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1 BACKGROUND

Microscopic algae are important as oxygen producers, and food sources for filter-feeding shelifish and the larvae of commercially
important crustacea and finfish. Proliferation of microscopic algae can be of great benefit to aquaculture and wild fisheries through
increased productivity. Insome circumstances however, severe economic losses to aqu aculture, fisheries, native birdlife and tourism,
and serious human health impacts can arise when unacceptable levels of particular phytoplankton species occur. Species with barbed
spines can rapture delicate gill membranes in fish and shellfish, some produce gili-clogging mucus and other species can produce
powerful neurotoxins, which accumulate in edible tissues. One species of dinoflagellate which has been responsible for the deaths
of millions of fish, is stimulated to germinate from its benthic cyst by the presence of fish excreta, release its neurotoxins then feed on
the fish (Huyghe, 1993). Even non-toxic phytoplankton species can cause anoxic water conditions when decay and respiration of dense
blooms occur. Shell fisheries in Florida are regulated on the basis of cell counts of Gymnodinium breve as low as 5,000 cells per litre.

The presence of these species can result in reduced growth rates and vigour in aquaculturally grown animals, and the potential for
extensive fish and marine life kills. Extensive fish kills have occurred in Western Australian waterways in the Murray, Capel and Swan
rivers, the Vasse-Wonnerup estuary and the Yunderup Canals. Some of these have been explained by anoxia following the collapse
of algal blooms. The Vasse-Wonnerup estuary contains a Prymnesiophyte species, not found elsewhere in Australia, which has been
associated with mass fish mortalities overseas.

Human health threats and fatalities can occur after the consumption of shellfish that have been contaminated with algal neurotoxins.
Evensmall fishsuch as Sardinelia and Decapterus can be PSP toxic because the intestines contain Pyrodininium cells (Ming and Wong,
1989). These neurotoxins will accumulate in shellfish if their food source includes toxic species of microalgae/dinoflagellates. There
are indications that during toxic bloom events molluscs other than bivalves can become toxic. These organisins include gastropods
such abalone and predatory and scavenging whelks. The alimentary canals of predatory crabs, crayfish and starfish may contain toxins
in the digestive system, but rarely in the normally consumed muscle tissue (Marsden, 1993),

| These effects can lead to reduction in the growth or vigour of aquacultural animals or their death, and possible human health threats.

1.1 International scene

The international scene with regard to the spread of harmful phytoplankton blooms has been thoroughly covered by Dr G Hallegraeff
(1993) (Appendix 3). At present the paralytic shellfish poisoning must be considered as a global problem that requires both better
professional as well as public awareness (Kao, 1993).

There has been a major expansion in the frequency, magnitude and geographic extent of toxic algal blooms and red tides over the past
two decades globally (Hallegraeff, Appendix 3). This increased occurrence is atiributed to:

iy  increased pollution and eutrophication in coastal waters,
i) increased awareness by scientists and bettér analytical capabilities,
iliy  dispersal of species by contaminated ballast water discharges,
iv)  dispersal of species by ocean currents,
v)  greater numbers of aquaculture establishments which have amplified the potential for sentinels for contamination.

Many countries have established comprehensive surveillance programs, to monitor for potentially toxic and harmful phytoplankion
species in their waters in order to safeguard human health and to protect valuable aguaculture industries. The practice by India, of
scrapping the hulls of old ships in their coastal waters, could be releasing potentially toxic dinoflagellate cysts, and other potentially
harmfuol species, accumulated in the sediments of ballast tanks over 20-30 years of international travel.
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Map showing some of the estuaries and rivers in south Western Australia
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1.1.1 New Zealand

Prior to January 1993, no NSP producing toxic phytoplankton species had been recorded from the coastal waters surrounding New
Zealand. By March 1993 a dinoflagellate species Gymnodinium cf. breve through a relatively minor component of the total
phytoplankton, was identified as the cause of 180 cases of shellfish poisoning through the consumption of affected shellfish
(MacKenzie, 1993). A valuable export industry was quarantined, causing massive economic loss to shelifishermen (Smith et. al,,
1993). As a result testing is now required for Paralytic Shellfish Poisoning (PSP), Diarrhetic Shellfish Poisoning (DSP), Amnesic
Shellfish Poisoning (ASP), and Neurotoxic Shellfish Poisoning (NSP) at an annual cost of $3 million.

1.1.2 North America

Inthe United States of America, PSP, DSP, NSP, brown tides, ASP, ciguatera, fish mortality (diatoms and Raphidophytes) and noxious
macroalgal problems occur in coastal waters and estuaries. The USA is creating a National Plan for Marine Biotoxins and Harmful
Algae to direct and co-ordinate what were ad hoc responses to individual outbreaks. The Federal National Oceanic and Atmospheric
Administration is to comprehensively examine harmful algal blooms through its Coastal Ocean Program and its National Marine
Fisheries Service laboratories and grant programs. Rapid response teams will be organised for sudden bloom outbreaks (10C
UNESCO, 1992).

InCanadain 1987, an outbreak of domoic acid accumulation (ASP) in shellfish caused by diatom blooms resulted in the deaths of three
people and the hospitalisation of hundreds of others. This toxin which causes Amnesic Shellfish Poisoning (ASP) was also detected
in Australia for the first time in Victoria in 1993. Here in Western Australia we have the potential for a similar scenario to develop
therefore an appropriate routine surveillance and management program should be established.

InCanada the Science Section of the Department of Fisheries and Oceans conducts a large national research program on harmful marine
algae in an effort to protect consumers of seafood as well as the wild and aquaculture fishing industry (I0C UNESCO, 1992).

1.1.3 Europe

In French coastal waters, Dinophysis blooms which cause Diarrhetic Shellfish Poisoning (DSP) have been spreading and Gyrodinium
cf. aureolum blooms have caused heavy losses of bivalves. The potential PSP producing Alexandrium minutum blooms have not so
far caused problems in France. In 1988 to satisfy the demand for knowledge on the status of the marine coastal environment, the
Ministries of the Environment, of the Sea and of Scientific Research encouraged fundamental research on conditions and mechanisms
of harmful phytoplankton blooms in French waters (I0C UNESCO, 1992).

Though open waters around Greece are oligotrophic, some gulfs are undergoing discolouration by red tides and gel patches. Some
research on phytoplankton, public health and seafood and oceanography is being carried out (10C UNESCO, 1992).

Harmful algal blooms have not yet posed too serious an impact on German coasts. They expect that these are likely to occur at any
time and have set up the Institute for Baltic Research which will establish a working group on aspects of harmful algal biooms (fOC
UNESCO, 1992).

Agquaculture in Ireland is a very valuable industry. Red tides that kill fish and induce DSP toxicity in shellfish have ensured that a
comprehensive monitoring program is maintained in Irish waters. The Fisheries Research Centre of the Department of the Marine is
the designated laboratory for algal toxins in shellfish meats, cyst distribution, and routine and intensive phytoplankion monitoring in
Ireland (JOC UNESCO, 1992).

In Ttaly, mucilage from benthic algae has had a severe effect on the fishery and tourism industry. Three Alexandrium species and
Gymnodinium catenatum are present in coastal waters. The presence of bans on the taking of mussels due to cholera since 1973 is
believed to have prevented human health effects by these species. There is no co-ordinated national project on harmful algal blooms
in Italy (JOC UNESCQ, 1992).

Following a major outbreak of PSP in 1976, Spain has an established monitoring program carried out by the Instituto Espanol de
Oceanografia. Toxins are monitored by regional and national health authorities. PSP (Alexandrium minutum, Gymnodinium
catenatum) and DSP (Dinophysis spp.) are the two prime concerns in Spanish waters J0C UNESCO, 1992).

There is no co-ordinated national UK. research program aimed at harmful algal blooms. Funding is provided by the European
Community, government department budgets and the National Environment Research Council. PSP, DSP and ichthyotoxic blooms
are the main causes of problems in coastal and estuarine waters. The Ministry of Agriculture, Fisheries and Food carries out the routine
monitoring for shellfish toxicity and toxic phytoplankton. The National Rivers Authority has a bathing waters monitoring program
(IOC UNESCO, 1992).

Swedish Baltic waters are prone to blue-green (Nodularia) blooms (Sivonen et.al., 1989) which affect children and particularly dogs
(Elder et al., 1985), and also Chrysochromulina blooms which affect fish, invertebrates and algae. Mussels have also been affected
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by Dinophysis species. A surveillance group has been established in Sweden with contacts with similar programs in Norway and
Denmark. The Swedish National Marine Monitoring Program includes one regular pelagic station sampled twenty five times a year
since 1976 (I0C UNESCO, 1992).

1.1.4 Asia and Japan

In China the first harmful algal bloom recorded was in 1933, Since then 70 species have been responsible for harmful algal blooms.
The State Oceanic Administration and local coastal government agencies have announced measures to minimise the harmful effects
of blooms in coastal waters. Losses of shrimp cultures resulted in the formation of a network of monitoring, investigation and research,
management and information exchange (IOC UNESCO, 1992). In China investigation is being carried out on the association of high
liver cancer incidence and the presence of blue-green algae in drinking water (Falconer, 1994).

Japan is experiencing serious harmful algal bloom problems withregard to aquaculture and public health. It has lost from the economy
between 1972 and 1991 about 21.5 billion yen, due to fish mortalities associated with red tides.

Japan’s problems arise from
noxious algal blooms which cause mass mortality of marine organisms
toxic species which cause human illness.

These areas are the subject of studies and research co-operatively by the Fisheries Agency and the Ministry of Education, Science and
Culture. Ecology and oceanography, taxonomy and genetics, toxicology and toxin chemistry are some of the researchprojects operated
by these agencies. The regulartoxin monitoring program works very well and no case of poisoning has occurred since 1980 in shelifish
sold in the market (Fukuyo, 1993).

1.1.5 South America

In Uruguay, four dinoflagellate species of phytoplankton are associated with periodic toxicity including Alexandrium tamarense in
spring, and A, fraterculus, Dinophysis acuminata and Gymnodinium catenatum occurs from summer to autumn. The Instituto
Nacional de Pesca is responsible for monitoring for harmful phytoplankton and arranging for toxicity testing (Mendez et. al., 1993).

In Chile, a massive marine fish kill occurred in 1988 as a result of a bloom of Heterosigma akashiwo. The Association of Chilean
Salmon Farmers started a phytoplankton monitoring program which has been a useful tool for fish farming management decisions and
planning (Clement and Lembeye, 1993). ‘

1.2 Threats {o Au'stralia

Prior to 1985, toxic dinoflagellate blooms were virtually unknown in Australia. As aresult, no monitoring programs or surveys for
the detection of these toxins were conducted. During 1985-6, the first toxic dinoflagellate blooms in Australia were observed. There ‘
are now many reports of the impacts of harmful phytoplankton in Australia (Hallegraeff, 1993, Appendix 3). In the Port River (SA) |
Alexandrium minutum occurs, in Port Phillip Bay (Vic.) Alexandrium catenella is found and in Tasmania Gymnodinium catenatum
blooms are regular events. The potential PSP producer species Alexandrium tamarense occurs in SA, Victoria and Tasmania. This
species can affect birds, fish, mammals as well as humans (Hallegraeff, 1991).

In 1979, an outbreak of hepatitis-like symptoms occurred in 85 aboriginal children on a tropical island off the north eastern coast of
Australia, after copper sulphate was added to the water supply reservoirto killa blue-green bloom of predominantly Cylindrospermopsis
which was found to contain a cytotoxic alkaloid (Falconer, 1994). In 1991 one of the biggest cyanobacterial (blue-green) blooms in
Australia and perhaps the world, occurred along 1000 kilometres of the Darling/Barwon river system. Residents along the river were
warned not to use the water for drinking, watering, washing or cooking purposes. In the summer of 1992-3 the first recorded bloom
of Nodularia spumigena in Tasmania waters occurred. It was shown to produce the hepatotoxin, nodularin.

Inthe summer-autamn of 1993-94, significant new outbreaks of toxiccy anobacterial blooms were discovered in the rivers and wetlands
of Western Australia. The deaths of fish are occurring with greater regularity in Western Australian waterways.

In Western Australia one case of suspected Paralytic Shellfish Poisoning (PSP) occurred in 1991. Many other cases may have gone
unreported due to a lack of awareness of the causes and symptoms. Potential harmful impacts here are great because Australia has
a high reliance on direct contact recreation, wild and cultured seafood consumption and export of mariculture produce.

The main health threats from phytoplankton-caused toxicity are summarised below.




Table 1

<30 mins

Tingling and numbness

around the lips, spreading to
the face and neck; prickly
sensation in fingertips and
toes; headache dizziness,
nausea and diarthoea

trem

Muscular paralysis,
pronounced respiratory
difficulty; choking
sensation; death through
respiratory paralysis may
occur within 2 to 24 hrs of
ingestion

>30 mins - 3 hrs
>12 hrs

Severe diarrhoea,
nausea, vomiting,
abdominal pain,
chills

Chronic exposure

may promote
tumour formation
in the digestive
system

Trea e

respiration

Stomach pumped; artificial

days

Recovery after 3

Clinical symptoms of various types of shellfish poisoning

Nausea,
vomiting,
diarrhoea,
abdominal
cramps

Decreased
reaction to deep
pain; dizziness,
hallucinations,
confusion,
short term
memory loss;
seizures

>3 hrs

Neurologic an
gastrointestinal
symptoms; chills,
headache, diarrhoea,
muscle weakness,
stomach and joint
pain; nausea,
vomiting,

Paraesthesia,
difficulty breathing,
double vision, trouble
talking and
swallowing,
dizziness

12-24 hrs

Gastrointestinal
symptoms; diarrhoea,
abdominal pain;
vomiting, nausea

Neurological
symptoms; numbness
and tingling in the
hands and feet; cold
objects feel hot;
difficulty in balance;
low heart rate and
blood pressure; rashes.
Death through
respiratory failure.

No antitoxin or
specific treatment.
Calcium and mannitol
may relieve symptoms.
The patient may take
many months to
recover.

(Hallegraeff, 1993; Bates et. al., 1993)

1.2.1 Paralytic Shellfish Poisoning (PSP)

Paralytic Shellfish Poisoning can lead to temporary paralysis or death due to the presence of dinoflagellate saxitoxins in contaminated
edible tissues. The toxins that cause PSP produce virtually identical symptoms to the chemically-different tetradoxin from puffer
fish (Kao, 1993). The saxitoxins that are responsible for PSP are a family of at least 18 different compounds of widely differing

potencies (Anderson, 1994).

The mortality rate of PSP varies considerably. There is areal increase in the PSP which has been spreading globally. Saxitoxins are
water soluble compounds that bind to the outside of the sodium channels blocking propagation of the action potential of nerve cells.
The family of PSP toxins iincludes 18 structurally-related chemical compounds (Kao, 1993). Intracellular bacteria from Alexandrium
tamarense have been shown to produce soxitoxins (Anderson, 1994).

Shellfish which contain more than 80ug/100g of PSP are considered unfit for human consumption (Hallegraeff, 1993).




Photograph 1

Potentially PSP-producing dinoflageliate Alexandrium minutum
from the lower Swan River estuary (a formalin preserved
sample). (Size : 16-25 um diameter.)

In WA in April 1993, a visiting Canadian scientist, Ms I Montagne, displayed typical PSP symptoms after eating seafood in Western
Australia. Onset of her symptoms occurred at 2 am after eating 4 hours earlier. Symptoms included numbness around the lips, thumbs
and face, tingling of the fingertips and toes and respiratory difficulties. She admitted herself to Royal Perth Hospital, but the doctor
was unfamiliar with PSP symptoms. She suffered two further attacks and respiratory difficulties before recovery.

This case is indicative of possible misdiagnoses of serious conditions by local medical practitioners because of a lack of awareness
of symptoms. This case was only identified because of the patient’s international experience in this area. Some toxicity symptoms
may be clinically similar to hyperventilation, shellfish ‘allergy’ or bacterial gastric infections according to the St John Ambulance
Association.

1.2.2 Diarrhetic Shelifish Poisoning (DSP)

Diarrhetic Shellfish Poisoning can lead to temporary bouts of severe diarrhoea and even promote tumour formation in the alimentary
canal because of the presence of dinoflagellate okadaic acid in contaminated edible tissues. Okadaic acid is a potent inhibitor of the
serinefthreonine protein phosphotases causing a build-up of phosphorylated proteins in the cells. This leads to continuous fluid
secretion from the gut cells. DSP symptoms are similar to those of bacterial gastric symptoms (Jeffrey and Hallegraeff, 1990).

Either 2ug/gram of okadaic acid and/or 1.8ug/gram of dinophysistoxin-1 in shellfish hepatopancreas is considered to render the
shellfish unfit for human consumption (Hallegraeff, 1993).

1.2.3 Amnesic Shellfish Poisoning (ASP)

Amnesic Shellfish Poisoning can lead to ternporary or permanent loss of memory and even death due to the presence of diatom-based
domeic acid in contaminated edible tissues. Domoic acid is a potent neurotoxin which is found in both diatoms and the red macroalgae
species Chondria armata and C. baileyana (Pirquet, 1988). It stimulates the kainate-sensitive type of glutamate receptor on nerves,
causing depolarisation, influx of calcium and eventually cell death. Memory loss apparently results from lesions in the hippocampus
where Kainate receptors abound (Anderson, 1994).

The recent detection and verification of domoic acid in Victorian scallops indicates the potential threat to consumers and shellfish
leases. Shelifish which contain more than 20ug/gram of tissue of domoic acid are considered unfit for human consumption
(Hallegraeff, 1993).

1.2.4 Neurotoxic Shellfish Poisoning (NSP)

Neurotoxic Shelifish Poisoning can lead to neurologic and gastrointestinal symptoms because of the presence of dinoflagellate
brevetoxins in contaminated edible tissues. These complex polycyclic polyether compounds have high lipid solubility. They
depolarise nerves, causing increased transmitter release and loss of nerve conduction. They act on sodium channels by keeping them
open, allowing greater sodium inflow. Brevetoxins are potent fish poisons causing muscle inco-ordination and paralysis and death
by respiratory failure (Laverty, 1993).

1.2.5 Hepatotoxicity/Neurotoxicity from cyanobacterial blooms

Hepatotoxins damage the liver by deranging the cytoskeletal architecture of the hepatocytes (Falconer and Yeung, 1992). Nodularin
is an hepatotoxic cyclic pentapeptide. Microcystins are hepatotoxic cyclic heptapeptides. These toxins cause hepatocyte degeneration
and necrosis of the liver, gastroenteritis and can promote tumour growth,
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