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Whilemostmicroscopic algae provide food forfilter-feeding

shellfish and larvae of crustaceans and finfish, other so-

called Harmful Algal Blooms (HABs) can have negative

effects, causing severe economic losses to aquaculture, fish-

eries and tourism. Of greatest concern to human society are

blooms of toxic HAB species that cause illness and death of

fish, seabirds and mammals via toxins transferred through

the food web. Unprecedented Alexandrium (Dinophyceae)

blooms along the East Coast of Tasmania in 2012 and 2015,

a previously low biotoxin risk area, led to major impacts on

the local oyster, mussel, scallop and rock lobster industries.

Four human hospitalisations also occurred from eating wild

shellfish.

One of the first recorded fatal cases of human Paralytic Shellfish

Poisoning (PSP) after eating shellfish contaminated with dinofla-

gellate toxins occurred in 1793, when Captain George Vancouver

and his crew landed in British Columbia in an area now known as

Poison Cove. He noted that it was taboo for local Indian tribes to eat

shellfish when the sea became bioluminescent due to plankton

blooms1. The causative organism, the dinoflagellate Alexandrium

was formally described in 1936 and the neurotoxin it produces

(saxitoxin, STX) chemically characterised in 19752,3 (Figure 1).

Doses of 1mg cause moderate symptoms in humans (tingling

sensations around finger tips and lips) but doses of 10mg can be

lethal, resulting in death from respiratory paralysis. To prevent

humanpoisonings, theUnitedStates FoodandDrugAdministration

(US FDA) introduced a compulsory monitoring program in 1937

whereby seafood products are regularly tested in accredited labo-

ratories using mouse bioassays4. Shellfish containing more than

0.8mg PST/kg are deemed unsuitable for human consumption and

prohibited from sale. Due to increasing concern over animal ethics,

many algal toxins are now analysed using sophisticated Ultra Per-

formance Liquid Chromatography (UPLC) and Liquid Chromatog-

raphy Mass Spectrometry (LCMS) methods. These analyses are

expensive ($500–$800/test) and when compounded by sample

transport problems, result in frustrating delays for fishermen and

regulators. In Tasmania, seafood biotoxin testing is conducted

through the Tasmanian Shellfish Quality Assurance Program, using

a specialist analytical laboratory in Sydney for routine testing – at an

annual cost of up to $450 000.

In October 2012 a shipment of blue mussels (Mytilus galloprovin-

cialis) from the East Coast of Tasmania, Australia, was tested by

Japanese import authorities and found to be contaminated with

unacceptably high level of Paralytic Shellfish Toxins (10mg PST/kg)5.

Subsequent testing showed that oysters, scallops, clams, and aba-

lone and rock lobster viscera were also contaminated along

the entire Tasmanian East Coast. This led to precautionary fishery
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Figure 1. Transfer of dinoflagellate toxins via shellfish to humans where
they can cause paralytic shellfish poisoning.
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closures also for the high-value Southern Rock Lobster and abalone

industries and an international shellfish product recall with losses of

more than $23million to the local economy. Following low toxicity

events and no lengthy farm closures in 2013 and 2014, a more

severe bloom event recurred during June–Oct 2015 (up to 300 000

dinoflagellate cells/L) resulting in >15mg/kg PST in mussels,

>6mg/kg PST in oysters, and four human hospitalisations after

consumption of wild shellfish by recreational collectors unaware

of public health warnings. The causative dinoflagellate Alexan-

drium tamarense (Figure 2) had been previously detected in the

area in very low cell concentrations over the past 10–15 years,

but cultured strains had been mostly non-toxic or weakly toxic6.

Accordingly, the area had been assigned a low biotoxin risk and

monitored at low frequency, particularly in winter and autumn.

Unexpectedly, all outbreaks since 2012 have been dominated by a

highly toxic A. tamarense genotype never previously seen in bloom

proportions in Australia. While we considered the possibility of

ballast water introduction or climate-driven range extension7, pre-

liminary molecular evidence suggests the causative dinoflagellate

is a previously cryptic (rare) genotype in the area, now favoured by

increased water column stratification associated with southward

extension of the East Australian Current. Increased seafood and

plankton monitoring now include Alexandrium quantitative mo-

lecular detection (qPCR) that offers more sensitive early detection

of the causative dinoflagellate8 and routine immunoassay screening

for toxins, in parallel with routine UPLC toxin testing9. The rapid

immunoassay PSP test kits10 (Figure 3) provide an on-site or on-

board qualitative yes/no result within 20 minutes, allowing produ-

cers to make on-farm harvest decisions prior to product processing

and transport, thus reducing their business risk. Once validated at

a national and international level, these tests can also be used by

regulators as a pre-screening test to reduce the cost of testing

negative samples, and improve public health outcomes.
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Figure 2. East Coast Tasmanian plankton bloom dominated by the
toxigenic dinoflagellate Alexandrium tamarense (30–40mm diameter),
some cells of which are seen to escape from their diagnostic cellulose
cell walls.
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Figure 3. Pregnancy type immunological test kits used in Tasmania for
rapid 20 minute screen testing whether a shellfish sample is positive
(1 line) or negative (2 lines) for paralytic shellfish toxins (from http://
foodsafety.neogen.com/pdf/ProdInfo/R2-PSP.pdf).
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