
South Australian Phytoplankton - summary of toxins
species taxon toxin toxin chemical 

class
toxin target toxin consequences notes

Karenia  cristata dinoflagellate brevetoxins 
BTX2,BTX3, BTX-
B5 

lipophylic 
polyketide /
polyether

open voltage gated Na 
channels (Nav1.2 / 1.4) -> 
uncontrolled Na influx -> 
persistent neural firing / 
muscle contraction;

lipid solubility => cross BBB.


2nd target = monocytes via 
aldehyde side chain (if 
present in K. cristata)

spasms, paralysis, ataxia, 
numbness, neural 
dysfunction; cytotoxicity;

respiratory distress via 
aerosol.

Toxin largely heat resistant.

[ based on K. brevis ] 

toxin released by break-up of cells due to turbulence 
etc;

responsible for NSP - neurotoxic shellfish poisoning 
via accumulation in molluscs or other food items => 
1º action in death of sea birds / mammals.

accumulates in elasmobranch and teleost tissues.

Neural effects -> nothing obvious in pathology.


toxin spread by aerosols => respiratory effect via 
variant if present; respiratory effects mediated by 
histamine release via mast cell activation (H1) => 2nd 
molecular target = monocytes


Karenia  mikimotoi dinoflagellate unknown lipophylic 
polyunsaturated 
fatty acids =>

all-cis-
octadecapentae
noic
acid ?

contact cytolysis / haemolysis fish gills -> XS mucus; 
epithelial lesions;

fish liver necrosis;

toxicity requires direct contact w fish; large variability 
between strains; source - membrane lipids?

major effect on fish via contact w gills = lipid damage 
/ oxidative stress / reduced ATPase activity => 
osmotic stress.


No evidence for BTX, BSX, KBT.

gymnocins polyether very low solubility in water / very low toxicity for fish

gymnodimine block nicotininc acetylcholine 
receptors (nAChR)

paralysis of vertebrates trace only

Karenia papilionacea dinoflagellate brevetoxin-2 
(BTX2 = PbTx-2)

lipophylic 
polyketide /
polyether

open voltage gated Na 
channels (Nav1.2 / 1.4) -> 
uncontrolled Na influx -> 
persistent neural firing / 
muscle contraction;

lipid solubility => cross BBB.

spasms, paralysis, ataxia, 
numbness, neural 
dysfunction; cytotoxicity;

respiratory distress via 
aerosol.

Toxin largely heat resistant.

much lower levels of BTX cf K. brevis or K. cristata

Karenia brevisulcata dinoflagellate brevisulcatic 
acids (BSX);

polyether probably similar to 
brevetoxins => open Na 
channels

fish -> “loss of

balance, tilting, gasping, 
leaping”

less potent than brevetoxin at Na channels

brevisulcenals 
(KBT)

lipid-soluble 
polycyclic 
ethers

strongly cytolytic /haemolytic kills cells on contact

Karenia  longicanalis dinoflagellate gymnodimine 	
trace only

block nAChR trace only

Karenia selliformis dinoflagellate gymnodimines 
(GYM)

cyclic imine block nAChR paralysis (much more 
effective v fish cf mice)

overall toxicity not clear

long-chain 
PUFAs ?

cytotoxic fish death only in one Patagonian strain/phylotype.

unknown 
neurotoxin

lipophilic excite sodium channels

Karenia brevis dinoflagellate brevetoxins 
(BTX; PbTx)

lipophylic 
polyketide /
polyether

open voltage gated Na 
channels (Nav1.2 / 1.4) -> 
uncontrolled Na influx -> 
persistent neural firing / 
muscle contraction;

lipid solubility => cross blood 
brain barrier.


2nd target = monocytes via 
aldehyde side chain

spasms, paralysis, ataxia, 
numbness, neural 
dysfunction; cytotoxicity;

respiratory distress via 
aerosol.

Toxin largely heat resistant.

toxin released by break-up of cells due to turbulence 
etc;

toxin spread by aerosols => respiratory effects via 
variant BTX; respiratory effects mediated by 
histamine release via mast cell activation (H1) => 2nd 
molecular target = monocytes


responsible for NSP - neurotoxic shellfish poisoning 
via accumulation in molluscs or other food items => 
1º action in death of sea birds / mammals.


accumulates in elasmobranch and teleost tissues.


Neural effects -> nothing obvious in pathology.

polyunsaturated 
fatty acids

disrupt ion channels /. 
membrane structure

cytolysis effects probably limited to other planktonic algae, eg 
diatoms.


Probably made by Karenia spp. cf K. mikimotoi

brevenal brevetoxin antagonist at 
Nav1.2 and Nav1.4 (not 
Nav1.5 or Nav1.7)

non-toxic Nav 1.2 = neurons;

Nav 1.4 = skeletal muscle;

Nav1.5 = cardiac;

Nav1.7 = sensory & autonomic neurons;

Gambierdiscus spp 
Fukuyoa spp

dinoflagellate ciguatera (CTX) polyether activates voltage-dependent 
Na channels

increased transmitter release chemically close to brevetoxins => blocked by 
brevenal

maitotoxin / 
gambierone 
(MTX)

hyper complex 
polyether chain 
of rings

increase intracellular Ca => 
cytolysis

one of the most potent toxins known

gambierol polycyclic ether block voltage-gated K 
channels

Coolia spp dinoflagellate gambierone 
(MTX3)

hyper complex 
polyether chain 
of rings

increase intracellular Ca => 
cytolysis

cytolytic gill damage; kill 
crustaceans

Considerable variation between species. Some are 
non-toxic.

Protoceratium reticulatum 
Lingulodinium polyedrum  
Gonyaulax spinifera

dinoflagellate yessotoxin (YTX) polyether Ca channels / intracellular Ca/
cAMP pathways

neurotoxin / cell death chemically related to brevetoxins and ciguatoxins;

little human toxicity

Gymnodinium catenatum dinoflagellate saxitoxin (STX) tricyclic 
carbamate 
alkaloid

block Nav1 channel numbness, paralysis; PSP - paralytic shellfish poisoning;

(also in cyanobacteria;

puffer fish)

carbamoyl 
gonyautoxins 
2/3 (GTX2/3)

neurotoxins related to 
saxitoxin => Nav1 channel

numbness, paralysis; PSP - paralytic shellfish poisoning;


Toxins mainly active on other phytoplankton.

decarcarbamoyl 
toxins (dcSTX, 
dcGTX2/3)

sulfocarbamoyl 
toxins (B1 and 
C1/2)

Toxins mainly active on other phytoplankton.

Alexandrium spp 
Gymnodinium spp 
Pyrodinium spp

dinoflagellate saxitoxin (STX)

aka 
gonyautoxins

tricyclic 
carbamate 
alkaloid

block Nav1 channel numbness, paralysis; PSP - paralytic shellfish poisoning;

(also in cyanobacteria;

puffer fish)

Karlodinium veneficum dinoflagellate karlotoxins 
(KmTx)

polyketide / 
polyether

membrane sterols (incl 
cholesterol) -> pore formation 
-> large non-selective Na / K 
ionic conductance -> 
cytolysis / depolarisation / 
loss of excitability

osmotic cell lysis -> damage 
fish gill epithelium;

impair embryological 
development;

paralysis

action similar to amphidinols (from Amphidinium 
spp), simlar to some antibiotics;  

K. veneficum has unique membrane lipids -> 
resistance to its own toxin.

Karlodinium concium dinoflagellate karlotoxins 
(KmTx)

polyketide / 
polyether

membrane sterols (incl 
cholesterol) -> pore formation 
-> cytolysis

damage fish gill epithelium;

impair fish embryological 
development

Karlodinium armiger dinoflagellate karmitoxin polyketide / 
polyether

membrane sterols (incl 
cholesterol) -> pore formation 
-> cytolysis

damage fish gill epithelium;

impair fish embryological 
development

Karlodinium australe dinoflagellate unkown contact cytolysis? fish death

Karlodinium micrum dinoflagellate diacylglycerol-
like lipid?

cytolysis / haemolysis;

impair fish development

not obvious that these DAG lipids are toxic…

Amphidinium spp dinoflagellate amphidinolides diverse 
macrolide 
polyketides

cytotoxic only occasionally involved in HABs.


very wide range of potentially cytotoxic compounds, 
species and strain dependent. 

amphidinols and 
various others

diverse long-
chain 
polyketides

cytotoxic

Dinophysis spp dinoflagellate pectenotoxins 
(PTX)

polyether actin cytoskeleton -> 
cytotoxicity

gill damage: respiratory 
epithelia; chloride cells => 
respiratory and osmotic 
failure

DSP  - diarrhetic shellfish poisoning

Dinophysis spp 
Prorocentrum spp

dinoflagellate okadaic acid ->

dinophysistoxin
s (DTX)

inhibit serine / threonine 
phosphatases => loss of 
control of Na secretion / ion 
permeability.

diarrhoea (DSP);

impair fish larval 
development

DSP  - diarrhetic shellfish poisoning

Heterocapsa spp dinoflagellate unknown 
cytotoxin / 
porphyrin 
derivative

haemolytic / cytolytic fill gill damage; toxic to 
bivalves

Toxicity requires lysed cells. High variability between 
strains. Often coexists w K. mikimotoi

Protoperidinium crassipes dinoflagellate azaspiracid 
(AZA/AZP)

nausea, vomiting, severe 
diarrhea and stomach 
cramps

Ostreopsis spp dinoflagellate palytoxin (PLTX) super-carbon-
chain

Na-K-ATPase => converts 
enzyme to pore => cytolysis, 
muscle contraction, nerve 
firing, 

highly toxic via massive 
cytotoxic effects.

Also made by non-dinos. Aerosols => respiratory 
symptoms = irritation, cough, etc.

Pseudo-nitzschia spp diatom domoic acid L-proline 
derivative = 
kainic acid 
analogue

glutamate receptors excitotoxin on central 
nervous system

ASP - amnesia shellfish poisoning.


Probably significant differences between species 
and strains re amount of toxin.

Asterionellopsis glacialis 
Asterionellopsis spp

diatom no known toxins

Further information and references

For more information and references see:

Harmful Australian Marine Microalgae  by GM Hallegraeff (CSIRO Publishing, 2024)


https://www.iangibbins.com.au/science/citizen-science/south-australian-harmful-algal-bloom-2025/ 

https://www.iangibbins.com.au/science/citizen-science/south-australian-harmful-algal-bloom-2025/references/ 

https://www.iangibbins.com.au/science/citizen-science/south-australian-harmful-algal-bloom-2025/
https://www.iangibbins.com.au/science/citizen-science/south-australian-harmful-algal-bloom-2025/references/

