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≠
Macro-algaeBaie de La Forêt, 2018. Western France

Microlgae are
microscopic, photosynthetic unicellular organisms

vs. macroalgae
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Densities may exceed 106 cells / L and blooms 
are then visible to the naked eye
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175 HAB species of 5 000 – 100 000 microalgae

https://unesdoc.unesco.org/ark:/48223/pf0000247767

Shellfish

poisoning

High Biomass

Bloom anoxia

Fish killing

blooms

Aerosol

blooms

Contact

toxicity

https://unesdoc.unesco.org/ark:/48223/pf0000247767
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Concentration of chlorophyll “a” (in mg/L

Phytoplankton produces half the oxygen on the planet
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Phytoplankton feeds marine food chains
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Nutrient & chemical pollution affect natural diversity
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Ballast water and hull fouling may transport HABs

Sea chest foulingHull fouling
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Melting arctic – climate change :
remixing of oceans & novel shipping routes
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Extreme weather events 
will increase

Xynthia : an unexpectedly strong storm hits 

the French Atlantic coast 27-28/2/2010

2 years closure of scallop fisheries!

57 people died and hundreds put out of their homes

Domoic Acid producer Pseudo-nitzschia bloomed

50-100 times > than before

Pseudo-nitzschia
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•Increased temperature

•Enhanced surface stratification

•Alteration of ocean currents/nutrient upwelling

•Stimulation of photosynthesis by elevated CO2

•Ocean acidification (“the other CO2 problem”)

•Heavy precipitation/ storm events

Complex factor interactions /feedback mechanisms exists

Laboratory simulations rarely allow for sufficient acclimation

Organism responses will be species - or even strain-specific

There will be winners and losers!
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Microalgal cells

Marine biotoxins

Production

Filter-feeding bivalves

Accumulation

Processing, 
cooking etc.

Food 
poisoning

Shellfish poisoning:
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Combatting shellfish poisoning

Codex Standard for live and raw

bivalve molluscs

(CODEX STAN 292-2008)
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Countries with surveillance
systems in place for HABs

 

 

 

Number of countries is increasing
but still big gaps in 

• Africa

• Middle East

• India

• Far East

• Central and South Amercia

• Pacific Island states
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Ciguatera poisoning and symptoms

(image credit: Louis Malardé Institute)

> 50 000 patients  / year
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Fish-kills in open waters and caged fish (recent events)

• Chattonella in the Western Pacific

• Alexandrium catenella & Pseudochattonella in Chile

• Chrysochromulina in Norway

• Prymnesium parvum in Germany/Poland

• Karenia selliformis in Hokkaido (Japan) and Kamtchatka (Russia)
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Shellfish mortalities often not registered by public at large but 
by shellfishermen and -farmers
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 OA or Dinophysis (bloom) towards bivalve hemocytes: cytotoxicity, genotoxicity… (Pinto-Silva et al., 2003; Mello et al., 2010)

 D. caudata towards adult bivalves: pathology and mortality (Basti et al., 2015)

 Lack of study on critical early life stages – Environmental co-occurrence 
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Environmental occurrences of D-shaped larvae (from Velyger database) and Dinophysis spp. 

(REPHY database) at Bourgneuf BayLife stages of the Pacific oyster, Crassostrea gigas

How are gametes and fertilization of the Pacific oyster affected by Dinophysis and their toxins?

Effects of Dinophysis and its toxins towards bivalves
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Gaillard et al., 2020. Cultures of Dinophysis sacculus, D. acuminata and pectenotoxin 2 affect gametes and fertilization success of the Pacific oyster, Crassostrea gigas. Environ. Pollut. 265, 10.

Exposure of gametes to D. sacculus

D. sacculus PTX2 (80 pg cell-1) and OA (5 pg cell-1) total producer

 Fertilization success
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* * * *

Mortality of fish larvae exposed to PTX2

Control fish larvae High [PTX2]

Gaillard et al. 2023. Mortality and histopathology in sheepshead minnow (Cyprinodon variegatus) larvae exposed to pectenotoxin-2 and D. acuminata. Aquat Toxicol 257, 106456.
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2021 Event of O. cf. ovata discovered through
surf competition

(Chomérat et al., 2022)



Senegal: 16 000 fishing canoes for artisanal drift-net fishing

3 juin 2024 29Philipp Hess – PHYTOX, Atlantic Centre, Ifremer, Nantes, France



Senegal event – November 2020
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Vulcanodinium 
rugosum bloom 
in Senegal
causes acute 
dermatitis in 
fishermen

A

C

B

D
Environmental compartments

sampled
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Sample Site Portimine A Portimine B PnTX-H PnTX-G PnTX-H Iso

Canoe

biomass
(I.) b. 224 361* 4 906* 228* 10* 17* µg kg-1

Net

biomass
(II.) b.

177 324*

460*

6 458

n.d.*

109

2*

14.1

0.8*

11.5*

0.1*
µg kg-1

Sediment (III.) b.
3 861*

94*

79*

n.d.*

17*

0.009*

0.6*

0.014*

7.7*

n.d.*
µg kg-1

Sea water (IV.) a. 28.6* 0.8* n.d.* n.d.* n.d.* ng filter-1

Mussel (V.) c. 42.7* n.d.* 1.7* 0.6* n.d.* µg kg-1

F

G

Features common to Senegalese 

biomass and V. rugosum

Net 

biomass

(II.)

V. rugosum

cultured

cells

121 372 284

Pinnatoxin-H

Portimine

A

 

 

  

 

 

  

 

 

 
 

 

 

 

 

  

  

E



33



34



• Harmful Algal Blooms & climate change

• Fish- and shellfish-poisoning

• Fish-kills and shellfish mortalities

• Sublethal effects on fish and shellfish (diminished
recruitment)

• Direct effects on beachgoers and fishermen

• IPHAB – GlobalHAB – HAB-Solution

19 June 2024



36P. Hess – HABs, climate change & emerging risks19 June 2024

Task Team on a Global Inter-Agency Ciguatera Strategy for Improved Research and Management

1. Improved detection & 

monitoring of CTX-

producing organisms

2. Improved toxin detection & 

monitoring

3. Improved epidemiology, 

prevention and treatment
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EUROCIGUA II

CIGUAWATCH
French Polynesia

SAFEFISH
Australia

CIGUAPIRE

CIGUAPROD

EMERTOX
Cape Verde

BENTOX
France-Italy-Cuba

CARMINA

West Indies

Research projects are progressing but concerted 
international efforts are direly required



38P. Hess – HABs, climate change & emerging risks19 June 2024

Known versus emerging risks – mapping the known ones globally

Toxicity of Gambierdiscus metabolites (LD50 i.p. in mice)

Maitotoxins

(Murata et al., 1993 and 2000)

0.05 µg kg-1

(Satake et al., 1993)
(FAO and WHO 2020)

Ciguatoxins

0.24-3.6 µg kg-1

Gambierol

(Satake et al., 1993)
(Martinez-Morales et al., 2016)

50-80 µg kg-1

Gambieric acids

(Nagai et al., 1992)
(Laza-Martinez et al., 2016)

Not toxic at  1mg kg-1

Gambieroxide

(Watanabe et al., 2013)

No data

Gambierones

(Rodriguez et al., 2015)
(Murray et al., 2020 and 2021)

2.4 -38 mg kg-1
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Harmful Algal Bloom Solutions (HAB-S)

An Endorsed Action for the UN Decade of Ocean Science for Sustainable
Development led by the FAO-IOC Intergovernmental Panel on Harmful Algal 
Blooms (IPHAB)

HAB-S initiatives will co-create transformative region-specific solutions 
for: 

1) Preventing, controlling & mitigating HAB events

2) Advancing HAB Observing tools & technologies

3) Making HAB Data equitable & accessible

4) Improving HAB Literacy

• Sharing knowledge and improved integrated

databases

• Breakthrough technologies in in situ-and 

satellite detection of HABs and toxins

• Improved understanding of HAB development

and prediction

• Co-developed approaches to mitigate effects



Breakthrough Technologies: Physiology

Evaluating multiple strains of microalgae

Simultaneous evaluation of 
multiple strains in 
environmental stress 
conditions to understand
toxin-production as 
specialized metabolism

Membrane  Inlet Mass Spectrometer
Gas detection to understand HAB 
photosynthesis & respiration (O2, CO2, DMS…)

3 juin 2024 21Philipp Hess – philipp.hess@ifremer.fr

Factorial design to understand
the complex interactions

Involved in climate change

mailto:philipp.hess@ifremer.fr


Functional genomics and flow-cytometry to understand HAB-mixotrophy
qPCR for improved rapid quantitation of toxic algae, ddPCR for improved rapid confirmation of emerging microalgae

3 juin 2024 22Philipp Hess – philipp.hess@ifremer.fr

Miniaturized sequencing technology MinIon (Oxford Nanopore)

Functional transcriptomics to understand mixotrophy
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Flow cytometry for detection of popoluations in situ or in culture

mailto:philipp.hess@ifremer.fr


Breakthrough tecnology in detection of algal metabolites

• Toxins

• Pigments

• Fatty acids

• Osmolytes

• Photoprotective

compounds

Target 

analysis of 

known toxins

and key 

metabolites

• Déréplication + annotation

(réseaux moléculaires, GNPS)

• Purification

• Identification

Untargeted

analysis of 

emerging

toxins
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Exploration of the chemical diversity of algal metabolomes

aids in understanding their metabolic plasticity

Yon, T., Reveillon, D., Sibat, M., Holland, C., Litaker, R.W., Nascimento, S.M., Rossignoli, A.E., Riobo, P., Hess, P., Bertrand, S., 2024. Targeted and non-targeted mass 

spectrometry to explore the chemical diversity of the genus Gambierdiscus in the Atlantic Ocean. Phytochemistry, 114095.
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