toxicity, there was no 
evident tissue pathology. Turtle neurons are surprisingly resistant to PbTx-3; while cell viability decreased in a dose 
dependent manner. We are currently testing treatment strategies that can be implemented to reduce the number of sea 
turtle deaths from PbTx-3 exposure, including those aimed at reducing neurological symptoms and increasing toxin 
clearance rates.  
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While large mass mortality events (MMEs) are well known for toothed whales, they have been rare in baleen whales due to 
their less gregarious behaviour. Although the cause for most mortalities was never conclusively revealed, some 
baleen mortality events were linked to bio-oceanographic conditions such as harmful algal blooms (HABs). In southern Chile 
HABs can be triggered by the atmospheric phenomenon El Niño, which is increasing in frequency and magnitude due to 
climate change. In March 2015, the by far largest ever reported baleen whale mass mortality took place in a small gulf in 
southern Chile. Here we show that the synchronous death of the at least 305 primarily sei whales can be attributed to HABs 
during the ongoing strong El Niño. Although considered an oceanic species, the sei whales were killed while feeding near to 
the shore in previously unknown large aggregations. Older remains of whales in the same area indicate that MMEs have 
occurred more than once in recent years. Large HABs and reports from marine mammal MMEs along the north-east Pacific 
coast may indicate similar processes in both hemispheres. Increasing MMEs through HABs may become a serious concern 
for conservation of endangered whale species. 
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Paralytic shellfish toxins (PSTx) is a potent group of neurotoxins produced by a diverse groups of algae and cianobacteria. 
This group of toxins causes the Paralytic Shellfish Intoxication (PSP) in humans. The presence of PST in the environment is 
associated to harmful algal blooms (HABs) of species producing these type of toxins. During January of 2015 we estimated 
that over 11,000 seabirds and 180 marine mammals died in the Upper Gulf of California (Mexico) region. The death of more 
than 180 marine mammals, mainly dolphins, was registered again in March. A harmful algae bloom (HAB) of the 
dinoflagellate Gymnodimium catanatum was detected during the period of the die-offs. Paralytic shellfish toxins (PSTs) were 
detected in phytoplankton samples and sings of intoxication were observed in birds. PSTs toxins were detected in different 
organs, in the gut content, urine and feces of dead birds and dolphins. These results represent the first conclusive evidence 
that massive death of seabirds and marine mammals were caused by a HAB producing PSTs. HABs seems to be recurrent 
phenomena in the Upper Gulf of California and might have important ecological and economic impacts in the region. The 
Upper Gulf of California is a unique ecosystem with emblematic endemic species.  
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The Rodrigo de Freitas Lagoon (area 2.2km2, mean depth 3.0 m) supports a long period of water residence (above 365 days) 
and is located in a high population density area in the city of Rio de Janeiro. Because of this has received domestic waste, 
becoming eutrophic. Weekly collections during ten years (Feb 2000 to Dec 2010) were carried out at four sampling stations. 
The accumulation of nutrients in this system has contributed to the occurrence of HABs, especially cyanobacteria, 
cryptophyceans and dinoflagellates and periodic fish mortality are registered. The phytoplankton community and abiotic 
variables are discussed with emphasis on the role of blooms for the occurrence of fish mortality events. Phytoplankton was 
almost always dominated by Cyanobacteria. Changes in the phytoplankton community structure were detected prior to the 
fish mortality events and revealed two standards responses. We can associate the dominance of Synechocystis aquailis 
(cyanobacteria) or Prorocentrum cordatum (ex-minimum) previously to these events. Linear models were traced and find a 
configuration of salinity, dissolved oxygen, total phosphorous and temperature associated to the fish kill events (R² = 0.35). 
The bioenv analysis revealed that rainfall, total phosphorus, dissolved oxygen were great descriptors for phytoplankton 
biomass (Spearman = 0.1). This work aims at contributing to the understanding of the environmental factors regulating the 
dominance of phytoplankton species and at identifying how the changes in the structure of this community were associated 
with fish mortality. 
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The Nauset Marsh System on Cape Cod (USA) has recurrent Alexandrium fundyense blooms that have caused nearly annual 
shellfishing closures due to paralytic shellfish poisoning. These toxic blooms are seasonal, a result of life cycle transitions 
between benthic cysts and pelagic swimming cells. Regulated by endogenous and exogenous factors, cyst germination 
occurs precisely when environmental conditions become favorable for bloom formation. However, the regulation of this 
timing is not fully understood, especially under the highly seasonal temperature regime of Nauset (-2-28°C). Here, we 
present the findings of two experiments 1) to determine how cysts respond to the severity of winter, and 2) to document 
the natural germination rhythm, and derive a simple model of germination. Much like terrestrial plant seeds, A. fundyense 
cysts in Nauset have a winter chilling requirement, meaning they can keep track of accumulated chilling and must attain a 
minimum threshold to germinate in the spring. This is significant ecologically because it would prevent premature 
germination during short spells of elevated temperature until after winter has passed. Prior to attaining this chilling 
requirement, cysts express varying levels of dormancy, demonstrated by their inability to germinate despite favorable 
environmental conditions. Finally, the distinct temperature regimes of our study years (2013-2015) demonstrates that a 
quantifiable amount of chilling synchronizes the cyst seedbed to a common germination rhythm specific to that year. This 
conceptual model, rooted in horticultural science and formulated for the Nauset system, can be used to predict the 
phenology of A. fundyense cyst germination in other habitats. 
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In the frame of researches aimed at using genetic methods to evaluate harmful species distribution and impact in the coastal 
ecosystems, we amplified by real time PCR a portion of the ITS1 rDNA of Alexandrium minutum from DNA extracts of 
superficial (1-3 cm) sediments of 30 subtidal and intertidal stations of the Bay of Brest (Brittany, France), during 2013 and 
2015 wintertime. Alexandrium minutum rDNA amplifications and cell germinations were obtained for sediments of all 
sampled stations, demonstrating that the whole bay is presently contaminated by the toxic species. Coherent estimations 
of ITS1 rDNA copy numbers were obtained for the two sampling cruises, supporting the hypothesis of regular accumulation 
of genetic material of the toxic species in the south-eastern, more confined embayments of the study area, where fine-
muddy sediments are also more abundant. Higher ITS1rDNA copy numbers were detected in sediments of areas where 
blooms are seasonally detected since 2012. This result suggests that specific genetic material estimations in superficial 
sediments of the bay may be a proxy of cyst bank of A. minutum. The simulation of particle trajectory analyses by means of 
a lagrangian physical model showed that blooms occurring in the south-eastern part of the bay are disconnected from those 
of north-eastern zone. The heterogeneous distribution of A. minutum inferred both from water and sediments in the Bay of 
Brest suggests the existence of potential barriers for dispersal for A. minutum and encourages finer analyses at the 
population level for this species within semi-enclosed coastal ecosystems. 
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Since a major bloom was first detected in 2011, detailed observations on the progression of seasonally recurrent 
Alexandrium pacificum blooms in Queen Charlotte Sound (QCS) have been made.  Data has been collected on physical, 
nutrient chemistry and biological factors that influence the timing, magnitude, duration and distribution of the bloom from 
year to year.  Molecular tools (qPCR) have been employed to track A. pacificum cyst distributions in sediments, cell numbers 
(using rRNA and STX genes) in the water column and successional changes (dinoflagellates vs diatoms) in the plankton 
community.  Numerical modeling has assisted in the prediction of bloom dispersal.  The acquisition of real time in situ 
data on water column stratification and weather conditions has enabled weekly bulletins to be issued on the likely status of 
bloom progression.  The duration and intensity of blooms is profoundly affected by physical water column dynamics but 
biological factors (e.g. inter-specific competition and allelopathy) also play important roles. 
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An extensive programme of regulatory monitoring of harmful algae and biotoxins occurs in Scottish waters. This programme, 
has been generally successful in safeguarding human health. However it is not designed to provide the early warning 
required by government and aquaculture to minimise business risk and allow sustainable development of both shellfish and 
finfish industries. We have therefore developed a web based system (www.HABreports.org) that provides a Scotland wide 
summary of current HAB and biotoxin conditions, with more detailed weekly early warning bulletins for the important 
aquaculture area of the Shetland Islands. Many HAB events in Scottish waters are advective in nature.  We shall therefore 
discuss an on-going multidisciplinary study that is investigating the role of oceanographic currents in transporting offshore 
HABs to the coastal zone. The subsequent use of combined remote sensing and mathematical modelling of these events will 
provide enhanced HAB early warning within the HABreports system. 
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Our NASA and NOAA-funded projects to develop an operational HAB forecasting system in coastal California builds on years 
of proof-of-concept studies in various hot spots off the U.S. West Coast. Here, we describe development of an application 
system to predict the spatial likelihood of Pseudo-nitzschia blooms and dangerous levels of domoic acid (DA) using a blend 
of numerical models, ecological forecast models of target phytoplankton species, and gap-filled satellite ocean color 
imagery. Daily predictions that merge reconstructed satellite fields from Data Interpolating Empirical Orthogonal Functions 
(DINEOF) with physical fields from Regional Ocean Model System (ROMS) are run routinely at the Central and Northern 
California Ocean Observing System (CeNCOOS) and posted on their public website. We are now moving this application 
system to a NOAA supercomputer at the University of Wisconsin (S4) for demonstration in an operational environment. By 
2018, the system will operate from NOAA''s National Centers for Coastal Ocean Science and National Weather Service and 
will be incorporated into NOAA''s operational HAB forecasting system and Bulletin. The first two years of the project capture 
ǘǿƻ ƻŦ ǘƘŜ ƭŀǊƎŜǎǘ ŘƻƳƻƛŎ ŀŎƛŘ ŜǾŜƴǘǎ ƻƴ ǊŜŎƻǊŘΣ ŎƻƛƴŎƛŘŜƴǘ ǿƛǘƘ ǘƘŜ ǿŀǊƳ ά.ƭƻōέ ŀƴŘ ǿƛŘŜǎǇǊŜŀŘ ŦƻƻŘ ǿŜō ŎƻƴǘŀƳƛnation, 
including unprecedented Dungeness crab closures. Pier sampling and historical stranding data are compared with the model, 
and marine mammals appear to be good sentinels of the offshore onset of a DA event at large spatial scales. Seasonal 
(hindcast) predictions appear to provide an accurate assessment of risk levels to fisheries over longer time scales. 
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Neurotoxins from Karenia brevis blooms threaten aquatic and human health.  When toxic aerosols are present, respiratory 
irritation, or respiratory illness in people with chronic respiratory disease, can ensue, resulting in negative beach 
experiences. Informing the public of beach conditions is an effective strategy to protect beachgoers by encouraging visits to 
beaches not experiencing effects.  Three modern approaches to information dissemination were developed.  MoǘŜΩǎ .ŜŀŎƘ 
Conditions Reporting System (BCRS) is a website and phone application that displays bloom effects from 33 Gulf Coast 
beaches.  The BCRS, originally created in 2006, has undergone a recent and successful redevelopment reflecting the interests 
of the community through public survey. To compliment BCRS, a Citizen Science smartphone application will be released 
September, 2016 providing geo-located real-time effect data to improve outreach efforts and spark public interest in 
environmental science.  The third outreach tool introduces great advancements in citizen science technology, as real-time 
quantitative data provided by citizens is used in a respiratory irritation forecasting model being developed through a 
National Aeronautics and Space Administration (NASA) ROSES funded project involving National Oceanic & Atmospheric 
Administration, Gulf of Mexico Coastal Ocean Observing System, and Mote Marine Laboratory.  When released, this 
technology will allow citizen scientists to use a smartphone microscope application to calculate cell concentrations from a 
water sample to be used in a prediction model available to the public.  This overall effort is a culmination of science, 
technology, community, and education to produce effective tools to protect human health from the effects of Karenia brevis 
aerosols. 
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The Brazilian Federal Government has awaken to the need for setting a legal framework for the sector regarding health 
issues as part of a strategy for increasing mollusc production and competitiveness. Concerning the official control of residues 
and contaminants in shellfish stocks, it was established in 2012 the National Program for Monitoring Harmful Algae Blossom 
(HAB) and Surveillance of Biotoxins in Bivalve Mollusc - NP. The NP established minimum requirements for ensuring the 
safety and quality of bivalve molluscs and defined criteria for the monitoring and enforcement of compliance with these 
requirements. To assess parameters that will indicate whether a production area can be harvested or not, monitoring and 
control of water quality, microorganisms and biotoxin are in place. Post harvesting procedures including transport and 
industry mitigation processes have also been included in the NP. In order to incorporate a more comprehensive system of 
bivalve production in full compliance with international standards for food safety and disease free declaration, Brazil has to 
improve sampling methods and risk based surveillance approaches, to develop more efficient early detection alerts, increase 
the scope of biotoxins and microbiology testing, invest in HAB research and improve aquaculture sector awareness on 
aquatic animal health issue. Other major constraints on implementing public health policies in mollusc productions in Brazil 
are: environmental permits, access to credit, limited knowledge on aquatic animal health by the veterinary services and 
private sector, traceability of aquatic animal products, communication between competent authorities and zoning of 
pathogens of concern for international.  
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International effort drives progress in risk assessment and management of ciguatera 
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Henrik Enevoldsen5, Mireille Chinain2 
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4NOAA National Ocean Service, United States 
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e-mail: m-y.bottein@iaea.org 
  
Ciguatera has been an ongoing threat in many countries throughout tropical and subtropical regions, particularly in small 
island developing states heavily dependent on fish for protein. With the development of tourism and global seafood trade, 
the risk of ciguatera has expanded to countries outside naturally affected areas, having consequences for developed 
countries in Europe and North America. Through technical cooperation and research and development programs supported 
by international organisations such as the IAEA, efforts are being made to better define and address the gaps in risk 
assessment and needs for effective ciguatera management. For example, through technical cooperation, scientists from 35 
countries received training in benthic HABs collection and identification, and 16 countries developed capacity for seafood 
toxin analysis using the radioligand receptor binding assay (RBA), which is now an official AOAC method for saxitoxin 
determination. Practical guidelines are also being developed through this collaborative effort. These include surveillance of 
ciguatera cases, monitoring of toxic fish and benthic HABs and determination of associated ciguatoxins (CTXs). This work 
reports progress on i) the initiation of a pilot country-specific ciguatera survey, ii) the development of goal-specific fish 
sampling strategies for risk assessment, and iii) the performance (sensitivity, precision and robustness) of the radioligand 
receptor binding assay for CTX detection and quantification in fish. 
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The combination of physical, chemical and biological factors shaping Alexandrium ostenfeldii 
blooms 
  
Karen Brandenburg1, Lisette de Senerpont Domis1, Sylke Wohlrab2, Uwe John2, Bernd Krock2, Ellen van Donk1, Dedmer 
Bareld Van de Waal1 
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Harmful algal blooms (HABs) are becoming an increasing global threat. HAB dynamics are determined by a complex interplay 
of abiotic and biotic factors, and their emergence has often been linked to eutrophication and more recently to climate 
change. The dinoflagellate Alexandrium is globally among the most widespread HAB genera. Since 2012, massive 
Alexandrium ostenfeldii blooms (up to 15,000 cells mL-1) have recurred annually in a creek located in the southwest of the 
Netherlands, an area characterized by intense aquaculture. We investigated how physical, chemical and biological factors 
influenced A. ostenfeldii bloom dynamics over three consecutive years (2013-2015). Overall, we found a decrease in the 
magnitude of the bloom over the years that could largely be linked to decreasing weather stability during summer. More 
specifically, high fluctuations in temperature, wind speed, precipitation and salinity corresponded to a delayed A. ostenfeldii 
bloom with reduced population densities. Within each year, highest bloom densities generally corresponded to low N:P 
ratios and low grazer densities. Concentrations of paralytic shellfish poisoning toxins, spirolides and gymnodimines closely 
followed A. ostenfeldii population densities, reaching values of up to 48, 5 and 900 µg L-1, respectively, exceeding guidelines 
from the European Food Safety Authority. Together, our results demonstrate an important role not only of nutrient 
availability and grazing, but particularly of the physical environment on the magnitude and duration of A. ostenfeldii blooms. 
As climate change involves shifts in physical factors promoting water column stability, our results warn for enhanced bloom 
development in future coastal waters. 

OS3002 

An unusual bloom of Dinophysis acuta in Scottish coastal waters linked to a change in diarrhetic 
shellfish toxin profiles 
  
Sarah Catherine Swan1, Andrew Turner2, Ruth Flora Paterson1, Eileen Bresnan3, Keith Davidson1 
  
1Scottish Association for Marine Science, United Kingdom 
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e-mail: sarah.swan@sams.ac.uk 
  
The potentially harmful genus Dinophysis is frequently detected in Scottish coastal waters, as part of the regulatory 
monitoring programme for toxin-producing phytoplankton in shellfish harvesting areas. The accumulation of diarrhetic 
shellfish toxins is a major problem for the industry, with extensive closures in some harvesting areas lasting for several 
months. Cells belonging to the Dinophysis acuminata species complex tend to dominate within the Dinophysiaceae family 
around the Scottish coast. However, in 2015 a bloom of Dinophysis acuta was observed around south-west Scotland in late 
summer, reaching a maximum density of 2840 cells/L in the Sound of Bute in September. A shift in toxin profiles was noted 
in common mussels, with a decrease in okadaic acid and an increase in dinophysistoxin-2 (DTX-2) during this period. The 
presence of DTX-2 in shellfish has implications for the accuracy of results obtained by harvesters using commercially-
produced field kits to carry out end product testing, as some are known to have poorer reactivity with DTX-2. 
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A decade of study of the neurotoxic Alexandrium pacificum developing in Mediterranean (Thau 
lagoon): What are the driving factors of its dynamic ? 
  
Mohamed Laabir1, Estelle Masseret1, Philippe Cecchi1, Eric Abadie1, Daniel Grzebyk1, Benjamin Genovesi1, Cecile Jauzein1, 
Andre Vaquer1, Annie Pastoureaud1, Yves Collos1 
  
1Montpellier University, Center of Marine Biodiversity, Exploitation and Conservation MARBEC, CNRS, IFREMER, IRD, F-
34095 Montpellier 5, France, France 
  
e-mail: mohamed.laabir@umontpellier.fr 
  
Since 1998, recurrent toxic blooms of the dinoflagellate Alexandrium pacificum occur regularly in Thau lagoon 
(Mediterranean, France) during spring and autumn. Vegetative cells intoxicate shellfish (oysters and mussels) periodically 
threatening economic activities. The hypotheses put forward to explain such developments are related to favorable 
conditions for cyst germination, and later for vegetative cell division. A. pacificum cyst germination is controlled mainly by 
temperature, irradiance and the hydrodynamics resulting in cyst resuspension. Under favorable environmental conditions, 
cysts of A. pacificum can germinate and inoculate the water column. Vegetative growth of this dinoflagellate mainly depends 
on temperature, irradiance, nutrient availability and biological interactions. Interestingly, the apparition of A. pacificum in 
Thau coincided with the oligotrophication of this area. In situ survey suggests that sea surface temperatures and the wind 
patterns appear to influence greatly the bloom occurrences. Considering the biological control of A. pacificum, we discuss 
here the inhibitory effect of allelochemicals (phenolic acids) produced by Zostera species on the growth of this dinoflagellate 
and potentially on the bloom development. Finally, we highlight the intraspecific variability in the growth and toxin content 
which determine the success of blooms and toxicity level in shellfish during blooms. 

OS3005 

Interplay of biotic and abiotic factors affecting interannual HAB dynamics in an heavily impacted 
tropical coastal lagoon 
  
Catharina Alves-de-Souza1, Tatiane da Silva Benevides1, Laure Guillou2,3, Mariângela Menezes1 
  
1Museu Nacional/Universidade Federal do Rio de Janeiro, Brazil 
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HAB dynamics were followed twice a week from December 2012 to June 2016 in Rodrigo de Freitas Lagoon (RFL), a heavily 
impacted urban system located in Rio de Janeiro city (Brazil). During this period, several blooms (107-109 cells L-1) of potential 
harmful species were observed, sometimes associated to massive fish kills. Main HAB species belonged to cyanobacteria 
(Synechocystis cf. aquatilis), dinoflagellates (Levanderina fissa, Prorocentrum cordatum, Heterocapsa pygmaea), diatoms 
(Chaetoceros spp.), raphidophytes (Chattonella subsalsa) and haptophytes (Chrysochromulina spp., Prymnesium cf. 
parvum). Although biotic factors were not capable of preventing bloom initiation, grazing by ciliates and rotifers as well as 
parasitim by cercozoa were at times responsible for their demise. Also, fish kills were observed to affect the structure of 
trophic microbial webs with consequent changes in the phytoplankton composition. At the short-time scale (twice a week), 
wavelet analyses pointed out ammonia load as the main factor favoring bloom formation, while the selection of the 
dominant species depended on the N:P and N:Si rates. NMDS analysis (coupled with envfit function) indicated that 
temperature, salinity and water transparence were the main variables affecting phytoplankton species composition at the 
seasonal and interannual scales, the last two variables being directly affected by management measures in the lagoon (such 
as dredging and opening/closure of floodgates). Our results indicate that the relative importance o factors affecting bloom 
dynamics in urban coastal lagoons changes according to the temporal scale considered and the interaction of eutrophication 
and other anthropic influences acting simultaneously in these systems. 
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Using gliders to study harmful phytoplankton 
  
Beatrix Siemering1, Keith Davidson1, Mark Inall1, Eileen Bresnan2, Brian Stewart3 
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3Agri-Fodd and Bioscience Institute, United Kingdom 
  
e-mail: beatrix.siemering@sams.ac.uk 
  
Glider deployments offer a new and exciting methodology to study spatial and temporal variability and transport of harmful 
phytoplankton in shelf sea environments. Gliders are buoyancy driven autonomous underwater vehicles that can dive to 
depths between the surface and 1000m making continuous measurements of a range of seawater properties such as salinity, 
temperature and chlorophyll. In summer 2015 physical and biological data were collected from the Malin shelf to the west 
ƻŦ ǘƘŜ ¦Y ǳǎƛƴƎ ǘƘŜ {!a{ ƎƭƛŘŜǊ Ψ¢ŀƭƛǎƪŜǊΩΦ {ŀǘŜƭƭƛǘŜ Řŀǘŀ ǿŜǊŜ ǳǎŜŘ ǘƻ ƴŀǾƛƎŀǘŜ ǘƘŜ Ǝƭider towards areas of high chlorophyll. 
Additional data on taxonomy was collected during a 2 week cruise in July 2015 on board the research vessel Corystes. High 
densities of the potentially harmful Phaeocystis and Pseudo-nitzschia were found around hydrodynamic features with 
unique physical parameters such as the shelf break and salinity fronts. Data was further used for modelling the potential 
origin and path of advection of high density blooms, using a simple biological individual based model combined with the 
hydrodynamic model POLCOMS.   
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Development of qPCR methods for assessment of cell density and PST production of Alexandrium 
ostenfeldii 
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A number of highly toxic metabolites are produced by species of marine dinoflagellates. These compounds include the 
neurotoxic paralytic shellfish toxins (PSTs). One of the PST-producing dinoflagellate species, Alexandrium ostenfeldii, has 
lately undergone expansion in the brackish water Baltic Sea. In response to the increased need for monitoring efforts, qPCR 
methods were developed to assess A. ostenfeldii cell densities and genetic capability of PST biosynthesis. Two qPCR methods 
were developed: an A. ostenfeldii -specific assay for the large ribosomal subunit (LSU) coding gene, and an assay targeting 
the PST biosynthesis gene sxtA4. Cell densities, LSU and sxtA4 copy numbers were determined from bloom samples collected 
at Föglö, Åland Islands, Finland (northern Baltic Proper). PST variants were identified and quantified using HPLC-FLD and LC-
MS/MS. For comparison, genomic sxtA4 copy numbers were determined for cultured A. ostenfeldii strains. A positive 
correlation was found between A. ostenfeldii bloom cell densities and combined STX, GTX2 and GTX3 concentrations 
ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻҐлΦфоΣ ǇғлΦлмύΦ ±ŀǊƛŀǘƛƻƴ ƛƴ ǘƘŜ ƎŜƴƻƳƛŎ [{¦ ŀƴŘ sxtA4 copy numbers was observed in cultured A. ostenfeldii 
(sxtA4; 3-11 copies/cell, LSU; 2010-4730 copies/cell). The total copy number of sxtA4 was found to positively correlate with 
[{¦ ŎƻǇȅ ƴǳƳōŜǊǎ ƛƴ ǘƘŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ǎŀƳǇƭŜǎ ό{ǇŜŀǊƳŀƴΩǎ ǊƘƻҐлΦфнΣ ǇғлΦлмύΣ ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ŀƭƭ ŎŜƭƭǎ ŎŀǊǊƛŜŘ ǘƘŜ sxtA4 
gene. Given the strong positive correlation between A. ostenfeldii cell densities and measured PST concentrations, the qPCR 
methods presented here have high potential to be used as tools for the estimation of bloom PST production in monitoring 
programs. 

IT0103 

Transcriptional and post-translational regulation of novel nitrate reductase enzymes in 
Chattonella subsalsa 
  
Yanfei Wang1, Kathryn J. Coyne1 
  
1University of Delaware, United States 
  
e-mail: yfwang@udel.edu 
  
Chattonella subsalsa is a toxic alga that has been associated with massive fish kills worldwide and may be stimulated by N 
input. When nitrate is used as a nitrogen source, nitrate reductase (NR) catalyzes the first enzymatic and also rate-limiting 
step in nitrate assimilation. NR is composed of five functional domains and two hinge regions that are conserved across 
plant and algal species. In plants, NR activity is regulated by reversible phosphorylation and the subsequent binding of 14-
3-3 proteins at a conserved Ser within the hinge 1 region. However, 14-3-3 binding motifs have not been identified in algal 
NRs. Research in our laboratory shows that C. subsalsa possesses two novel nitrate reductase enzymes, NR2-2/2HbN (NR2), 
which incorporates a 2/2 hemoglobin domain within its hinge 2 region, and a second nitrate reductase, designated NR3, 
which lacks a cytochrome b5-binding domain, but has a putative binding motif for 14-3-3 proteins in the hinge1 region. This 
is the first report of a 14-3-3 binding motif in algal NR. Here, we measured expression and activity of NR in C. subsalsa in 
response to light, nitrogen source, and temperature. Results indicate that NR2 and NR3 expression were regulated by light 
and nitrogen source, while NR2 is also regulated by temperature. At the post-translational level, we provide evidence that 
NR activity was regulated by nitrogen source and temperature through reversible phosphorylation and putative binding of 
14-3-3 binding, while activity of NR by light was through other regulatory mechanisms.  
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The application of rapid LC methods to streamline ǘƘŜ ǊƻǳǘƛƴŜ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳƳŜ ŦƻǊ t{¢Ωǎ ƛƴ 
UK waters. 
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Analysƛǎ ƻŦ tŀǊŀƭȅǘƛŎ {ƘŜƭƭŦƛǎƘ ¢ƻȄƛƴǎ όt{¢Ωǎύ ŦƻǊ ǘƘŜ ƻŦŦƛŎƛŀƭ ǊƻǳǘƛƴŜ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳƳŜ ŦƻǊ ǎƘŜƭƭŦƛǎƘ ōƛƻǘƻȄƛƴǎ ŦƻǊ 9ƴƎƭŀƴŘΣ 
Scotland and Wales is performed by the pre column oxidation HPLC-FLD assay AOAC 2005.06, commonly known as the 
ά[ŀǿǊŜƴŎŜ ƳŜǘƘƻŘέΦ hƴe of the main perceived drawbacks of the Lawrence method is the long analysis time. The original 
method utilises a 15 minute gradient and requires up to four analyses of oxidized toxins to provide a fully quantitative result 
for each shellfish sample. This time constraint gave strong incentive to streamline this well proven assay. A single lab 
validation utilising fused-core column technology, which allows regular chromatographic pressure while providing significant 
analytical performance improvements, was undertaken. These include a halving of analysis time, increasing sensitivity and 
reducing mobile phase consumption. Applying these changes to the routine monitoring programme has allowed the early 
release of results and reduced the number of instruments required to deliver the programme. This was achieved without 
having to invest in new analytical hardware or increases in consumable costs. Furthermore, savings were made by reduced 
mobile phase consumption and subsequent disposal costs. Ongoing work has seen the application of Ultra-High, Pressure, 
Liquid Chromatography (UPLC) technology which can provide shorter run times. However, with higher costs and smaller 
relative gains do the drawbacks outweigh the benefits? 

IT0105 

Isotopic variances filtering for screening Prymnesium parvum extracts for ichthyotoxic 
metabolites using high resolution mass spectrometry 
  
Aaron John Christian Andersen1, Per Juel Hansen2, Kevin Jørgensen1, Thomas Ostenfeld Larsen1, Kristian Fog Nielsen1 
  
1Technical University of Denmark / Danmarks Tekniske Universitet, Denmark 
2University of Copenhagen / Københavns Universitet, Denmark 
  
e-mail: ajca@food.dtu.dk 
  
Analysis of crude extracts of microalgae by ultra-high performance liquid chromatography (UHPLC) coupled to high 
resolution mass spectrometry (HRMS) often produces very complex data and identification of known metabolites can be 
quickly assessed with techniques such as dereplication. When unknown metabolites are of interest, it can often be difficult 
to determine molecular features of importance, particularly when dealing with complex matrices. A fully automated method 
has been developed for the rapid screening of complex extracts which utilises isotopic variances in chemical features. This 
technique has been shown to be effective in identifying prymnesins and prymnesin-like molecular features in crude extracts 
of ten Prymnesium parvum strains. The technique was verified with the analysis of standards, and with simulated [M+H]+ 
ions of metabolites of the 2012 Marinlit Natural Products database. When applying this method, it was shown to quickly 
highlight known prymnesins, as well as unknown metabolites with prymnesin-like chemical features in time-of-flight HRMS 
data from multiple QTOF instruments. The ability to quickly identify both known and unknown molecular features has 
applications in field sampling and metabolite discovery, and may be applied to other classes of compounds.  
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Isolation and structure elucidation of the novel cytotoxic super chain polyether karmitoxin from 
Karlodinium armiger 
  
Silas A Rasmussen1, Sofie Bjørnholt Binzer2, Sebastian Meier1, Lívia Soman de Medeiros, Nikolaj Gedsted Andersen1, Allen 
Richard Place3, Kristian Fog Nielsen1, Per Juel Hansen2, Thomas Ostenfeld Larsen1 
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3University of Maryland Center for Environmental Science, United States 
  
e-mail: silan@bio.dtu.dk 
  
The genus Karlodinium is known to produce a suite of fish-killing and hemolytic polyhydroxy polyene compounds, named 
karlotoxins. Karlotoxins have been isolated and detected in both strains from the USA and Australia. Recently, the new fish-
killing mixotrophic Karlodinium species K. armiger was discovered from the Mediterrean sea.This work describes the 
isolation and structural characterization of a novel karlotoxin congener that stands out from all other isolated karlotoxins as 
well as the analogue amphidinols. The compound, which we have named karmitoxin, interestingly contains a terminal 
primary amine in its polar side chain. Primary amine functional groups have rarely been observed in algal polyketides, such 
as in prymnesins and palytoxins. Using 13C enrichment and high-field 2D NMR spectroscopy, the structure of karmitoxin was 
elucidated. The observed 2JCH in the HSQC data turned out to be key to the structural elucidation. Finally, the toxicity of 
karmitoxin was tested using the RTgill-W1 cell assay and the compound was shown to have an EC50 (3 h) value of 127 nM. 

IT0107 

Assessment of 13 Gambierdiscus strains using neuro-2a and erythrocyte lysis assays 
  
Francesco Pisapia1, William Chris Holland2, Donnie Ransom Hardison2, Richard Wayne Litaker2, Santiago Fraga3, Tomohiro 
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Gambierdiscus is a genus of benthic dinoflagellates that produce ciguatoxins (CTXs) and maitotoxins (MTXs), which are 
among the most potent marine toxins known. CTXs are bio-accumulated and biotransformed along the marine food chain 
and are involved in Ciguatera Fish Poisoning (CFP). Several species have recently been described, and CFP has recently been 
reported from non-endemic areas, namely the Canary Islands. Little is known about how toxicity varies among species and 
isolates of Gambierdiscus. This study examined the toxicity of 13 strains of Gambierdiscus, seven from the Pacific Ocean (G. 
pacificus CCMP 1650, G. sp. VGO 917, G. australes CCMP 1653, G. scabrosus KW070922_1, G. sp. Vietnam, G. caribaeus BILL 
HI Gam8, G. carpenteri PAT HI Jar7 Gam11), one from the Mediterranean Sea (G. carolinianus Greece Gam2), and five from 
the North-Eastern Atlantic Ocean (G. australes VGO 1178, G. australes VGO 1181, G. silvae VGO 1167, G. silvae VGO 1180, 
G. excentricus VGO 791). Algal cells were extracted with methanol, and extracts were partitioned between dichloromethane 
and aqueous methanol. The toxicity of pre-purified extracts has been evaluated using an ouabain/veratridine neuro-2a assay 
and a human erythrocyte lysis assay. In general terms, all strains showed hemolytic activity in the aqueous methanol fraction 
in the range of pg MTX eq/cell, and neuro-2a cytotoxicity in the dichloromethane fraction in the range of fg P-CTX-3C eq/cell. 
G. excentricus (Canary Islands) was an exception, with a neuro-2a cytotoxicity in the range of pg P-CTX-3C eq/cell, in 
accordance with data previously reported by Fraga et al. (2011). 



 

95 

IT0108 

In vitro bioaccessibility of the marine biotoxin okadaic acid and dinophysistoxin-2 in steamed and 
raw shellfish 
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Okadaic acid (OA), Dinophysistoxins (DTX1 and DTX2) and their derivatives (DTX3) are lipophilic marine toxins responsible 
for the human diarrhetic shellfish poisoning (DSP). To date the amount of toxins ingested in food has been considered equal 
to the amount of toxins available for uptake by the human body. In this study, OA and DTX2 fractions released from the food 
matrix into the digestive fluids (bioaccessibility) were assessed using a static in vitro digestion model. Naturally contaminated 
mussels, cockles and clams, collected from the Portuguese coast naturally contaminated with OA, DTX2 and DTX3 were used 
to assess bioaccessibility in raw and steamed shellfish. Bioaccessibility of OA total content varied among species, with higher 
% of bioaccessibility being found in mussels. Toxins unreleased from the food matrix were found in non-bioaccessible 
fractions, and no toxin degradation was observed. A significant reduction of DTX3 and a slight increase of OA and DTX2 were 
observed in the bioaccessible fraction, suggesting that DTX3 undergo conversion into parent compounds. Steaming seafood 
matrices lead to increased concentrations of lipophilic toxins, but no significant differences were observed on 
bioaccessibility fraction when comparing to raw matrices. This study provides relevant new data that can improve and lead 
to more accurate food safety risk assessment studies concerning these toxins. Risk assessment based solely on DSP toxins 
occurrence in seafood can conduct to an overestimation of the exposure and lead to regulatory measures more conservative 
than taking into account the amount of toxins that can be absorbed by the intestinal epithelia.  
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Characterisation of Gambierdiscus lapillus sp. nov. (Gonyaulacales, Dinophyceae): A new toxic 
dinoflagellate from the Great Barrier Reef (Australia) 
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Gambierdiscus is a genus of benthic dinoflagellates which is found worldwide. Some species produce neurotoxins 
(maitotoxins and ciguatoxins) which bioaccumulate and cause ciguatera fish poisoning, a potentially fatal food-borne illness 
that is common worldwide in tropical regions. In this study we characterised five strains of Gambierdiscus collected from 
Heron Island, Australia, a region in which ciguatera is endemic. Clonal cultures were processed using (i) light microscopy; (ii) 
scanning electron microscopy; (iii) DNA sequencing based on the nuclear encoded ribosomal  18S and D8-D10 28S regions; 
(iv) toxicity via mouse bioassay as well as FLIPR assay and; (v) toxin profile as determined by LC-MS. Correlation of 
morphological and phylogenetic data indicated that these strains represent a new, toxic species of Gambierdiscus, 
Gambierdiscus lapillus sp. nov (plate formula Po, 3'', 0a, 7'''', 6c, 7-8s, 5'''''', 0p, 2'''''''' and distinctive by size and hatchet 
shaped 2'' plate). Cultures produced maitotoxin 3 and another yet uncharacterised peak in the ciguatoxic phase. The 
investigation of toxigenic species of Gambierdiscus in CFP endemic regions in Australia is necessary as a first step in order to 
determine which species of Gambierdiscus are related to ciguatera fish poisoning cases occurring in this region. 

IT0202 

Effects of temperature and growth phase on toxin production by two cultured strains of 
Dinophysis acuminata and D. caudata from western Japan 
  
Leila Basti1, Ryoji Matsushima2, Ryuichi Watanabe2, Toshiyuki Suzuki2, Toshifumi Yamatogi3, Satoshi Nagai4 
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Diarrhetic seafood poisoning (DSP), caused mainly by species of the genus Dinophysis, is among the five major seafood 
poisonings responsible for human intoxications via the consumption of shellfish contaminated with diarrhetic shellfish toxins 
(DST). It is also often associated with substantial economic losses due to the closure of shellfish beds. Incidence of outbreaks 
and high toxicity of DSP were reported globally. In the western Pacific region, Japan is by far the most affected by DSP 
outbreaks occurring mainly in the Northeastern coastal waters, with exceptional reports of DSP events in western Japan 
associated with regional differences in the toxin profiles of the causative agents. The regional disparities in DST production, 
and in the different strains of the Dinophysis species associated with DSP events, still awaits further investigations, especially 
from laboratory studies. Temperature and growth phase are important factors that could influence toxin production, 
especially in species with wide geographical distribution, which blooms last over an extended period of time and under 
varied seasonal temperatures. Therefore, the toxin production in cultures of Dinophysis acuminata and D. caudata isolated 
from western Japan were investigated under several incubation temperatures. The effects of both temperature and growth 
phase on the specific, cellular and net production of okadaic acid (OA), dinophysistoxin-1 (DTX-1) and pectenotoxin-2 (PTX-
2) by D. acuminata, and of PTX-2 by D. caudata are presented. The implications for shellfish contamination (OA, and DTX-1) 
and for the toxicological and pharmacological applications (PTX-2) are discussed. 
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Description of a massive a HAB in southern Chile and its impact on the Chilean salmon industry 
  
Alfredo Tello1, Ximena Patricia Rojas1, Paulina Artacho1, Daniel Jimenez1 
  
1Instituto Tecnológico del Salmón S.A., Chile 
  
e-mail: atello@intesal.cl 
  
Chile is the second largest salmon producer in the world, with an annual production of approximately 750,000 t and worth 
п ōƛƭƭƛƻƴ ¦{5 ƛƴ ŜȄǇƻǊǘǎΦ ¢ƘŜ ōǳƭƪ ƻŦ ǎŀƭƳƻƴ ǇǊƻŘǳŎǘƛƻƴ ƛǎ ŎƻƴŎŜƴǘǊŀǘŜŘ ƛƴ /ƘƛƭŜΩǎ ·ǘƘ ŀƴŘ ·LǘƘ ǊŜƎƛƻƴǎΣ ǿƘƛŎƘ ŀǊŜ ƭƻŎŀǘŜŘ ƛƴ 
Chilean Patagonia. Within an approximately 3-week period spanning the end of February and the beginning of March 2016, 
the Chilean salmon industry was severely affected by a Harmful Algal Bloom (HAB) of the ichthyotoxic flagellate 
Pseudochattonella cf. verruculosa (Class Dictyochophyceae). This HAB affected a wide coastal area of southern Chile, causing 
the death of nearly 30 million fish, corresponding to an estimated harvest biomass of 100 thousand tons. The evolution of 
the Pseudochattonella ōƭƻƻƳ ǿŀǎ ƳƻƴƛǘƻǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ǎŀƭƳƻƴ ƛƴŘǳǎǘǊȅΩǎ tƘȅǘƻǇƭŀƴƪǘƻƴ aƻƴƛtoring Program, which has 
been in operation for 28 years. In this presentation we briefly describe the temporal and spatial evolution of this massive 
I!. ƛƴ ǎƻǳǘƘŜǊƴ /ƘƛƭŜΣ ƛǘΩǎ ŎƻƴǎŜǉǳŜƴŎŜǎ ŦƻǊ ǘƘŜ ǎŀƭƳƻƴ ŦŀǊƳƛƴƎ ƛƴŘǳǎǘǊȅ ŀƴŘ ǘƘŜ ŎƘŀƭƭŜƴƎŜǎ ǘƘŀǘ ƛǘ ǇƻǎŜǎ for the future 
operation of the industry. In particular, we highlight this HAB as a case study for the dramatic effect that HABs can have on 
well-established coastal industries, their economies and global markets. 

IT0204 

Modelling the distribution and abundance of Alexandrium catenella in fjords and channels, 
Southern Chile. 
  
Oscar Espinoza-González1, Valentina Besoaín1 
  
1Instituto de Fomento Pesquero, Chile 
  
e-mail: oscar.espinoza@ifop.cl 
  
Blooms of the toxic dinoflagellate Alexandrium catenella are annually recurrent in fjords and channels in the Aysén region, 
Southern Chile. This species in about twenty years has colonized from South to North (55°S to 43°S) the fjords system and 
pose a serious economic and public health threat. The hypothesis to explain the colonization and development, is that 
blooms are transported by the currents as they grow and then that physical aggregation and vertical migration of A. catenella 
appear to be the mechanism to promote the formation of a red tide. To test this hypothesis, a coupled physical/biological 
model and observations are used to investigate the distribution and cellular abundance in Puyuhuapi fjord at the Aysén 
region. Our study was performed in 4 steps. First, we generate a conceptual model of the A. catenella growth in relationship 
with the biological and physical processes. Second, we constructed a biological model for the A. catenella life cycle with 
laboratory experiments (growth, mortality and grazing rates) and literature reviews. Third, we combined the biological 
model and hydrodynamic model to represent the spatial distribution of cells concentration, using data for the period 2006 
-2014. Fourth, we validate the model by comparing model predictions against available data for the period 2015 - 2016. The 
results presented that the modelling tool is able to reproduce the distribution and abundance of A. catenella, but tended to 
exaggerate the observed bloom cell number. Future work will examine the effect of different biological/chemical processes 
on the A. catenella physiological responses. 
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Harmful algal poisoning symptoms experienced by coastal communities of Nigeria 
  
Medina Omo Kadiri1, Osasere Abike Omoruyi1 
  
1University of Benin, Nigeria 
  
e-mail: mokadiri@hotmail.com 
  
A socio-economic study was conducted along Nigerian coast (latitude 4°мл  ǘƻ с°нл  bΤ  longitude 2°пр  ǘƻ у°ор  9 ŀƴŘ ǎƛǘǳŀǘŜŘ 
in the Gulf of Guinea within the Guinea Current Large Marine Ecosystem), using questionnaires and interview, to investigate 
the health symptoms of harmful algae experienced by coastal communities on consumption of sea foods. Eighteen 
symptoms were recorded.Of the respondents who experienced symptoms after consumption of sea foods, overall, more 
people (33.5%) experienced vomiting as a symptom, followed by nausea (14.03%) and then diarrhea (13.57%). Others were 
headache (9.95%), mouth tingling (8.6%) and tiredness (7.24%).The least were muscle pain, rashes, confusion, chills, burning 
sensation, breathing difficulty and balance difficulty which represented 0.45% each and the rest  (dizziness, digestive tract 
tumors, itching, memory loss, & stomach pain) were less than 3% each.In terms of frequency, the most frequent symptom 
was diarrhea (87.5%), followed by vomiting (81.3%), tiredness (75%), nausea (62.5%) and headache (50%). Others such as 
dizziness, ItcƘƛƴƎΣ ƳŜƳƻǊȅ ƭƻǎǎΣ ƳƻǳǘƘ ǘƛƴƎƭƛƴƎ ŀƴŘ ǎǘƻƳŀŎƘ Ǉŀƛƴ ƘŀŘ Җпл҈ ƻŎŎǳǊǊŜƴŎŜΦ ¢ƘŜ ƭŜŀǎǘ ƻŎŎǳǊǊƛƴƎ ǎȅƳǇǘƻƳǎ ǿŜǊŜ 
muscle pain, rashes, confusion, chills and balance difficulty and burning sensation occurring only once i.e 6.3%. Examining 
the seasonal influence on visible symptoms revealed that vomiting occurred more in the month of January with 5.5%, while 
headache and itching were predominant in October with (2.8%). Nausea had 3.1% in January than any season of the 
year, and 2.6% of the entire respondents opined to have experienced diarrhea in October than in any other season of the 
year. 
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Cyst and vegetative cells distribution and abundance of harmful dinoflagellates in Quellón Bay, 
southeast of Chiloé Island. 
  
Leonardo Guzmán1, Pablo Salgado1, Gissela Labra1, Ximena Vivanco1 
  
1Instituto de Fomento Pesquero, Chile 
  
e-mail: leonardo.guzman@ifop.cl 
  
In Quellón Bay and nearby areas, shellfish aquaculture is very relevant, and it is near to the upper border of Alexandrium 
catenella plague area.  Were studied five harmful dinoflagellate species from February 2012 until April 2013, by collecting 
samples for vegetative cells and cysts abundances estimations, and shellfish for toxicity analysis. Quantitatively Dinophysis 
acuminata was the most relevant species, but only a pair of shellfish samples were positive using DSP mouse bioassay, 
attributed to false positives due to presence of yessotoxins and especially pectenotoxins (PTXs), since PTXs have been 
previously associated to D. acuminata in this region. Two Alexandrium species (A. catenella, A. ostenfeldii) were relevant 
because of their constant presence, although each reached their maximum relative abundance in different periods. A. 
catenella, A. ostenfeldii, Protoceratium reticulatum and Lingulodinium polyedrum cysts in sediment traps and bottom 
samples were identified; but no vegetative cells of L. polyedrum were detected in plankton samples, however during a 
sampling in 2015, few cells were identified in the studied area. This taxon reached cyst higher estimates, but estimations for 
all species were very low, confirming that harmful species cysts numbers depend on vegetative cells abundance, and only 
after an intense bloom they could be detected in significant numbers. Regarding toxicity, only negative results using mouse 
bioassays for PSP were observed; while by HPLC analysis GTX2-3 traces and GTX4 in subtoxic levels were detected. The 
source species is not certain, but GTXs could be attributed to A. ostenfeldii. 
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Ecophysiology and toxin profile of two strains of Cylindrospermopsisraciborskii isolated from a 
subtropical Lagoon in Santa Catarina Island, Southern Brazil 
  
Maria Cecília Miotto1, Luiza Dy Fonseca Costa2, Débora Monteiro Brentano3, Camila Nader1, Luana dos Santos Souza1, 
Pablo Diego Gressler1, Roselaine Laudares-Silva1, João Sarkis Yunes2, Leonardo Rorig1 
  
1Universidade Federal de Santa Catarina, Brazil 
2Universidade Federal do Rio Grande, Brazil 
3Instituto Federal de Educação, Ciência e Tecnologia de Santa Catarina, Brazil 
  
e-mail: cecilia.miotto@gmail.com 
  
The freshwater planktonic cyanobacteria Cylindrospermopsisraciborskii is aknown to produce the alkaloid 
cylindrospermopsin, PSP toxins, and some other unknown compounds. This species has a great ability of invasion and 
adaptation, currently being recorded in water bodies of a wide range of latitudes. In Peri Lagoon, a subtropical polimytic 
lake located at the Santa Catarina Island, Southern Brazil, represents about 90% of the total phytoplankton, being dominant 
for most of the year. In the present work we attempted to characterize two strains of C. raciborskii, isolated from Peri 
Lagoon, for their morphology, ecophysiology and toxin profiles. The genetic identity of the strains was confirmed by 
amplifying and sequencing 16S rRNA. The strains showed different morphologies and growth rates when exposed to 
different temperatures (17 °C, 22 °C and 28 °C) and N:P ratios (4.5:1, 10:1 and 40:1). Both strains showed low light 
ǊŜǉǳƛǊŜƳŜƴǘΣ ōǳǘ ǿŜǊŜ ŀōƭŜ ǘƻ ǘƻƭŜǊŀǘŜ ƛǊǊŀŘƛŀƴŎŜǎ ƻŦ ŀǊƻǳƴŘ нлл ˃ƳƻƭΦǇƘƻǘƻƴǎΦƳ-2.s-1. The strains also showed differences 
in toxin concentrations and number of analogs. These results support the hypothesis of selection of different ecotypes of 
this species, which probably originated in response to environmental fluctuations in Peri Lagoon. Dominance during almost 
the whole year can be explained by the alternation of these ecotypes in the total biomass contribution according to their 
physiological advantages, contributing to the ecological success of the species as a whole. 

POS0103 

Initiation, maintenance and dissipation of a toxic bloom of Dinophysis acuminata and Pseudo-
nitzschia australis: a comparison of the ria of Arousa and ria of Pontevedra 
  
Yolanda Pazos1, Fabiola Arévalo1, Jorge Correa1, Covadonga Salgado1 
  
1Instituto Tecnolóxico para o Control do Medio Mariño de Galicia, Spain 
  
e-mail: ypazos@intecmar.org 
  
A comparative study on the HAB dynamics during a toxic event within two Galician rias was conducted. Dinophysis 
acuminata reached 9480 cells·L-1 in the medium part of the Ria of Pontevedra (P2) during a thermocline (16.7 °C at 0 m.; 
14.0 °C at 5 m.) while late spring upwelling relaxation 2014. At the same time, in medium part of the Ria of Arousa (A1), 
maximum abundances were 360 cells L-1, coincident with a weak thermocline (14.5 °C at 0 meters; 14.1 °C at 5 meters). A 
strong upwelling caused the fast decline in the Dinophysis bloom, with his disappearance in A1 and its persistence in lower 
concentrations but high enough (2970 cells L-1) to maintain toxin contents in shellfish over regulatory levels in P2. This 
upwelling caused the intrusion of colder, saltier, and enriched in nutrients waters, from the bottom. At the same time a toxic 
episode of Pseudo-nitzschia australis, in P2 overlapped the D. acuminata bloom. This bloom was similar in duration and 
intensity in both rias reaching a maximum of 353 103 cells L-1 P. australis in A1. Upwelling relaxation and nutrient depletion 
led to the disappearance of Pseudo-nitzschia at both sites but the Dinophysis bloom persisted in the P2. According to the 
epidemiological bulletin of the Xunta de Galicia, and despite the ban of harvesting of mussels, two people were poisoned by 
ASP with symptoms of confusion and memory loss after consuming cooked paella prepared with frozen mussels acquired 
out of the legal channels of commercialization. 
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Monitoring toxins in bivalves and humans during algal blooms 
  
Rene Constanza Lira1, Rafael J. Bermúdez1, Gladys Torres2, Mercy J. Borbor-Cordova1 
  
1Escuela Superior Politécnica del Litoral, Ecuador 
2Instituto Oceanografico de la Armada del Ecuador, Ecuador 
  
e-mail: rlira@espol.edu.ec 
  
Episodes of harmful algal blooms (HABs), such as the dinoflagellate Karenia brevis, on the coast of South America have been 
linked to eutrophication. These HABs are responsible for paralytic poisoning or neurotoxic responses in humans and 
mortality in marine vertebrates due to production of brevetoxins. In Ecuador, HABs (Karenia brevis) have been identified 
since 1985, revealing considerable inter-annual variability in abundance and distribution within the Guayas estuary and 
coastal areas.   Recurrence of blooms is usually during rainy season (Jan-April) with concentrations greater than 3100 cells 
per liter. Reports of dead fish and birds during these events suggest the potential production of biotoxins, however, there 
are no records of their impact on human populations. Currently, we are developing an exploratory study that aims to identify 
the presence of toxins in filter feeders and in humans along an estuarine-coastal gradient in Ecuador.  In the case of filter 
feeders, the presence of natural biotoxins in shellfish (bivalve mollusks) shall be determined by using ELISA kits (Abraxiskits). 
The use of commercial test kits may facilitate the collection of the first toxins data in the bivalves and provide the basis for 
public health interventions on toxins monitoring. Finally, a study of toxins in humans will be conducted through surveys 
supplemented with a clinical study using ELISA immunologic assays and biochemical HPLC. The presence of biotoxins will be 
determined in serum and urine samples from patients residing in this area who have been treated in hospital emergency 
services and exhibited symptoms of poisoning during HABs events. 

POS0105 

Natural Paralytic Shellfish Poison detoxification in mussels (Aulacomya atra and Mytilus chilensis) 
from selected sites of the Magellan region, Southern Chile. 
  
César Alarcón1, Hernán Pacheco1, Gemita Magaly Pizarro1, Leonardo Guzmán1, María Isabel Banciella2, María Teresa Fauré2 
  
1Instituto de Fomento Pesquero, Chile 
2Laboratorio de Salud Pública, SEREMI de Salud Magallanes, Chile 
  
e-mail: cesar.alarcon@ifop.cl 
  
Understanding of shellfish detoxification dynamics is a useful tool forresources management and ecological comprehension. 
Data collected from 19 selected sites at the Magellan region (48°-55°S), since 1994 to 2015 allowed a comparison of 
temporal and spatial PSP variability and detoxification rates in two species, ribbed mussel (Aulacomya atra) and blue mussel 
(Mytilus chilensis). The detoxification natural rate was assessed following PSP temporal variation from data estimated by 
mouse bioassay. Selected series considered as dependent variable the toxin concentration. A decreasing exponential model 
was adjusted to time series by minimun least squares analysis. Comparisons of detoxification rates and mean toxin values 
between sampling sites were performed (ANCOVA). If significant differences were found Scheffé test was applied. Toxicity 
levels for A. atra were between 25,128-30 µg STX eq. 100g-1 and for M. chilensis between 50,760 -30 µg STX eq. 100g-1. 
Detoxification rates varied from  -0.0081 to -0.0792 and -0.0048 to -0.0892 µg STX eq. 100g-1day-1 for a. atra and M. chilensis, 
respectively. Spring and Summer were the periods with higher probabilities to reach high PSP values; the lapse to reach the 
minimum level detected by mouse bioassay differ from 594 to 28days for the entire region, for both species. M. chilensis 
presents higher records and longer detoxification periods than A. atra, determined by greater PSP levels. Detoxification 
rates for M. chilensis, are influenced by the PSP level, being lower at higher PSP levels, and the latitude of the sampling site, 
being lower at higher latitude. 
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Okadaic acid contamination during an exceptionally massive Dinophysis cf. acuminata bloom in 
southern Brazil 
  
Luiz Laureno Mafra Jr.1, Paula Karine Nolli1, Ligia F. Luz1, Julia Gonçalves Leal1, Bruna Fernanda Sobrinho1, Bruno Pimenta 
Escobar1, Lirian Juraczky1, Angel Ramon Moreira Gonzalez1,2, Lucas E. Mota1, Talita Vanderleia Batista1, José Guilherme 
Bersano Filho1, Luciene Correa Lima1, Mauricio Almeida Noernberg1 
  
1Universidade Federal do Paraná, Brazil 
2Centro de Estudios Ambientales de Cienfuegos, Cuba 
  
e-mail: mafrajr@gmail.com 
  
On June 9th 2016, a major Dinophysis cf. acuminata bloom hit the coast of Paraná State (PR), southern Brazil. Although 
cultivation of oysters (Crassostrea gasar) and harvesting of both clams (Anomalocardia brasiliana) and mussels (Perna perna, 
Mytella spp.) are relatively common local activities, there is currently no official HAB monitoring program in PR. Here we 
report results of an extensive sampling effort that ultimately led PR authorities to issue the first State shellfish-harvesting 
ban on June 29th. During its peak, the bloom covered an area of 201 Km2 (~2.0-3.5´54.0 Km) along the coastline, and the 
highest Dinophysis abundances were associated with salinities >25.0. Approximately daily phytoplankton sampling revealed 
mean Dinophysis abundances of 932,277 cells.L-1 (61,462-6,850,000) on the shallow continental shelf, 409,451 cells.L-1 
(2500-3,880,000) on the beach, 76,631 cells.L-1 (8500-270,492) in the outer and 3469 cells.L-1 (0-10,500) in the inner 
estuarine sectors. Only okadaic acid (OA) was detected in suspension (max.134 µg.L-1). Zooplankton (dominated by 
Copepoda and Cladocera) accumulated up to 24.7 ng free-OA.g -1 and mullets (Mugil platanus) consistently presented free-
OA in the gizzards and intestines (max.156.5 and 62.1 ng.g-1), and eventually in body fat, liver and gonads (up to 20.7, 16.1 
and 5.7 ng.g-1, respectively), but not in flesh. Among the bivalves (whole tissues), free- OA levels were higher in P. perna 
(max.527.6 ng.g-1), followed by C. gasar (0.7-184.6 ng.g-1), A. brasiliana (21.3-35.1 ng.g-1) and Mytella spp. (max.20.8 ng.g-1). 
Tens of intoxication cases were reported and at least 5 people were hospitalized.  

POS0107 

Monitoring the occurrence of the dinoflagellate Dinophysis acuminata on the São Paulo State 
coast. 
  
Maria do Carmo Carvalho1, Denise Amazonas Pires1, Luciana Haipek Lerche1, Claudia Condé Lamparelli1, Marta Condé 
Lamparelli1 
  
1Companhia Ambiental do Estado de São Paulo, Brazil 
  
e-mail: marcarvalho@sp.gov.br 
  
São Paulo State has a 880 km long coastline, encompassing 16 municipalities. CETESB - Environmental Company of the State 
of São Paulo was on standby in June 2016, looking for the presence of reddish scum on the coastal water, due to a large 
bloom of Dinophysis registered on the coast of Santa Catarina State. Different species of this dinoflagellate mayproduce 
biotoxins known as DSP (Diarrheic Shellfish Poison) whose active component is okadaic acid (OA). A bloom of Noctiluca was 
then reported in Santos, as well as food poisoning by consumption of mussels in Caraguatatuba (North Coast). Water 
samples were analyzed from Santos and from Cocanha (mariculture), and Martim de Sá beaches, located in the North 
Coast.  Dinophysis acuminata was identified in the North Coast samples with densities of 5.000 and 41.000 org/L. CETESB 
informed the municipal authorities of the microalgae presence in our coast, as well as the State Health Department, and the 
Agriculture authorities (Federal and State) for the necessary actions to be taken concerning the extraction, marketing and 
consumption of bivalves. Considering the risks involved Health authorities issued an advisory suspending shellfish marketing 
in the State. Monitoring sites were expanded, especially in areas with mussel extraction or maricultures, and in all of them 
the presence of this dinoflagellatewas recorded. CETESB, within its responsibilities, is following the evolution of the 
phenomenon with weekly sampling at strategic sites to support decision-making. During this process, the need for a 
Contingency Plan became evident and was discussed with all authorities involved. 
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Gonyaulax hyalina and G. fragilis, two dinoflagellates associated with ΨƳŀǊŜ ǎǇƻǊŎƻΩΣ ŀǊŜ ǘƘŜ 
same species 
  
Laura Escalera1, Anna Italiano1, Rossella Pistocchi2, Marina Montresor1, Adriana Zingone1 
  
1Stazione Zoologica Anton Dohrn, Italy 
2Università di Bologna, Italy 
  
e-mail: laura.escalera@szn.it 
  
Aggregates of mucilaginous material have been at times observed in coastal and oceanic sea waters in different parts of the 
²ƻǊƭŘ hŎŜŀƴǎΦ Lƴ ǘƘŜ !ŘǊƛŀǘƛŎ {Ŝŀ όaŜŘƛǘŜǊǊŀƴŜŀƴ {ŜŀύΣ ǘƘŜǎŜ ŜǾŜƴǘǎ ƘŀǾŜ ōŜŜƴ ƴŀƳŜŘ άƳŀǊŜ ǎǇƻǊŎƻέ όҐ ŘƛǊǘȅ ǎŜŀύ ŀƴŘΣ ƛƴ 
most cases, associated with the dinoflagellate Gonyaulax  fragilis, whereas in New Zealand mucilage events were linked to 
Gonyaulax hyalina.  Lƴ ǎǳƳƳŜǊ нлмнΣ ŘǳǊƛƴƎ ŀ ΨƳŀǊŜ ǎǇƻǊŎƻΩ ŜǾŜƴǘ ƛƴ ǘƘŜ DǳƭŦ ƻŦ bŀǇƭŜǎ ό¢ȅǊǊƘŜƴƛŀƴ {ŜŀΣ aŜŘƛǘŜǊǊŀƴŜŀƴ 
Sea), numerous cells of a species tentatively identified as Gonyaulax hyalina were detected in the mucilaginous aggregates. 
Since the distinction between G. fragilis and G. hyalina was not clear, we compared a strain isolated from Naples waters 
with two strains from the Adriatic and New Zealand waters, identified as G. fragilis and G. hyalina, respectively. Detailed LM 
and SEM observations of the three strains showed that all shared the same thecal plate pattern and morphological features, 
whereas the characters used to distinguish G. fragilis from G. hyalina were variable within each strain. The SSU and LSU 
rDNA regions of the three strains were identical. We conclude that G. fragilis and G. hyalina are synonyms. 
Gonyaulax  fragilis was described as Steinella fragilis by Schütt in 1895 and transferred to G. fragilis (Schütt) Kofoid in 1911. 
G. hyalina was described few years later than S. fragilis by Ostenfeld and Schmidt (1901). Thus, the name G. fragilis has 
priority. 
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Progress on ciguatera risk assessment in South Central Cuba 
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Bottein4 
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In Cuba, ciguatera is the most significant non-bacterial seafood borne illness in terms of occurrence and impacts. This study 
presents the current progress on ciguatera risk assessment in south central Cuba through monitoring and identification of 
benthic dinoflagellates and toxicity assessment in fish. Epiphytic dinoflagellates were surveyed monthly from April 2015 to 
May 2016 at four sites along the Cienfuegos coast by collecting macroalgae, and cell abundances of Gambierdiscus, 
Ostreopsis and Prorocentrum spp. were quantified. The abundances of the three dinoflagellate generavaried widely with 
site and month of sampling. In general, Ostreopsis was the most abundant genus in most of the samples, following by 
Prorocentrum. Gambierdiscus showed low to moderate abundance values averaging 300 cells/g macroalgae with the highest 
density occurring in Guajimico inlet in July 2015 reaching 5000 cells/g macroalgae in a sample compounded of Dictyota, 
Hypnea and Acanthophora. Approximately 260 Gambierdiscus cells were isolated from field samples from two of the sites 
and cultured in F10K culture media at 26 °C with a 12:12 day/night photoperiod, resulting in the establishment of 24 cultures. 
Eleven of the isolates were analysed by microscopic observation and molecular analysis, and all were identified as 
Gambierdiscus carolinianus. Toxin production was assessed on 6 strains using the radioligand Receptor Binding Assay, and 
none had significant levels of ciguatoxin. The potential for ciguatoxin transfer to upper trophic levels is being assessed 
through toxin measurement in tissues of fish collected in the region.   
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Discrimination of the three Chattonella species, C. antiqua, C. marina, C. ovata using multiplexed 
ISSR genotyping by sequencing (MIG-seq) analysis 
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Three raphidophyte species, Chattonella antiqua, C. marina and C. ovata, are noxious red tide-forming species, causing mass 
mortality of aqua-cultured fish. These species are basically distinguishable by morphological-based observations, but not by 
molecular-based techniques such as ribosomal RNA genes. In this study, therefore, we applied a kind of genome-wide 
ŀǎǎƻŎƛŀǘƛƻƴ ǎǘǳŘȅ όD²!{ύ ǘƘŀǘ ǘŜǊƳŜŘ άƳǳƭǘƛǇƭŜȄŜŘ ƛƴǘŜǊ ǎƛƳǇƭŜ ǎŜǉǳŜƴŎŜ ǊŜǇŜŀǘǎ όL{{wǎύ ƎŜƴƻǘȅǇƛƴƎ ōȅ ǎŜǉǳŜƴŎƛƴƎέ όaLD-
seq), which is a PCR-based procedure for constructing highly reduced representation libraries, involving de novo SNP 
discovery, and their genotyping without prior genetic information using the next generation sequencing (NGS) 
platform. Four Chattonella antiqua strains, six C. marina strains and three C. ovata strains were used in this study (n =13). 
To construct Mig-seq libraries multiple non-repetitive regions from various ISSRs were amplified by multiplexed PCR with 
tailed ISSR primers (8 pairs) using 13 DNA libraries. About 8 million paired-end sequence reads in total were detected by 
NGS. We extracted SNPs under the conditions that the sites were detected at >80% of the strains with >5 times depth. As 
the result, 1,234-8,178 stacks were obtained in each library (3,391 ± 1,395, average ± SD), and 138 SNPs were detected after 
removal of pseudo-sites. We then succeeded in detecting 35, 26, 24 unique sites including absent sites in C. antiqua, C. 
marina, C. ovata, respectively, strongly suggesting the possibility to discriminate these species. We will try to develop 
sequence tagged site (STS) makers which enable to identify each species using many more strains.  
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This study demonstrates that the polyketide toxin karlotoxin 2 (KmTx-2) produced by Karlodinium veneficum, a 
dinoflagellate associated with fish kills in temperate estuaries world-wide, disrupts artificial lipid planar bilayers via pore 
formation. The functional properties (i.e. current amplitude and open probability) of the KmTx-2-ion channel exhibit steep 
voltage dependence. Different gating modes (open-closure patterns) are also exhibited by the ion channel formed by 
KmTx-нΦ YŀǊƭƻǘƻȄƛƴΩǎ ƳŜƳōǊŀƴŜ ƛƴǎŜǊǘƛƻƴ όƛƴŎƻǊǇƻǊŀǘƛƻƴύΣ ŎƘŀƴƴŜƭ ŦƻǊƳŀǘƛƻƴΣ ŀƴŘκƻǊ ŎƘŀƴƴŜƭ ŀŎǘƛǾƛǘȅ ŘŜǇŜƴŘ ƻƴ ǘƘŜ ǘȅǇŜ 
of sterols present in the lipid bilayer. Desmethyl sterols (i.e. cholesterol) were most permissive of channel formation 
consistent with prior studies on numerous cell types. Typically, ion channels are selective either for anions of for cations; 
however, KmTx-2 has a selectivity that varies dependent on the present ionic species. In experiments using monovalents 
ions (K+ and Cl-) KmTx-2 seems noticeably more selective for K+ over Cl-. However, when divalent cations (Ca2+) are 
tested vs monovalent anions (Cl-) the toxin seems more selective for Cl- over Ca2+. Thus, it looks like the pore has the 
ability to selectively pass monovalent cations over monovalent anions, but has more selectivity for monovalent anions 
over divalent cations. This study provides a more detailed mechanistic explanation for the association between K. 
veneficum blooms and fish kills that has long been observed in temperate estuaries worldwide.   
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The benthic dinoflagellate Prorocentrum lima produces okadaic acid (OA) and dinophysistoxins (DTXs), both responsible for 
the diarrheic shellfish poisoning (DSP). Here, we examined the morphology, growth and toxicity of three P. lima strains 
isolated from different coastal waters along the western Atlantic Ocean: coral reefs from central-ǎƻǳǘƘŜǊƴ /ǳōŀ όнмȏрр bΣ 
улȏму ²ύΣ ǊƻŎƪȅ ōŜŀŎƘŜǎ ŦǊƻƳ wŜŎƛŦŜ όb9 .ǊŀȊƛƭΤ луȏлу {Σ опȏрп ²ύ ŀƴŘ ǘƘŜ ŜǎǘǳŀǊȅ ƻŦ tŀǊŀƴŀƎǳł .ŀȅ όt.ύ ό{ .ǊŀȊƛƭΤ нрȏол {Σ 
пуȏол ²ύΦ ²ƘŜǊŜŀǎ ōƻǘƘ ǘƘŜ ŎŜƭƭǳƭŀǊ ŘƛƳŜƴǎƛƻƴǎ όоу-45 µm length, 24-30 µm width) and shape (ovate) were similar between 
the strains from Recife and Cuba, PB cells were much shorter (36-41 µm length, 25-28 µm width) and oblong to oblong-oval 
in shape. The highest growth rate (0.36 div. d-1) was reached by the Cuban strain, while the PB strain attained the maximum 
cell density (111,830 cells.mL-1) at end of the stationary growth phase. The highest intracellular OA concentrations were 
detected during early exponential growth phase for all strains, attaining 9.50, 9.74 and 10.06 pg.cell-1 for the strains isolated 
from Cuba, PB and Recife, respectively. For the PB strain, intracellular levels of DTX-1 followed the same pattern, reaching a 
maximum of 0.60 pg.cell-1 in early exponential phase, but the values were constantly lower (0.09-0.12 pg.cell-1) for the Cuban 
strain and undetectable for the strain from Recife. 
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In the island nations of the Caribbean, most toxin outbreaks come from benthic dinoflagellates associated with ciguatera. 
We investigated the composition, abundance, morphology, phylogeny and toxicity of some of the most abundant toxic 
benthic dinoflagellates between May 2011 and March 2012 in a coral reef lagoon from the southern-central coast of Cuba. 
For the detection of Gambierdiscus species, samples were screened using species-specific polymerase chain reaction (PCR). 
Preliminary cultures of Prorocentrum hoffmannianum were established. Based on the morphological and phylogenetic 
results of Gambierdiscus and Ostreopsis, we might suggest that Gambierdiscus caribaeus and Ostreopsis cf. lenticularis were 
the species present. Ostreopsis cf. lenticularis (531.55 x 103 cells/g), Prorocentrum hoffmannianum (55.30 x 103 cells/g) and 
Gambierdiscus caribaeus (2.18 x 103 cells/g) were the most frequent and abundant species. Results indicated the presence 
of palytoxin-like molecules in a natural extract at concentration of 0.12 pg/cell. Preliminary samples analyses by LC-MS/MS 
displayed masses which match with others described in the bibliography for CTXs toxins. Okadaic acid (43.41 pg.cell-1) but 
not DTXs, were determined from preliminary cultures of Prorocentrum hoffmannianum. It should be pointed out that the 
presence of abundant toxic benthic dinoflagellates constitute a potential threat for human health in the central-southern 
region of Cuba since its related toxins like okadaic acid, CTXs and palytoxin have been associated to poisonings by different 
exposure routes. 
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Alexandrium tamarense has been identified as the species most commonly associated with Paralitic Shellfish Poisoning (PSP) 
in the world. A. tamarense has formed recurrent harmful algal blooms in southern Argentine Sea (Southwest Atlantic Ocean). 
These episodes have occurred periodically in spring and summer. A. tamarenseΣ ǿƘƛŎƘ ōŜƭƻƴƎǎ ǘƻ ǘƘŜ ΨΨAlexandrium 
tamarense/ catenella/fundyense ŎƻƳǇƭŜȄΩΩ όǘƘŜ ΨΨtamarensis ŎƻƳǇƭŜȄΩΩύΣ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎƻǳǊŎŜ ƻŦ t{t ǘƻȄƛƴǎ ƛƴ ŦƛƭǘŜǊ-feeder 
bivalves in the area. In this work, four strains of A. tamarense were isolated and established from phytoplankton samples 
collected in coastal stations of Chubut province (Patagonia, Argentina) during an outbreak in spring 2012. Growth, 
morphology, toxin profiles and genetic markers were compared to examine the possible physiological variability among 
populations sampled at different geographical sites during the same toxic event. Significant differences in the growth rates 
were observed, with values varying between 0.51 divisions per day in Puerto Lobos station and 0.32 divisions per day in 
Pardelas station. In addition, significant differences in the cells size were found, with lengths between 20 µm in Puerto Lobos 
station and 41 µm in Belvedere station, and widths between 18 µm in Puerto Lobos station and 36 µm in Kilómetro 3 station. 
The PSP toxins profiles of all strains consisted of the sulfocarbamoyl toxins C1/2 and gonyautoxins 1-4, however, in varying 
proportions among strains. The results of this study revealed marked variability on phenotypic and genotypic attributes 
among Argentinean strains of A. tamarense coming from the same toxic event. 
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Domoic acid (DA) is a neurotoxic aminoacid able to chelate iron (Fe) in seawater under growth-limiting Fe concentrations, 
although its biosynthesis requires minimum intracellular quotas of this micronutrient. Effects of Fe-limitation on the 
production and release of this hydrophilic neurotoxin by the diatom Pseudo-nitzschia multiseries were thus investigated 
over the growth cycle in batch cultures containing different bioavailable iron concentrations. Maximum growth rates (µmax: 
0.45-0.73 d-1) were similar among all Fe-deficient treatments (0; 1.7; or 10nM) and the Fe-replete condition (f/2 medium; 
100 nM), suggesting that P. multiseries efficiently increased its iron intake under Fe-limiting conditions. However, 
intracellular DA concentrations were significantly greater in Fe-replete compared to Fe-deficient treatments (0.45 pg.cell-1 
vs. 0.14-0.27 pg.cell-1 in stationary growth phase, respectively), probably because cells had limited capacity to synthesize 
larger DA amounts in the latter. Additionally, daily rates of DA release were similar in all treatments during the exponential 
growth ǇƘŀǎŜΣ ōǳǘ ǘƘŜ ǊŀǘŜǎ ǿŜǊŜ ǳǇ ǘƻ нлȰ ƎǊŜŀǘŜǊ όǇ Җ лΦлоύ ƛƴ Fe-replete relative to Fe-deficient cultures in both stationary 
and decline phases.  In parallel, the non-toxic diatom Bacillaria sp. was exposed to similar experimental conditions, with the 
addition of a DA-enriched treatment. Surprisingly, Bacillaria sp. grew at faster rates than P. multiseries except in the DA-
enriched treatment, suggesting that DA inhibited Bacillaria sp. growth by either reducing iron availability or due to an 
allelopathic effect. Taken altogether, our results indicate that DA might not be implicated in a possible increased iron 
acquisition under the Fe-limiting conditions tested. 
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Several outbreaks of ciguatera have been reported in Canary Islands, NE Atlantic Ocean, since the last decade being already 
an emerging alimentary risk in this archipelago. Five Gambierdiscus species, G. australes, G. excentricus, G. silvae, G. 
carolinianus and G. caribaeus have been detected in samples from the Canary Islands and laboratory cultures of all of them 
have been established. The toxicity of twelve strains was determined by mouse bioassay on separated fractions of MTXs 
and CTXs). All strains tested up to date appeared to produce toxins as the mice injected showed, in every case, typical 
symptoms of CTXs and MTXs. Different death times were recorded between CTX and MTX extracts in which bioactivity 
included: inactivity, piloerection, vasodilatation in ears, cyanosis of tail, hypothermia, respiratory distress, tremor, 
convulsive jumping and death. Tentative identification of CTXs responsible for the toxic activity was performed by LC-HRMS 
analyses. Trace amounts of a compound having mass characteristics of 2,3-Dihydroxy-CTX3C was detected in three strains 
of G. australes, matching a previous report for G.australes  (Roeder, 2010). In addition, tentative detection of CTX 1B and 
54-deoxy-CTX1B was achieved in another G. austales strain while 49-epi-CTX3C, 51-hydroxy-CTX3C and 52-epi-54-deoxy-
CTX1B were detected another one. Moreover, toxicity information regarding G. carolinianus and G.silvae is herein reported 
by the first time, related with compounds having mass characteristics of 49-epi-CTX3C and 54-deoxy-CTX1B, 
respectively. The results obtained with these strains isolated from Canary Islands enhance the knowledge about toxicity and 
CTXs profiles of Gambierdiscus spp. 
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The difficulty of cultivating some species of dinoflagellates and the fact that some of them become scarce in nature, guided 
to develop a method Single cell PCR. But the problem to preserve internal and external cell structures, and the DNA 
wholeness, is an obstacle for use wild cells in these protocols. Actually, dinoflagellate cells isolated from clonal cultures are 
the best choice as a source supply for this technique. In the present study, we were able to prove that the RNAlater® is a 
good DNA preservative. The cells fixed with RNAlater® used in amplification of ribosomal genes (LSU and SSU) belonged to 
dinoflagellates of the genus Tripos, collected from Mexican Pacific and Vigo, Spain. An average of 650 bp were obtained 
from two regions (LSU and SSU). Afterwards we made a comparison between our sequences and the sequences from the 
data base GenBank using BLAST (NCBI) what allowed us to identify the species. The amplification sequences on single cells 
resulted positive when RNAlater® fixed samples stored during a period of four months; nevertheless, we think this period 
could be extended up to eight months. 
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Algal blooms in Bahia Manzanillo, Colima, in the Mexican Pacific, are recurrent events, although they are absolutely 
unpredictable. Environmental data and phytoplankton samples were obtained from 13 April to 11 May, 2015, in order to 
study the algal blooms that appeared in Bahia Manzanillo. Temperature was less than 25° C, until 7 May, 2015, when it 
increased to 27° C. Phytoplankton showed changes in its composition, where the athecate dinoflagellates Balechina coerulea 
and Akashiwo sanguinea were dominant from 13 to 20 April, and from 24 April the dinoflagellates Alexandrium monilatum 
and Gymnodinium catenatum became dominant. Along the whole study period, the dinoflagellate Dinophysis caudata was 
a constant species, and less abundantly other dinoflagellates such as Alexandrium minutum, Prorocentrum micans, 
Protoperidinium conicum, Tripos dens and T. furca. These algal blooms decreased from 4 May and the dinoflagellates 
Alexandrium minutum, Gyrodinium sp., Lingulodinium polyedra and Scripsiella trochoidea appeared in low densities, 
together with several species of the diatom genera Dactyliosolen, Pseudosolenia andRhizosolenia. This is the first record of 
the species Alexandrium monilatum in Bahia Manzanillo. The variation in temperature, associated to a conspicuous 
turbulence of the water column caused by strong winds, and unexpected rain episodes, apparently affected the temporal 
structure of the phytoplankton communities. 
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In Brazil, shellfish farms are mostly located in Santa Catarina State (SC), southern coast. HAB species, mainly Dinophysis spp., 
are a major threat affecting the productive sector, and since 2012, the occurrence of these events are officially monitored 
through the National Program for Molluscan Shellfish Hygienic and Sanitation Control (PNCMB). In Babitonga Bay, northern 
SC coast, field data and samples were obtained approximately twice a month during the 2007-2015 period (except 2008). 
D. cf. acuminata was the most frequent (65.7%) and abundant (max. 4100 cells.L-1) Dinophysis species in the samples, but 
D. caudata (13.8%; max. 640 cells.L-1) and D. tripos (0.9%; max. 50 cells.L-1) were also recorded. There was a marked onset 
of the annual rise in Dinophysis abundance on the weeks 21-25 of the year (early winter), with a second peak on week 34 
(spring), lasting until early summer. Mussel samples usually started testing positive in DSP mouse bioassays on week 29, 
being more frequent in 2007 and 2011, when the mean D. cf. acuminata abundance was 520 and 487 cells.L-1, respectively. 
2015 was the most unusual year, characterized by the lowest D. cf. acuminata abundances (avg. 48.5 cells.L-1). Lower salinity 
and water temperature were the main factors associated with the occurrence of Dinophysis spp. in the water and the 
presence of okadaic acid (OA) in mussels. Although mouse bioassays tested positive for only 8% of the cases during the 
period, OA was present in 53% of the analyzed mussel samples (max. 136 µg total OA.Kg-1). 
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This study describes the 18S rDNA and 28S rDNA sequences of nine Tetraselmis strains isolated from Guanabara Bay, a 
tropical hypertrophic estuarine of Rio de Janeiro, Brazil, where it causes recurrent blooms. A morphological characterization 
of two strains (T9 and T10) and ultrastructure of one strain (T10) has also been analyzed. According to the ML phylogenetic 
tree based on 18S and 28S rDNA the Brazilian material segregated into two clusters. The 18S rDNA sequences grouped seven 
Brazilian isolates (T1, T3, T4, T5, T6, T7 and T11) in a distinct clade with a high bootstrap (94%) forming a clade sister of T. 
convolutae, T. astigmatica and T. cordiformis. The two strains remaining (T9 and T10) segregated into a big clade consisting 
of T. chui, T. tetrahele, T. gracilis, T. suecica. The 28S rDNA sequences of T1, T2, T5 and T7 formed a separated clade with 
high bootstrap (98%), while T9 and T10 formed a distinct clade (100%). The morphological features of T9 and T10 strains 
were close to T.chuii/T.suecica/T.tetrathele morphotypes, although the Brazilian material has presented cells with larger 
size. The ultrastructural analysis of T10 strain showed a pyrenoid cavity opened towards the nucleus and the presence of 
cytoplasmic channels without division of the pyrenoid matrix. The ultrastructure of the pyrenoid as well the presence of two 
dictyossomes near the base of flagella indicated that the T10 strain belonging to the subgenus Parviselmis. Apparently, the 
morphological and ultrastructural data of strain T10 were supported by the genetic sequences. 
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Paralytic shellfish poisoning (PSP) is a serious illness which occurs following consumption of shellfish contaminated with 
saxitoxins, known as PSP toxins. Shellfish accumulate these neurotoxins from feeding upon naturally-occurring microscopic 
algae. The saxitoxin family includes a range of different molecules, each of these compounds has a different toxicity, with 
Neosaxitoxin and Saxitoxin currently thought to be the two most potent. Cefas is contracted to conduct official control 
testing of GB shellfish for marine biotoxins, including PSP. The current method used for detecting marine biotoxins is Liquid 
Chromatography (LC) with Fluorescence Detection (FLD) (AOAC 2005.06), with the Maximum Permitted Level (MPL) for PSP 
ŎǳǊǊŜƴǘƭȅ улл ˃Ǝ {¢· ŜǉκƪƎΦ With Food Business Operators (FBOs) required by EU regulations to conduct End Product Testing 
(EPT) to confirm the compliance of shellfishery products with hygiene standards, suitable methods must be used to help 
assure the safety of shellfish batches. Whilst laboratories such as Cefas offer LC-FLD as an accredited testing method, a 
preference for many FBOs would be the availability of a safe, rapid, portable and easy to use testing method. Currently a 
number of rapid testing kits are commercially available. To date, however, there has been little data published concerning 
the performance of these kits, and none have focused on their applicability to monitoring shellfish from Great Britain 
(GB). This study therefore aimed to evaluate the performance of six different commercial PSP kits through comparison to 
the regulatory LC-FLD method on a wide range of samples. 
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Dinophysis acuminata complex has been associated with Diarrhetic Shellfish Poisoning events on the East coast of South 
America, but studies concerning its occurrence on larger scales are still missing in the region. Additionally, the species 
identification is mainly based on morphology, determined with light microscopy (LM), and most specimens differ from the 
ones described in the Northern hemisphere. This work aims to present morphometric data of this specie complex, and to 
assess whether this organism occurrence presents any temporal and/or spatial patterns in Southern Brazil. For this, data 
obtained by monitoring programs and research activities in 3 areas in southern Brazil (RS, SC and PR) was compiled together. 
No significant differences in size were found between the analysed regions nor seasons, and the average size (n = 612) found 
were L = 37.26 µm ± 2.88; H = 26.27 µm ± 2.86; E = 9.31 µm ± 1.73; and L/H = 1.43 ± 0.15. Regarding distribution, it occurs 
more often in SC and PR (48% of 2385 and 49% of 543 samples, respectively), and occasionally in RS (12% of 229 samples). 
However, until 2013 higher concentrations (> 10000 cells L-1) were found mostly in SC (13 occasions, against 2 in RS and PR). 
Monthly means reveal a distinct temporal behaviour between RS and PR (south and north most, respectively), and an 
intermediate behaviour in SC. The results indicate that besides de local components, the occurrence of D. acuminata 
complex in southern Brazil is likely to be connected by some extend. 
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The ballast water in merchant ships has been increasingly recognized as the main vector of transport and the consequent 
transfer of invasive species among different parts of the world. Some issues should be considered, such as biogeography 
local ballast source, load capacity and measures for ecological conservation of the target environment, because the 
introduction of new species in the environment can impacts the local ecology. The Laboratory of Phycology (UNIVALI) has 
been monitoring ballast water since 2007, in Itajaí and Navegantes Harbors (Santa Catarina, Brazil), through water pumping 
ŦǊƻƳ ōŀƭƭŀǎǘ ǘŀƴƪǎ όнл˃ ƳŜǎƘ ǎƛȊŜύΣ ǿƛǘƘ ƳŜŀƴ ǾƻƭǳƳŜ ƻŦ тнƭƛǘŜǊǎΦ ¢ƘŜ ǎŀƳǇƭŜǎ ŀǊŜ ŦƛȄŜŘ ƛƴ п҈ ŦƻǊƳŀƭŘŜƘȅŘŜ ŀƴŘ ǎŜǇŀǊŀǘŜŘ 
live fractions for assessment of the growth viability in laboratory, since the majority of individuals had intact chloroplasts. 
The cultures were made by micropipetting and serial dilutions in clonal system with F/2 medium, at 23,0±0,5ºC, under 
90µmol photons.s-1.m-2, 12:12hours light/dark cycle. With the successful cultivated species was Thalassiosira minuscula 
(Krasske, 1941), a nocive diatom by the production of mucilaginous compound, bloom forming and hard identification by 
optic microscope, as it is nanoplanktonic (10-15µm diameter). The species confirmation was by SSU rDNA complet ITS 
ǎŜǉǳŜƴŎƛƴƎΣ ǿƛǘƘ ǇǊƛƳŜǊǎ му{оΩCΣ ну{рΩwΣ рΦу{C Ŝ рΦу{wΦ Thalassiosira minuscula is common in temperate waters and it is 
cosmopolite, between the identified species, at the biggest Brazilian sea aquaculture park, in Santa Catarina, with 
productions as, Sardinella brasiliensis, Centropomus undecimalis, this harmful algae is considered an environmental risk 
factor, because of its action mechanism in the fish gills. 
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Despite numerous studies reporting the influence of environmental factors over cyanobacterial growth and toxicity, not 
much is known about the impact of synergies generated between these parameters. Taking advantage of such unexplored 
perspective, the aim of this work is to assess the combined effect of light intensity, CO2 concentration, temperature, and 
medium pH on Microcystis aeruginosa growth and toxin productivity. The combined influence of these variables on 
maximum biomass concentration (Xmax, g.L-1), biomass productivity (Pmax, g of M. aeruginosa per L per day), and specific 
growth rate (µmax, h-1) was evaluated through a factorial design. In a first phase, different light intensities (10 - 190 µmol.m-

2.s-1) and CO2 concentrations (0 - 10 % (v/v)) were tested. Then, at the optimal conditions found for maximum biomass 
productivity with those two variables, assays were performed at different temperatures (15 - пл ɕ/ύ ŀƴŘ ǇI ǾŀƭǳŜǎ όсΦр - 9.5) 
resulting in Xmax, Pmax and µmax values between 0 - 2.041 g.L-1, 0 - 0.262 g.L-1.d-1 and, 0 - 0.0457 h-1, respectively. The results 
show that optimal conditions for M. aeruginosa dissemination are obtained at 155 µmol.m-2.s-1 and pH 8.7 using a CO2-rich 
ŀǘƳƻǎǇƘŜǊŜ όƛΦŜΦ рΦр ҈ όǾκǾύύ ŀǘ оп ɕ/Φ !ƭƭ ǘƘŜ ŀōƛƻǘƛŎ ŦŀŎǘƻǊǎ ǘŜǎǘŜŘ ǎƘƻǿŜŘ ǘƻ Ƙŀve a statistically significant effect on Pmaxand 
µmax at a 95 % confidence level. The exception was pH which did not present a statistically significant effect on µmax. This 
work has set the bases to explore combinations of environmental variables as a means of limiting cell growth and/or toxin 
production. 
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Dinophysis blooms have been reported associated to warm austral season since 1992 in Uruguay, but the summer 2015 was 
exceptional for the development of a Dinophysis of the acuminata complextoxic bloom The bloom initiated during a dry 
period where we noted the increase of salinity due the major incidence of warm waters coming from Brazil fluxing from 
North to South along the Uruguayan coast. Under these conditions, the evolution of this exceptional bloom was followed 
along six coastal stations and environmental conditions were described. We identified a narrow range of salinity (31,4-32) 
and temperature (20-24 ºC) associated to the mayor bloom densities (>30x104 cell.l-1). The bloom reached record 
concentration of 15x104 cell.l-1  in La Paloma and 83x103 cell.l-1  in Punta del Este. This bloom caused the longest period of 
lipophilic toxins in Uruguay (5 months in Maldonado and 6 months in Rocha Department).The knowledge of the 
environmental conditions associated to toxic blooms of Dinophysis of the acuminata complex in this coastal area would be 
indicative of future risk periods of DSP events.     
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The Island of Santa Catarina is located in a subtropical zone with a singular continent-ocean contrast associate to climate 
variability that is directly influenced by precipitating weather systems. This weather systems occur throughout the year and 
are related to temperature anomalies in the region. In the coastal region, there is occurrence of watertow with social, 
economic and environmental consequences in aquaculture. The regional climate, which directly affects the circulation 
patterns of rain, wind, including the occurrence and abundance of organisms is highly complex, characterized by multiple 
temporal and spatial scales, a result of climate variability and its extreme events. Data meteo-oceanographic provide from 
three experimental sites located on the island of Santa Catarina are used in this study to investigate the high frequency 
variability contemplating meso scale climate characteristics of the study area.  This meteorological variables are drivers of 
the Earth system models, then experimental data of ocean water are analyzed by case studies by periodic sampling and 
automatic water sensor containing the variables water temperature, salinity and ocean level. The results show the analysis 
of weather data, for example, severe storms, which contributed to the seasonal characteristics of mesoscale climate during 
the episode of El Nino strong 2015-2016. Furthermore, the austral autumn was diagnosed with an abrupt change of the 
weather resulting in distinct features of seasonal transition from austral summer to winter. This change appears on climate 
anomalies of large-scale interaction ocean-atmosphere couplingand can be associated with bloom of harmful algae during 
the austral autumn 2016. 
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Coupled human-nature systems (CHANS) involve dynamic interactions between humans and nature, often influenced by 
and affecting the distinct dynamic characteristics of each component. We present an overview of an ongoing 
interdisciplinary research program focused on a specific type of system that couples expanding and fluctuating human 
coastal populations to episodic blooms of toxic marine algae, drawing examples primarily from human interactions with 
blooms of the toxic harmful algal blƻƻƳ όI!.ύ ŘƛƴƻŦƭŀƎŜƭƭŀǘŜΣ YŀǊŜƴƛŀ ōǊŀǾŜǎΣ ŦǊƻƳ ǘƘŜ ŜŀǎǘŜǊƴ DǳƭŦ ƻŦ aŜȄƛŎƻ όάCƭƻǊƛŘŀ ǊŜŘ 
ǘƛŘŜǎέύΦ  Using extant, but extraordinary, data to specify empirical models, this program of research has focused on 
characterizing the influence of an-hropogenic sources on K. brevis blooms, assessing the public health and economic impacts 
of these blooms in an exposure-response framework, and defining the choice of appropriate human policy responses to the 
hazard. We present examples of the generic aspects of CHANS systems in the context of Florida red tides, and we discuss 
also some of the challenges involved in compiling and analyzing the relevant data to support our positive and normative 
analytical efforts.  
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Phytoplankton samples were collected from the Nigerian coast (latitude 4°мл  ǘƻ с°нл  bΤ ƭƻƴƎƛǘǳŘŜ н°пр  ǘƻ у°ор  9ύ ƭƻŎŀǘŜŘ 
in the Gulf of Guinea within the Guinea Current Large Marine Ecosystem. Climatically, there are two seasons in the region 
the-wet and dry seasons. A total of about 60  taxa of toxin-producing marine algae were identified and distributed into three 
divisions of Bacillariophyta (diatoms) 5%, Cyanobacteria (blue-greens) 25% and Dinophyta (dinoflagellates) 70%. The 
diatoms comprised Pseudonitzschia spp. Cyanobacteria were mainly Oscillatoria sppamongst Anabaena, Lyngbya, Nostoc, 
Synechococcus, Trichodesmium etc. Dinoflagellates were mainly Prorocentrum(50%) amongst Protoperidinium, 
Alexandrium, Dinophysis, Ligulodinium, Ostreopsis, Scrippsiella etc. Some hotspots were recognized. The hotspot for 
Alexandrium spp was Rivers State, and that for Ligulodinium polyedrum and Scrippsiella trochoides was Lekki, Lagos State; 
Gyrodinium and Prorocentrum micans was Ogun State. A relatively high concentration of  Prorocentrum gracile also occurred 
in Lekki and Badagary (both in Lagos State) andOgun State.  There were spatial and temporal variations of species. A range 
of 91-2049 x 103 cells/L, with lowest density in Akwa-Ibom State and highest density in Lekki, Lagos State was observed. 
There was an obvious dichotomy in the species density, diversity and distribution. The south-west coastal locations were 
higher in toxic species density, diversity and distribution compared to south-south locations. Seasonal differences observed 
include higher population density in the dry season than in the wet season. However there were few instances of higher 
density of Prorocentrum spp in Badagry (Lagos State) and Protoperidinium  in Rivers State in the wet season. 
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Dinophysis acuminata and D. acuta are the main producers of DSP toxins in western Europe. In western Iberia, these 
mixotrophic species exhibit important differences in their phenology, micro spatial-temporal distribution and impact in 
shellfisheries. To understand these differences and the contribution of photosynthesis versus heterotrophy, a 34-d 
experiment with cultures of each species was run to test their response (growth, toxin content) to high (HL) and low light 
(LL) intensity under well-fed (Mesodinium rubrum prey) and starved conditions. Maximum yield for both species was higher 
(1.2 and 1.6 times for D. acuminata and D. acuta respectively) under HL. Similar patterns were observed in grazing rate, 
although D. acuta reached higher values than D. acuminata, in particular under HL (2.86 and 1.01 ciliates Dinophysis-1 day-1 

ǊŜǎǇŜŎǘƛǾŜƭȅύΦ aŀȄƛƳŀƭ ƎǊƻǿǘƘ ǊŀǘŜ ό˃ύ ǿŀǎ ŀǘǘŀƛƴŜŘ ōȅ D. acuta (0.19 d) during the exponential phase in well-fed conditions. 
Considering that D. acuta biovolume is 3.2 times that of D. acuminata, toxin content was normalized to pg per cell-˃ƳΦ hƴ 
ŀ ǇŜǊ ǾƻƭǳƳŜ ōŀǎƛǎΣ ǘƘŜǊŜ ǿŀǎ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ƻƪŀŘŀŀǘŜǎ ŎƻƴǘŜƴǘ ōŜǘǿŜŜƴ ǘƘŜ ǘǿƻ ǎǇŜŎƛŜǎΦ aŀȄƛƳŀƭ ǾŀƭǳŜǎ όϤ мΦп ŦƎ ˃ƳύΣ 
with no significant differences between HL and LL regimes, were observed at the end of the plateau phase under starved 
conditions. A second 28-d experiment was set to test survival of these species in the dark. Monitoring of photosynthetic 
yield (Y) with a PAM fluorometer suggests that D. acuminata is more light-dependent than D. acuta. Extrapolation of these 
results to a field scenario is discussed. 
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Monitoring on Phytoplankton and some physicochemical parameter was conducted from coral ecosystem near Saint 
aŀǊǘƛƴΩǎ ƛǎƭŀƴŘΣ .ŀȅ ƻŦ .ŜƴƎŀƭΦ ¢ƘŜ ǎǳǊǾŜȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ŦǊƻƳ !ǇǊƛƭΣ нлмп ǘƻ aŀȅΣ нлмрΦ CƻǳǊ ǎǘŀǘƛƻƴǎ ǿŜǊŜ ǊŀƴŘƻƳƭȅ 
selected from this ecosystem. Samples were collected monthly from surface water for monitoring phytoplankton, water 
temperature, transparency, pH, salinity, DO, NO2

-, NO3
-, SiO2, NH4

+, PO4
3- and Chlorophyll a . Fifty six species of phytoplankton 

from 21 different Family were identified. Ceratiaceae was the dominating Family and 10 species were identified. Harmful 
algal Genus Chatoceros, Ceratium and Dinophysis were found in the study area in the given time. Water temperature was 
recorded highest in November (33хC) and lowest in January (24хC), water was much transparent in January (503 cm) and 
most turbid in March (58 cm).  pH was highest 8.6 in February and lowest 6.7 in October. Maximum salinity was recorded in 
February (40%) and minimum in October and January (21%). Dissolved oxygen was highest in January (12 mg l-1) and lowest 
in February (7 mg l-1). Maximum value of NO2- and NO3

- was recorded in April (2 & 7.3 mg l-1 respectively) but NO2- was less 
in January. The maximum value of concentration of NH4

+ was observed in November (5.07 mg l-1) minimum in October (0.9 
mg l-1). SiO2 was recorded maximum in March (30 mg l-1) and minimum in January (0.053 mg l-1). PO4

3- and Chlorophyll a in 
May (3.77 µg l-1) and in tress amount in October. ANOVA result indicates that most of the monthly recorded value was 
significantly different. 
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Harmful Algal Bloom (HAB) species produce potent natural toxins detrimental to both animal and human health. As a result 
of climate change and non-climatic factors, algal bloom frequency, composition and spatio-temporal distributions are 
changing. It is therefore important to understand the relationship between HABs, climate and other environmental change, 
and human health to be able to understand how HAB events could change in the future in order to take steps to inform, 
prevent and mitigate health and socio-economic impacts. A scoping review was undertaken to map the existing literature 
and identify knowledge gaps. The overall research question was: to what extent will the occurrence of HABs and the 
associated risks of their toxins to human health be influenced by climate change? Sub-questions included: 1) What are the 
optimal environmental conditions for HAB development?, 2) How do HAB species and toxin production respond to changes 
in climate and other environmental conditions?, and 3) What links have been made between toxic HABs and the occurrences 
of human illnesses? Future work will include integrating outputs from a hydrodynamic-biogeochemical coupled model for 
the Northwest Atlantic shelf, observational marine environmental data, and UK HAB monitoring datasets to investigate the 
links between environmental variability and specific HAB-species occurrences. Health data will be used to explore the 
associations between human health and HABs in the UK. Finally, UK Climate Projections data (UKCP09) will be used to 
identify possible changes to key environmental variables, and thus to HAB and human health risks. 
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In 2001, the Federal Commission for Protection against Sanitary Risks (COFEPRIS) was created by a governmental decree, as 
a decentralized technical, administrative and operational autonomous body within the Ministry of Health. It is responsible 
for regulation, control and promotion of health. In 2004, the COFEPRIS created The Red Tide Project, its main purpose is the 
sanitary control of shellfish exposed to Harmful Algal Blooms (HABs) in the Mexican coasts, through a program of ongoing 
monitoring which detects phytoplankton in seawater, complementary to the sampling of biotoxins in shellfish, and this 
functions as an early warning system for detecting HABs. Its objective is to avoid the human consumption of shellfish 
exposed to such events. For this purpose, a set of Guidelines have been established to support the Sanitary Authorities 
of  States in Mexico with coastlines to perform a permanent application of monitoring programs and proceed with actions 
in the event where HABs are detected. As a result of the application of the phytoplankton sampling Plan, from 2005 to 2015, 
226 HABs were identified, 73 of them were potentially toxic for humans, 15 were ichthyotoxic, and 38 were non-toxic. 
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Little is known about species-specific responses of toxin-producing planktonic dinoflagellates in response to Global Climate 
Change. In this work we test the effect of temperature on growth, yessotoxin (YTX) production and on oxidative stress in 
Protoceratium reticulatum isolated from San Jorge Gulf, Argentina. One clonal isolate was acclimated to four different 
temperatures (10, 15, 20 and 25 °C). During exponential growth, the ŎƻƴǘŜƴǘ ƻŦ ʰ-ǘƻŎƻǇƘŜǊƻƭ όʰ-T, a liposoluble antioxidant), 
lipid radicals (LR, an oxidant species), and the cellular content of YTXs was analysed. Growth rate was significantly affected 
by temperature with a minimum at 10 ºC (0.18 d-1), a maximum at 20 ºC (0.53 d-1), and high but slightly lower growth at 25 
°C (0.50 d-1). YTX cell quota was not clearly related to temperature and ranged from about 3 pg YTX per cell at 20 °C to about 
7 pg YTX per cell at 25 ºC. Acclimation and growth of P. reticulatum at lower temperatures (10 and 15 ºC) caused significantly 
ƘƛƎƘŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ [w ŀƴŘ ƭƻǿŜǊ ŀƳƻǳƴǘǎ ƻŦ ʰ-¢Σ ŎƻƴǎŜǉǳŜƴǘƭȅΣ ǘƘŜ Ǌŀǘƛƻ ōŜǘǿŜŜƴ [w ŀƴŘ ʰ-T (ILR) as an indicator of 
lipid damage, was high (12 and 5x10-3 AU at 10 and 15 °C, respectively). In cells exposed to 20 and 25 ºC, the ILR was 
significantly lower, being minimal at 20 ºC (0.04x10-3 !¦ύ ŎŀǳǎŜŘ ōȅ ƘƛƎƘ ŀƳƻǳƴǘǎ ƻŦ ʰ-T. Our results suggest a good 
adaptation to higher temperatures which in surface waters of the San Jorge Gulf in summer is between 14 and 20 ºC. 
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Vulcanodinium rugosum, found in the Méditerranéen lagoon of Ingril (France) and in the coastal zones of New Zealand, 
Australia Japan and China, is now spreading through maritime commerce. While French V. rugosum isolate mainly produces 
pinnatoxin-G and South Pacific V. rugosum strains produce pinnatoxin-E, F, G and H. The novel V. rugosum isolate purified 
ŦǊƻƳ ŀ ǎƘƛǇΩǎ ōŀƭƭŀǎǘ ǘŀƴƪ ƛƴ ¦{! Ƴŀƛƴƭȅ ǇǊƻŘǳŎŜǎ ǇƻǊǘƛƳƛƴŜΣ ŀ ǘoxin that is common to all V. rugosum isolates described to 
date. Portimine is a polycyclic ether toxin containing a five-carbon imine ring (m/z 402.22804). Although less toxic to mouse 
by intraperitoneal injection than other cyclic imine toxins, portimine exhibits potent cytotoxicity against different cell lines. 
In the frame of a Mini-Project financed by the GDR PHYCOTOX, we have purified milligrams of portimine from an ethanolic 
extract obtained from ~50 liters culture of V. rugosum (French isolate). First, we fractionated the extract using C-18 SPE 
cartridges. The bioactivity of the SPE fractions was analyzed by microplate-receptor-binding assay using Torpedo marmorata 
nicotinic acetylcholine receptors as substrate. The analysis of positive SPE fractions by mass spectrometry confirmed the 
presence of portimine and pinnatoxin-G. Further, LC-MS analysis of ethanolic extracts showed that portimine was the major 
toxin produced by this strain. The latter might be associated to culture conditions. Portimine was purified by preparative 
HPLC, and characterized by HRMS and NMR. Electrophysiological recordings on Xenopus laevis oocytes expressing muscle 
and neuronal nicotinic acetylcholine receptors, showed that portimine acts as antagonist of this class of ionotropic receptor-
channels. 
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Global warming is predicted to promote cyanobacterial blooms, but how tropical phytoplankton communities respond to 
warming is less known. To further explore the effect of warming on phytoplankton communities and to get insight in possible 
resistance to warming effects, we tested the hypothesis that warming will have a stronger effect on cyanobacteria 
dominance in eutrophic water than in oligo-mesotrophic. Hereto, we conducted an experiment with phytoplankton 
communities from two aquatic ecosystems differing in trophic state. Water samples from an eutrophic and an oligo-
mesotrophic system were collected and incubated in 25 and 30ºC. Also, treatments that received additional surplus N and 
P were included that served as eutrophication treatments. Warming in itself did not promote cyanobacteria in either water 
from the oligo-mesotrophic or the eutrophic system. However, nutrient enrichment of water from the eutrophic system 
significantly boosted cyanobacteria, and biomass increased 10 times in both 25ºC and 30ºC treatments. In contrast, 
eutrophication of water from the oligo-mesotrophic system did not change the relative contribution of phytoplankton 
groups and response ratios were much lower than those for water from the eutrophic system. This suggests that in eutrophic 
systems cyanobacteria dominance can be favoured by further addition of nutrients, independently of a direct temperature 
effect and that more pristine environments possess some resistance against eutrophication and warming. Since global 
warming is assumed to intensify eutrophication symptoms indirectly, our study underscores the importance of nutrient 
control.  
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Cyanobacteria, known for their ability to synthesize toxic metabolites, can become dominant in environments with high 
concentrations of nitrogen and phosphorus. Studies concerning cyanotoxins have demonstrated a broad field to be 
explored, with few reports about eutrophication favored by the presence of herbicides in water bodies. Although the toxicity 
of glyphosate in some aquatic organisms is well known, few studies address the effect of this compound on the production 
of secondary metabolites by cyanobacteria. Reported as a potential environmental contaminant, glyphosate is the most 
widely used herbicide in the world. The aim of this study was to evaluate the influence of different concentrations of the 
herbicide glyphosate (technical grade) on growth and saxitoxins production by a Brazilian strain of Cylindrospermopsis 
raciborskii. Cyanobacteria growth was assessed by spectrophotometry and saxitoxins by post-column oxidation liquid 
chromatography with fluorescence detection. Among the concentrations tested, 5 to 15 mg/L of glyphosate did not affected 
the parameters evaluated. When exposed to 20 mg/L of glyphosate, C. raciborskii growth was reduced and saxitoxins 
production (normalized by cell density) increased. The concentrations above 30 mg/L prevented cell growth and hence the 
assessment of cyanotoxins production. Thus, given the high glyphosate resistance of the C. raciborskii strain evaluated, and 
considering the high anthropogenic interference through agricultural practices, it can be inferred that excessive and 
frequent use of this herbicide is able to stimulate dominance and cyanotoxin production of these organisms, which may 
modify the structure and function of aquatic ecosystems. 
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The ocean is a critical component of the climate system, and changes in their conditions lead to shifts in the biodiversity 
dynamics of oceans and subsequently in the livelihoods of coastal communities.  Associated with seasonal climate drivers, 
Ecuadorian coastal communities have been witnessing red tides in the coastal zone for decades.   However, little is known 
about risk perception and practices of coastal communities during red tide events. In this research we assess the risk 
perception, attitudes and practices of fishermen, coastal restaurant owners, and coastal authorities in relation to red tides 
events along a coastal gradient from estuarine to coastal waters.  We develop an exploratory analysis applying a non-
probabilistic sampling to fishermen, restaurant owners (N1 = 164), and coastal authorities in the sector of health, 
environment and risk management (N2=17).  We applied two type of surveys in a semi structured format to explore their 
risk perception, attitudes and practices to climate hazards and red tides.  Using a Chi square test, we compare the responses 
of fishermen and coastal restaurant owners, and the responses of health authorities versus the environmental and risk 
management authorities.  We found that fishermen associate red tide events with climate change and the rainy season, 
while restaurant owners do not know the causes of red tides events. On the other hand, coastal authorities from the 
environmental and risk management sector identify climate and nutrients as potential causes of red tides. In general, there 
is limited awareness of the potential risk of harmful algae blooms on human health. 
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In the Philippines the incidence of human fish poisoning has been increasing in the last decade, yet only a few were reported 
as ciguatera fish poisoning (CFP). Ciguatera fish poisoning is caused by consumption of reef fish that have accumulated 
ciguatoxins in their tissues. These toxins are produced by dinoflagellates of the genus Gambierdiscus and accumulate along 
the reef food web upon consumption by herbivores. In the Philippines, benthic HABs are being monitored, however, 
ciguatoxin detection methods have yet to be established to determine algal and fish toxicity. At present, the national 
monitoring body is adapting an isotope-based receptor binding assay (RBA) that was established for paralytic shellfish toxins. 
In this work, we report data of a pilot-monitoring study conducted in two (2) sampling sites in Cebu (Visayas region) and 
Zamboanga del Sur (Mindanao region), noted as fishing grounds in the reef areas in the Philippines. Gambierdicus cell 
densities were found to be insignificant (~1 cell/100 g macrophytes) during sampling times. Eleven fish species are being 
analysed using the receptor binding assay to assess ciguatoxin levels. This study is part of the collaborative effort between 
the Philippine Nuclear Research Institute (PNRI) and the Bureau of Fisheries and Aquatic Resources (BFAR) to strengthen the 
capabilities of the regulatory body on seafood monitoring to address ciguatera fish poisoning. 
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The nutrient enrichment of freshwater dams, rivers and lakes leads to propagation of cyanobacteria which are a major 
concern due to microcystins in South Africa and worldwide. The presence of microcystins may be a source of natural organic 
matter (NOM) in raw water supply which stimulates the growth of cyanobacteria. Here we report on the occurrence of 
cyanobacteria and diatoms species in Musina raw water supply and Limpopo river sediments. The study showed that source 
of cyanobacteria and diatoms species were the river sediments.  The FlowCAM and scanning electron microscope (SEM) 
identified three cyanobacteria genera: Oscillatoria, Microcystis and Planktothrix and two diatoms: Navicula spp and 
Nitzschia palea. The physico-chemical analysis of the river sediment and water samples showed low levels of clay particles, 
high levels of nitrates, inorganic phosphorus and total phosphorus. The UV-Vis spectrophotometric method and total organic 
carbon (TOC) analyzer confirmed presence of specific ultra-violet absorbance (SUVA) and dissolved organic carbon (DOC) 
levels in the water samples. The high DOC levels and nutrients in the raw water and sediments stimulate the growth of 
cyanobacteria and the production of microcystins.  High pressure liquid chromatography with a photodiode array detector 
(HPLC-PDA) then confirmed the presence of microcystin LR and YR in the water samples. Thus the presence of toxic 
cyanobacteria species and their microcystin variants poses a hazard to human health. 
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In recent decades harmful algal blooms (HAB) and toxic events such as ciguatera have increased in frequency and intensity, 
generating negative effects on human health, the economy and marine ecosystems. In Colombia, these events caused by 
microalgae have generated a series of consequences ranging from the death of fish and birds to human poisoning. In order 
to determine the composition and abundance of dinoflagellates associated with seagrass beds in the insular region of 
Colombia, samples were collected in Barú Island during April and September 2015 and in San Andrés Island, during July 2007, 
April 2008 and September 2009. Three and seven genera of epiphytic dinoflagellates were found on the island of Barú and 
San Andrés Island respectively, associated with the seagrasses Thalassia testudinum, Syringodium filiforme and Halodule 
wrightii. Some of these genera as Gambierdiscus, Ostreopsis and Prorocentrum have been associated with toxin-producing 
species and toxic events such as ciguatera. Cell densities of dinoflagellates were higher in San Andrés Island (2793 cells / g 
wet weight) compared to Barú Island (1032 cells / g wet weight), however, Prorocentrum lima was the most abundant 
dinoflagellate in both places. The results in Barú and San Andrés Islands, suggest that during El Niño and La Niña events the 
populations of some species of dinoflagellates might respond positively, increasing their populations.  
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The mariculture of milkfish (Chanos chanos) has been a major source of income in the shared semi-enclosed coastal waters 
of Bolinao and Anda, Pangasinan. After nearly two decades of operation, degradation of water quality has been observed 
from long-term monitoring of Bolinao waters. Although the number of fish farming structures in Bolinao has been regulated 
to within the allowable limit after the massive fish kill that occurred in 2002, conditions have remained eutrophic.  Results 
of seasonal surveys indicate that mariculture areas are nitrogen-limited as shown by nitrogen to phosphorus ratios (N/P) in 
the water that are consistently lower (~6.6) than the Redfield ratio (16).  Decomposition of wasted fish feeds containing 
more P than the nutritional requirement of fish, fish feces and excretions are the major sources of nutrients in the area.  At 
the start of the wet season, N-limitation is relieved by N-supply from the watershed, oftentimes resulting to algal blooms 
that lead to fish kills.  The increase in fish structures in the adjacent waters of Anda, as seen through satellite images, 
contributes to higher amounts of mariculture-derived nutrients brought in to Bolinao by residual current during the dry 
season.  Correspondingly, recurring blooms of dinoflagellates and diatoms that often proliferate in low N/P ratio conditions 
have been reported for Bolinao and Anda.  Understanding the environmental-socio-economic aspect is important in the 
recovery of a coastal area from the harmful effects of algal blooms arising from cultural eutrophication. 
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Bio-optical techniques has been employed to estimate the photosynthetic properties of phytoplankton from variable 
fluorescence yield. Fast Repetition Rate Fluorometry (FRRF),  one of the bio-optical techniques, measures  an extensive suite 
of photosynthetic parameters, including the maximum chlorophyll fluorescence (Fm), that is based on fluorescence transient 
introduced by a sequence of brief subsaturating flashes. This study investigated the feasibility of Fm as substitute for 
chlorophyll a concentration in estimating the phytoplankton biomass. Five stations along the axis of Youngsan river were 
sampled monthly from January and December 2011. Vertical profiles of active fluorescence were obtained using FRRF with 
dual Light (L) and Dark (D) chambers. Water samples were collected and analyzed to measure the chlorophyll a 
concentration ([Chl a], mg m-3) using Turner Designs® 10-AU fluorometer. Depth profiles of Fm and [Chl a] were then 
compared. Trends in scatter plots of FRRF based estimates of Fm and the in vitro measurement of  [Chl a] for all longitudinal-
depth surveys showed a strong linear relationship. Linearity of the relationship between Fm and [Chl a] did not vary spatially 
and seasonally. The finding suggests that Fm can be used to estimate the phytoplankton biomass within the euphotic zone. 
This bio-optical approach provides a rapid, sensitive, non-destructive estimation of phytoplankton biomass that can easily 
be integrated in aquatic environmental assessment such as the detection of harmful algal bloom during eutrophication. 
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Toxic microalgae can exert negative effects on marine organisms, which are immediately visible in cases of mass mortality. 
Long-term sublethal effects have not received much attention. Recently, we reported impaired reproductive ability in 
apparently healthy Paracentrotus lividus, a keystone Mediterranean species, from a marine protected area affected by 
blooms of Ostreospsis cf. ovata, a benthic dinoflagellate producing palytoxin-like toxins. Reduced fertilization rate, increased 
nitric oxide (NO) levels in the gonads, along with the nitration of toposome, a key protein involved in the transmission of 
positional information during early developmental stages, were found in sea urchins collected prior to and during the bloom, 
as well as during the reproductive season. Serious developmental anomalies were observed in the progeny, which persist 
several months after the bloom without a complete recovery. NO levels were high in embryos at different developmental 
stages, which also showed variations in the transcription of several genes that were found to be directly or indirectly 
modulated by NO. In this study, we aimed at investigating the molecular mechanisms underlying reproductive impairment 
in natural populations of P. lividus exposed to O. cf. ovata blooms. Detoxification experiments in laboratory confirmed in 
situ data, revealing a gradual decrease of nitration with time. Our data indicates that nitration did not affect toposome 
structure and thermal stability, but could be involved in functional modifications such as metal binding and proteolytic 
degradation. These results highlight the complex role of toposome nitration as an active physiological signalling pathway. 
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Cyanobacteria dominance on Billings Reservoir (São Paulo) arouses attention of researchers and authorities responsible for 
water treatment, as these microorganisms are potential toxin producers. Cyanobacteria identification, quantification, and 
the detection of cyanotoxin-producing genes are necessary on reservoirs, especially those used on water supply. These data 
can be used on subsidies on water management. The aim of this study was to detect the presence of cyanotoxin-producing 
genes in Cyanobacteria populations monitored in Billings Reservoir (Diadema/SP, Brazil). The samples were collected 
monthly between June/2014 and July/2015, at a point on Billings Reservoir. The samples used on the phytoplankton analysis 
were collected using a plankton net (to identification) and Van Dorn sampler (to quantification using Utermöhl method). 
Three samples (Nov/2015) were used on the detection of the cyanotoxin-producing genes. The DNA was extracted and then 
two PCRs were run, the first to detect a fragment of the microcystin-producing gene and the second an anatoxin one. Forty-
three Cyanobacteria species were identified. The total biovolume fluctuated between 0,76 mm³/L (Dec/14) and 9,2 mm³/L 
(Sept/14). The Cyanobacteria were dominant (relative biovolume > 50%) over the other phytoplankton groups in 57% of the 
period. The most representative species were Aphanocapsa annulata, Cylindrospermopsis raciborskii, Merismopedia 
punctata, Microcystis aeruginosa, Microcystis panniformis, Microcystis protocystis, Planktothrix agardhii, Planktothrix 
isothrix, Raphidiopsis brookii and Sphaerocavum brasiliense. The molecular analysis demonstrates that the genes for 
microcystin and anatoxin production are present in the cyanobacteria genetic pool. These results suggests that the 
Cyanobacteria in the studied point on Billings are microcystin and anatoxin potential producers.  
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Cyclic imines (CIs) constitute a quite recently discovered group of marine biotoxins that act on neural receptors and that 
may bioaccumulate in seafood. CIs have an imino group functioning as their common pharmacore, responsible for acute 
neurotoxicity in mice. CIs have not been linked yet to human poisoning and are not regulated in Europe. EFSA has requested 
more data to perform conclusive risk assessment for consumers. Among CIs, spirolides (SPXs) are produced by the 
dinoflagellate Alexandrium ostenfeldii, and gymnodimines (GYMs) are also produced by A. ostenfeldii and by Karenia 
selliformis. The dinoflagellate Vulcanodinium rugosum produces Pinnatoxins (PnTXs). Not all CIs are equally potent. Several 
commercial samples from eight different countries (Italy, Portugal, Slovenia, Spain, Ireland, Norway, Netherlands and 
Denmark) were obtained over 2 years (2015 and 2016). Three fresh samples, 1 of each species (local seafood) and 3 
processed samples (imported seafood, i.e. frozen or canned) were selected. Emerging CIs concentrations in all the samples 
were analysed on a triple quadrupole 3000QTRAP and LC-HRMS QExactive mass spectrometer. Two CIs, PnTX-G and SPX-1 
were found at low concentrations (0.1 to 12 µg/kg PnTX-G and 26-66 µg/kg SPX-1) in 95 commercial samples of mussels, 
clams, oysters, scallops and cockles. Gymnodimines were not detected in any commercial shellfish during these samplings. 
In summary, SPX-1 and PnTX-G were detected in 18.8% and 1% of samples, respectively, at concentrations higher than the 
LOQ, and in 7.3% and 24%, respectively, of the samples at concentrations lower than the LOQ (25µg/kg for SPX-1 and 
0.1µg/kg for PnTX-G). 

POS0203 

Differences on lipophilic toxins bioaccumulation in native (Ruditapes decussatus) and non-
indigenous (R. philippinarum) shellfish species living in sympatry 
  
Ana Catarina Braga1, Pedro Reis Costa1 
  
1Portuguese Institute for the Sea and Atmosphere, Portugal 
  
e-mail: ana.braga@ipma.pt 
  
Shellfish are frequently exposed to harmful algal blooms (HAB). High levels of marine toxins exceeding the regulatory limits 
are often detected after HAB leading to closures to shellfish harvesting and production. Increasing tolerance to 
environmental stressors and pollution is regularly observed in invasive shellfish species. The native clam, Ruditapes 
decussatus, and the non-indigenous species, Ruditapes philippinarum, coexist in Ria de Aveiro, one of the major shellfish 
harvesting sites in Portugal. The aim of this study was to examine at natural conditions if this potential invasive non-
indigenous species (R. philippinarum) have a different accumulation pattern of marine toxins than the native species. 27 
samples of native clam and 27 samples of non-indigenous clam were collected from the same site and at the same date 
throughout 2014 and 2015. LC-MSMS analysis of lipophilic toxins revealed significantly higher levels of OA group toxins in 
the native clam. The profile of OA group toxins was examined in 20 samples collected during 2015, but no differences were 
observed between species suggesting similar ability to biotransform the toxins. Both OA and DTX2 were found. DTX2 was 
found in both species completely esterified and approximately 5 % of the OA was in the parent conformation. This study 
shows that R. philippinarum accumulate lower levels of lipophilic toxins than R. decussates, which may increase the interest 
of aquaculture industry for their cultivation. Further studies are now needed to investigate, under controlled conditions, the 
mechanisms that regulate the accumulation, transformation and elimination in native and non-indigenous species. 
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Surveillance and management of Harmful Algal Blooms (HABs) relies on the identification and quantification of harmful 
and/or toxic species. Molecular techniques are currently supporting the results obtained by monitoring programs with optic 
microscopy, and have a great potential as fast, reliable and accurate analysis of phytoplankton communities. Molecular 
techniques are constantly evolving and improving, and the use of commercially available kits are facilitating their 
applicability; regardless of their analytical throughput and accuracy, all have common steps that can add bias to the final 
results. Bias due to extraction efficiency and quantification accuracy of genetic material is usually overlooked, although both 
steps are basic for any molecular analysis and the development of new molecular-based methods. In the present work, the 
extraction efficiency of a commercial kit commonly used in microalgae analysis is assessed with samples from different 
Alexandrium sp. strains cultured in laboratory conditions. Different quantification methods of the extracted DNA and 
purified PCR products are also compared. The work is part of the project ALEXNEXT - Alexandrium sp. analysis by Next 
Generation Sequencing, funded by ACCIO (Catalan Government) and Marie Curie COFUND Program. 
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The unexpected Alexandrium catenella bloom in the Pacific Ocean (43°S-39°S) in April-May 2016 caused Paralytic Shellfish 
Poison (PSP), stranded bivalve mollusks (e.g. Mesodesma donacium) and mortality of birds and marine mammals, besides a 
strong effect to the social and economic system. The case of four pet dogs, who died after licking kelp fronds (Macrocystis 
pyrifera; Durvillaea antarcticaύ ŀǘ aŀƴǎŀ .ŀȅ όплϲопΩрнΦоέ{Τ тоϲппΩмоΦсέ²ύΣ ǊŜƎƛƻƴ ƻŦ [ƻǎ [ŀƎƻǎΣ ƛǎ ǇǊŜǎŜƴǘŜŘΦ ! ǾŜǘŜǊƛƴŀǊƛŀƴ 
suggested an intoxication by PSP. No samples of poisoned dogs but were collected stranded kelp samples. The frond and 
stipe presented its surface covered by a barnacle (Lepas australis), which would have been eaten by the dogs. Were 
performed a HPLC analysis to search PSP in barnacles and wash water of kelp+barnacles and mouse bioassay for kelp wash 
water. The barnacles had a toxicity between 107-178 µg STX eq.100 g-1, while the wash water of the kelp+barnacle had a 
lower concentration (0.5 µg STX eq.100 g-1). In the first case, 95% were gonyaulatoxins (GTX2-3) and the remaining 5%, 
saxitoxin (STX), while in the wash water 53% were GTX2-3 and 48% STX. Kelp wash water had 118 µg STX eq.100 g-1. The 
adherence of A. catenella ǾŜƎŜǘŀǘƛǾŜ ŎŜƭƭǎ ǘƻ ǘƘŜ ōŀǊƴŀŎƭŜΩǎ ǎǳǊŦŀŎŜ ƻǊ ƪŜƭǇΩǎ ƳǳŎƻǳǎ ƳƛƎƘǘ ŜȄǇƭŀƛƴ ǘƘŜ t{t ƛƴ ǘƘŜ ǿŀǎƘ 
water, but no A. catenella cells or cysts in the wash water were observed. The results suggest that both the licking on 
stranded keƭǇ ƻǊ ƪŜƭǇҌōŀǊƴŀŎƭŜǎ ŀƴŘ ǘƘŜ ƛƴƎŜǎǘƛƻƴ ƻŦ ǘƻȄƛŎ ōŀǊƴŀŎƭŜǎ ƳƛƎƘǘ ŜȄǇƭŀƛƴ ǘƘŜ ŘƻƎǎΩ ŘŜŀǘƘΦ 
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Harmful algal blooms (HABs) caused by the dinoflagellate Karenia brevis produce toxins that result in negative impacts to 
both humans and the environment. Little is known about the termination stages of these blooms, and few viable control 
mechanisms have been suggested. Natural, algae derived compounds have been proposed as a way to limit bloom growth 
and reduce water column brevetoxins. The work presented here examines the ability of compounds produced by 
macroalgae to inhibit K. brevis growth and survival and to decrease water column brevetoxins, as has been demonstrated 
by studies with microalgal species. The studies presented here use indirect bioassays (where K. brevis is separated from 
whole macroalgae via a 7µm membrane) and methanol and aqueous extracts of macroalgae, and LCMS. The macroalgae 
species Dictyota sp. and Gracilaria sp. caused 100% mortality of K. brevis in under 24 hours. In addition, 7 other species 
significantly decreased the growth rate of K. brevis. Treatment using Dictyota sp. showed significant toxin reduction and 
increase of the antitoxin brevanal. These results indicate that some combination of compounds produced by macroalgae 
inhibit growth and survival of K. brevis and possibly limit their toxin production. Additional studies attempt to isolate and 
identify these compounds and test their effects on other marine organisms such as diatoms. Such alleopathic the 
interactions between  K. brevis and macroalgal species could provide insights on potential mechanisms of bloom 
control.  Results of additional on-going studies will also be presented. 
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Saxitoxin (STX) is one of the most potent toxins associated with the poisoning syndrome, Paralytic Shellfish Poisoning (PSP), 
which can result in human death by paralysis of the respiratory system. Increased contamination of shellfish food products 
with biotoxins has resulted from the increased occurrence of Harmful Algal Blooms (HABs). Shellfish, fresh and seawater 
samples were evaluated using a commercially available ELISA test kit from Beacon Analytical System, Inc. Blue mussels, 
steamers and mahogany clams were screened with this method to rapidly identify those samples falling within a range of 
concern from 50 to 1,600 ng/gm tissue.  The average assay Limit of Quantitation (LOQ) and Limit of Detection in these three 
shellfish tissue types are 150 ng/g and 47 ng/g respectively. Good correlation was obtained between the Saxitoxin ELISA test 
kit and the mouse bioassay (MBA) confirmatory method when a comparison of naturally contaminated blue mussels was 
done. Tissue recoveries were from 101-103%.  
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A real time qPCR was developed and validated for monitoring Pseudo-nitzschia algae producing the amnesic toxin (ASP) in 
Perú. Proliferation of this harmful algae alone or with other toxic algae results in the harmful algae bloom (HAB) which are 
a risk for public health and aquaculture activities by contamination of the marine ecosystem. The molecular assay developed 
could detect low concentrations of these algae, at level of 6.3 x 10 cells L-1 with a 100% of specificity and sensitivity. A 
Guaynuna and Salinas bays which holds a main bivalve molluscs culture production were monitored every fortnight for one 
year showing levels of 2.91 x 105 cells L-1 during summer and spring seasons, and lower concentrations during winter. Cell 
concentration was irrelevant to ASP presence. This is the first report of using a real time quantitative PCR for identification 
and quantification of Pseudo-nitzschia in our country. Therefore, this molecular assay is highly sensitive for detection of 
HAB, and migth be useful as great alternative to the microscopic method. 
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Okadaic acid (OA) and its derivatives dinophysistoxin-1 (DTX-1) and dinophysistoxin-2 (DTX-2) are marine toxins produced 
by dinoflagellates of the genera Prorocentrum and Dinophysis, associated with diarrheic shellfish poisoning (DSP). The 
worldwide occurrence of DSP causes public health problems and economic damages to shellfish farming. The development 
of methods for fast, reliable and sensitive OA detection, alternative or complementary to official chemical analysis methods, 
is a necessity. Thus, a self-assembled monolayer (SAM)-based immunoassay for the detection of OA and its derivatives is 
presented. Cysteamine and dithiol-hydrazide were used to covalently immobilise OA on maleimide plates on an ordered and 
well-oriented way, reducing non-specific interactions. Whereas the short cysteamine provides a thin and compact layer, the 
long dithiol-hydrazide generates a thick and spaced layer. Competition between free and immobilised OA for the anti-OA 
monoclonal antibody and the subsequent incubation with HRP-labelled secondary antibody allowed the establishment of 
OA calibration curves. Cross-reactivity factors for DTX-1 and DTX-2 in comparison to OA were established. Both SAM 
strategies were applied to the analysis of seawater samples collected from the Catalan coast (NW Mediterranean) and the 
Galician Rias (Atlantic), and certified reference material of DSP-contaminated mussel. Good agreements were found 
between OA contents in seawater by the immunoassay and by LC-MS/MS, as well as correlation with Dinophysis abundance. 
The OA contents determined in mussel were in agreement with the certified values. These two applications demonstrate 
that the immunoassay constitutes a valuable tool for early warning in monitoring programs. 
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The low level detection of algal toxins is an important issue for the preservation of water quality and aquatic life. The need 
of Lab-on-a-/ƘƛǇ ŘŜǾƛŎŜǎ ǳǎƛƴƎ άōƛƻǎŜƴǎƻǊǎέ ŦƻǊ ǊŜŀƭ-time, in situ, low cost, and easy to use detection, is an alternative to 
conventional water analysis methods. A biosensor consists of a transducer and a sensitive layer specific to the target species 
to be detected. Love wave transducers are highly sensitive which can not only operate in liquid medium, but also are fit to 
developed as an integrated and communicating platform. Love waves have been used to detect shell-fish toxins, using 
antibody sensitive, selective layers. However, the low molecular weight of the toxins does not allow a direct detection. A 
ϦŎƻƳǇƭŜȄ ǘŀǊƎŜǘέ ǿƘƛŎƘ Ŏƻƴǎƛǎǘ ƻŦ ŀ ǘƻȄƛƴ ŀƴŘ ŀƴ ŀƴǘƛōƻŘȅΣ ƻǊ ƎƻƭŘ ƴŀƴƻparticles have been used. In this poster, we present 
the potentialities of a Love wave transducer and a porous sensitive layer functionalized for the direct detection of toxins. 
The use of porous film as a sensitive and specific layer offers a protection for the surface of the device which allows to 
improve its robustness. Furthermore, the porous sensitive layer will provide a significant increase of the effective sensitive 
area, the porosity permitting the switching from a two- to a three-dimensional "functionalized surface". This would improve 
the sensitivity and the sensor detection threshold as was demonstrated in a gaseous medium. A direct detection of a low 
molecular weight toxin is possible. 

POS0211 

The detection of microcystins by immunoassay with a Broad Cross Reactivity Antibody 
  
Titan S. Fan1, Jingping P. Xie2, Frank Falcão da Frota3, Tiido Kenkmann3 
  
1Beacon Analytical Systems, Inc, United States 
2Beacon Analytical Systems, Inc, Brazil 
3DF Tecno-Científica, Brazil 
  
e-mail: titan@beaconkits.com 
  
There are more than 90 related compounds produced by cyanaobacteria which are highly toxic hepatotoxins to humans and 
other animals. Algal contamination of drinking water sourced from Lake Erie caused the potential health hazards in the tap 
water of Toledo, Ohio in 2014. Water from Lake Erie contained 60-80% Microcystin-LR, 10-25% Microcystin-RR and 5-15% 
Microcystin-YR. Microcystin-LR is considered to be the most toxic, RR is half as toxic as the LR variant, and YR is between the 
two. Immunoassays used to detect these toxins should detect most of the toxic congeners. Beacon has released an improved 
test kit (BX) which demonstrates the following cross reactivity of this polyclonal antibody, LR (100%), RR (86%), LA (41%), LF 
(34%), LW (29%), LY (30%), YR (53%), and Nodularin (58%). Any bacterial degradation of Microcystins produces the major 
metabolite is ADDA which is not toxic. Tests focused on the detection of ADDA might overestimate the total toxicity of 
Microcystins in public water supplies Eight different algal dietary supplement were purchased and tested by both LR specific 
and Broad Cross-reactive (BX) assays, the BX results are significantly higher than the LR specific assay.   



 

127 

POS0212 

A newly designed closed, stirred-tank photobioreactor system for producing mass densities of 
dinoflagellate and other selected microalgae 
  
Alexis M Marti1, Robert A York1, Carmelo Tomas1 
  
1University of North Carolina Wilmington - Marine Biotechnology, United States 
  
e-mail: martia@uncw.edu 
  
As more marine products are being discovered from various microalgae, researchers must overcome the problem of 
producing mass densities for the harvesting of biologically active material while using the fewest resources and space 
possible. Unfortunately, little is known on the parameters necessary for growing sensitive dinoflagellate microalgae in mass 
culture.  Through a collaboration between IKA Works, Inc. and the Algal Resources Collection at the MARBIONC facility 
(University of North Carolina Wilmington), a 10 liter, fully autonomous photobioreactor was created and proven successful 
in producing elevated mass densities of biological material. Using cultures of Amphidinium gibbosum, Alexandrium 
ostenfeldii/peruvianum, and other dinoflagellate microalgae,we have successfully and reproducibly generated an equal wet 
pellet weight in one ten liter photobioreactor as we have in eighty liters of static culture. Cellular counts of A. gibbosum 
reach up to 300 million cells per liter, producing an average wet pellet weight of 22-40 grams from one ten liter 
photobioreactor. The IKA photobioreactor is flexible and easily adaptable. It reduces the footprint for growing high densities 
of algae and can be used directly as a low-cost experimental instrument for researchers, teachers, and industry to determine 
optimal growth conditions for the variety of algae studied. 

POS0213 

MC-LR toxicokinetics: analysis of free MC-LR levels by HLPC/MS in six tissues of mice orally 
exposed to the toxin. 
  
Daniela Yazmine Sedan1, Valéria Freitas Magalhães2, Luciane Brandão2, Leda Giannuzzi3, Darío Andrinolo1 
  
1Área de Toxicología, Facultad de Ciencias Exactas, Universidad Nacional de La Plata. CIMA-CONICET, Argentina 
2Universidade Federal do Rio de Janeiro. Instituto de Biofísica Carlos Chagas Filho. Laboratório de Ecofisiologia e 
Toxicologia de Cianobactérias, Brazil 
3Centro de Investigación y Desarrollo en Criotecnología de Alimentos. Consejo Nacional de Investigaciones Científicas y 
Técnicas, Argentina 
  
e-mail: danielasedan@yahoo.com.ar 
  
Oral route is one of the main routes of exposure to MC-LR, mainly through ingestion of contaminated water with this toxin. 
Although, toxicokinetics of MCs has been insufficiently discussed in the literature. The aim of this study was to evaluate the 
levels of MC-LR present in the main body compartments in mice orally exposed to repeated doses of MC-LR. 
One group of N: NIH Swiss mice was treated by gavage with one dose of 250 µgMC-LR/kg and 30 '', 1 hr, 3hrs, 12hrs and 24 
hrs after the administration blood, liver, intestine, lung, kidney and heart samples were taken. Another group of mice was 
treated by gavage with 4 doses of 250 µgMC-LR/kg administered every 48 hours. The same tissues samples were taken at 
24 and 48 hours post administration. Heart MC-LR levels were not detected in all experiments developed. The tissues mainly 
involved in the uptake (intestine) and detoxification (liver and kidney) of MC-LR had equivalents toxin profile vs. time. The 
same occurred with toxins profile in blood and lung. Free MC-LR evidenced a different dynamic respect to the total toxin`s 
dynamic, mainly in the liver where showed no bioaccumulation of free MC-LR. The differences in processes and tissues that 
MC-LR has access in oral administration respect of i.p. administration could generate the different dynamics observed. 
Furthermore animals have shown a physiological adaptation to successive doses of MC-LR that allowed them to have low 
levels of free MC-LR in target organs such as liver. 
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Silver-cheeked toadfish, Lagocephalus sceleratus (Gmelin, 1789), a poisonous marine pufferfish that has reached the 
Mediterranean from the Red Sea through the Suez Canal (Lessepsian migration) where it soon established its own ecological 
niche due to its exceptional biological features such as rapid growth, high fecundity and fertility. There are indications that 
this fish species had managed to establish its population in the Adriatic Sea, but these findings still need to be confirmed by 
the presence of its early developmental stages. Recent surveys located the adult specimens in the southern and central part, 
but it is possible that the temperature is still a limiting factor for invasion of the northern part of the Adriatic Sea. It is known 
that L. sceleratus contains a potent neurotoxin, tetrodotoxin (TTX) that blocks sodium channels necessary for the muscle 
contractions. Therefore the skin, muscle, liver and gonads were analysed from the two specimens caught in the central 
Adriatic Sea. Tetrodotoxin was quantified in 1% acetic methanol extracts on LC-MS/MS in MRM positive mode. Among the 
four tissue samples analysed, the highest average toxin level was found in gonads (48.7 mg kg-1) and the lowest average was 
in muscle tissue (0.8 mg kg-1). The average TTX concentration in skin was (1.5 mg kg-1) slightly higher than in the muscle 
tissue, while in liver it was 30.6 mg kg-1. 
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Changing global climate conditions have resulted in several interactive effects of physicochemical factors on toxic 
cyanobacteria, blooms formation and cyanotoxins production. The objective of the present study was to determine the 
ŎƻƳōƛƴŜŘ ŜŦŦŜŎǘǎ ƻŦ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎŀƭƭȅ ŀŎǘƛǾŜ ǊŀŘƛŀǘƛƻƴ όt!wΣ ол ˃Ƴƻƭύ ŀƴŘ ǳƭǘǊŀǾƛƻƭŜǘ ǊŀŘƛŀǘƛƻƴ ό¦±-B, 0.8 W mҍн) on 
microcystins (MCs) production and release, growth and pigment content of Microcystis aeruginosa and Sphaerospermopsis 
aphanizomenoides. There was a reduction in chlorophyll content per cell over time of both cyanobacteria under combined 
PAR and UV-B treatment, while growth rates were not significantly different between the treatments and control. Compared 
to the controls, intracellular MCs content (pg cell-1) of M. aeruginosa grown under combined PAR and UV-B was significantly 
lower on days 2 and 10 of the experiment, while on day 6 it was higher. On the other hand, intracellular MCs content of S. 
aphanizomenoides was significantly increased under combined PAR and UV-B treatment. Extracellular MCs concentrations 
per cell-quota of both cyanobacteria were lower than those detected intracellularly, and were simultaneously increased and 
decreased over time. These results suggest that the response of cyanobacteria to combined PAR and UV-B will vary 
depending on the species or strain. 



 

129 

POS0216 

The cyanobacteria dynamics versus microcystin occurrence in the Billings Reservoir (Diadema, 
Brazil) 
  
Cristina Freire Nordi1, Fellipe Henrique Martins Moutinho1, André F. Rodrigues-Oliveira1, Thais Reichert1, Werner S. 
Hanisch1, Diogo Oliveira-Silva1 
  
1Universidade Federal de São Paulo, Brazil 
  
e-mail: cris_nordi@hotmail.com 
  
  The aim of this study was to monitor the cyanobacteria composition in the Billings Reservoir during 12 months and correlate 
its presence with the microcystin variants (MC-RR, MC-LR and MC-YR) occurrence. Water samples were collected monthly 
from January/2013 to July/2014, at one sampling site located in central portion of the Billings Reservoir. The cyanobacteria 
qualitative and quantitative composition was obtained from surface layer and also used to determine microcystin variants. 
Mycrocystin analysis was performed using LC-MSAnalysis. The results showed that   Microcystis aeruginosa and Planktothrix 
isothrix species were the most common species found during all the sample period but these populations  alternated their 
densities over the studied time.Microcystin variants were detected during all the sample period and the MC-RR was the 
dominant  variant until April. Another important result is that the cyanobacteria present in this study produce the three 
different microcystin variants.  No clear seasonality was observed in Microcystin variants, except to MC-LR that displays high 
levels during dry/winter season. The statistical analysis reveals a strong correlation between Planktothrix isothrix and MC-
LR variant and this result can be considered the first report of this contribution in natural water environment. Based on 
these findings and further investigations integrating cyanobacteria monitoring, cyanotoxins production and molecular 
biology ability to identify the presence of cyanotoxin biosynthesis specific genes are under conduction to verify the real state 
of the toxins production in this portion of Billings Reservoir and also propose a remediation tool to increase the water quality. 
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MARBioFEED is a three year projectsupported by the First Call for Transnational Research Projects within the Marine 
Biotechnology ERA-NET, involving partners from Ireland (Marine Institute), Norway (Norwegian Veterinary Institute), Spain 
(Spanish Oceanographic Institute and Neoalgae) and Canada (National Research Council). The project will involve large-scale 
algal biotechnology for the production of value-added products - marine biotoxin reference materials and fish feed. Most 
shellfish production sites in Europe are prone to closures due to the accumulation of biotoxins produced by certain 
phytoplankton. Over 26 EU-regulated toxins currently require statutory monitoring and new toxins are emerging. One 
element of the project will focus on the regulated okadaic acid group, azaspiracids and domoic acid toxins. Sourcing of 
naturally contaminated shellfish, bulk algal culturing, harvesting of algal blooms in situ and enzymatic conversions will be 
performed to source toxins of importance. The development and use of novel immunoaffinity and polymeric columns will 
be investigated to enhance purification efficiencies to reduce cost and increase economic viability. Fish feed typically made 
from fishmeal and fish is unsustainable and expensive to produce. This element of the project will focus on enhancing bulk 
culturing processes of microalgae for the production of highly nutritious and economically viable fish feed. Microalgae 
provide an excellent alternative to fishmeal, having exceptional nutritional value. Medium/small scale culturing of 
microalgae will be performed to determine optimum growth and nutrition with subsequent transfer of technologies to large 
scale culturing using 1,200 L photobioreactors. Harvested materials can then be formulated to produce fish feed.   
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Chaetoceros Ehrenberg, one of the most abundant and diverse diatom genera, is ecologically relevant due to its worldwide 
distribution and to the fact that different species may reach bloom abundances. Due to their morphological features (long 
setae and formation of long chains) or mucilage production, some species can be harmful, causing physiological damage and 
even death of fish by clogging their gills. In the present study we show a preliminary exploration of the diversity of this genus 
from planktonic samples obtained at different Catalan coastal zones (NW Mediterranean). The investigation has been based 
on the establishment of cultures for different Chaetoceros strains and their posterior morphological (light and scanning 
electron microscopy) and molecular (LSU and SSU rDNA sequences) characterization. Twenty one strains were established 
and 18 different morphotypes were detected. For most of them morphological and molecular information allowed specific 
identification. In some cases, the sequences represent the first available molecular information for the morphospecies. The 
morphotypes detected include four potentially harmful species (C. socialis, C. danicus, C. peruvianus and C. curvisetus). For 
some strains disagreements were found among the morphology-based identification and the molecular-based taxonomic 
assignment retrieved from public databases, highlighting the need to combine detailed morphological and 
molecular information, as well as the difficulties to identify close Chaetoceros species. 
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We report the first occurrence of Alexandrium tamutum for the South Atlantic and describe a new species of Alexandrium, 
A. fragae sp. nov., from Guanabara Bay, a eutrophic embayment at Rio de Janeiro, southern Brazil, based on morphology 
and DNA sequences (ITS, LSU and SSU rDNA). The plate formula of the new species is Po, 4'', 6'''', 6c, 8s, 5'''''', 2''''''''. The 
morphology of some plates is shared with A. minutum and A. tamutum; however, the strong reticulation on the hypotheca 
of A. fragae proved to be a consistent character separating it from the other two species. The morphology of A. fragae fits 
well with strains of Alexandrium sp. from Japan (D163C5, D164C6) also with strong reticulation on the hypotheca. 
Phylogenies inferred from concatenated ITS, LSU and SSU grouped A. fragae sequences with those from Japan and indicated 
that they are a single species, forming a well-supported monophyletic group occupying a basal position to the A. tamutum 
clade. The morphology of the isolates identified as A. tamutum concords with published descriptions. The phylogenetic 
analysis showed that the Brazilian isolates diverge slightly from other isolates of A. tamutum, and are closest to isolates from 
China and Italy (SZN28, SZN29). 
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The planktonic Prorocentrum species encompass important dinoflagellate representatives because of their taxonomic 
diversity and their harmful potential. Many problems of their taxonomic identification have been due to the lack of 
description of diacritical characters of these species. Here we analyzed isolates of three Prorocentrum species obtained from 
the Brazilian coast (P. cordatum, P. shikokuense and P. triestinium) combining morphology (LM and SEM) and molecular DNA 
sequencing (ITS and LSU rDNA) approaches. In general, the valve morphology and ornamentation of these three species was 
similar to found by literature. Examination of the periflagellar platelets revealed that P. cordatum has eight platelets 
surrounding two apical pores, P. shikokuense had nine platelets surrounding two apical pores and P. triestinium has nine 
platelets surrounding the single apical pores. The concatenate ML and BI phylogenetic tree based on ITS + LSU rDNA markers 
indicated a big clade well supported formed by P. cordatum, P. shikokuense, P. triestinum together P. balticum, with P. 
triestinum as basal clade. The genetic proximity of P. shikokuense, P. cordatum and P. balticum was also mirrored in the 
morphological data, these three species showed the same valve ornamentation with dense short spines. This study 
represents the first complete morphological characterization of the periflagellar area of P. shikokuense and P. triestinum. 
Furthermore, we even clarify the periflagellar area of P. cordatum. In addition, we showed Prorocentrum isolated from Brazil 
did not show any significant differences between Prorocentrum strains from other geographical regions. 
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Phosphorus loading plays an important role in the occurrence of cyanobacterial blooms and the comprehension on how this 
nutrient affects the physiology of cyanobacteria is imperative to understand and manage blooms. Microcystis aeruginosa 
and Cylindrospermopsis raciborskii are cyanobacterial species that form potentially toxic blooms in freshwater ecosystems 
worldwide. Results from a limited number of studies have led to the idea that C. raciborskii is an opportunistic species 
regarding to the use of this nutrient. In order to test if C raciborskii is a better competitor for phosphorus than M. aeruginosa, 
we tested five strains of each of these two species. Growth, photosynthethic efficiency, alkaline phosphatase activity, and 
maximum uptake rate under phosphorus deprivation were analyzed. Although differently affected by phosphorus 
deficiency, all strains were able to grow, maintain photosynthetic activity, and activate alkaline phosphatase, pointing to the 
ability of some C. raciborskii and M. aeruginosa strains to tolerate phosphorus stress. Taken together, these results support 
the well-known plasticity observed in these species. All tested parameters reveled a broad variation among strains with no 
significant difference between M. aeruginosa and C. raciborskii. Our results indicate that the level of intraspecific varation 
precludes generalization and the physiological diversity of many freshwater cyanobacteria is underscored in laboratory-
based studies that use only one or few strains.  
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Ciguatera fish poisoning (CFP) is a phycotoxin- borne seafood poisoning. Originating in many tropical and subtropical reef 
regions around the world, ciguatoxin is gaining attention worldwide, including South Florida and the Florida Keys, which 
have the highest incidence of CFP in the continental US. The source of this toxin is the benthic dinoflagellate, Gambierdiscus, 
which commonly associates with macroalgae. CFP is a highly underreported problem for many reasons, the main being that 
the only indication of CFP is people getting sick from seafood ingestion. Other reasons include difficulty identifying toxin 
sources, which herbivores are ingesting said sources, and the amounts of ciguatoxin causing toxicity in predators. Because 
of these unknown factors, the purpose of this study was to determine the toxicity in pinfish (Lagodon rhomboides) in order 
to determine if and how pinfish toxicity is related to Gambierdiscus densities in the benthos. Toxicity was determined using 
the N2a cytotoxicity assay with oubain/veratridine treatements to target sodium channel-specific activity. These data will 
provide insight into low to mid trophic level transfer of ciguatoxin into the food web. 
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Despite the advance of knowledge about the factors and potential mechanisms triggering the toxicity of harmful marine 
microalgae, these still remain unclear or controversial. In vitro toxicological assays using cell models have been proposed as 
a powerful tool for the study of harmful microalgae. The higher production of reactive oxygen species (ROS) by Heterosigma 
akashiwo microalga has been speculated to be one of the toxic mechanisms responsible for its ichthyotoxicity. ROS 
production has been assessed through direct and indirect methods, but the effects on target species remain to be elucidated. 
Moreover, methods that require cell lysis can underestimate the toxic potential of the microalgae due to the extreme 
reactivity and lability of these biomolecules. The aim of this study was to develop an in vitro approach to evaluate the toxic 
effect caused by ROS and other soluble molecules naturally released by living microalgae. A co-culture system of living red 
tide phytoplankton and fish CHSE-214 cells was used. Intracellular and extracellular ROS levels were assessed, showing that 
H. akashiwo releases higher quantities of ROS compared to non-toxic microalga (Dunaliella tertiolecta). The fish cell line co-
cultured in a transwell system with H. akashiwo showed variations in the expression of sub-lethal marker Hsp70B, as induced 
by a soluble microalgal factor, which probably could correspond to ROS. Our results suggest this in vitro model as a valuable 
tool for the study of ichthyotoxic mechanisms of harmful microalgae. 
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Ethical concerns regarding the mouse bioassay (AOAC 959.08), the toxicological assay for the detection of paralytic shellfish 
toxins (PST), have prompted the search for new toxicological methodologies in order to eliminate the use of animals for 
monitoring. One of the promising approaches is the use of in vitro toxicological methods such as the cell-based assay using 
mouse neuroblastoma Neuro-2a cells (CBA). However, one of the problems of this assay is the effect produced by the 
shellfish meat (matrix), so it is necessary to evaluate the effect of the extraction method before adapting the CBA to natural 
samples. The aim of this study was to evaluate the use of CBA as a screening tool for the detection of PST in mussel 
contaminated samples. The first step was to evaluate the matrix effect in the Neuro-2A cells, comparing three extraction 
protocols (AOAC 2005.06, AOAC 2011.02 and liquid-liquid extraction method). Then, using the AOAC 2005.06 extraction 
protocol, which presented less matrix effect, a pre-validation of the CBA was performed. For this purpose, the repeatability 
and reproducibility of the assay was measured using reference material. Both parameters fulfill the criteria of acceptability 
at matrix concentrations between 1.5 and 25 mg meat/mL. Finally, the discrimination capacity of the CBA using the cutoff 
value obtained from fortified samples was evaluated. A total of 13 natural PST-contaminated samples were evaluated, and 
11 were detected by the CBA. These results suggest the usefulness of CBA as a screening method, although it is necessary 
to complete the validation process. 
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More than a century ago, Kofoid proposed a system to label thecal plates of dinoflagellates based on series from apical to 
antapical. Thanks to this system it was possible to develop the taxonomy of armoured dinoflagellates as it was generally 
accepted by dinoflagellate taxonomists. Nevertheless, when different species or genera are compared it soon appears that 
homologous plates receive different names when the Kofoid system is strictly applied. In 1978 at the Penrose Conference 
on Modern and Fossil Dinoflagellates which was the first of the DINO series, this problem was addressed and discussed, and 
as a consequence several alternatives were published as an attempt to conciliate plate labels with homologies. Although 
the proposals were very logic they were not used by taxonomist, probably due to laziness instead of disagreement with the 
systems. Here, a relaxed version of the Kofoidian system taking into account homologies among plates is applied to some 
Gonyaulacales genera: Alexandrium, Ceratocorys, Coolia, Fragilidium, Gambierdiscus, Gonyaulax and Ostreopsis. 
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-̡N-methylamino-L-alanine (BMAA) is a neurotoxin first discovered in cycads and implicated as a possible cause of 
ŀƳȅƻǘǊƻǇƘƛŎ ƭŀǘŜǊŀƭ ǎŎƭŜǊƻǎƛǎκtŀǊƪƛƴǎƻƴƛǎƳ ŘŜƳŜƴǘƛŀ ŎƻƳǇƭŜȄ ό![{κt5/ύ ƛƴ DǳŀƳΩǎ /ƘŀƳƻǊǊƻ ǇƻǇǳƭŀǘƛƻƴΦ 5ǳŜ ǘƻ ǊŜŎŜƴǘ 
reports of its widespread presence in cyanobacteria and seafood, there is concern over global public health. LC-MS is 
currently the method of choice but there are concerns over false positives from incomplete separation of isomeric and 
isobaric compounds or false negatives due to factors such as matrix suppression. In this study, capillary electrophoresis-
tandem mass spectrometry (CE-MS/MS) has been investigated as an alternative method. After achieving isomer separation 
in preliminary CE-UV experiments, the CE was coupled with a triple quadrupole MS using first a commercial and then a 
custom sheath-flow interface. The best separation was achieved with a background electrolyte composed of 5 M formic acid 
in water/acetonitrile (9:1). Stacking after injection was achieved by lowering sample ionic strength through use of a cleanup 
procedure. Quantitation was accomplished using isotope-dilution with a deuterium-labelled internal standard (BMAA-d3), 
which co-eluted with BMAA. Linearity of over 3 orders of magnitude was observed with a limit-of-detection (LOD) of 20 ng/g 
dry weight sample. The method had the highest isomer resolution of any separation reported thus far, suffered no 
interference from matrix components, and provided LODs comparable with LC-MS. CE-MS/MS confirmed the presence of 
BMAA in cycad and assorted marine shellfish samples, but not in the cyanobacteria tested, and the quantitative results 
agreed well with those from LC-MS. 
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Benthic Prorocentrum species can produce toxins that adversely affect animals and human health. In this study, we report 
on the presence of Prorocentrum cf. borbonicum, Prorocentrum hoffmaniannum species complex, Prorocentrum lima and 
Prorocentrum rhathymum from the Brazilian coast. Strains were isolated from macroalgae (Amphiroa sp. and Dyctiota sp.) 
collected from three sites along a latitudinal gradient spanning 2200 km; Arraial do Cabo (22° 58'' S, 42° 00'' W), Maragogi 
όуϲ ррΩ {Σ орϲ лфΩ²ύ ŀƴŘ ǘƘŜ ƻŎŜŀƴƛŎ ¢ǊƛƴŘŀŘŜ LǎƭŀƴŘ όнлϲ нфΩ {Σ нфϲ нлΩ ²ύΦ ¢ƘŜ ǎǇŜŎƛŜǎ ǿŜǊŜ ƪŜǇǘ ƛƴ ŎǳƭǘǳǊŜ ƳŜŘƛǳƳ [нΣ ŀǘ 
24 ± 2°C, with a 12 h light:12 h dark cycle and a photon flux density of 60 µmol m-2s-1. Cell dimensions (n=35) were measured 
using the Axiovision software (Zeiss) in an optical microscope. The aim of the current study was to provide a detailed 
morphological characterization of strains using light and scanning electron microscopy. The strains mostly corresponded to 
their species original morphological characterization. Cells of P. cf. borbonicum were 23.5 - нсΦп ˃Ƴ ƭƻƴƎ ŀƴŘ мфΦу - ннΦр ˃Ƴ 
wide, while cells of the P. hoffmaniannum species complex were 41.3 - птΦл ˃Ƴ ƭƻƴƎ ŀƴŘ отΦо - прΦл ˃Ƴ ǿƛŘŜΦ /Ŝƭƭǎ ƻŦ P. 
lima were 36.4 - пмΦм ˃Ƴ ƭƻƴƎ ŀƴŘ нтΦс - омΦф ˃Ƴ ǿƛŘŜ ŀƴŘ P. rhathymum cells were 28.0 - 32.л ˃Ƴ ƭƻƴƎ ŀƴŘ муΦу - нрΦт ˃Ƴ 
wide. Molecular analyses using ribossomal genes are underway to complement the morphological study.  
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Trindade Island is a volcanic formation situated 1200 km off Brazil and comprises one of the most isolated island complex 
off the Brazilian coast. Although the island is known by its high marine biodiversity, few studies were focused on microalgae. 
The aim of the current study was to investigate the epibenthic dinoflagellate species associated to macroalgae from the 
Trindade Island. The macroalgae Canistrocarpus cervicornis (n=3), Dictyota mertensii (n=4) and Dictyota bartayresiana (n=1) 
ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ǘǿƻ ǎƛǘŜǎΣ /ŀōǊƛǘŀǎ όнлϲнфΩотΦсΩΩ{Σ нфϲ нлΩомΦпΩΩ²ύ ŀƴŘ hǊŜƭƘŀǎ όнлϲнфΩотΦлΩΩ{Σ нфϲмфΩрлΦрΩΩ²ύ ŀǘ ŘŜǇǘƘǎ 
of 7.5, 9 and 10 m in September 2014. Macroalgae were vigorously shaken for 2 minutes to dislodge epiphytic cells and the 
epiphytic suspension was preserved with neutral Lugol solution. Epibenthic dinoflagellate species were identified and 
enumerated using sedimentation chambers in an inverted optical microscope. Cellular dimensions were measured using a 
calibrated scale in the eyepiece of a microscope. Cells were stained with Fluorescent Brightener 28 and observed under 
epifluorescence microscopy. Species of the genera Ostreopsis, Prorocentrum, Coolia, Gambierdiscus, Sinophysis and 
Amphidinium were registered. The morphospecies Ostreopsis cf. ovata, O. cf. siamensis, Prorocentrum lima, P. 
emarginatum, P. hoffmannianum species complex, P. norrisianum and P. borbonicum were found. Total abundance varied 
between 183 cells.gFWDictyota bartayresiana-1 and 10142 cells.gFWDictyota mertensii-1. The genera Ostreopsis, 
Prorocentrum and Coolia represented on average 39, 21 and 33% of total abundance while Gambierdiscus and Sinophysis 
accounted for 1% and 4% of total abundance. The species O. cf. ovata and P. lima were the most abundant in the epiphytic 
dinoflagellate assemblage. 
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Epibenthic dinoflagellates of the genera Ostreopsis, Prorocentrum, Gambierdiscus, Coolia and Amphidinium occur from 
tropical to temperate regions. In this study the distribution and abundance of these genera were studied in seven sites along 
уос ƪƳ ŦǊƻƳ луϲнрΩпрΩΩ{ ǘƻ мнϲрфΩнтΩΩ{ ŀǘ ǘƘŜ .ǊŀȊƛƭƛŀƴ ƴƻǊǘƘŜŀǎǘ ŎƻŀǎǘΦ CƛǾŜ ǎƛǘŜǎ ǿŜǊŜ ǎŀƳǇƭŜŘ ƛƴ Wǳƭȅ нлмн όŀǳǎǘǊŀƭ ǿƛƴǘŜǊ) 
and two in January 2013 (austral summer). Macroalgae samples (n=81) were collected from depths of 0.5-2m and were 
vigorously shaken for 2 minutes to dislodge epiphytic cells that were posteriorly preserved with neutral Lugol solution. 
Epibenthic dinoflagellate species were identified and enumerated using sedimentation chambers in an inverted optical 
microscope. The morphology and genetics of the O. cf. ovata species complex were studied at one site. Temperature varied 
between 27.4 and 28.4oC and salinity from 34.2 to 35.7. Ostreopsis and Prorocentrum were the more abundant genera. The 
species Ostreopsis cf. ovata, O. cf. siamensis, Prorocentrum lima, Prorocentrum emarginatum and Prorocentrum 
hoffmannianum species complex were registered. Higher abundances were found in the summer, when O. cf. ovata 
abundances reached 53,659 cells.gFWCanistrocarpus crispatus-1, while P. lima maximum abundance was 16,297 
cells.gFWPadina boergesenii-1. Gambierdiscus abundances were below 80 cells.gFWmacroalgae-1 in all samples but one in 
which 1,186 cells G. carolinianus.gFWDictyota-1 were registered. The genera Amphidinium, Coolia and Sinophysis were 
observed at lower abundances (<103 cells.gFWmacroalgae-1). Molecular analysis (ITS) showed that O. cf. ovata cells belong 
to the O. cf. ovata subclade Mediterranean, Atlantic and Eastern Pacific.  
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The peridin-containing dinoflagellates Akashiwo sanguinea, Prorocentrum micans and Scrippsiella trochoidea form 
important coastal blooms worldwide. The effects of irradiance levels on their growth, cell volume, pigment contents and 
photosynthetic efficiency were analysed. Strains were isolated in southern Brazil, and cells were grown at low (LL, 87-90 
µmol photons m-2 s-1) and high (HL, 450-490 µmol photons m-2 s-1) light intensity. The pigments was analysed by high-
performance-liquid-chromatography (HPLC), and the photosynthetic efficiency (Fv/Fm) by pulse-amplitude-modulated 
fluorometry. At stationary growth phase, cells were stained with Nile Red and observed under the fluorescence microscope 
for lipid content. Similar growth rate was observed for A. sanguinea and P. micans (µ 0.25-0.33 d-1) under HL and LL, whereas 
S. trochoidea presented higher values under HL (0.29±0.02 d-1) than LL (µ 0.23±0.01 d-1) (p <0.001).Increase in the cell volume 
was observed for for P. micans along the growth curve in both irradiances while for A. sanguinea at LL only. All species 
presented low concentration of photoprotective pigments under HL and LL, indicating that photo-protection was not 
relevant in the tested HL.However S. trochoidea and P. micans showed higher photosynthetic efficiency (average Fv/Fm >0.5) 
compared to A. sanguinea (Fv/Fm ~0.2) in both irradiances. Lipid concentration at HL increased in the three species. 
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During January and March 2016 a severe outbreak of an ichthyotoxic species generated a great salmon mortalities at 
Northern Patagonian Fjord (southern Chile), covering from Chiloe inner sea to Reloncaví Seno (c.a.  42 to 41° S). This event 
killed c.a. 23 thousands of fishes (c.a. 40.000 tons), resulting in severe socioeconomic impact. Thus, in order to characterize 
the causative species associated to this outbreak, we record vegetative cells shape from live samples obtained from the 
field, using optical microscopy. Moreover, molecular identification, from 2 clones isolated from bloom, was performed using 
rDNA sequencing (LSU gene). Morphological characteristics of cells were according to Psedochatonella sp. species and shape 
varied from ovoid, pyriform, elongated to ´carrot-like'' cells. Also, two unequal flagella were observed, although usually only 
the long and forwardly directed flagellum was visible. Otherwise, phylogenetic analyses considered 500 pb and 15 
haplotypes of related species were used. Based in the ML tree topology, two monophyletic clades were generated: one 
composed by 5 Pseudochatonella verruculosa species and other with 7 Pseudochatonella farcimen species. Both Chilean 
clones were grouped with P. verruculosa species, showing a genetic distance ranged from 0.0000 to 0.0162 within the clade. 
Therefore, morphological and phylogenetic results suggest that ichthyotoxic species involved in the Chilean fish mortality 
corresponded to P. verruculosa, however, further studies should evaluate other genes, toxicology, life cycle, and particular 
morphological traits to support this taxonomic classification. 
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Significant progress in analytical methodologies has enabled rapid analysis of shellfish for a wide variety of natural toxins. 
Alternatives to traditional animal bioassays have become vital due to changes in international regulations, which now 
consider chemical analytical techniques as reference methods. Certified reference materials (CRMs) are necessary for 
development, validation and quality control of analytical methods. Up to this point only a limited number of matrix CRMs 
have been available and only for single toxin groups. The production, characterisation and certification of a freeze-dried 
mussel tissue (Mytilus edulis) CRM containing domoic acid, okadaic acid, dinophysistoxins, azaspiracids, pectenotoxins, 
yessotoxins and spirolides is described. The homogeneity of the material was satisfactory and stability studies revealed no 
degradation of any toxin for one year at temperatures up to +18°C. Optimized procedures were implemented for accurate 
quantitation of various toxins, dealing with challenges associated with exhaustive extraction of toxins from the CRM matrix, 
as well as matrix effects in LC-MS. Certified values have been assigned for ten analytes representing six toxin groups in the 
CRM. The CRM has also been characterized for the wide array of additional toxins present, adding significant qualitative 
value. This new reference material, CRM-FDMT1, will allow laboratories to assess complete multi-toxin analytical methods, 
ultimately verifying trueness of analysis. 
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Toxin-producing algal blooms are recurrent in the coast of El Salvador, however there are no reports of ciguatera poisoning 
due benthic algal blooms. The analysis of epiphytic dinoflagellates in the intertidal rocky platform of Los Cóbanos coral reef 
system revealed the presence of Gambierdiscus and Ostreopsis for the first time in El Salvador coast, which are identified as 
potentially toxic and are related to ciguatera outbreaks around the world. During April to May 2013, macroalgae samples 
were collected in the intertidal zone of Los Cóbanos by free diving and using plastic bags; samples were then vigorously 
shaken to remove dinoflagellates, the water was filtered through several sieves and the retained   ŦǊŀŎǘƛƻƴ ƛƴ ǘƘŜ нл˃Ƴ ǎƛŜǾŜ 
was analyzed at the inverted microscope. Both Gambierdiscus and Ostreopsis were found in low density (3 ± 2 cel/g of wet 
macroalgae); furthermore, Gambierdiscus species were mostly found in Rhodophytes. Along with these genera, 4 species of 
Prorocentrum were identified: P. lima, P. micans, P. mexicanum, and P. minimum; P. lima showed the highest abundance 
with 80 cel/g. Though Gambierdiscus and Ostreopsis species are still being confirmed, this is the first report of the genera in 
El Salvador and one of the few reports in the Eastern Tropical Pacific. 
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Dinoflagellates are known to make a diverse array of fatty acids and polyketides. A necessary precursor for their synthesis 
is malonyl-CoA which is formed by carboxylating acetyl Co-A using the enzyme acetyl-Co carboxylase (ACC).  In plastid-
containing organisms, ACCs are present in the cytosol and the plastid (chloroplasts). Two different forms of these naturally 
biotinylated enzymes exist, the heteromeric (prokaryotic) and homomeric (eukaryotic) form. Through transcriptome 
analysis in Amphidinium carterae (CCMP 1314) we were able to find two full length homomeric type ACC sequences; no 
heteromeric type ACCs were found. Based on phylogenetic analysis we were able to assign the cellular location for these 
two ACCs. These assignments were validated using mass spectrometry proteomics on isolated gel bands, along with 
streptavidin western blotting which shows two bands corresponding to the calculated sizes of these ACCs. Additional bands 
showing other naturally biotinylated proteins were also observed. Transcript abundance for these ACCs follow the 
established pattern for dinoflagellate mRNA messages over a diel cycle. In addition, changes in the small molecule 
metabalome between day and night periods have been examined. This is the first description at the genomic and protein 
level of ACCs in dinoflagellates. Future work will involve subcellular fractionation and kinetic properties of these two ACCs 
as well as assignments of the remaining biotinylated proteins in dinoflagellates. 

POS0236 

Occurrence of DSP toxins in Perna perna mussels (Linnaeu, 1758) and toxic marine phytoplankton 
in Arraial do Cabo, RJ / Brazil. 
  
Daniela Almeida de Souza1, Manildo Marcião de Oliveira1, Maria Helena Baeta Neves2, Mathias Alberto Schramm3, Luis 
Proença3, Victor Barbosa Saraiva1 
  
1Instituto Federal de Educação, Ciência e Tecnologia Fluminense, Brazil 
2Instituto de Estudos do Mar Almirante Paulo Moreira, Brazil 
3Instituto Federal de Educação, Ciência e Tecnologia de Santa Catarina, Brazil 
  
e-mail: danielabio@hotmail.com 
  
Marine molluscs farms at Arraial do Cabo, Brazil, are important Perna perna mussels producers and providers for restaurants 
in Rio de Janeiro city. However, the threat of phycotoxins accumulation in shellfish can put the business at risk. Therefore 
we monitored the occurrence of paralytic shellfish toxins (PSP) and diarrhetic shellfish toxins (DSP) in Perna perna harvested 
in Arraial do Cabo, Brazil, between January 2013 and May 2014. Once a month phytoplankton samples were collected by a 
plankton net (20 µm) for taxonomic identification and quantitation using Utermöhl method. Besides, mussels digestive 
glands and whole flesh samples were used to determine DSP and PSP toxins by mouse bioassay methods. Genera and species 
with toxic potential were recorded. Presence of DSP toxins in mussels flesh were registered 3 times (January, March and 
May/2014). These results are related to the presence of dinoflagellates of the genus Dinophysis: Dinophysis acuminata and 
Dinophysis tripos in the water samples. This is the first register of DSP toxins presence in molluscs harvesting area at Arraial 
do Cabo-RJ. 
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Turbulence affects the growth of cyanobacterium because the nutrient flux to cells changes with the variation of the shear 
stress. In order to investigate the effects of shear stress on Microcystis aeruginosa along the nutrient gradients, M. 
aeruginosa was cultured under the combination of four simulated shear stress conditions (0 mPa, 64 mPa, 95 mPa and 144 
mPa) and three levels of nutrient conditions (0.01, 0.1 and 1.0 mgL-1 phosphorus), physiological activity parameters of the 
cells were measured. The results showed that M. aeruginosa had higher specific growth rate, biomass and P uptake under 
95mPa value when phosphorus level was 1.0 mgL-1. The optimum shear force was 64 ~ 95 mPa for its growth at moderate 
phosphorus level (0.1 mgL-1), and 64 mPa at low phosphorus level (0.01 mgL-1). Alkaline phosphatase activity (APA) in strain 
was significantly induced not only by low P concentrations but also high shear stress. It could be concluded that high shear 
forces had a negative influence on growth and phosphorus assimilation under the low concentration of P, and there was an 
optimal shear threshold for the growth of M. aeruginosa. Increasing shear stress could be an effective way to inhibit the 
growth of M. aeruginosa by reducing the utilization phosphorous of cells. The study suggested that changing of turbulence 
should be an useful technique in water bloom control. 
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Some benthic species of the genus Prorocentrum (Dinophyceae) are known as producers of diarrhetic shellfish toxins. 
Although phylogenetic analyses based on rDNA have been conducted to classify the benthic Prorocentrum spp. in the world, 
the molecular phylogeny of benthic Prorocentrum spp. from Japan has not been well known to date. In this study, the 
phylogeny of benthic Prorocentrum spp. from southern parts of Japan was investigated. Between 2014 and 2015, 
approximately 70 clonal strains of benthic Prorocentrum spp. were established from six sites (0-30 m depth). Phylogenetic 
analyses based on the LSU rDNA D1/D2 region revealed that the Japanese benthic Prorocentrum spp. could be separated 
into five apparent clades: P. concavum, P. emarginatum complex, P. panamense, P. rhathymum, and a new clade 
Prorocentrum sp. type 1, which is a sister group to the P. leve clade. Sequence analysis of benthic Prorocentrum spp. showed 
a species level divergence of Prorocentrum sp. type 1. The cells of Prorocentrum sp. type 1 are oval in thecal view, and 45.0 
± 2.8 µm in length, 35.7 ± 2.9 µm in width, and their ratio of length to width is 1.27 ± 0.08. These cells often divide within a 
hyaline envelope and produce long-branching chains of adherent cells. This work was supported by Council for Science, 
Technology and Innovation (CSTI), Cross-ministerial Strategic Innovation Promotion Program (SIP), "Technologies for 
creating next- generation agriculture, forestry and fisheries" (funding agency: Bio-oriented Technology Research 
Advancement Institution). 
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Amnesic Shellfish Poison (ASP), domoic acid, is one of the toxins that have been monitored in the Magellan region (48°-55°S 
southern Chile) by LC-FL in at least 43 stations over the last 15 years. The levels have always been in the range of non-
detectable or traces. However, in 2015, for the first time, toxin levels close to detection limit were found in ribbed mussels 
(Aulacomya ater - 19.75 µg g-1ύΣ ŦǊƻƳ ŀ ƳƻƴƛǘƻǊƛƴƎ ǎǘŀǘƛƻƴ όпфϲпсΩ{Σ тпϲмфΩ²ύΦ 5ǳǊƛƴƎ ǘƘŜ Ŧƻƭƭƻǿƛng months, these levels 
were again not detectable in the same species and sampling location. A fortnight after and on samples from a more oceanic 
ŀǊŜŀ όрлϲнлΩ {Σ трϲнмΩ ²ύΣ !{t ǿŀǎ ŘŜǘŜŎǘŜŘ ŀǘ ǎǳō-toxic levels by LC-FL and LC-MS in the fractionated plankton (20-200 µm), 
ribbed (A. ater) and blue (Mytilus chilensis) mussels (0.74 and 1.52 µg g-1, respectively). ASP is common in low latitudes 
(27°S) and in the south of Chile (41°- 46° S) is generally associated with scallop or blue mussel farms, respectively. The 
discovery of ASP in places with little or no human influence as the sub-Antartic channels, lead to concluded that 2015-2016 
period was not only the PSP and dinoflagellates year at the Chilean coast, but indicates that diatoms were apparently also 
involved in HABs events during spring. However, such events virtually were undetected in the coast adjacent to Pacific Ocean 
of the Magellan region due to difficult access to oceanic areas and the low sampling frequency. Financial Support: FONDECYT 
1140385, Red-Tide-Program MINECOM- 2015 
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The Pseudo-nitzschia diatom genus comprises 12 species associated with the production of domoic acid (DA). This 
neurotoxin is responsible for the Amnesic Shellfish Poisoning syndrome (ASP), first discovered as a result of human 
consumption of contaminated blue mussels in Canada in 1989. The world-wide distribution of this genus poses a threat to 
human health and environment integrity, making bivalve harvesting unpredictable and creating significant losses to the 
aquaculture industry. There is a need to understand bloom dynamics and ecophysiological factors that control toxic diatoms 
growth rates and DA production. The production of DA by Pseudo-nitzschia varies according with species, growth phase and 
environmental conditions. The aim of this work was to determine the growth rates and DA production, both intracellular 
and extracellular, of Pseudo-nitzschia multiseries, P. fraudulenta and P. pungens var. aveirensis isolated from Cascais bay 
(Portugal) in October 2014. The strains were grown under three different light settings (15, 120 and 560 µmol.m-2.s-1). DA 
was detected in all light settings for P. multiseries, ranging in concentration between 10 and 1625 fg DA.cell-1, and reaching 
higher levels during the stationary phase. The optimal conditions for cell growth and DA production were observed at 120 
and 560 µmol.m-2.s-1. A tendency for negative correlation between diatom culture growth rate and DA production was 
observed. This tendency was particularly evident at higher light conditions (560 µmol.m-2.s-1). Extracellular DA (dissolved in 
culture medium) was detected at the very end of the stationary phase, being associated with blooms decay and cells 
senescence.  
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Chemical compounds produced by harmful algae have been responsible for poisoning incidents, and bloom events may be 
followed by contamination of marine life. The purpose of this study was to evaluate grazing and uptake rates, behavioral 
changes, and survival of Artemia salina during exposure to the toxic benthic dinoflagellates Prorocentrum lima, 
Gambierdiscus excentricus, and Ostreopsis ovata. Experiments consisted of incubations (triplicates) in 6-well plates 
containing 10 ml of filtered seawater with each toxic dinoflagellate species or Tetraselmis sp. (non-toxic control) with three 
individuals of A. salina per well.  Feeding experiments were run for 1h at carbon concentrations of 40 ngC ml-1 and 
intoxication experiments were run for 7h at cell densities of 200 cells ml-1. The brine shrimps fed on all different algal preys 
offered to them. No significant differences were found in clearance (1.53 ± 1.15 mlind-1h-1; ANOVA, p=0.32) and ingestion 
rates (84 ± 47.61 ngC ind-1h-1; ANOVA, p=0.14) among treatments. Survival of brine shrimps was negatively affected by 
exposure to dinoflagellates showing 100% mortality in all treatments without significant differences among survival curves 
(Mantel-Cox, p=0.27). Swimming and position in the water column were significantly different in all toxic treatments relative 
to the control (GLM, p<0.001). Clearance and ingestion rates of A. salina seemed to be unaffected by the toxic dinoflagellates 
during one-hour exposure. However, survival and behavior of A. salina were significantly affected by acute exposure to toxic 
dinoflagellates. 
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Through the analysis of information gathered from various sources (expeditions) from the western Patagonia (50-54ºS), 
southern Chile, we report the current status of harmful microalgae and marine toxins, in a sub Antarctic area with few 
anthropogenic influences like aquaculture but highly mediated by global change (e.g. glaciers melting and freshening). We 
conducted weekly sampling during a 3 month period in one station iƴ ǘƘŜ {ǘǊŀƛǘ ƻŦ aŀƎŜƭƭŀƴ όроȏптΩ{Σ тоȏрпΩ²ύ ŘǳǊƛƴƎ нлмоΣ 
ŀƴŘ ƻǘƘŜǊ ŜȄǇŜŘƛǘƛƻƴǎ ǿƛǘƘ ǎŜǾŜǊŀƭ ǎŀƳǇƭƛƴƎ ǎƛǘŜǎ ŀǘ ǘƘŜ aŀƎŜƭƭŀƴ ǎǘǊŀƛǘ όтнȏмтΩ-тлȏпΩ²ύ ŘǳǊƛƴƎ нлмп ŀƴŘ нлмр όрлϲ- 53° S). 
Field observations included mainly CTD, vertical net tows and niskin bottle sampling (plankton), and scuba diving for both 
benthic sediment and bivalve mollusc samples. The toxin profiles were determined by MALDI-TOF, LC-MS/MS and LC-Fl. Our 
results shows presence of numerous HAB taxa (Alexandrium catenella, A. ostenfeldii, Protoceratium reticulatum, Gonyaulax 
spinifera, Dinophysis acuminata, D. acuta, Prorocentrum lima and Pseudo-nitzschia spp.), and associated toxins, primarily 
gonyauxtoxin 3-2, yessotoxins, pectenotoxin-2, traces of dinophysistoxin-1 and okadaic acid, and domoic acid. This new 
configuration about marine toxins and toxic microalgae for fjords and channels in western Patagonia confirm it as a 
vulnerable place for the occurrence of red tides events produced by emerging toxins besides those already historically 
known. This condition provides the basis for future scenarios distribution of HAB in sub-Antarctic waters that likely will be 
affected by stress factors such as climate change and ocean acidification. Financial support: FIC-r 30106940-0, 30127738-0, 
CONICYT R13A1002, Fondecyt Regular 1140385 
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The accumulation of marine toxins in shellfish can cause serious health issues when consumed. Amnesic shellfish poisoning 
(ASP), Paralytic shellfish poisoning (PSP) and Diarrhetic shellfish poisoning (DSP) are a global problem. Therefore regulatory 
programs for marine toxins have been established. Currently in the Netherlands the methods for the analysis of marine 
toxins in shellfish are based on LC-MS/MS. These methods have a high sensitivity and selectivity, but disadvantages are the 
high expense of running instrumental chemical analysis and the relative time consuming sample preparation. Over the past 
few years many rapid screening test kits have become commercially available for the various toxins. These kits are either 
based on immunological assays or functional assays. Immunological assay formats can be based on lateral flow devices 
(immunochromatographic assays) or ELISA formats (i.e. in a well plate). These assay formats are available for ASP, PSP and 
DSP toxins, but also for tetrodotoxins (TTX). Functional assays such as the PP2A assays or the nicotine acetylcholine receptor 
assay are based on the biological activity of a compound on respectively protein inhibition and receptor binding.  Advantages 
of these approaches are the relative low cost and high time-efficiency. Ten commercial screening test kits have been 
assessed for the determination of various marine toxins. Important parameters to ensure the appropriateness of the tests 
are: accuracy, sensitivity, cross-reactivity, specificity, detection range, rates of false positives and false negatives and the 
practical use of the test. The test kits were compared to the current LC-MS/MS methods. 
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Heterocapsa sp. is one of the algal species which frequently break out in the crab breeding ponds in the north of China. The 
algal bloom induced by Heterocapsa sp. can cause severe damage to the Eriocheir sinensis seedling rearing. The results of 
our experiment showed that the optimal temperature of Heterocapsa sp. was 25ᴈ~30ᴈ and the optimal salinity was 20~30. 
The fatality of Venerupis Philippinaram feeded by Heterocapsa sp. was high. After culture of 16 days, the survival rate was 
only 1.7%. GTX-4 component of PSP toxin was detected by high performance liquid chromatography tandem mass 
spectrometry (HPLC-a{κa{ύΦ Lǘǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŀǎ лΦот˃ƎκƎΦ ¢ƘŜ ƛƴƎŜǎǘƛƻƴΣ ǎǳǊǾƛǾŀƭ ŀƴŘ ǎǇŀǿƴƛƴƎ ƻŦ Calanus sinicus were 
significantly influenced by different algal density of Heterocapsa sp. The feeding algae saturation point of C. sinicus was at 
about 21.83×104 cells/mL. The ingestion of C. sinicus increased with the increase of the algal density when the density of 
Heterocapsa sp. was between 2.56 to 21.83×104cells/mL. The feeding rate of C. sinicus decreased significantly when the 
density of Heterocapsa sp. exceeded 21.83×104cells/mL. When the algal density of Heterocapsa sp. was between 0.88 to 
15.13×104cells/mL, the survival and spawning rate of C. sinicus increased with the increase of the density. When the algal 
density was less than 2.19×104cells/mL, the survival and reproduction of C. sinicus would be inhibited. 
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Cylindrospermopsis raciborskii is a bloom-forming species common in eutrophic freshwaters. Despite the factors that explain 
its dominance has been the subject of many studies, most ecophysiological studies examined the response to individual 
factors. However still need information about the combined effects of variables to improve our understanding of the ecology 
of this species. We conducted a factorial experiment that combined four temperatures and six light intensity (LI) levels to 
evaluate the effects on growth and photosynthetic capacity (EK,rETRmax) estimated by rapid light curves (RLC). The low 
temperature (15°C) limited the growth when ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ [[Σ ǎƛƴŎŜ ǘƘŜ ǎǘǊŀƛƴǎ ƻƴƭȅ ƎǊŜǿ ŀǘ [L җмлл ˃Ƴƻƭ ǇƘƻǘƻƴǎκƳчκǎΦ 
The highest growth rates were observed when combining temperatures >20°C with HL. The RLC show no photoinhibition, 
ƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ŀƭƭ ǎǘǊŀƛƴǎ ŀǊŜ ŀōƭŜ ǘƻ ǿƛǘƘǎǘŀƴŘ [LҔрлл ˃Ƴƻƭ photons/m²/s. However, temperatures >20°C combined with HL 
negatively affected the rERTmax. EK was also influenced by the combined effect, and a lower EK values were observed at 25-
олϲ/ ŀƴŘ [LҔмлл ˃Ƴƻƭ ǇƘƻǘƻƴǎκƳчκǎΦ aƻǊŜƻǾŜǊΣ ƻƴ ǎǘǊŀƛƴ ǿŀǎ ŎƻƴǎƛŘŜǊŜŘ I[-adapted, since it requires more light for 
photosynthetic saturation (>EK) and the others LL-adapted by requesting less light (<EK). Strains under light limitation or 
saturation were influenced by temperature, confirming the interaction of these two factors. The intraspecific variability 
suggests the existence of different populations. In natural environment this intraspecific difference would be a favorable 
factor to extend the blooms due to fluctuation of those populations of C. raciborskii exploring different niches. 
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C. raciborskii is an invasive filamentous freshwater cyanobacterium, globally distributed. The specie has gained attention 
due to increasing blooms and adaptability, based on their ecophysiological and biochemical plasticity. The main concern 
about this microorganism involves the production of cylindrospermopsins, cytotoxic sulfated guanidine alkaloids, and 
saxitoxins congeners that exhibit neurotoxic effects. Some few studies have been reported about potential new toxins 
produced by the cyanobacterium but so far, no other toxic compound was identified from the specie. In order to discover 
untapped secondary metabolites from C. raciborsckii, metabolomic studies were performed with two Brazilian strains (ITEP-
18 and ITEP-30) and one Australian strain (CYP11). The UHPLC-DAD-QTOFMS data analysis from their biomass extracts 
revealed polar unknown metabolites and chemical structural evidences indicating they may belong to the same biosynthetic 
group. The monoisotopic accurate masses m/z 444.1745, 576.2169 and 426.1630 (±5 ppm) for [M-H]-, detected in ITEP-18, 
ITEP-30 and CYP11 respectively, enabled to find the likely molecular formulas C17H28N5O9 C22H34N5O13 C17H24N5O8. Moreover, 
the same isotopic profile was observed for the target ions, as well as a common fragmentation pattern after HRMS/MS 
experiment. The detected compounds showed well-defined UV spectra, comprising the same absorption profile with 
maximums at 230, 278 and 335 nm, what is not common regarding the toxins produced by the specie. The HRMS based 
dereplication was performed followed by queries in Antibase and Dictionary of Natural Products databases but they did not 
suggest any potential candidate. Therefore, the preliminary results point towards to new molecules from C. raciborsckii still 
to be elucidated.   
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The toxic dinoflagellate Alexandrium catenella, a Paralytic Shellfish Poison (PSP) producer occurs in estuarine fjords and 
recently in offshore waters of southern Chile (39 ° to 55 ° S). This dinoflagellate co-exist with zooplankton assemblages 
(mainly copepods), being their direct grazers regulating the distribution and abundance of microalgae. Grazing, growth and 
mortality rates are scarce for A. catenella and almost unavailable for Chilean fjords. Consequently, the objective of this study 
is to generate information about these rates through bioassays with strains of A. catenella. This information is relevant for 
biological modelling of the distribution and abundance of A. catenella in estuarine waters. To evaluate the "predator-prey" 
relationship two treatments were performed subjecting two species of calanoid copepods (Acartia tonsa y Calanus chilensis) 
to A. catenella unique diets (Treatment 1) and natural phytoplankton assemblage diets inoculated with A. catenella 
(Treatment 2). When A. catenella is available as single diet (Treatment 1) both copepods predate on it, differing in a greater 
clearance and ingestion rates of C. chilensis over A. tonsa. When a greater diversity food diet is available (Treatment 2), 
grazing pressure decreases on A. catenella ƛƴ ōƻǘƘ ƎǊŀȊŜǊǎΦ 5ƛŦŦŜǊŜƴǘ ƘȅǇƻǘƘŜǎŜǎ ǎƘƻǿ ǘƘŀǘ ŎƻǇŜǇƻŘǎ άƭŜŀǊƴέ ǘƻ ŘƛǎŎǊƛƳƛƴŀǘŜ 
toxic cells post-ingestion through chemosensory methods. They can also choose for an alternative diet to reject the toxic 
prey. On the other hand, an important ecological advantage, it has been pointed out, in organisms that synthesize toxins, 
because they diminish the consume pressure on them and derive it to other species.  
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The intensity, duration and geographical coverage of HABs caused by Alexandrium catenella in southern Chile have shown 
an increase from 1972 to 2016, expanding its distribution from the Magellan region to the region of Los Ríos (55°-39° S). 
Using data collected between May 2006 and July 2016, are analyzed the temporal monthly relative abundance variability of 
A. catenella and toxins levels of Paralytic Shellfish Poison (PSP) in three fixed sampling sites in the area of Tortel. The study 
area is located southeast of the Gulf of Penas, between the confluence of Baker and Messier channels (47º S). The results 
are showing that A. catenella presents a low occurrence and levels of relative abundance, but episodes of PSP above the 80 
ug STX eq. 100 g-1 level and high A. catenella relative abundance estimations, in three opportunities since 2006 have 
occurred. These results are reflecting annual and seasonal variabilities, whose highest peaks have occurred during spring 
and early summer. However, during the late autumn of 2016, an abundance peak of this species occurred. This not previously 
recorded situation would be reflecting the teleconnections to the ENSO 2015-16 event, associated to a lower rainfall, a 
declination of water runoff from river Baker, higher radiation and higher water temperatures, suggesting that salinity and 
water temperature exert an important role in the distribution and abundance of A. catenella in the study area. 
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To study the effects of Chilean strain of Alexandrium catenella at various cell concentrations on Salmonid fish - Salmo salar 
- were evaluated at a post smolt stage (92-98 g) for behavior, blood physiological parameters and histology of gill tissue. The 
bioassay included four fish tanks A=Control; B=250 cells ml-1; C=500 cells ml-1, and D=1000 cells ml-1, with a final volume of 
100 l of filtered seawater. Seven fish in each tank were exposed for 24 hrs. The blood physiological parameters indicated 
significant differences between tanks with diferents cells concentrations, showing significant increase in blood levels of 
Sodium (Na +), potassium (K +), chloride (Cl-) and Glucose in fish exposed to higher concentrations of A. catenella. Fish tanks 
B and D showed a lethargic behavior of the fish, being located near the air diffuser with low response to stimuli. 
Histopathological results showed presence of A. catenella cells in the gill filaments. Other histological findings were epithelial 
hypertrophy with pale cell and corresponding fish mortality in tanks B and D, laminar hyperplasia was mild in the fish from 
tank B, and moderate in fish from tank D. Also noted edema gill and telangiectasia lamellar fish from tanks B, C and D. The 
results obtained, mainly blood and histopathological physiological parameters, indicate a harmful effect on fish exposed 
to different concentrations of A. catenella tested, which relate mainly to damage of gill type, which which relate mainly to 
damage of gill type, which could explain a disruption in osmoregulatory capacity. 
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Ecological studies on Alexandrium blooms have outstanding the importance of cyst beds in the population dynamic. 
Therefore many works have focused in the cysts distribution and abundance, optimal conditions controlling of cyst 
germination and the ability of germling cells to contribute to population dynamic and the initiation of the blooms. However, 
several studies in Chile have demonstrated that the cyst abundance is scarce. Thus, the role of cyst beds in the population 
dynamic or at initiation of the blooms in Chile could be considered unimportant. The present work evaluates the role of 
cysts at population dynamic through matrix population mode. The construction of this model took into account different 
life cycle stages and transitions between them. Considering the local data derived previously it was possible to run the model 
in eight different scenarios, which evaluate the role of cysts under different idealized conditions for population dynamic. At 
very basic conditions, where the cysts in the sediment are the only contribution to the population, under the worst scenario 
(i.e. considering the lowest growth rate for vegetative cells) the vegetative cells are scarce. But in best scenario (i.e. the 
highest growth rate), the contribution to the cells abundance is relevant, even for the bloom initiation. Conversely, under 
another scenarios, prebloom and bloom, new cysts production is more important. Spite the scarce cyst abundance of A. 
catenella in Chile, the present work highlights the important contribution of cyst bed to vegetative cells in the water, 
especially under the best (environmental) conditions. 
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Nannochloropsis sp. (NN) and Diacronema sp. (DI) are nanoplanktonic species involved in recurrent blooms at Rodrigo de 
Freitas Lagoon (RFL), BR in 2012. Knowleged about ecophysiology of species is fundamental to the understanding the control 
of the blooms mechanisms. We investigated the influence of salinity on the interaction between NN and DI, growth rate (µ) 
ŀƴŘ ǇƘƻǘƻǎȅƴǘƘŜǘƛŎ ŎŀǇŀŎƛǘȅ ό9YΣ Ǌ9¢wƳŀȄΣ ʰ - estimated by rapid light curves RLC). Strains of DI and NN were isolated and 
maintained in F/2 medium, in salinities 8, 14 and 20 (S), ± 25°C and 12/12 photoperiod. Experiments were performed to test 
if metabolites present in cultures NN and DI affect the growth of each other. Monocultures of the two strains were kept for 
ten days to obtain exudates. Each strain was then inoculated in cell-free exudates from monocultures of the other species, 
after replenishment of nutrients. RLC were measured immediately after the inoculation in exudates (0h) and 24h, 48h, 72h. 
NN-ŜȄǳŘŀǘŜ ǊŜŘǳŎŜŘ ǾŀƭǳŜǎ ƻŦ ˃ ŦƻǊ 5L όу{ -28%; 14S -69%; 20S -54%). The DI-exudate increased valǳŜǎ ƻŦ ˃ ŦƻǊ bb όу{ Ҍрп҈Τ 
14S +83%; 20S +70%). DI-ŜȄǳŘŀǘŜ ǊŜŘǳŎŜŘ Ǌ9¢wΣ 9Y ŀƴŘ ʰ ƻŦ bb ƛƴ ŀƭƭ ǎŀƭƛƴƛǘƛŜǎ όC15,63=2,55 <0,009), but this effect was not 
permanent and decreased with time. Differences between rETR in control and other treatments were observed for NN 
(F5,63=3,23 <0,015), showing the possible site of metabolites action.  The recorded allelopathic interaction between NN and 
DI strains could influence the persistence of these two organisms at the RFL in 2012. 
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Cylindrospermopsis raciborskii is a potentially toxic cyanobacterial specie considered invasive in different latitudes. Its 
capacity of occupying several niches is a feature which is linked to its physiological traits, which allow it to have wide 
ecological amplitude to several environmental parameters as light, temperature and nutrients. However, few works have 
investigated these responses under different conditions of pH and inorganic carbon sources. To investigate the effect of 
pH/inorganic carbon variations in growth and biomass of the strain C. raciborskii ITEP-A1, this study was conducted. 
Experiments were done with 2L ASM-1 culture medium in different pH ranges (buffer-free, 6.8 and 8.2) and inorganic carbon 
availability (with/without CO2 enriched-air bubbling and bicarbonate source (NaHCO3

- , 2 mM)). Growth rate, biomass 
acquisition and physicochemical parameters were analyzed. C. raciborskii ITEP-A1 showed better growth (µ>0.80; Tukey, 
p<0.01) and biomass yield under alkaline pH (>8.0) (P<0.05), with aeration (>500 µg C L-1). pH and inorganic carbon, as well 
as growth (F(5,24)=135.42; p<0.01) showed an increasing trend throughout the experiment, reaching higher values under 
bicarbonate input (up to pH 10; 25 mg C L-1). Considering that eutrophic environments are usually alkaline its expected a 
direct dissociation of the CO2 into HCO3

-, as the main carbon source available to the photosynthesis. At a CO2(atm) rising 
scenario, it might provide an ideal growth condition to bicarbonate user species like C. raciborskii which have different 
carbon concentration mechanisms, supporting its distribution to other latitudes, mainly in aquatic systems where high pH 
has been recorded. 
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The aim of this study was to identify planktonic microalgae blooms occurring in Acapulco Bay, 2000-2015, using cell density 
and relative abundance data. Such blooms frequently become HABs. The study includes the analysis of 524 samples collected 
with plankton nets or Van Dorn bottles in and around Acapulco Bay. Phytoplankters from bottle samples were quantified 
ǳǎƛƴƎ ¦ǘŜǊƳƘǀƭΩǎ ƳŜǘƘƻŘΦ оу ōƭƻƻƳǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ǊŜǇǊŜǎŜƴǘƛƴƎ нс ǘŀȄŀ όмп ŘƛƴƻŦƭŀƎŜƭƭŀǘŜǎ ŀƴŘ мн ŘƛŀǘƻƳǎύΣ Ƴŀƛƴƭȅ ŘǳǊƛƴƎ 
the rainy (June to October) and dry-cold (November-March) seasons. Most diatom blooms were harmless. Twenty-one 
blooms were formed by species that can be harmful, six of which commonly produce toxins; the diatom Pseudo-nitzschia 
pseudodelicatissima that could produce domoic acid and five dinoflagellates (Cochlodinium polykrikoides, Dinophysis 
caudata, Lingulodinium polyedrum, Gymnodinium catenatum and Pyrodinium bahamense var. compressum). The last two 
are saxitoxin producers which represent the greatest risk to human health. These HABs are associated with La Niña and El 
Niño events, respectively. G. catenatum had the highest density (2.3 x 106 cell L-1) in Acapulco Bay; other species, which have 
reached high densities, are C. polykrikoides (1.3 x106 cell L-1) and P. bahamense var. compressum (773 x 103 cell L-1). An 
additional 59 taxa were found in Acapulco Bay (28 dinoflagellates, 26 diatoms, 2 rhapidophytes, 2 haptophytes and one 
cyanophyte) were considered as potentially HAB producers because of their toxic or harmful nature, but occurred in low 
densities. 
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The naked dinoflagellate Gymnodinium catenatum is widely distributed along the Mexican Pacific; the first bloom was noted 
in 1979 (1.15x106 cell L-1). Acapulco is a small, warm-water bay (19.3-31°C), located in the southern Mexican Pacific. This 
species is a common inhabitant here all year and typically produces HABs from November to March. The first report in 
Acapulco occurred in March 1999 (37.6x103 cell L-1). The aim of this study was to record the occurrence and density of this 
species from May 2009 to March 2014 in Acapulco. Phytoplankton samples were obtained with Van Dorn bottles at several 
stations at different depths, inside and around the bay. The cell density varied broadly throughout the study, from 20 to 2.6 
x 106 cell L-1; the highest densities were found in March 2014. Three HAB events were recorded over the period, one on 
November 24, 2009 (17x103 cell L-1), another on November 20, 2010 (188x103 cell L-1), and the latest on March 27, 2014 
when reddish discoloration was observed in the water at the center of the bay. G. catenatum reached a density of 3.1x106 
cell L-1 at 1 m. The relative abundance of G. catenatum was up to 72.1%, followed by Prorocentrum gracile (20%, 8x105 cell 
L-1). On April 2, 2014 a closure for shellfish harvesting was declared by the Laboratorio Estatal de Salud Publica de Guerrero 
State because the level of saxitoxin in oysters was 418 µgSXTeq.100g-1. 
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The eutrophication of aquatic environments is a serious environmental problem, mainly due to the consequent increase in 
blooms of toxic cyanobacteria, which can negatively affect animal and human health. As an alternative to commonly used 
synthetic algaecides, chemical compounds from plants are employed to control microorganisms that are of public health 
importance. This study aimed to evaluate the effect of Hordeum vulgare L. extract (50, 100, 250 and 500 mg L-1) on the 
growth and antioxidant response of Microcystis aeruginosa (Kützing) Kützing (strain BCCUSP232).  From the beginning of 
the exposure to the extract, there was a significant concentration dependent decrease in the cell density of the 
cyanobacterium. The decreases observed in the presence of the extract were statistically different from the control. 
Increasing extract concentrations resulted in an upregulation of peroxidase activity throughout the study, while superoxide 
dismutase activity was only increased on day 6 at 250 and 500mg L-1 and day 8 at 50 and 100 mg L-1 extract concentrations. 
Regarding GST activity, the only significant change was observed at 50 and 100 mg L-1 extract concentrations on day 8. This 
study demonstrates that the plant species possesses bioactive compounds that can interfere with the normal physiological 
development of M. aeruginosa.  
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The naked dinoflagellates from Kareniaceae and Brachidiniaceae families are morphologically and genetically related and of 
interest from a systematic perspective as well as a human and environmental health threat. Several Kareniaceae produce 
neurotoxins (brevetoxins) or gymnodimine or hemolysins. This study identifies and quantifies the abundance of taxa 
belonging to both families in Acapulco bay. The samples were collected using Van Dorn bottles from 2009 to 2015. Fifteen 
taxa were recorded; eight Karenia, one Takayama, three Asterodinium (A. gracile, A. spinosum, A. sp.) and three 
Brachidinium (B. brevipes, B. capitatum, B. cf. taylori).Three species (K. brevisulcata, K. longicanalis and T. cladochroma) 
have been reported only in Acapulco bay and therefore are new records for the Mexican coast. The most frequent 
Kareniaceae from Acapulco are K. asterichroma (10 - 2.8x103 cell. L-1), K. cf. papilionacea (20 - 4.5x103 cell. L-1), K. 
bicuneiformis (20 - 4.6x103 cell. L-1), K. brevisulcata (20 a 1.5x103 cell. L-1) and K. selliformis (10 a 9.4x103 cell. L-1). Two Karenia 
were rare: K. papilionacea (20 a 491 cell. L-1) and K. mikimotoi (20 a 4.5 x103 cell. L-1).Throughout the study, the only species 
that produced a bloom was K. longicanalis, apparently a non-toxic species, reaching high densities (near to 73x103 cell L-1) 
in March 2013 in the marine area surrounding the bay at 3m depth. Because of its ability to produce gymnodimine, K. 
selliformis is a potential ecological risk in the bay, even though this species has only been recorded at near 10x103 cell L-1. 
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The occurrence of toxic dinoflagellates of the genus Dinophysis has posed recurrent shellfish harvesting closures due to 
bivalve contamination with unsafe lipophilic toxin levels in southern Brazil. Considering that Dinophysis populations are 
closely dependent on trophic relationships with other taxa (i.e. M. rubrum and cryptophytes), then their co-occurrence must 
be synchronized in time and space in order for Dinophysis to attain harmful cell densities. Therefore, we investigated the 
abundance of Dinophysis spp. and their prey through sampling campaigns carried out twice a month over one year 
(Feb.2015-Mar.2016) on a deep (5-7m) and a shallow (1-2m) site around a shellfish farming area in Babitonga Bay, Santa 
Catarina State. There were no significant differences in plankton composition and abundance, nutrient concentration, 
salinity, temperature, turbidity or water transparency between the two sites. Integrated water column samples, collected 
with a hose, revealed frequently low abundances of D. cf acuminata and D. caudata (max. 150 and 20 cells.L-1, respectively), 
strongly associated with the presence of M. rubrum,mainly in early winter, when the highest cell densities of the prey (max. 
610 cells.L-1) were recorded. Okadaic acid in the free-form (free-OA) was detected (max. 0.021 µg.L-1) in the particulate 
fraction (>0.45 µm) of the seawater, whereas free-OA and conjugated (acylated) forms were found in suspended, farmed 
Perna perna mussels (max. 101.14 µg total OA.Kg-1), and only conjugated forms (max. 17.82 µg.Kg-1)in wild Anomalocardia 
brasiliana clams sitting on the sandy-muddy bottom, indicating different toxin transfer pathways from phytoplankton to 
either pelagic or benthic filter-feeding bivalves.  
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Prorocentrum lima is a cosmopolitan benthic dinoflagellate known to produce the diarrheic toxins okadaic acid (OA) and 
dinophysistoxin-1 (DTX-1). In order to evaluate the influence of relevant environmental variables on growth and toxin 
production, P. lima was cultured under different salinities (S1=15; S2=25; S3=35) crossed with multiple irradiance levels 
(N1=277.5; N2=58.0; N3=12.2 µmol photons.m-2.s-1) during 30 days. Cultures were originally growing at 100 µmol photons.m-

2.s-1 and salinity 30, and no acclimatization was performed prior to the experiment. Cell abundance varied among the 
irradiance levels, attaining a maximum of 54,266 and 59,066 cells.ml-1 at day 25 in N1 and N2, respectively, and only 5000 
cells.ml-1 in N3 (day 15). Significantly higher (p=2.29´10-6) intracellular OA concentrations were recorded in N1 (10.16-13.72 
pg.cell-1) compared with N2 and N3 (4.97-9.95 pg.cell-1) at day 4. OA cell quotas decreased thereafter for N1 and N2, 
dropping to a minimum of 1.53-2.98 pg.cell-1, but remained similar for N3 (5.04-7.52 pg.cell-1) at day 30, probably as a result 
of toxin retention by slow-dividing cells exposed to the lowest light level. DTX-1 concentrations (max.1.4-2.2 pg.cell-1) also 
decreased after day 4, but were not affected by irradiance. Salinity had no clear effect on toxin retention or cell growth. 
Thus, P. lima presented a highly effective mechanism of osmotic regulation, tolerating abrupt salinity changes as those 
enforced in tide-dominated estuaries, where cellabundance and toxin content are expected to be greater during sunny, dry 
periods, when light incidence on the bottom is maximum. 
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Thecate dinoflagellates of the genus Alexandrium include more than 30 recognized species, 16 of which are considered as 
harmful, either forming blooms and/or producing toxins. All species are marine and truly planktonic, and are spread all over 
the world. Based on samples obtained following several methods and from various localities of the tropical Mexican Pacific, 
from coasts of Jalisco to coasts of Chiapas, we have found eight species (morphospecies) of Alexandrium: Alexandrium affine, 
A. concavum, A. globosum, A. minutum, A. monilatum, A. pseudogongaulax, A. tamarense and A. tamiyavanichii. These 
species are described and illustrated by both light microscopy, after thecal dissociation, and epifluorescence microscopy, 
using Calcufluor. This is the first record of Alexandrium globosum, and the first morphological documentation of A. 
pseudogongaulax from the Mexican Pacific Ocean. At the moments there are 16 species Alexandrium listed for the Mexican 
Pacific, but we believe that this number will increase when more studies dedicated to the genus can be undertaken, including 
cultures and molecular biology. 
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The observation of cyanobacterial blooms in some French water bodies led the risk managers to set a temporary ban on 
commercial and recreational fishing activities due to the risk of fish contamination by cyanotoxins. Increasing number of 
storage dams as well as nutrient inputs associated with pollution of surface waters contribute to amplify this issue. In this 
context, a systematic review has been conducted to collect data in order to assist risk managers regarding the levels of 
contamination of freshwater fish by microcystins (concentrations reported in muscle and liver in various fish species all over 
the word), on the kinetic of contamination and depuration and on the possible relationship that can be drawn from 
monitoring data on cyanobacteria and/or MCs in water. A special attention has been given to the analytical methods used 
in the studies to quantify the concentration of MCs in fish tissues and a score on the reliability has been attributed according 
to the description provided in the paper. From ~ 1000 references retrieved from literature search databases, 69 met the 
criteria for analysis. The whole process of this systematic review will be presented as well as the main data collected to 
answer the questions. For example, regarding results on MCs in fish muscle, when considering the reliability of the analytical 
ƳŜǘƘƻŘΣ ƻƴƭȅ ŦŜǿ Řŀǘŀ ǊŜƳŀƛƴ ŦǊƻƳ ŦƛŜƭŘ ǎǘǳŘƛŜǎΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǊŜǇƻǊǘŜŘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǿŀǎ нусл ˃Ǝ a/ǎκƪƎ ŦǊŜǎƘ ǿŜƛƎƘǘ ƛƴ 
silver carp (Hypophthalmichthys molitrix) from China for the sum of MC-RR and LR by HPLC-MS. 
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The increase in urban activities, industrial and agricultural, along with the discharge of their effluent causes and accelerates 
the process of eutrophication of bodies of water. This phenomenon coupled with the rise in temperature has as a 
consequence the rapid proliferation of cyanobacteria in the aquatic environment, a process known as bloom. In this regard 
recent studies have demonstrated the applicability of compounds of plant origin as important resources for the control of 
microorganisms, algae and weeds that harm directly and/or indirectly the health of populations, as well as agricultural 
production. This study aimed to evaluate the effect of Pistia stratiotes L. extracts aqueous and ethanolic (100, 250 and 500 
mg L-1) on the growth and antioxidant response of Microcystis aeruginosa (Kützing) Kützing (strain BCCUSP232). For cell 
density there was a significant reduction to the different concentrations of the aqueous extract from the 2nd day of 
exposure, which are statistically different when compared with control. As for the ethanolic extract, a similar profile was 
observed, and for the highest concentration used (500 mg L -1), the cell density was reduced to 0 from the 4th day of 
exposure. Furthermore exposure to the P. stratiotes extracts caused increased internal production of hydrogen peroxide 
and in general the production of peroxidase, catalase and glutathione-S-transferase related to antioxidant defense 
metabolism of cyanobacteria, with the exception of the enzyme superoxide dismutase. In view of these results it was 
concluded that P. stratiotes has the potential to control populations of cyanobacteria, suggesting that this action can be 
correlated with oxidative stress caused the same. 
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Cyanobacteria are widely distributed in aquatic continental environments and in those where there is eutrophication is a 
common occurrence of toxic algal blooms. The objective of this research was to evaluate the community of cyanobacteria 
and the potential for flowering and production of microcystin, besides the limnological variables in a tropical coastal lagoon 
located in an urban area and submitted to various human impacts of its multiple use. A major local economic activity is the 
intensive fish farming. The samples were collected in the subsurface, using a horizontal Van Dorn bottle for later toxin 
analysis by immunoenzymatic analysis method (ELISA). The attributes of cyanobacteria community were: richness, 
composition, total density, abundance and biovolume, as well as environmental variables and limnological: wind speed, pH 
values, turbidity, transparency, water temperature and concentration of the main nutrients. The identification had a total 
of 43 species of cyanobacteria belonging to 17 genus, 8 families and 4 orders, of which 3 genus confirmed in literature as 
microcystin producing. The cyanobacteria density and the concentration of nutrients showed high in two stations, EA2 under 
the influence of a disseminator stream of domestic effluent and EA3, located in intensive fish farming system, both stations 
showed concentration of microcystin. This work is a warning due to the presence of microcystin found in tropical coastal 
lagoon Juara, located in Serra, ES, Brazil, a place that has low data on bloom of cyanobacteria and their toxins and has 
economic importance for the region due to intensive fish farming. 
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Among the cyanobacterial species associated to toxic blooms, Microcystis spp. is usually the most frequently found and it 
has been shown that these blooms are composed by toxic and non-toxic Microcystis populations. It is well known that the 
toxicity of Microcystis populations is encoded by the mcy genetic cluster, which comprises 10 genes arranged in two 
bidirectional operons. In this study we considered toxic Microcystis populations to those harboring mcy genes (toxic 
genotypes). We analyzed the distribution of Microcystis-toxic genotypes in the Río Uruguay-Río de la Plata system by 
quantitative real time PCR targeting four genes: mcyB, mcyD, mcyE and mcyJ. Six bi-monthly sampling campaigns were 
performed (2013-2014) in six locations spanning 800 km, from Salto Grande reservoir (Río Uruguay) to Punta del Este (outer 
limit of Río de la Plata). The highest abundance of toxic genotypes was found in Salto Grande reservoir (upstream to the 
other sites) during warm seasons, decreasing towards the marine end. To evaluate if toxic Microcystis populations 
flourishing in this system belong to a unique or to several genotypes, their diversity was addressed by High Resolution 
Melting Analysisof mcyJ and decision-tree learning techniques. Surprisingly, distinctive clusters of mcyJ genotypes were 
found for freshwater or estuarine water, being salinity and temperature the main variables determining their organization. 
This study demonstrated the presence of different Microcystis-toxic genotypes and suggested that salinity and temperature 
gradient from Río Uruguay to the estuary would act as environmental filter, selecting those populations able to thrive in 
brackish estuarine waters. 
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Coastal lagoons are highly dynamic shallow ecosystems that connect periodically with the ocean. They provide several 
ecosystem services and constitute one of the most diverse and productive aquatic habitat with high conservation value. 
Castillos Lagoon (81 km2, main depth 1.5 m) is part of a coastal lagoon system in the East coast of Uruguay and it is connected 
to the Atlantic Ocean through Arroyo Valizas (14 km). During the last years are being observed changes in the land uses of 
its catchment area (i.e. agriculture intensification). As a result, signals of eutrophication have been perceived including 
cianobacterial blooms of potential toxic species (e.g. Microcystis spand Dolichospermum spp). These changes affect 
ecosystem functioning, increasing the risk to human health and biodiversity loses. Our aim is to evaluate this process in 
relation to the increasing cyanobacteria blooms occurrence. With this objective we sampled the lagoon in three sites (limnic, 
central and marine influence) during one year evaluating phytoplankton and environmental variables. An increase in 
nutrients and chlorophyll a concentrations were observed when compared to previous studies in the system. We discuss 
potential management actions to avoid increasing eutrophication and irreversible permanent blooms as occurred in other 
coastal lagoons of Uruguay. 
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Since 2010, blooms of the brackish cyanobacteria Nodularia spumigena are recurrent in the shrimp growth tanks of the 
Marine Aquaculture Station during summer in Southern Brazil. Cyanobacterial growth led to a decrease in the white shrimp 
Litopenaeus vannamei productivity. The main target organ of nodularin is the liver. One of the important toxicological 
mechanisms of these toxins is the inhibition of serine/threonine specific protein phosphatases PP1 and PP2A. This in turn 
leads to hyperphosphorylation of proteins, ultimately resulting in deterioration of cellular integrity. In the summer of 2014, 
a Nodularia bloom was collected from the tanks; filaments were separated by flotation and washed thoroughly twice in F/2 
culture medium. Healthy filaments were lyophilized and the powder used for nodularin quantification by HPLC-DAD and 
immunoassays.  Nodularin containing lyophilized powder was also tested for toxicity against the brine shrimp Artemia salina 
post-larvae and the white shrimp Litopenaeus vannamei 35 days old larvae. The lyophilized Nodularia powder contained 
1.88 mg of the toxin nodularin g-1 d.w. Its toxicity was confirmed in bioassays with Artemia salina and Litopenaeus vannamei 
giving LC50 of 1.22 and 2.50 µg L-1 of nodularin, respectively. We here describes the occurrence and the toxicity of Nodularin 
in South Brazilian Coastal waters with consequences to shrimp farming. 
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The occurrence of toxic benthic cyanobacteria in freshwater bodies has been documented all over the world in the last 
years, including cases of animal intoxication and death. New occurrences of microcystin and homoanatoxin-a producers for 
the order Oscillatoriales have been documented in New Zealand, Egypt and USA in recreational water bodies, irrigational 
channels and reservoirs. In the northeast of Brazil, the saxitoxin producing Phormidium uncinatum was reported for the first 
time in a stream. Our aim is to prospect potential cyanotoxins producers in Oscillatoriaceae in lentic freshwater bodies in 
the northwestern region of São Paulo State. Eleven benthic oscillatoriacean strains, belonging to the genus Lyngbya (four 
populations), Oscillatoria (one) and Phormidium (six), were collected in nine freshwater bodies, isolated and grown in BG-
мм ƳŜŘƛŀ ŀǘ нлϲ/ ҕ мϲ/ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ сл ˃Ƴƻƭ ƻŦ ǇƘƻǘƻƴǎΦ Ƴ-2.s-1 ҕ р ˃Ƴƻƭ ŘŜ ǇƘƻǘƻƴǎΦƳ2.s-1 of irradiance, with a 14:10 
hours light/dark period. The strains identification was made based on morphological features as well as the 16S rRNA and 
ITS 16S-23S sequences. The toxic potential of the strains was tested through amplification and sequencing of genes mcyE, 
ndaF, sxtA, anaC-Osc and PS for microcystin, nodularin, saxitoxin, anatoxin and cylindrospermopsin, respectively. One strain 
of L. major was positive for mcyE and ndaF genes, which is a potential microcystin and nodularin producer. This is an 
important finding since no toxic strain of the genus Lyngbya was reported for Brazilian freshwater bodies until now. 
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The diatom Didymosphenia geminata (DG) is an invasive unicellular alga from benthic freshwater environments. This alga is 
capable of produce massive algal blooms, causing serious consequences of ecological, economic and aesthetic nature. In 
2004 DG was reported for the first time in the southern hemisphere, affecting New Zealand and quickly spread all along the 
south island. In 2010 this microalga was detected for the first time in south America, in the Futaleufú river watershed (Los 
Lagos Region, Chile), and in 2013 was reported its presence in the Magellan region (subantarctic region), invading gradually 
the Blanco lake, Blanco, Grande and Serrano rivers, the latter located in the Torres del Paine National Park. So far, the 
identification of DG in Magellan region was performed using taxonomic classification and the geographical origin of the 
microalgae has not been elucidated yet, thus we performed genetic analysis to clarify its origin. Five samples from each of 
four water reservoirs (river or lake), where obtained to collect cells of DG. Because the complex diversity of microorganisms 
present in the samples, a filtration and purification protocol was developed to isolate DG from other microalgae. 
Subsequently, DNA extraction protocol based on the CTAB method was standardized. Genetic analysis using specific primers 
to amplify a fragment of the mitochondrial gene 18S of DG was performed. Our results showed the genetic identification of 
DG in 3 freshwater courses of the Magellan region. This study set the methodological basis for future genetic and genomic 
analysis of this species. 
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In order to illuminate cyanobacterial characteristics of excreting AP, daily investigation in situ was conducted during a 
ŎƻƳǇƭŜǘŜ ǇǊƻŎŜǎǎ ƻŦ ŎȅŀƴƻōŀŎǘŜǊƛŀƭ ōƭƻƻƳ ǘƻ ǎŎǊŜŜƴ ǘƘŜ ŘȅƴŀƳƛŎ ƻŦ ǇƘȅǘƻǇƭŀƴƪǘƻƴ ŎƻƳƳǳƴƛǘƛŜǎΩ ǎǘǊǳŎǘǳǊŜΣ {wtΣ ŎƘƭƻǊƻǇƘȅƭƭ 
a (Chl a) and APA in the Xiaojiang River, a tributary of Three Gorges Reservoir. The complete process of cyanobacterial bloom 
could be divided into the bloom stage and bloom-decaying stage according to the variations of Chl a, water temperature 
(WT) and dissolved oxygen (DO). At the bloom stage, Microcystis sp. dominated the phytoplankton communities, WT, DO 
and the total APA (APAT) kept a high level and Chl a displayed an ascending trend during the time course and reached the 
peak. APAҔоΦл˃Ƴoccupied the main proportion of APAT and showed the significant positive relationship with SRP (p<0.05). At 
the bloom-decaying stage, the predominant species was Anabaena sp., the values of WT, DO, APAT and APAҔоΦл˃Ƴdeclined 
and lower than that in the bloom stage, Chl a decreased during the time course. APAҔоΦл˃Ƴstill occupied the main proportion 
of APAT and showed the significant negative relationship with SRP (p<0.05). It was proved that APA was mainly excreted by 
phytoplankton and was not treated as the indicator of P deficiency when Microcystis sp. dominated the phytoplankton 
communities but could be looked as the indicator of P deficiency when other cyanobacterial species dominated the 
community. It was concluded that there was a complex excreting mechanisms of APA in the Three Gorges Reservoir. 
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Didymosphenia geminata (from now on, Didymo) is an invasive diatom, capable of producing large algal blooms, which cover 
benthic substrate of freshwater environments, as a result of excessive extracellular stalk production, causing severe physical, 
chemical and biological changes in them. The first presence of Didymo in Chile was reported in 2010 on the Futaleufú and 
Espolón rivers, about 1700 km north of the Magellan region. In this study we reported the first record of macroscopic 
ŎƻƭƻƴƛŜǎ ƻŦ 5ƛŘȅƳƻ ƛƴ ŀ ƭŜƴǘƛŎ ǎȅǎǘŜƳ ƛƴ ¢ƛŜǊǊŀ ŘŜƭ CǳŜƎƻ LǎƭŀƴŘΣ ǎƻǳǘƘŜǊƴ /ƘƛƭŜΣ ǎǇŜŎƛŦƛŎŀƭƭȅ .ƭŀƴŎƻ [ŀƪŜ όрпϲпΩуΦпсέ{Τ 
суϲртΩнуΦмнέ²ύΦ We evaluate chemical parameters (Nitrate, Nitrite, Phosphate, Inorganic Phosphate, Silicate, Calcium, 
dissolved oxygen and pH), physical characteristics like meteorological variables, temperature and conductivity and we took 
biological samples (periphyton) to associate these environmental variables with the presence of Didymo in this lake. The 
results obtained confirm the presence of viable cells of Didymo; we also detected massive growth of biofilms and 
diatomological associations within the lotic system. These findings corresponds to the first tangible recorded of macroscopic 
colonies of Didymo in Chilean lakes, since the statement made by Asprey (1962) for Sarmiento lake (Torres del Paine, Chile), 
which to date, never had an official confirmation, and also the second for South America lakes, after the record on Nahuel 
Huapi lake (2013) in Argentina. Nowadays this is the fifth worldwide record for a lentic system. Further research is necessary 
to evaluate the role of environmental factors on the triggering and settlement of Didymo blooms in lakes. Financial 
support: Programa Didymo Magallanes FONDEMA 
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Guanabara Bay is a 400 Km2 tropical estuary connected to the South Atlantic Ocean in southeastern Brazil. The bay is located 
in one of the most densely populate areas of the country, which has led to intense eutrophication of its waters. 
Raphydophytes of the genus Chattonella are members of the planktonic community of the bay.  Although massive fish kills 
have taken place in Guanabara Bay during the last decades, little is known about the influence of harmful algae on this 
events. We monitored the planktonic community of Guanabara Bay using an automated, in flow imaging system (FlowCam). 
Live samples collected at the water surface on a biweekly to monthly basis in 2 to 8 locations in the bay over a period of 
nearly 4 years were analyzed.  Chattonella spp. cell were quantified in the samples using the software VisualSpreadsheet. 
Additionally, six clonal Chattonella cultures were established from natural populations using FACS (Fluorescence-Activated 
Cell Sorting). Chattonella spp. cells were frequently observed in the water, mostly in shallow, protected embayment areas. 
Several Chattonella spp. blooms with cell concentrations in excess of 11.2 x 106 L-1 were detected. Sequencing of the 18S 
rDNA gene showed that all six isolated strains belong to Chattonella subsalsa. Although no direct correlation between 
Chattonella blooms and fish kills in the area could be established during this survey, the frequent high cell densities of this 
species poses a threat to wild fish populations in Guanabara Bay. 
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Chile has an extensive estuarine system shaped by fjords and channels, characterized by a complex oceanographic dynamics. 
These fjords ecosystems play an important role in biological productivity and carbon cycles in aquatic ecosystems of the 
region. On the other hand, these fjords system are characterized by a wide variety of harmful microalgae blooms (HABs), 
which have some characteristic patterns of abundance and distribution in the area. Although some harmful microalgae 
species are recurrent in some geographical areas each year, their abundance during the productive spring-summer season 
in the Chilean fjords and estuaries varies locally and is determined by physical factors such as light, mixing, circulation 
patterns, salinity, temperature and chemical factors as nutrients availability. However, abnormal changes in these 
parameters may results in an increase in the occurrence, density, geographic coverage and distribution patterns of these 
harmful algae, as well as sporadic events of rare or less abundant algae species in the area, with serious consequences in 
coastal resources, local economy and public health. During the summer-autumn of 2016, different HABs affected fjords and 
channels of southern Chile, such as Alexandrium catenella and Alexandrium ostenfeldii, species associated with PSP 
production and Dinophysis acuta, Dinophysis acuminata and Protoceratium reticulatum, associated with the production of 
lipophilic toxins. This species showed important increases in densities and geographical coverage, unusual for the recorded 
data of these microalgae in the area, probably due to changes in weather conditions caused by strong ENSO event that 
affected the Pacific Ocean during the southern hemisphere summer. 
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The Aysén region (44ºS - 48ºS) is a complex marine area of fjords and channels that receives a very large river discharges 
and glaciar melting waters forming a extensive estuarine system. In this area, blooms of Alexandrium catenella are recurrent 
events, resulting in paralytic shellfish poison  (PSP) outbreaks  every summer. Over 10 years (2006 - 2016) observations of 
cells abundance, flow rivers, hydrographic sections (temperature, salinity and density) and meteorological data (velocity and 
wind direction, pressure, radiation, air temperature) were used to assess drivers of A. catenella spatial and temporal 
variability. We hypothesize that the estuarine systems play an important role in cells accumulations due the determination 
of convergences zones formed by oceanic salty waters and freshwaters. From each sampling year a multivariate statistical 
approach was used to investigate the samples stations with high values of A. catenella abundance and PSP levels. 
Additionaly, historical river data flows (Palena, Cisnes and Aysén) were used to determine the high probability periods 
associated to stratified waters. Water column stability estimations within and outside the frontal region were determined 
to compare the different stations. The cluster analysis results indicated the stations with the highest abundances and PSP 
levels were associated to the Moraleda channel, with important temporal and spatial differences linked to river flow 
anomalies during 2009. We discuss that the dominant factors controlling the A. catenella blooms in the Aysén region were 
the water column stratification, which regulates the vertical and horizontal distribution along to the Moraleda channel. 
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YTXs are widely distributed in the water, plankton, sediment and shellfish of the northern Yellow Sea of China. Whereas the 
lowest YTX levels occurred in sediment, maximum levels appeared in the seawater during spring. Among the three 
dinoflagellates which can produce YTXs (Protoceratium reticulatum, Lingulodinium polyedrum and Gonyaulax spinifera), 
which have all been found in the area, P. reticulatum occurred frequently and exhibited the highest abundance, followed by 
G. spinifera. The variation in the abundance of toxic dinoflagellates was consistent with the presence of YTXs in plankton, 
seawater and shellfish. P. reticulatum Ŏŀƴ ǎǳǊǾƛǾŜ ƭƻǿ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜǎΣ ŀƴŘ ƎǊƻǿǎ ŦŀǎǘŜǊ ŀǘ мрϲΣ нл҉ ǎŀƭƛƴƛǘȅ ŀƴŘ ǳǎƛƴƎ 
urea rather than other nitrogen sources. YTX was the dominant toxin produced when P. reticulatum was cultivated at 15°C, 
нл҉ ǎŀƭƛƴƛǘȅΣ ƛƴ ŀ ƳŜŘƛǳƳ ǿƛǘƘ ƳƻƴƻǎƻŘƛǳƳ ǇƘƻǎǇƘŀǘŜ ōǳǘ ƴƻ ƴƛǘǊƻƎŜƴ ŀŘŘƛǘƛƻƴΦ Lƴ ǘƘŜ ǎƘŜƭƭŦƛǎƘ ŦŜŜŘƛƴƎ ŜȄǇŜǊƛƳŜƴǘǎΣ ǘƘŜ 
majority (about 3/4) of YTXs were quickly converted into molecules of undefined structure. Shellfish incorporated 
approximately 1% of the YTXs that were available within the particulate matter in seawater. In both Patinopecten yessoensis 
and Chlamys farreri, toxin levels increased with increasing cell abundance of P. reticulatum in food. The shellfish digestive 
glands accumulated higher YTX levels than any other organ and exhibited the most complex toxin profile, including YTX, 
homo-YTX, 45-OH-YTX, 45-OH-homoYTX and carboxy-YTX. According to the results of the present investigation, the northern 
Yellow Sea is still a suitable area for shellfish aquaculture, but the potential ecological risk of YTX accumulation and transfer 
cannot be ignored. 
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During toxic algal blooms, shellfish accumulate toxins, becoming unsafe for human consumption and leading to shellfish 
harvesting closures, which can strongly impact the aquaculture industry. Understanding the factors influencing toxin 
accumulation in shellfish is therefore an important public-health and socio-economical challenge. It is still unclear in what 
ways the genetic and physiological characteristics of oysters influence their toxin accumulation. Yet, ploidy modification and 
selective breeding are widely used in the oyster industry to obtain better performances. Here, paralytic shellfish toxin (PST) 
levels and profiles were compared in triploid vs. diploid Pacific oysters Crassostrea gigas (both produced from a common 
brood stock to minimize genetic differences), and in wild Sydney Rock oysters Saccostrea glomerata vs. Sydney Rock oysters 
selected for disease resistance and faster growth, after exposure to cultured Alexandrium minutum at field-realistic 
concentrations. The first results indicate that PST levels in the digestive glands of triploid Pacific oyster were 2-fold higher 
than in diploids, after 4 days of exposure to A. minutum as well as after 7 days of depuration. Additionally, the toxin profile 
suggests differential biotransformation of certain saxitoxin analogues, which may be attributable to different metabolic 
activities between triploids and diploids. 
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Harmful Algal Blooms (HABs) have huge impacts in human health, economy and ecosystems, by causing poisoning incidents, 
affecting the fishery and tourism sectors and generating anoxic zones resulting in huge marine life fatalities. Blooms have 
an unpredictable nature, requiring periodic monitoring, being this strategy the worldwide official method to prevent 
poisoning incidents and economical losses by controlling shellfish areas using bivalves as indicator species. Nevertheless, 
since 2004 till nowadays emergent toxins have been reported in the temperate waters of the North Atlantic by causing 
poisoning incidents. This alerted us to begin this work, to understand how prevalent these toxins were and to assess the 
real human health risk. For achieving our goal, Portuguese coast, Madeira Island, São Miguel island (Azores archipelago) and 
the northwestern Moroccan coast were surveyed for emergent toxins (Tetrodotoxin (TTX), Ciguatoxins (CTX), Cyclic Imines 
(CIs)) and legislated ones (Diarrheic Shellfish Toxins (DSTs) and Paralytic Shellfish Toxins (PSTs)). A total of 29 different 
benthic vectors were screened (bivalves, echinoderms, gastropods and crustaceans). We sampled edible species due to their 
direct impact in human health and inedible ones for their importance in the food-web, besides, we were searching for new 
toxin vectors, since we believe that monitoring based only in bivalves underestimates human health risk. Samples were 
analyzed using HPLC-FLD and LC-MS/MS and UPLC-MS/MS techniques. We report 30 new benthic vectors for emergent and 
legislated toxins, we detected CI in the Portuguese coast ever, and starfishes as CTXs vectors. Our data indicates that 
monitoring strategies must be revised. 
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The nutrient enrichment of our freshwater resources through municipal sewage discharge is on the increase in South Africa 
and worldwide. The Limpopo River receives from a number of tributaries in Southern Africa that contribute to nutrient 
loading. Here we report on the occurrence of toxic and non-toxic cyanobacteria species in the Limpopo river catchment 
using molecular techniques to determine presence and or absence of mcy genes. The sediments samples were collected 
from Limpopo, Crocodile, Mokolo, Mogalakwena, Nzhelele, Lephalale, Sand Rivers (South Africa); Notwane, Shashe Rivers 
(Botswana) and Mzingwane River (Zimbabwe). The cyanobacteria total genomic DNA were extracted and Polymerase chain 
reaction (PCR) method was used to detect the genetic profile of the cyanobacteria species (DNA finger printing).  Molecular 
identification of cyanobacteria based on PCR amplification and sequencing of the 16S rDNA gene. The 16S rDNA gene was 
absent from sediments of Mogalakwena and Lephalale Rivers but was the 16S rDNA gene was present in other river 
sediments. The cyanotoxins detection was also based on PCR by amplification of microcystin/nodularin and 
cylindrospermopsin polyketide synthetase genes.  For most of the samples, no amplification of any of the toxin genes was 
obtained. Nevertheless fiver samples showed the amplification of cylindrospermopsin polyketide synthetase gene (Sand 
River, Nzhelele River downstream of Biaba sewage works, Crocodile River downstream Hartbeespoort dam, Nzhelele River 
next To Tshipise and Shashe River) and four samples showed amplification of microcystin/nodularin synthetase gene 
(Crocodile River downstream Hartbeespoort dam, Nzhelele River next To Tshipise and Mzingwane River). Thus the presence 
of toxic genes may imply the presence of toxic cyanobacteria species in the river sediments and may be hazardous to 
humans. Rural communities and commercial farmers abstract water from Limpopo river catchment for human consumption 
and irrigation. 
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Bivalves molluscs are an important food resource in the northwest of Mexico and pen shell (Atrina maura) is recognized as 
a delicious product for local and foreign people. A toxin monitoring in natural beds of this species was carried out from 
January to October 2015, in two sites within the Ensenada de La Paz in Baja California Sur, Mexico. Five specimens were 
collected monthly on each site, all meat was homogenized and processed for lipophilic toxins extraction, the extracts were 
analyzed using LC-MSMS in CEFAS, UK. Seven distinct lipophilic toxins were identified including: Okadaic acid, Dinophysis 
toxins, Gymnodimins, Azaspiracids, Pectentoxins, Yessotoxins and Pinnatoxins, of these toxins in Mexico only okadaic acid 
is regulated. All toxins showed concentrations Vulcanodinium rugosum, recognized as producer of these toxins has not been 
identified in our samples. Other dinoflagellate species such as Prorocentrum rathymum, P. lima and Dinophysis caudata 
were recurrent during the sampling period. This is the first time that lipophilic toxins are monitored in wild bivalves used for 
human consumption in the Gulf of California, Mexico. 
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Dinoflagellates are noxious harmful algal species that produce toxins, which can be transferred through the food chain and 
are poisonous to fish, shellfish, marine animals, and humans. Methods used to control dinoflagellate blooms include nutrient 
load reduction, as well as the application of clay flocculants and chemical surfactants. Although these methods are effective, 
they are costly and may have negative impacts on other marine life in the same water column. Recently, the algicidal 
bacterium, Shewanella sp. IRI-160, was found to be effective to mitigate dinoflagellate blooms without negative impacts on 
other phytoplankton. Shewanella secretes a water soluble algicidal compound, so that direct contact with algae is not 
necessary for controlling blooms. Immobilizing bacteria within porous matrices, and deploying these matrices into water, 
may provide an environmentally friendly way to control dinoflagellate blooms while also avoiding direct dispersal of these 
bacteria. In this study, we will evaluate the growth and retention of Shewanella sp. IRI-160 in four matrices: alginate 
hydrogels, agar, cellulosic sponges, and polyurethane foam. The effectiveness of immobilized bacteria in reducing 
dinoflagellate abundance will also be examined by deploying the immobilized bacteria in lab cultures of two noxious 
dinoflagellates, Gyrodinium instriatum and Karlodinium veneficum. The results of this study will provide not only an effective 
and environment-friendly means to control dinoflagellates blooms, but also approval for future studies related to 
application and deployment of immobilized algicidal bacteria to areas that are threatened by dinoflagellates blooms 
regularly. 
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Effective monitoring and mitigation strategies for adverse effects of harmful algal blooms (HABs) require detailed knowledge 
of causative species` population. In particular highly dynamic coastal zones pose challenges for acquiring HAB observations 
on an information-rich spatio-temporal scale. One option is to combine information from different observational systems, 
including integration of information from citizen observers, over various scales. Over a large spatio-temporal scale, seasonal 
variations in algal biomass were analysed from Full Resolution MERIS satellite images in two embayments of the Ebro Delta 
in 2011. In May-June, in situ determination of water colour indicated highly dynamic shifts in both bays. Environmental 
observations combined with microscopic identification and enumeration of HAB taxa revealed two distinct water regimes 
during the study period, which complied with known habitat preferences of Dinophysis species, assigned to stratified 
systems, and Karlodinium, associated with moderate salinity and increasing temperature. Association of species types with 
favoured habitat regimes is worthwhile for HAB surveillance in the Ebro Delta, and interpretation from long-term datasets 
may be transferable to habitat models for other regions. Bloom patterns can be resolved over spatio-temporal scales not 
covered by detailed point sampling, as shown for a combination of space-based and sea-surface determinations of water 
ŎƻƭƻǳǊΦ ¢ƘŜǎŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ŘƛǊŜŎǘƭȅ ŎƻƳǇŀǊŀōƭŜ ǘƻ ŎƛǘƛȊŜƴΩǎ ƻōǎŜǊǾŀǘƛƻƴǎ ǿƛǘƘ ŀ ǿŀǘŜǊ ŎƻƭƻǳǊ ŀǇǇ 
(www.eyeonwater.org) and hence demonstrate a simple integration of observational data from MERIS - and citizens. Such 
combined findings could support monitoring efforts and in addition increase understanding and trust in local monitoring by 
the general public. 
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²ƻǊƭŘǿƛŘŜ I!.ǎΩ ƛƳǇŀŎǘ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ƛƴ ŀǊŜŀǎ ǿƘŜǊŜ ƛƴǘŜƴǎŜ ŀǉǳŀŎǳƭǘǳǊŜ ŀŎǘƛǾƛǘȅ ƛǎ ŘŜǾŜƭƻǇŜŘΦ Lƴ /ƘƛƭŜΣ ǎŀƭƳƻƴ ŀǉǳŀŎǳƭǘǳǊŜ 
has been impacted by several species: dinoflagellates such as Alexandrium catenella and Gymmodinium spp., and especially 
by raphidophyte microalgae such as Heterosigma akashiwo and Chattonella. Despite control of these species might seem 
unapproachable (due to the magnitude, recurrence and for the fact that they are produced in open systems), there exists 
successful examples of emergency solutions based in protocols that allow lessening the associated economic losses. So far 
the most promising methods are based in flocculants (e.g. modified clays), alone or in combination with other substances. 
The main concern is the environmental impact due to the unspecific effect of clays and the probable toxicity of floccules on 
wild or cultured species (e.g. shellfish) . Aquaculture facilities which may be located nearby (such is the case of Chile) could 
be affected by the deposition of the flocculated toxic biomass. Further improvement of this methodology must necessarily 
act on the selectivity. Specific methods to control bloom-forming species may be inspired in natural dynamics. Marine 
bacteria are known to inhibit raphidophytes in natural systems and contribute to the bloom termination. In the present 
work supernatants and EPS of different bacterial strains were tested against H. akashiwo (CCMP302) and non-target species 
(Dunaliella tertiolecta and T. tetrathele). Cell growth inhibition and lysis ability were evaluated for concentrations ranging 
from 5·10-5 to 0.1 (vol:vol). As bacterial supernatants contain Exopolysaccharides cell  flocculation was also investigated. 
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A large part of the global disease burden can be linked to environmental factors, underpinned by unhealthy behaviours. 
Research into these linkages suffers from the lack of common tools and databases for investigations across many different 
scientific disciplines to explore these complex associations. The MEDMI (Medical and Environmental Data -a Mash-up 
Infrastructure) Partnership brings together leading organisations and researchers in climate, weather, environment, and 
human health and wellbeing. We have created a proof-of-concept central data and analysis system with the UK Met Office 
and Public Health England data as the internet-based MEDMI Platform (www.data-mashup.org.uk) as a common resource 
for researchers to link and analyse complex meteorological, environmental and epidemiological data in the UK. The Platform 
is hosted on its own dedicated server, with secure internet and in-person access with appropriate safeguards for ethical, 
copyright, security, preservation, long-term accessibility and data sharing issues. Via the Platform, there is a demonstration 
Browser Application with access to user-selected subsets of the data for: a) analyses using time series, and b) data 
visualizations. One demonstration project is linking climate change, harmful algal blooms (HABs) and oceanographic 
modelling building on the hydrodynamic-biogeochemical coupled models; in situ and satellite observations as well as UK 
HAB data and hospital episode statistics data are being used for both model verification and future forecasting. The MEDMI 
Project provides a demonstration of the poǘŜƴǘƛŀƭΣ ǘƘŜ ōŀǊǊƛŜǊǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎΣ ƻŦ ǘƘŜǎŜ άŘŀǘŀ ƳŀǎƘǳǇǎέ ƻŦ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ 
health data essential to truly explore the complex interactions between climate, environment and health. 
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Tetrodotoxins (TTXs) are neurotoxins which may cause paralysis and in severe cases have fatal consequences to consumers 
of TTXs contaminated seafood. Regarding the marine environment, until a few years ago it was assumed that TTX only 
occurred in more tropical areas. However, in the last few years TTXs were also found in more temperate waters, such as in 
Europe. A survey on TTX and analogues in shellfish samples from Dutch shellfish production areas was performed in 2015. 
In total 322 shellfish samples were collected from January to December. Samples were collected at 20 different sample sites, 
spread over 7 different production areas. All collected samples were extracted and analysed on TTXs. The analysis of the 
polar TTXs was performed by separation under hydrophilic interaction liquid chromatographic conditions and TTXs were 
subsequently measured with a triple quadrupole mass spectrometer. In total 11 samples, which were sampled in July and 
August, contained TTXs with a concentration above LOQ varying from 13.3 to 124.1 µg/kg. All samples which contained TTXs 
were sampled in one specific area. As knowledge on TTXs in shellfish is relative scarce more date should be gathered on the 
occurrence, the source organism as well as the toxicity of these toxins. 
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The advance in digital technology made it possible to expand the access to degree courses in Biological Sciences in the 
Distance Learning Modality (DLM). Parallel to this, the theme harmful algae and cyanobacteria has become increasingly 
important as the number of occurrence events of toxic blooms of these organisms in continental and marine environments 
has increased in the recent years in Brazil. Thus, the objectives of this study were to verify how this theme is being worked 
in the Biological Sciences course in the DLM mode at UNIASSELVI (University Center Leonardo Da Vinci); and verify (through 
a semi-structured questionnaire application) the relevance of the theme in the training of the future biology and science 
teachers. The analysis of the studies booklets and the Virtual Learning Environment (VLE) revealed that the issue is 
approached in a occasional and simplified way in the Botanical I booklet (Cryptogams Diversity) and Microbiology. This 
finding led us to develop a learning object on harmful algae and cyanobacteria to supply the lack of updated information on 
the subject. The first version of this material was inserted into the VLE of students (n = 50) enrolled in the Microbiology 
discipline in the Unit of Indaial/SC. The results showed that the students consider the topic relevant to their professional 
activities, and rated as good / great the learning object content for the formation of their knowledge. This finding will be 
used to expand the insertion of HA issues into future DLM courses. 
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Phosphorus (P) is recognized as a typical limiting macronutrient influencing the growth and distribution of marine diatom. 
However, the whole-genome molecular responses contributing to ambient P change are poorly understood in these 
important primary producers. Here, we compared the P acclimation of a marine diatom Skeletonema costatum grown in 
inorganic P-replete, P-deplete, and inorganic- and organic-P resupplied conditions by transcriptome profiling. Global gene 
expression profiles demonstrated that majority of differentially expressed genes were related to RNA transport, 
glycerophospholipid metabolism, ether lipid metabolism and nucleotide metabolism. Under P deficiency, genes encoding 
inorganic P transport, intracellular P reallocation, organic P and non-P utilization were significantly up-regulated. Meanwhile, 
genes associated with nucleotide metabolism, photosynthesis, glycolysis and cell cycle were also significantly up-regulated. 
Remarkably, genes participating in circadian rhythm regulation, such as circadian clock associated 1, were firstly identified 
in marine diatoms and were up-regulated in P-deficient cells. We hypothesize that the differences in abundance of genes 
contribute to acclimation of S. costatum to ambient P change. Additional circadian rhythm may be readjusted to improve 
adaptability under P deficiency. This study provides new insights into the adaptive capacities of marine diatoms in P scarcity 
ocean. 
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The interaction between microbe and phytoplankton in the ocean is essential for both partners, which impacts their 
physiology, alters the chemistry of their environment, and shapes ecosystem diversity. In this study, we investigated 
bacterioplankton community structure and metabolic activities at different blooming phases of a dinoflagellate 
Prorocentrum donghaiense in the coast of East China Sea using a shotgun proteomic approach. Our study showed that the 
abundance of bacterioplankton increased as the bloom proceeded. Oceanospirillales contributed a lot to bacterioplankton 
community in pre-, early-, and middle-blooming samples whereas Pseudoalteromonas dominated the bacterioplankton 
community in late-blooming sample. A total of 476 and 955 high-confidence bacterioplankton proteins were identified from 
middle- and late-blooming samples, respectively. Membrane proteins, substance transporters and energy metabolic 
proteins dominated the protein profiles in both samples. Transporters were highly expressed in the middle-blooming sample 
while TonB-dependent receptor presented higher abundance in the late-blooming sample. Interestingly, beta-glucosidase 
from Pseudoalteromonas characterized with algicidal capability was only identified in the late-blooming sample, suggesting 
that it might be involved in the lysis of P. donghaiense cells. Our results indicated that the composition of bacterioplankton 
community changed significantly with the blooming process and the key bacterioplankton groups might play important roles 
in regulating the bloom process of P. donghaiense. This pilot proteomic study, for the first time, unveiled community 
structure and metabolic activities of bacterioplankton during the blooming period of a dinoflagellate and shed the light on 
the interaction between bacteria and algal blooming cells. 



 

164 

POS0312 

iTRAQ-based quantitative proteomic analysis of the dinoflagellate Alexandrium catenella under 
the colchicine treatment 
  
Shu-Fei Zhang1, Yong Zhang1, Lin Lin1, Da Zhi Wang1 
  
1Xiamen University, China 
  
e-mail: shufeizhang@qq.com 
  
Alexandrium is a harmful algal bloom genus which is notorious as a producer of the paralytic shellfish toxins (PSTs). Previous 
studies revealed that the toxin biosynthesis is coupled with cell cycle in dinoflagellates. Here, the colchicine was used to 
arrest the cell cycles of a toxigenic dinoflagellate A. catenella (ACHK-T) and its non-toxic mutant (ACHK-NT), and their 
proteomes were compared with the control groups using iTRAQ-based proteomic approach. Flow cytometry and toxin 
analysis showed that cell cycle was arrested in G1 phase in both of these two strains and PSTs production was inhibited in 
ACHK-T. Among the 6988 identified proteins, a total of 113 (ACHK-T) and 253 (ACHK-NT) proteins were differentially 
displayed. Colchicine treatment significantly influenced the expressions of proteins participating in bioluminescence, 
chlorophyll biosynthesis, reactive oxygen metabolism, protein and carbohydrate metabolism in both of these two strains. 
While for the absorption and utilization of nitrogen, ACHK-T and ACHK-NT responded differently: colchicine significantly 
inhibited the expressions of nitrate reductase and glutamine synthetase in ACHK-NT while their expressions maintained 
relatively stable in ACHK-T, suggesting intracellular toxin content might play a feedback role in regulating the cellular 
nitrogen metabolism. Our study extended the understanding about the biological role of PSTs and provided new insights for 
the PSTs-biosynthesis process in dinoflagellates. 
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Dinoflagellates are the major causative agents of harmful algal blooms in the ocean, and much effort has been devoted to 
biology and eco-physiology of them. However, little is known about cell cycle regulation of dinoflagellates, especially in the 
in situ blooming cells. Here, we compared protein profiles of a dinoflagellate Prorocentrum donghaiense cells collected at 
different cell cycle phases during the bloom and characterized differentially expressed proteins using iTRAQ-based 
proteomic approach combining transcriptomic database. The results showed that the blooming cells of P. donghaiense 
completed a cell cycle within 24 hours as those in laboratory. Totally, 6,118 proteins from five cell cycle-phase samples 
(early/middle/late G1, S and G2/M) were identified and 2,595 of them were high-confidence proteins. Several cell cycle 
related proteins were successfully identified and presented similar expression patterns to other eukaryotic cells. Proteins 
related to transport, ROS removal and light harvesting were abundant in middle G1 phase characterized with high biomass, 
light intensity and temperature compared to other phases, while proteins involved in protein metabolism, fatty acid 
biosynthesis and purine nucleotide metabolism presented low expressions. This study provides the first insights into the cell 
cycle regulation of blooming dinoflagellate cells in situ. Dinoflagellate cells follow the cell division rule of eukaryotic cells and 
periodic expressions of proteins involved in carbohydrate, nucleotide, protein and energy metabolisms was critical to 
maintain the proper order and function of cell cycle during the bloom. The occurrence of marine dinoflagellate blooms is an 
accumulation result of cell growth rather than a bursting. 
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Dinoflagellates and cyanobacteria are notorious to produce saxitoxin (STX) which are known as the causative agent of 
paralytic shellfish poisonings. In contrary to well-elucidated STX biosynthesis in cyanobacteria, the mechanism of toxin 
synthesis is still inconclusive in dinoflagellates. Toxin biosynthesis was reported to be coupled with cell cycle in 
dinoflagellates and therefore, we utilized a metabolic inhibitor colchicine to arrest cell cycle of Alexandrium catenella (ACHK-
T) and its non-toxic mutant (ACHK-NT) to investigate the mechanism of STX biosynthesis, followed by comparative 
transcriptome studies on control (TC/NC) and colchicine-treated cells (TCO/NCO). Results revealed that cell cycle of both 
strains were arrested in G1 phase and toxin biosynthesis was inhibited. After sequencing, 110,370 unigenes were assembled 
and 66,141 were annotated in the known databases. Totally, 6,898 and 1,586 genes were differentially expressed (DEGs) in 
TCO and NCO, respectively. The DEGs were mainly involved in RNA transport, lipid metabolism and toxin biosynthesis. Genes 
encoding motor proteins and suppressor proteins were enhanced, as well as cyclin-L2 which was identified for the first time 
in dinoflagellates. In addition to inhibition of tubulin polymerization, cell cycle arrest might also result from enhancement 
expressions of cyclin-L2 and suppressor of tubulin and actin. In addition, 125 homologs of sxt proteins were identified and 
6 were up-regulated in TCO. The contradiction between up-regulated toxin genes and permanent toxin concentration 
suggested a translational or post-translational regulation of toxin biosynthesis. Discoveries in this study might serve as a 
base for further mechanistic investigations on toxin biosynthesis in dinoflagellates. 
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Taxonomic and toxicity of Ostreopsis isolates from Bahia coast (northeastern Brazil) have been evaluated. Partial sequences 
of LSU rDNA(D1/D2) of nine strains confirmed their identity with Ostreopsis cf. ovata distributed in the clades 
Atlantic/Caribean, Atlantic/Pacific and Atlantic/Mediterranean. Analysis under fluorescence microscopy and SEM showed 
morphological variability of the plates and dimensions in most studied strains making impossible their taxonomic 
identification.The results obtained from analysis of 13 Ostreopsis cf. ovata strains by liquid chromatography-high resolution 
mass spectrometry (LC-HRMS) indicated that only one strain produces ovatoxins. The biological activity evaluated by specific 
hemolysis assay for palytoxins demonstrated all 13 strains with hemolitic activity, one inhibited by ouabain while the others 
showed hemolysis with unknown factor. MCQM - Doctoral scholarship FAPESB -RED0006/2012, MCQM - CAPES - Doctoral 
scholarship (Processnº 9947-14-0/2014). This is a contribution of: Unidad Asociada de I+D+iMicroalgasNocivas IEO-CSIC 






























































