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EXECUTIVE SUMMARY 
The Assessing the risk of marine biotoxins in Tasmanian commercial shellfish project conducted a 

detailed review of the marine biotoxin risks associated with Tasmania’s commercial harvesting areas. 

The project aims were to: 

i) Profile the biotoxin risks.  

ii) Define a risk assessment framework.   

iii) Provide a revised state-wide Biotoxin Management Plan for the project Steering 

Committee’s consideration.  

iv) Provide information on new analytical options. 

This project was conducted taking account of the compliance requirements for the Australian Shellfish 

Quality Assurance Program Guidelines, the Primary Produce Safety Regulations, the Department of 

Agriculture’s Export Standards, the Food Standards Code and international marine biotoxin food safety 

best practice.   The recommendations in the Australian Marine Biotoxin Review 2015 Tasmania Report 

were also considered and dealt with.  

Project Methodology  

Oysters Tasmania provided the data used to underpin this review, namely historical data (1987-2011), 

2000-2019 phytoplankton results and 2012-2019 biotoxin results. 

The assessment process primarily considered the marine biotoxin prevalence during 2012-2019, 

though also reflected on the historical biotoxin and phytoplankton records (see Appendix I). Other 

factors such as shellfish production rates, seasonal harvesting and growing area classification status 

were not considered. 

A summarised flow chart of the project methodology, along with associated results, is provided in 

Appendix II.   However, the following steps formed the foundation of the risk review: 

• Four Paralytic Shellfish Toxin (PST), Amnesic Shellfish Toxin (AST) and Diarrhetic (DST) 
categories were devised, based on a quantitative relationship with the maximum regulatory, 
namely: 
 

Toxin Category 1  
Results mg/kg 

Category 2 
Results mg/kg 

Category 3 Results 
mg/kg 

Category 4 
Results mg/kg 

PST 0.1 - 0.4 0.41 – 0.6 0.61 – 0.79 ≥0.8 

AST 0.1 - 10.0 10.01 – 15.0 15.01 – 19.9 ≥20 

DST 0.025 – 0.1 0.11 – 0.15 0.151 - 0.19 ≥0.2 

 

• Tasmania’s growing areas were divided into four geographical zones, namely the Northwest, 
East Coast, Fredrick Henry and Channel. Within these four zones, a total of 24 growing areas 
were reviewed for AST, DST and PST screen and confirmed results, toxicity levels and seasonal 
activity (see Chapter 4 of this report) 

 

• All AST, DST and PST biotoxin events reaching Categories 3 or 4 were listed for each growing 
area (see Chapter 4).  
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• The temporal sampling results linked to Category 3 and 4 biotoxin events were reviewed for 
evidence of ‘early prediction’.  ‘Early prediction’ was defined as screen and/or confirmed 
result activity occurring at least 14 days before Category 3 or 4 event levels were breached 
(see Chapter 4 ). 
 

• The phytoplankton data available was assessed for phytoplankton alert levels, as listed in 
Appendix 3 of the ShellMAP Biotoxin Management Plan, to determine any association 
between Category 3 and 4 biotoxin events in all growing areas. (See Chapter 4). 

 

• A  Tasmanian review was undertaken for NST food safety risks (see Chapter 6).  
 

• Consideration was given to the other toxin and compound groups currently listed in the OT 
surveillance data base: azaspiracid, cylindrospermopsin, gymnodimine, pectenotoxin group, 
pinnatoxin, spirolide and yessotoxin. (See Chapter 8).  
 

• Using current food safety knowledge, consideration was also given to potentially emerging 
and novel biotoxin hazards. (See Chapter 9).  

 

• In areas with a history of harvesting multiple shellfish species, a review was undertaken of 
the biotoxin activity within the individual species. (See Chapter 10). 
 

• Consideration was given to reducing the number of current sampling sites and substituting 
key sentinel sampling sites. (See Chapter 10). 

 

Project Findings 

There are distinct and significant differences between the four growing zones, summarized as: 

Zone similarities 

• Azaspiracid (AZT) and Neurotoxic Shellfish Poison (NST) have not been identified in any of 
the zones.  

• No zone has experienced a significant AST event.  

• In three zones PST is the most prevalent toxin. 

• The current level of phytoplankton monitoring is inadequate to predict all Category 3 and 4 
biotoxin events. 

Zone differences  

• The Northwest Zone has not experienced any positive toxin events. 

• PST behaves differently in the three active zones. These behaviours include event 
predictability, PST levels (mg/kg), seasonality and length of events. 

o Fredrick Henry and Channel zones contain individual growing areas that exhibit a 
much lower toxin risk profile when compared to the zone’s other growing areas. 

o During the review period the PST events in the East Coast and Fredrick Henry Zones 
were generally associated with Alexandrium species, particularly A. tamarense 
complex series, while those in the Channel are linked to G. catenatum.  On occasion 
some Fredrick Henry growing areas were closed due to Gymnodinium-linked PSTs and 
remained closed or were then affected by Alexandrium-linked PSTs.  

• Elevated levels of DST occur in two zones and four growing areas. 
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PST activity occurs in most growing areas within the East Coast, Fredrick Henry and Channel zones; 

exceptions being Pitt Water, Cloudy Bay Lagoon and Recherche Bay.  However, PST levels (mg/kg), 

seasonality, event predictability and the length of events vary within each zone.  

This review identified that the current level of phytoplankton monitoring is inadequate to predict all 

Category 3 and 4 biotoxin PST events. While there was some association, the toxin events were not 

always predicted or even associated with the toxin-linked phytoplankton species.  It is possible, and 

in some cases likely, that any lack of association is due to the monthly sampling schedule.   

However, the 2000-2019 phytoplankton data base does provide good information on the predominant 

algae species in each zone.  The East Coast and Fredrick Henry zones’ PST events were linked to 

Alexandrium species, particularly the A. tamarense species complex, while in the Channel zone PST 

was linked to G. catenatum.   

While there is often a lead-in time to PST events, some growing areas quickly and unpredictably breach 

the regulatory limits.  There is currently insufficient data to predict the spatial and temporal spread of 

PST toxin events within the zones and it is not possible to use only key sampling stations to verify the 

zones PST status.  

DST activity occur in the East Coast, Fredrick Henry and Channel zones, but this activity is quite 

different to the PST’s consistent temporal and spatial prevalence. The DST prevalence pattern suggests 

that three key DST sites (one in each zone) could be used as key sites for the other  growing areas.   

Therefore, routine DST sampling could be reduced to monthly at the other monitoring sites, with 

frequency increased sampling at these sites during an active DST event.   

The growing areas occasionally experiencing DST events show a relationship with D. acuminata and 

D. acuta.  

AST activity occurs within the East Coast, Fredrick Henry and Channel zones. The highest AST level was 

14mg/kg, a single and unusual 2018 result in Recherche Bay. All other AST results are routinely well 

below 50% the allowable limit. 

NST activity - the Tasmanian NST risk review concluded that this toxin does not currently pose a 

significant human food safety risk.  ShellMAP’s general surveillance programme adequately monitors 

for NST events and provided good interagency communication is maintained there is currently 

adequate governance to deal with NST events.  

When comparing the historical data (1987-2011) with the project review period (2012-19) it appears 

that some of the growing area toxin rankings may have changed. However, it is inappropriate to make 

quantitative comparisons between the two temporal data sets because an eight-year review period is 

a short one for marine biotoxins; the cyclical nature of marine biotoxin events is often much longer 

and globally remains unpredictable. 

The review of all other toxin and compound groups, including emerging and novel biotoxins, 

concluded that due to unlikely health effects and/or regulation there is no requirement for ShellMAP 

to regularly monitor for any of these compounds.  However, it recommended that each growing area 

be assessed to verify that there are no local sources of cyanotoxin draining into the area, for example, 

freshwater lakes with cyanotoxin blooms. 

 

 



12 
 

Recommendations 

The review findings provided the basis with which to establish a marine biotoxin food-safety program 

that meets Australia’s regulatory requirements and best international practice.  Therefore, the 

following recommendations are offered for ShellMAP’s consideration:  

1) There is no need to introduce further toxins into Tasmania’s routine monitoring program 

2) NST monitoring should remain outside of Tasmania’s routine sampling programme. 

3) It is important that each growing area is assessed to verify the most appropriate monitoring 

sampling sites and shellfish species.  In some situations, it may be appropriate to use a single sentinel 

species, switching to multiple species monitoring during a biotoxin event, while in other areas it may 

be appropriate to routinely sample each shellfish species. 

4) During active marine biotoxin events it is recommended that appropriate triggers be used to initiate 

increased surveillance.  Such triggers should include applicable information from adjacent growing 

areas, sentinel sites and phytoplankton count.  

5) The applicable triggers and event management actions should also be clearly written in the growing 

area’s marine biotoxin management plan and have the agreement of all the growing area 

stakeholders.  

6) The current monitoring programme could be reduced, whilst remaining in compliance with 

regulatory and best practice requirements.  See Table 71 for the recommended routine marine 

biotoxin sampling regime. 

7) While this report offers a new sampling regime, some countries choose to implement  more 

comprehensive monitoring programs to gain further understandings of their local environments and 

biotoxin risks.  

It is therefore suggested that ShellMap takes this opportunity to review the desired aims for their 

marine biotoxin monitoring programme. Such aims might include: 

• Market access verification program. 

• Collection of information to inform risk assessment – an understanding of which algal and 

shellfish species, areas, seasons, environmental conditions increase risk of toxin 

accumulation. 

• Building knowledge to enable early prediction for proactive management of risk. 
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SECTION 1 - INTRODUCTION & PROJECT AIMS 
The Assessing the risk of marine biotoxins in Tasmanian commercial shellfish project conducted a 

detailed review of the  biotoxin risk in Tasmania and provides recommendations that support a review 

the Biotoxin Management Plan in accordance with findings from the assessment.  

The assessment process, used for each growing area, was primarily based on the marine biotoxin 

prevalence during the period 2012- 2019, though also reflected on historical biotoxin and 

phytoplankton records. Other factors such as production rates, seasonal harvesting and classification 

status were not considered. 

This project is conducted with due consideration to ensuring compliance with all relevant sections of 

the Australian Shellfish Quality Assurance Program Guidelines, including those sections currently 

under revision or in draft form as well as the Primary Produce Safety Regulations, the Department of 

Agriculture’s Export Standards and the Food Standards Code. 

The project also reflected on the recommendations made in the Australian Marine Biotoxin Review 

2015 Tasmania Report. 

An important consideration of the project was achieving an appropriate balance between risk 

management and cost effectiveness of risk control measures. 

The key output of this project are recommendations that may be used to underpin a revised Biotoxin 

Management Plan for Tasmania. To achieve this, the following activities are in the scope of the project: 

 

1. Assess the current biotoxin risk profile for each commercial shellfish growing area in 

Tasmania for known, emerging and novel biotoxin hazards, using existing data and 

current expertise and knowledge. 

2. Define potential biotoxin risk management options for each area with consideration of: 

a. Risk profile (area history, seasonal variation, etc). 
b. Various analysis methods including phytoplankton counts and potential integration 

of Neogen testing where appropriate. 
c. Regulatory requirements.  

 
3. Determine a risk assessment framework for ongoing annual re-evaluations, assess the 

current risk level of each growing area and recommend a sampling/testing regime to 

manage known, emerging and novel biotoxin. 

4. Field test the framework against historical data or incidents or within a growing area – 

i.e., hindcasting (would we have missed anything or would it have prevented that recall 

from happening etc). 

5. Provide recommendations for consideration in a revised state-wide Biotoxin 

Management Plan for consideration by the project Steering Committee. These 

recommendations must include costings of options, particularly where they represent a 

change from business as usual. 
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SECTION 2 - HISTORY OF ANALYTICAL METHODS 
The Tasmanian biotoxin monitoring program began in the 1980’s, when the toxic dinoflagellate 

Gymnodinium catenatum was discovered in the D’Entrecasteaux Channel. 

2.1 Phytoplankton Testing 

Originally phytoplankton testing was the mainstay of the biotoxin monitoring program, with biotoxin 

testing only occurring following counts exceeding trigger levels. The program was restricted to the 

south-east of the state where G. catenatum was known to occur. Phytoplankton counts occurred in-

house using Lugols fixative in the field, and gravitational settling overnight followed by concentration 

of algae, and identification under light microscopy (using fresh samples to aid identification where 

necessary).  

From 2001-current, phytoplankton counts of Lugols fixed samples were out-sourced to Analytical 

Services Tasmania, who continue to use gravitational settling for phytoplankton concentration, 

followed by light microscopy.  

During the 2012/2103 bloom it became evident that identification of Alexandrium catenella (then 

known as A. tamarense) was an issue. Molecular analysis has shown that although A. catenella is the 

dominant species, A. pacificum and A. australiense are also present on occasion. These three species 

are indistinguishable by light microscopy and are collectively labelled A. tamarense complex by AST. 

2.2 Biotoxin Testing 

Biotoxin testing has changed over time.  In many growing areas the regular sampling programmes 

have also changed, due to evolving farm activities, long term seasonal closures etc. Therefore, in some 

situations there is not a continuous, long-term database of results. 

Historic testing 

Prior to 2012 both the mouse bioassay (MBA: AOAC 959.08) and HPLC methods (Oshima, 1989) were 

used for Paralytic Shellfish Toxin (PST) analysis. The mouse bioassay data prior to 1993 that was less 

than the level of detection (LOD) was recorded as the LOD; i.e., a lab result of <40 µg/100g would be 

recorded as 40. The LOD for MBA was varied between 0.35 and 0.45 mg Saxitoxin (STX)/kg depending 

on the weight of the mice used, and the LOD for HPLC was 0.19 mg STX/kg. Samples were frequently 

analysed by both MBA and high-performance liquid chromatography (HPLC).  

Jellet screen tests for PST were used for a short period between 2008 and 2010. These are qualitative 

tests only and are not considered in this review. 

Prior to 2012, MBA was used to screen and test from Diarrhetic Shellfish Toxin (DST) and Neurotoxic 

Shellfish Poison (NST). Positive screens were confirmed via HPLC (DA: AOAC method 991.26) and LCMS 

(NST: Cawthron in-house method). 
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Current Testing Regime 

Between 2012 and 2020 Tasmania’s marine biotoxin programme has been using the following 

assays: 

TOXIN LABORATORY METHOD 

Paralytic Shellfish Toxin (PST) HPLC-FD AOAC method 2005.06 
(Lawrence 2005) – screen and confirmation 
MBA AOAC 959.08 (2012-2013 only) 

Diarrhetic Shellfish Toxin  (DST) LCMS (Villar Gonzalez 2011) 

Amnesic Shellfish Toxin (AST)  LCMS (Villar Gonzalez 2011), with modified 
extraction to confirm Okadaic Acid (OA) 
LCMS (Villar Gonzalez 2011) screen followed by 
HPLC (AOAC 991.26) to confirm OA (not 
currently used).  
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SECTION 3 - PROJECT METHODOLOGY 
This review covers the period 2012 – 2019 in detail, with brief reference to the data prior to 2012. 

3.1 Raw Data Preparation  

Oysters Tasmania provided the data used to underpin this review in an Excel format with worksheets 

of historical data (1987-2011), 2000-19 phytoplankton results and 2012 -2019 biotoxin results. 

The consultants worked with this data, undertaking the following steps: 

1) Consultant data worksheet was created by copying 2012-2019 results 

2) The following data was removed: 

 Jellet data (one sample). 

 Lease number, laboratory name, report number and sample number 

 Screen analogue data (seven columns) 

 Sample number and method of analysis (two columns) 

 ASP and DSP screen columns 

 Cylindrospermopsin, spirolide, gymnodimine (three columns) 

 Domoic Acid (because this is the same information as AST) 

Total DST (because contained analogues other than Okadaic Acid and DTX).  

Date AST/DST extraction and analysis (2 columns) 

Date received, completed and data owner (4 columns) 

Screen PST “˃0.5”, “neg” and “pos” 

Toxin analogues with no positive detects 

3) DTXs - note one sample with 0.02 DTX-2 PCL 11/12/2017. This was added to total OA to get total 
DST. 
 
4) Data consultants used the following data with slight adaptations:  
  

Total Screen PST – replacing all <LOD with 0.1 
 

Total PST – replacing all <LOD with 0.1.  There are 326 mouse bioassay results that are <LOD. 
 
PST data converted into ug/kg for graphing on log scale where necessary. 
 
DST –Total OA column with the Pipe Clay Lagoon 11/12/2017 DTX2 added, replacing all <LOD 
with 0.025. Note this was the only detection of DTX2 and no DTX1 was detected.  
 
DST –Total OA column with the PCL/11/12/2017 DTX2 added, replacing all <LOD with 0.025 
 
Total AST – replaced all <LOD with 0.1 
 
Total NST 
 

5) Data then sorted into growing areas and shellfish species. 

3.2 Use of Prepared Data  
1) The growing areas were divided into four zones, as shown Table 1, Figures 1 and 2. 
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Table 1: Tasmanian shellfish growing area zones 

Northwest Zone  
Sea Elephant Bay 
Montagu  
Duck Bay 
Port Sorrell  

East Coast Zone 
Moulting Bay 
Great Swanport  
Great Oyster Bay 
Little Swanport  
Spring Bay 
Boomer Bay1 

Fredrick Henry Zone  
Dunalley Bay 
Eaglehawk Bay 
Garfish Bay/Dart Island 
Pitt Water 
Island Inlet 
Pipe Clay Lagoon 

Channel Zone 
Great Bay 
Fleurtys Point 
Little Taylors Bay 
Gardners Bay 
Cloudy Bay Lagoon 
Port Esperance 
Hastings Bay 
Recherche Bay 

1 Until recently Boomer Bay was officially known as Blackman Bay. 
 
Figure 1: Map of Tasmania’s four shellfish growing zones 
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Figure 2: Map of Tasmania’s shellfish growing areas 

 
 

As depicted in Figure 3 the numbers of biotoxin samples taken in each area is variable.  It should be 

noted that the database also contained results for Ansons Bay (n =46), Little Norfolk (n = 1), King 

George Sound (n = 1) and Port Arthur (n = 2).  However, after consultation with Oysters Tasmania’s 

Executive these historic sites were excluded from the review because it was considered they were 

adequately represented by the other growing areas’ sampling results.  

 
2) Four PST, AST and DST categories were devised, based on a quantitative relationship with the 
maximum regulatory level for these individual toxins.  
 
Table 2: Categories for marine biotoxin levels 

Toxin Category 1  
Results mg/kg 

Category 2 
Results mg/kg 

Category 3 
Results mg/kg 

Category 4 
Results mg/kg 

PST 0.1 - 0.4 0.41 – 0.6 0.61 – 0.79 ≥0.8 

AST 0.1 - 10.0 10.01 – 15.0 15.01 – 19.9 ≥20 

DST 0.025 – 0.1 0.11 – 0.15 0.151 - 0.19 ≥0.2 

 
3) The data base was reviewed for the toxins regulated under the ShellMAP Biotoxin Management 

Plan (Version 5.1) namely amnesic (AST), diarrhetic (DST), neurotoxic (NST) and paralytic (PST) and 

biotoxin activity in all four zones and individual growing areas. 
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4) Each zone was initially summarized according to toxin type, screen and confirmed sample numbers, 

pre- 2012 history, and Category 1-4 rankings (see Table 2).  

 

5) The historical results (pre-2012) were fully reviewed – see Appendix I. 
 
6) Each individual growing area was reviewed to determine AST, DST and PST screen and confirmed 

results, toxicity levels and seasonal activity. 

 

7) All AST, DST and PST biotoxin events reaching Category 3 levels or higher were listed for each 

growing area.   

 

8) The temporal sampling results linked to each Category 3 and 4 biotoxin events were reviewed for 

evidence of ‘early prediction’.  ‘Early prediction’ is defined as screen and/or confirmed result activity 

occurring at least 14 days before Category 3 or 4 event levels were breached. 

 

9) The temporal length of the biotoxin event was defined as beginning with the first positive screen 

and/or confirmed test results and ending after three negative (below the level of detection) toxin 

tests. 

 

10) The phytoplankton data available was assessed for phytoplankton alert levels, as listed in Appendix 

3 of the ShellMAP Biotoxin Management Plan, to determine any association between Category 3 and 

4 biotoxin events in all growing areas. 

 

11) Consideration was also given to the other toxin and compound groups currently listed in the 

surveillance data base, including azaspiracid (AZA), cylindrospermopsin, gymnodimine, the 

pectenotoxin (PTX) group, pinnatoxin, spirolide and yessotoxin (YTX).  

12) In areas with a history of  harvesting multiple shellfish species, a review was undertaken of the 

biotoxin activity within the individual species. 

 

13) Consideration was given to reducing the number of current sampling sites and substituting with 

key sentinel sampling sites. 

 

14) The review results were compared with current national and international food safety 

governance requirements. 

 

A flowchart summarising the above project steps, and the associated results, is presented in Appendix 

II.  
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SECTION 4 - BIOTOXIN ACTIVITY IN ZONES AND GROWING AREAS  

4.1 Northwest Zone 
The Northwest aquaculture zone, comprising four Pacific Oyster (Crassostrea gigas) growing areas, is 

situated on the northern coast of Tasmania and stretches into the Bass Strait.  Due to the prevailing 

tides and currents, this means the Northwest is geographically and hydrologically isolated from 

Tasmania’s other aquaculture zones.   

 

The zone’s sampling information was reviewed for positive results for the AST, DST, NST and PST 

biotoxin groups.  NST testing has not been undertaken in the Northwest zone. The AST, DST and PST 

results were all negative even though AST, DST and PST have been identified in other Tasmanian 

shellfish production zones. There was also no evidence of any biotoxin group in the historical results. 

A summary of the Northwest toxin sampling data, historical information (1987-2011) and growing 

area risk rankings is presented in Table 3.  For further details about the historical information see 

Appendix I. 

Table 3: History of toxicity in Northwest Zone 

 SEA 
ELEPHANT 
BAY 

MONTAGU 
BAY 

DUCK BAY PORT SORELL 

PST     
No. PST screen 45 75 91 61 
No. PST confirmed 0 0 0 0 
Category (1/2/3/4) 1 1 1 1 
History category * 1 1 1 
PST Rank (L/M/H) Low Low Low  Low 
     
AST     
No. AST 45 75 91 61 
Category (1/2/3/4) 1 1 1 1 
History category * 1 1 1 
AST Rank (L/M/H) Low Low Low Low 
     
DST     
No. DST 45 75 91 61 
Category (1/2/3/4) 1 1 1 1 
History category * 1 1 1 
DST Rank (L/M/H) Low Low Low Low 

* No historical data available 

4.2 East Coast Zone 
As the name suggests the East Coast Zone, comprising six growing areas, is situated on Tasmania’s 

eastern coast.  Moulting Bay is the most northern growing area, with the other areas extending 

halfway down the eastern seaboard. 

The East Coast sampling information was assessed for positive results in the AST, DST, NST and PST 

biotoxin groups.  During the review period there were only four NST samples taken from this region 
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(Moulting Bay); all four samples had negative results.  AST, DST and PST were historically present in 

this zone and continue throughout the review period. 

A summary of the East Coast sampling data for the review period (2012-2019) and a categorisation of 

the earlier history (1987-2011) is presented in Table 4.  For further details about the historical 

information see Appendix I. 

Table 4: History of Toxicity in East Coast Zone 

 MOULTING 
BAY 

GREAT 
SWANPORT 

GREAT 
OYSTER 

LITTLE 
SWANPORT 

SPRING 
BAY 

BLACKMAN BAY 
(now renamed 
Boomer Bay) 

PST       
No. PST screen 771 408 428 365 363 329 

No. PST confirmed 78 65 93 87 155 34 

Category (1/2/3/4) 4 4 4 4 4 4 
History category 2 1 1 1 4 1 
PST Rank (L/M/H) High High High High High High 
       
AST       
No. AST 743 394 414 348 345 319 
Category (1/2/3/4) 1 1 1 1 1 1 
History category 1 1 1 1 1 1 
AST Rank (L/M/H) Low Low Low Low Low Low 
       
DST       
No. DST 743 394 414 348 328 318 
Category (1/2/3/4) 1 1 2 ND 4 1 
History category 2 1 1 1 1 1 
DST Rank (L/M/H) Low Low Medium Low  High Low 

 

The East Coast Zone scored a high PST ranking in all growing areas, low to high for DST levels and low 

AST levels.  The individual growing area biotoxin activity will be discussed in the following sections. 

4.2.1 Moulting Bay 

Moulting Bay produces farmed Pacific oysters (C. gigas), wild harvest Angasi oysters (Ostrea angasi) 

and a wild harvest clam species (Venerupis largillierti).   

PST Data 

Moulting Bay experienced confirmed PST activity during six years of the eight-year review period.  In 

2012, 2016, 2017 and 2018 the PST levels exceeded the regulatory limit of 0.8mg/kg.  Figures 4 and 5 

depict the confirmed PST levels and seasonal activity.   
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Figure 3: Moulting Bay annual PST activity shown by screen and confirmed results 

 
 

Figure 4: Moulting Bay PST seasonal activity (confirmed results only) 

 

Moulting Bay’s PST activity generally extends from May to December with several confirmed positive 

results throughout this period.   

Once the PST activity starts the events often continue for an extended period.  See Table 5 for the 

specific details for each Category 3 and 4 events. 

Table 5: Moulting Bay Category 3 and 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 31st October  10th December 41 No 

2016 Category 4 31st May 14th November 170 Yes 

2017 Category 4 4th September 13th November 71 Yes 

2018 Category 4  2nd July  17th September 77 Yes 
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Except for the 2012 PST event (see Table 6), all the other events were predicted at least 14 days earlier 

by screen and confirmed results.    

Table 6: Chronology of Moulting Bay 2012 PST unpredicted event 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

31/10/12 2.6 2.61 

31/10/12  0.1 

1/11/12  0.55 

13/11/12  0.54 
1 In this event there was no prior regular sampling results available. 

Phytoplankton Data 

Moulting Bay’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the 

Category 3 and 4 events. All these events were associated with alert levels of A. tamarense species 

complex (See Table 7). 

Table 7: Phytoplankton triggers associated with Moulting Bay Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg)  

4/2/2012 G. catenatum 400  

16/10/2012 A. tamarense species complex 300 31ST Oct 2012 

31/10/2012 A. tamarense species complex 8,800  

13/11/2012 A. tamarense species complex 200  

4/12/2012 A. tamarense species complex 400  

10/12/2012 A. tamarense species complex 100  

18/12/2012 A. tamarense species complex 400  

    

27/6/2016 A. tamarense species complex 190 25th July  2016 

18/7/2016 A. tamarense species complex 990  

1/8/2016 A. tamarense species complex 410  

22/8/2016 A. tamarense species complex 7,100  

21/9/2016 A. tamarense species complex 1,800  

12/12/2016 A. tamarense species complex 100  

    

10/4/2017 Alexandrium sp. 100  

18/9/2017 A. tamarense species complex 580 9th October 2017 

16/10/2017 A. tamarense species complex 190  

5/6/2017 A. tamarense species complex 930  

3/7/2017 A. tamarense species complex 100  

    

23/7/2018 A. tamarense species complex 2100 28th August 2018 

  

AST Data 
Moulting Bay has only experienced low-level AST results (See Figure 6). 
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Figure 5: Moulting Bay 2012-19 AST data  

 

 

DST Data 

Moulting Bay has only experienced low-level DST results (See Figure 7). 

Figure 6:Moulting Bay 2012-19 DST data 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, pinnatoxin or yessotoxin results in Moulting 

Bay. 

There were low-level sporadic results for gymnodimine, pectenotoxin-2 and spirolide during the 

review period. 

Shellfish Species Data  

As discussed, Moulting Bay has produced Pacific oysters, Angasi oysters and Venerupis clams.  Pacific 

oysters have been consistently harvested throughout the review period, with clams occasionally 

harvested and Angasi oysters harvested only in 2018. 
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The PST results were compared between the species when contiguous sampling information was 

available.  See Table 8. 

Table 8:Comparison of PST results between Moulting Bay’s shellfish species 

DATE PACIFIC OYSTERS  
TOTAL PST mg/kg 

VENERUPIS CLAMS  
TOTAL PST mg/kg 

ANGASI OYSTERS 
TOTAL PST mg/kg 

31/10/2012 2.6   

1/11/2012  1.1  

3/12/2012 0.1 0.04  

15/8/2012  4.4  

16/8/2012 3.7   

22/8/2012 8.2 22.0  

27/8/2018   Nil 

29/8/2012 2.2 6.9  

5/9/2012 0.48 0.57  

3/9/2018   Nil 

10/9/2012   Nil 

12/9/2012 0.57 0.62  

26/9/2012 0.95 0.35  

2/10/2012 0.77 0.75  

10/10/2012 0.39 0.73  

17/10/2012 0.5 0.32  

6/8/2018 0.85 1.2  

13/8/2018 0.34 1.2  

 

These results highlight that the three species appear to accumulate PST differently, evidenced by the 

different toxicity levels.  This difference may be related to their position within the growing area, 

different filtration rates or be caused by differing metabolic activities. 

4.2.2 Great Swanport  

Great Swanport produces Pacific oysters (C. gigas) and blue mussels (M. galloprovincialis).  

PST Data 

During five of the eight review years Great Swanport experienced PST activity, with levels above the 

maximum regulatory level in 2016 and 2017.  Figures 8 and 9 show the annual and seasonal activity 

PST. 
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Figure 7: Great Swanport PST annual activity shown by screen and confirmed results 

 

Figure 8: Great Swanport PST seasonal activity (confirmed results only) 

 
Great Swanport’s PST activity extends from May to November with several confirmed positive 

results throughout this period.   

Table 9 depicts the PST events while Table 10 details the unpredicted PST events during 2013, 2016 

and 2018.     

Table 9: Great Swanport Category 3 and 4 PST events 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2013 Category 3 9th July 17th September 71 No 

2014 Category 3 16th June  4th August  50 Yes 

2016 Category 4 30th May 21st November 57  No 

2017 Category 4 29th May 4th December 190 Yes 
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Table 10: Chronology of unpredicted Great Swanport Category 3 and 4 PST events 

DATE TOTAL PST SCREEN mg/kg TOTAL PST CONFIRMED mg/kg 

     19/3/2013 

09/07/2013 

22/07/2013 

29/07/2013 
 

       0.1 

0.7 

0.93 

0.33 
 

 

0.47 

0.67 

0.44 
 

16/05/2016 

23/05/2016 

30/05/2016 

31/05/2016 

16/06/2016 
 

0.1 

0.34 

0.54 

1.9 

0.7 
 

 
 

0.42 

1.2 

0.26 
 

 

Phytoplankton Data 

Great Swanport’s phytoplankton records were reviewed for any alert levels linked to the Category 3 

and 4 events.  There was some event association with alert levels of A. tamarense species (See Table 

11).  However, the 2014 event was not directly associated with any PST phytoplankton triggers. 

Table 11: Phytoplankton triggers associated with Great Swanport Category 3 & 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

27/2/2013 AlexandrIum sp 2,200  

4/3/2013 A. tamarense species complex 300  

3/7/2013 A. tamarense species complex 400  

    

3/2/2014 Alexandrium sp 100  

25/3/2014 Alexandrium sp 100  

    

15/8/2016 A. tamarense species complex 290 31st May 2016 

    

14/2/2017 A. tamarense species complex 100  

26/6/2017 A. tamarense species complex 300 26Tth June 2017 

 

AST Data 

Great Swanport has only experienced low-level AST results (See Figure 10). 
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Figure 9: Great Swanport AST activity 2012-19 

 

DST Data 

Great Swanport has only experienced low-level DST results (See Figure 11). 

Figure 10: Great Swanport DST confirmed activity 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin or pinnatoxin results in Great Swanport. 

There were low level sporadic results for gymnodimine, pectenotoxin-2, spirolide and yessotoxin 

during the review period. 

Shellfish Species Data 

As discussed, Great Swanport produces Pacific oysters and blue mussels.  Pacific oyster samples were 

taken throughout the 2012-2019 period, while mussel samples started in 2016 and has continued 

since.  The PST toxin activity in the two species is shown in Figures 12 and 13. 
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Figure 11: PST activity in Great Swanport oysters 

 

Figure 12: PST activity in Great Swanport mussels 

 

The PST results were compared between the oysters and mussels when contiguous sampling 

information was available.  See Table 12. 

Table 12: Comparison of PST results between Great Swanport’s shellfish species 

DATE MUSSELS TOTAL PST mg/kg PACIFIC OYSTERS TOTAL PST mg/kg 

30/5/2016  0.42 

31/5/2016  1.2 

16/6/2016 0.26 0.84 

19/6/2016 0.27 0.63 

1/8/2016 1.2 0.45 

8/8/2016 0.46 0.17 

15/8/2016 3.0 6.0 

22/8/2016 5.3 0.5 

29/8/2016 4.9 0.99 

5/9/2016 6.3 0.38 

   

28/8/2017 0.53 0.33 

4/9/2017 0.36 1.2 

18/9/2017 3.9 0.59 
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The database also shows numerous occasions when mussels have confirmed PST activity, but the 

Pacific oysters do not. 

Great Swanport’s graphed and tabulated results highlight that the oysters and mussels appear to 

behave differently when exposed to PST, evidenced by the different toxicity levels.  This difference 

may be related to their position within the growing area, different filtration rates or be caused by 

differing metabolic activities. Species variation will be further discussed in Section 8.4. 

4.2.3 Great Oyster Bay 

Great Oyster Bay produces Pacific oysters produces Pacific oysters (C. gigas) and blue mussels (M. 

galloprovincialis).  

PST Data 
During five years of the eight-years Great Oyster Bay experienced PST activity, with regulatory levels 

exceedances in 2014, 2016, 2017 and 2018.  Figures 14 and 15 show the annual and seasonal PST 

activity. 

Figure 13: Great Oyster Bay annual PST activity shown by screen and confirmed results 

 

Figure 14: : Great Oyster Bay PST seasonal activity (confirmed results only)  
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The PST screen and confirmed test results identify that annually activity generally extends from May 

to November. 

Table 13 details all the PST Category 3 – 4 events, while Table 14 shows the unpredicted Category 3 

and 4 PST events during 2013, 2014 and 2016. 

Table 13: Great Oyster Bay Category 3-4 PST events 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2014 Category 4 30th June  15th September  47 No 

2016 Category 4 26th April 10th June 43 No 

2017 Category 4 22nd May 11th December 204 Yes 

2018 Category 4 14th May 15th October  155 Yes 

 

Table 14: Chronology of unpredicted Great Oyster Bay Category 4 PST events 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

      16/6/2014 

30/06/2014 

07/07/2014 

14/07/2014 
 

      0.1 

1.4 

0.64 

0.16 
 

       

0.99 

0.73 

0.063 
 

 

Great Oyster Bay’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the 

Category 3 and 4 events.  These events were associated with alert levels of Alexandrium species, 

though the events were not always predicted by the phytoplankton alert levels (See Table 15). 

Table 15: Phytoplankton triggers associated with Great Oyster Bay Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

30/6/2014 A. tamarense species complex 900 30th June 2014 

    

8/6/2016 A. tamarense species complex 290 30th May 2016 

8/8/2016 A. tamarense species complex 6700  

15/8/2016 A. tamarense species complex 290000  

29/8/2016 A. tamarense species complex 1600  

3/10/2016 Alexandrium sp. 100  

2/11/2016 A. tamarense species complex 100  

    

14/6/2017 A. tamarense species complex 240 26th June 2017 

26/6/2017 A. tamarense species complex 100  

25/7/2017 A. tamarense species complex 490  

7/9//2017 A. tamarense species complex 5200  

    

28/5/2018 A. tamarense species complex 590 4th June 2018 

13/6/2018 A. tamarense species complex 190  
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AST Data 

Great Oyster Bay has only experienced low-level AST results (See Figure 16). 

Figure 15: : Great Oyster Bay AST activity 2012-19 

 

DST Data 

Great Oyster Bay has experienced several low DST levels, with the maximum level of 0.11mg/kg on 

the 9th of May 2016 (see Figure 17). This event started with activity on the 29th of  March  and lasted 

until August 2016.   

Figure 16: Great Oyster Bay DST activity 2012-19 
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Figure 17: Great Oyster Bay DST seasonal activity 2012-19 

 

The only DST event, which reached Category 2, extended from March until August 2016.  This event 

was predicted by timely confirmed samples and Table 16 shows the closest DST-linked 

phytoplankton trigger. 

Table 16: Phytoplankton trigger associated with Great Oyster Bay  DST event 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE OF MAXIMUM 
LEVEL  

15/2/2016 Dinophysis acuminata 1200 0.11 mg/kg 9th May 
2016 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin or pinnatoxin results in Great Oyster Bay. 

There were low level sporadic results for gymnodimine, pectenotoxin-2, spirolide and yessotoxin 

during the review period. 

Shellfish species data 

As discussed, Great Oyster Bay produces Pacific oysters and blue mussels.  Pacific oyster samples 

were taken throughout the 2012-2019 period, while mussel sampling started in 2016 and has 

continued since.  The PST toxin activity in the two species is shown in Figures 19 and 20. 
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Figure 18: : PST activity in Great Oyster Bay oysters 

 

Figure 19: PST activity in Great Oyster Bay mussels 

 

The PST results were compared between the oysters and mussels when contiguous sampling 

information was available.  See Table 17. 

Table 17: Comparison of PST results between Great Oyster Bay’s shellfish species 

DATE MUSSELS TOTAL PST mg/kg PACIFIC OYSTERS TOTAL PST mg/kg 

23/5/2016 0.65 0.41 

30/5/2016 3.1 0.65 

8/6/2016 6.0 0.83 

13/6/2016 3.1 0.51 

27/6/2016 4.0 0.44 

4/7/2016 1.1 0.57 

8/8/2016 3.0 0.5 

15/8/2016 24.0 2.6 

22/8/2016 21.0 5.2 

29/8/2016 3.6 0.98 

5/9/2016 6.0 0.44 

20/6/2017 0.49 0.39 

26/6/2017 1.8 0.52 

100

1000

10000

01 02 03 04 05 06 07 08 09 10 11 12

P
ST

 (
m

g 
ST

X
 e

q
u

iv
./

kg
)

Month

Great  Oyster Bay (oysters) PST  data

2012

2013

2014

2016

2017

2018

Regulatory ML

100

1000

10000

100000

01 02 03 04 05 06 07 08 09 10 11 12

P
ST

 (
m

g 
ST

X
 e

q
u

iv
./

kg
)

Month

Great  Oyster Bay (mussels) PST  data

2013

2016

2017

2018

Regulatory ML



35 
 

DATE MUSSELS TOTAL PST mg/kg PACIFIC OYSTERS TOTAL PST mg/kg 

24/7/2017 0.91 0.39 

7/8/2017 1.9 1.5 

14/8/2017 4.2 4.6 

28/8/2017 13.0 2.0 

4/9/2017 15.0 0.84 

11/9/2017 1.4 8.3 

   

4/6/2018 2.3 0.45 

 

The database also shows numerous occasions when mussels have confirmed PST activity, but the 

Pacific oysters do not. 

Great Oyster Bay’s graphed and tabulated results highlight that the two species appear to behave 

differently when exposed to PST, evidenced by the different toxicity rates  This difference may be 

related to their position within the growing area, different filtration rates or  be caused by differing 

metabolic activities.   Species variation will be further discussed in Section 8.4. 

4.2.4 Little Swanport  

Little Swanport produces Pacific oysters (C. gigas). 

PST Data 

During seven of the eight-years Little Swanport experienced PST activity, with regulatory levels 

exceedances in 2012, 2015, 2016, 2017 and 2018.  Figures 21 and 22 show the annual and seasonal 

PST activity.  

Figure 20: Little Swanport annual PST activity shown by screen and confirmed results  
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Figure 21: Little Swanport seasonal activity (confirmed results only) 

 

The PST screen and confirmed test results identify that activity generally extends from April to 

November. Table 18 details all the Category 3 and 4 PST events while Table 19 shows the unpredicted 

Category 3 and 4 events. 

Table 18: Little Swanport Category 3 and 4 PST events 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END 
DATE 

NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 7th November 3rd December 26 No 

2014 Category 3 14th July 22nd September 71 Yes 

2015 Category 4 21st July 8th December 141 Yes 

2016 Category 4 26th April 16th December 235 Yes 

2017 Category 4 16th May 18th December  217 Yes 

2018 Category 4 27th August 22nd October  57 Yes 

 

Table 19: Chronology of unpredicted Little Swanport Category 4 2012 PST event 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

02/11/20121 

07/11/2012 

13/11/2012 
 

0.1 

 
0.87 

 

 

1.11 

0.48 
 

1 No earlier sampling results available. 

Little Swanport’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the 

Category 3 and 4 events.  Some events were associated with PST associated phytoplankton species, 

though the events were not always predicted by the alert levels (see Table 20). 
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Table 20: Phytoplankton triggers associated with Little Swanport Category 3 & 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

24/4/2012 G. catenatum 1,600  

26/10/2012 A. tamarense species complex 400 7th November 2012 

6/11/2012 A. tamarense species complex 210  

12/11/2012 A. tamarense species complex 300  

19/12/2012 A. tamarense species complex 400  

    

8/4/2014 A. catenella 800  

    

7/9/2015 A. tamarense species complex 2,900 21st September 2015 

15/9/2015 A. tamarense species complex 16,000  

21/9/2015 A. tamarense species complex 32,000  

28/10/2015 A. tamarense species complex 210,000  

6/10/2015 A. tamarense species complex 310,000  

13/10/2015 A. tamarense species complex 41,000  

9/11/2015 A. tamarense species complex 190  

    

20/9/2016 A. tamarense species complex 1,200 7th June 2016 

    

30/5/2017 A. tamarense species complex 290 21st August 2017 

27/6/2017 A. tamarense species complex 140  

25/7/2017 A. tamarense species complex 190  

18/9/2017 A. tamarense species complex 1,800  

17/10/2017 A. tamarense species complex 1,200  

    

3/4/2018 A. tamarense species complex 290  

30/4/2018 A. tamarense species complex 200  

17/9/2018 A. tamarense species complex 1,900 9th September 2018 

 

AST Data 

Little Swanport has only experienced low-level AST results (See Figure 23). 

Figure 22: : Little Swanport Bay confirmed AST activity 2012-19 
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DST Data  

There were no DST detects. 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin, spirolide or 

yessotoxin results in Little Swanport. 

There were low level sporadic results for pectenotoxin-2 during the review period. 

4.2.5 Spring Bay 

Spring Bay produces blue mussels (M. galloprovincialis). 

PST Data 

Spring Bay experienced PST events every year of the review period with regulatory levels exceeded 

in seven of those years. Figures 24 and 25 figures show the confirmed annual and seasonal PST 

activity.  

Figure 23: Spring Bay 2012-19 annual activity shown by screen and confirmed results 

 

Figure 24: Spring Bay 2012-19 seasonal PST activity (confirmed results only) 
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The PST screen and confirmed test results identify that elevated activity generally extends from July 

to December.  However, it should be noted events can be chronic and last for more than 12 months, 

for example, in 2016-17 (based on screen results Figure 16A). Table 21 details the PST events and 

Table 22 shows the unpredicted PST events. 

Table 21: Spring Bay Category 3 and 4 PST events 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 21st October 28th November 39 No 

2013 Category 4 1st July   19th January 
2014  

203 Yes 

2015 Category 4 13th July  20th December 161 Yes 

2016 Category 4 11th July 5th December  148 Yes 

2017 Category 4 12th September  →  No 

2018 Category 4 → 2nd December 15 months Yes 

2019 Category 4 18th August 17th December 122  Yes 

 

Table 22: Chronology of unpredicted Spring Bay Category 4 PST events  

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

      8/5/2012 

21/10/2012 

22/10/2012 

23/10/2012 
 

         0.1 

10 

6.2 

2.7 
 

      28/8/2017 

05/09/2017 

12/09/2017 

19/09/2017 
 

        0.1 

0.16 

2.1 

16 
 

 
 

1.4 

15 
 

 

Spring Bay’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the Category 

3 and 4 events.  While a few events showed an association with PST-linked phytoplankton species, on 

occasions there was no association (see Table 23).  

Table 23: Phytoplankton triggers associated with Spring Bay Category 3 & 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

14/10/2012 Gymnodinium sp. 
A. tamarense species complex 

2,000 
1,400 

21st October 2012 

22/10/2012 A. tamarense species complex 300  

1/11/2012 A. tamarense species complex 300  

12/11/2012 A. tamarense species complex 400  

21/11/2012 A. tamarense species complex 400  

26/11/2012 A. tamarense species complex 1,500  

28/11/2012 A catenella 900  

3/12/2012 A. tamarense species complex 500  

17/12/2012 A. tamarense species complex 300  
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DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

1/1/2013 A. tamarense species complex 200  

3/2/2013 A. tamarense species complex 200  

17/2/2013 A. tamarense species complex 700  

21/2/2013 A. tamarense species complex 800  

24/2/2013 A. tamarense species complex 9,100  

28/2/2013 A. tamarense species complex 4,100  

3/3/2013 A. tamarense species complex 2,400  

29/7/2013 A. tamarense species complex 190 7th August 2013 

4/8/2013 A. tamarense species complex 370  

12/8/2013 A. tamarense species complex 190  

26/8/2013 A. tamarense species complex 200  

2/9/2013 A. tamarense species complex 260  

4/9/2013 A. tamarense species complex 100  

    

27/7/2015 A. tamarense species complex 150 28th July 2015 

10/8/2015 A. tamarense species complex 290  

17/8/2015 A. tamarense species complex 1,200  

24/8/2015 A. tamarense species complex 
 Gymnodinium sp. 

1,700 
1,900 

 

31/8/2015 A. tamarense species complex 170  

7/9/2015 A. tamarense species complex 1,500  

14/9/2015 A. tamarense species complex 1,500  

21/9/2015 A. tamarense species complex 1,300  

28/9/2015 A. tamarense species complex 13,000  

5/10/2015 A. tamarense species complex 2,200  

12/10/2015 A. tamarense species complex 3,100  

19/10/2015 A. tamarense species complex 5,200  

26/10/2015 A. tamarense species complex 4,700  

2/11/2015 A. tamarense species complex 13,000  

23/11/2015 A. tamarense species complex 190  

    

29/8/2016 A. tamarense species complex 790 22nd August 2016 

5/9/2016 A. tamarense species complex 200  

19/9/2016 A. tamarense species complex 3,000  

    

18/9/2017 A. tamarense species complex 1,400 19th September 2017 

25/9/2017 A. tamarense species complex 2,800  

9/10/2017 A. tamarense species complex  
Gymnodinium sp 

250,000 
1,900 

 

16/10/2017 A. tamarense species complex 4,600  

    

22/7/2018 A. tamarense species complex 200 20th August 2018 

19/8/2018 A. tamarense species complex 200  

17/9/2018 A. tamarense species complex 6,700  

    

2019   1st October 2019 

 

AST Data  

Spring Bay has only experienced low-level AST results (See Figure 26). 
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Figure 25: Spring Bay AST activity 2012-2019 

 

DST Data  

Spring Bay has experienced DST activity, including a 2016 event, which breached the maximum 

regulatory limit. (See Figures 27 and 28). 

Figure 26: Spring Bay DST annual activity 2012-19 
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Figure 27: Spring Bay DST seasonal activity 2012-19 

 

Generally, the seasonal DST activity is February– September.  In 2016 there was an unpredicted 

Category 4 event (See Tables 24 & 25). 

Table 24: Spring Bay DST events 2012-19 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END 
DATE 

NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2016 Category 4 14th March  29th August 167 No  

 

Table 25: Chronology of unpredicted 2016 Spring Bay DST event 

DATE TOTAL DST CONFIRMED 
mg/kg 

      07/03/2016 

14/03/2016 

15/03/2016 

15/03/2016 
 

     0.025 

0.16 

0.052 

0.068 
 

 

Spring Bay’s phytoplankton records were reviewed for any alert levels linked to the Category 4 DST 

event. DST-linked phytoplankton species were associated with this event (See Table 26). 

Table 26: Phytoplankton triggers associated with Spring Bay Category 4 DST event 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.2mg/kg) 

6/3/2016 Dinophysis acuminata 490 3rd April 2016 

23/3/2016 Dinophysis acuminata 
Dinophysis acuta 

290 
290 

 

1/5/2016 Dinophysis acuta 330  

 

Unregulated Toxins 

There were no positive azaspiracid, cylindrospermopsin and pinnatoxin results in Spring Bay. 
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There were sporadic results for gymnodimine, pectenotoxin-2, spirolide and yessotoxin during the 

review period. 

4.2.6 Boomer Bay 

Boomer Bay (previously named Blackman Bay) produces Pacific Oysters (C. gigas). 

PST Data  

Boomer Bay experienced PST activity in 2015, 2016, 2017 and 2018 with regulatory levels exceeded 

in 2015, 2017 and 2018.  Figures 29 and 30 depict the annual and seasonal PST activity.  

Figure 28: Boomer Bay 2012-19 annual PST activity shown by screen and confirmed results 

 

Figure 29: Boomer Bay seasonal activity (confirmed results only) 

 

The PST screen and confirmed test results identify that elevated results generally occur from August 

to November. Table 27 details all the Category 4 PST events and Table 28 shows the unpredicted PST 

events during 2017. 
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Table 27: Boomer Bay Category 4 PST events 2012-19 

YEAR EVENT 
CATEGORY 

EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2015 Category 4 20th July 21st December 155 Yes 

2017 Category 4 4th September  15th January 
2018  

134 No  

2018 Category 4 10th September 29th October 50 Yes 

 

Table 28: Chronology of unpredicted 2017 Boomer Bay Category 4 PST event 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

      28/8/2017 

04/09/2017 

11/09/2017 

18/09/2017 
 

      0.1 

0.17 

0.87 

2.6 
 

 
 

0.79 

2.9 
 

 

Boomer Bay’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the 

Category 3 and 4 events (See Table 29). There does not appear to be any linkage with PST-linked 

phytoplankton in this growing area. 

Table 29: Phytoplankton triggers associated with Boomer Bay Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

5/1/2015 Gymnodinium sp. 1900 21st September 2015 

2017 No phytoplankton triggers  18th September 2017 

2018 No phytoplankton triggers  24th September 2018 

 

AST Data 

Boomer Bay has only experienced low-level AST results (See Figure 31). 

Figure 30: Boomer Bay AST data 2012-19 
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DST Data  

Boomer Bay has only experienced low-level DST results (See Figure 32). 

Figure 31: Boomer Bay DST activity 

 
Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine and pinnatoxin results in 

Boomer Bay. 

There were sporadic results for pectenotoxin-2, spirolide and yessotoxin during the review period. 

4.2.7 East Coast Zone summary 

All six of the East Coast growing areas experience PST events, with all six areas experiencing multiple 

Category 4 and unpredicted events,  i.e., <14 days warning.  However, it should be noted that the 

review 2012-19 database starts with elevated 2012 results for Moulting Bay and Spring Bay so any 

previous sampling results which may have predicted the events, were not considered during this 

review. 

The combined growing area 2012-19 PST events identify that the potential PST season, when taking 

into consideration screen activity,  is an extended one (April to January).  Further, the individual PST 

events can last many months, with chronic activity in the screen and/or confirmed tests. 

While the PST events in many of the East Coast zone growing areas appear to be associated with A. 

tamarense complex species, early alert levels of this species did not always predict the pending toxic 

event and in some situations, there was no association with any of the PST-linked phytoplankton.  

There has been no significant AST activity in any of the East Coast’s growing areas. 

Only two growing areas have experienced DST greater than Category 1.  Both Great Oyster Bay and 

Spring Bay experienced their highest levels in 2016; Great Oyster Bay peaked at a Category 2 level of 

0.11 mg/kg on the 9th of May 2016 while Spring Bay experienced Category 4 levels.  These DST events 

occurred during the period February to August and were associated with alert trigger levels of D. acuta 

and D. acuminata. 

With regards activity related to unregulated compounds there was no positive results for azaspiracid, 

cylindrospermopsin and pinnatoxin but there were positive results for gymnodimine, pectenotoxin-2, 

spirolide and yessotoxin. 
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In the three growing areas which produce multiple shellfish species, the results show that all species 

are affected by toxin events, albeit with different toxicity levels between shellfish species. 

4.3 Fredrick Henry Zone 
The Fredrick Henry zone is also on Tasmania’s eastern coast but situated to the west of the Forestier 

and Tasman Peninsulas with this landmass isolating it from the East Coast zone.  It is connected to 

Boomer Bay through the narrow Dunalley Canal. The more sheltered Fredrick Henry Zone has a 

complex and convoluted coastline and therefore has many bays, including the six monitored shellfish 

growing areas.  

 

The Fredrick Henry sampling results were reviewed for positive AST, DST, NST and PST results.  There 

were no NST samples taken from this zone during the review period, but there were regular AST, DST 

and PST samples.  Positive AST, DST and PST results have historically occurred and continue to occur 

in this zone. 

A summary of the Fredrick Henry toxin sampling data, historical information (1987-2011) and growing 

area risk rankings is presented in Table 30.  For further details about the historical information see 

Appendix I. 

Table 30: History of Toxicity in Fredrick Henry zone 

 Dunalley 
Bay 

Eaglehawk 
Bay 

Garfish/Dart 
Island 

Pitt Water Island Inlet Pipe Clay 
Lagoon 

PST       
No. PST screen 326 121 202 301 327 322 

No. PST confirmed 23 5 18 2 21 44 

Category (1/2/3/4) 4 3 2 1 4 4 
History category 1 1 1 1 1 4 
PST Rank (L/M/H) High High High Low High  High 
       
AST       
No. AST 324 127 203 298 324 322 
Category (1/2/3/4) 1 1 1 1 1 1 
History category 1 1 1 1 1 1 
AST Rank (L/M/H) Low Low Low Low Low  Low 
       
DST       
No. DST 324 127 203 298 324 322 
Category (1/2/3/4) 1 4 4 ND 1 1 
History category 1 1 1 1 1 41 
DST Rank (L/M/H) Low High High Low Low  Low 
       

1Due to one event in August/September 2007. 

Four of the six growing areas scored a high PST ranking, while Garfish Bay/Dart Island scored a medium 

ranking and Pitt Water a low ranking.      

The AST prevelance identifies this zone has a low AST ranking. 

High levels of DST were identified in Eaglehawk Bay and Garfish Bay/Dart Island, while all other 

growing areas had insignificant DST levels.  
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Pitt Water growing area is unique amongst the six areas with no results above the level of detection 

for any of the toxin groups recorded during the review period.  

The Fredrick Henry zone’s individual growing area biotoxin activity will be discussed in the following 

sections. 

4.3.1 Dunalley Bay 

Dunalley Bay produces Pacific oysters (C. gigas). 

PST Data  

Dunalley Bay experienced confirmed PST activity during three years of the eight-year review period.  

In 2016 the PST levels exceeded the regulatory limit of 0.8mg/kg.  Figures 33 and 34 depict the 

confirmed PST levels and seasonal activity.   

Figure 32: Dunalley Bay annual PST activity shown by screen and confirmed results 

 

Figure 33: Dunalley Bay seasonal PST activity (confirmed results only) 

 

Dunalley Bay’s PST activity generally extends from June to October with several confirmed positive 

results throughout this period.  However, when reviewed for Categories 3 and 4 events, there was 

only one Category 4 event in 2016.  This event was not predicted.  See Tables 31 and 32. 
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Table 31: Dunalley Bay Category 3 and 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2016 Category 4 30th May 19th September 112 No 

 

Table 32: Chronology of Dunalley Bay 2016 unpredicted Category 4 PST event 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

   23/05/2016 

30/05/2016 

07/06/2016 

15/06/2016 
 

      0.1 

0.2 

0.79 

0.29 
 

 
 

0.63 

  

 

Dunalley Bay’s 2012-19 phytoplankton records were reviewed for any alert levels linked to the 

Category 3 and 4 events.  There were alert levels for Alexandrium species and A. tamarense species 

complex associated with the 2016 event, but these levels did not actually predict the event (see Table 

33). 

Table 33: Phytoplankton triggers associated with Dunalley Bay Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

11/1/2016 
27/6/2016 
26/7/2016 
 

Alexandrium sp  
Alexandrium sp 
Alexandrium sp. 
A. tamarense species complex 

290 
490 
510 
610 

 
 
25th July 2016 

 

AST Data  

Dunalley Bay has only experienced low-level AST results (See Figure 35). 
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Figure 34: Dunalley Bay AST activity 2012-19 

 

DST Data 

Dunalley Bay has only experienced low- level DST results (See Figure 36). 

Figure 35: : Dunalley Bay DST activity 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and spirolide 

results in Dunalley Bay. 

There were sporadic results for pectenotoxin-2 and yessotoxin during the review period. 

4.3.2 Eaglehawk Bay 

Eaglehawk Bay produces Pacific oysters (C. gigas).  

Eaglehawk’s biotoxin monitoring site is co-shared with Little Norfolk and Garfish Bay/Dart Island’s 

sampling sites, i.e., routine sampling can be taken from any one of these, with the results regulating 

all three growing areas.  Norfolk Bay is used as phytoplankton sentinel sampling site. 
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PST Data  

Eaglehawk Bay only experienced confirmed PST activity in one year (2014) of the eight-year review 

period.  Figures 37 and 28 show the annual and seasonal PST activity. 

Figure 36: Eaglehawk Bay 2012-19 annual PST activity shown by screen and confirmed results 

 

Figure 37: Eaglehawk PST seasonal activity (confirmed results only) 

 

This 2014 PST event was a Category 3 event and did not breach the regulatory limit (0.8mg/kg). Based 

on the screen activity and confirmed results the event extended from May to August (See Table 34) 

and was predicted with screen activity starting several weeks before the maximum level of 0.71 mg/kg 

was reached.  

Table 34: Eaglehawk Bay Category 3 PST event 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2014 Category 3 20th May 26th August 99 Yes 

 

There were no Norfolk Bay phytoplankton triggers associated with the Category 3 PST event.  
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AST Data 

Eaglehawk Bay has only experienced low-level AST results (See Figure 39).     

Figure 38:  Eaglehawk Bay AST activity 2012-19 

 

 

DST Data  

Eaglehawk Bay had DST activity in 2012 and 2014.  In 2012 the DST level breached the regulatory limit 

of 0.2 mg/kg, reaching a maximum level of 0.21 mg/kg.  The DST activity in 2014 was low level, with 

no results greater than Category 2 (See Figures 40 and 41).  

Figure 39: Eaglehawk DST data 2012-19 

 

0

5

10

15

20

25

1/07/12 1/07/13 1/07/14 1/07/15D
o

m
o

ic
 A

ci
d

 e
q

u
iv

al
en

t 
m

g/
kg

Date

Eaglehawk Bay AST data

Confirmed AST Regulatory ML

0

0.05

0.1

0.15

0.2

0.25

1/07/12 1/07/13 1/07/14 1/07/15

O
ka

d
ai

c 
A

ci
d

 m
g/

kg

Date

Eaglehawk Bay DST data

Confirmed DST Regulatory ML



52 
 

Figure 40: Eaglehawk Bay seasonal DST activity 2012-19 

 

The 2012 Category 4 DST event started in July and likely extended to October/November; it is difficult 

to confirm the end of the event due to the sampling records.  However, the only DST activity prior to 

the regulatory breach was a single low level of (0.014 mg/kg) 13 days before.  See Tables 35 and 36. 

Table 35: Eaglehawk Bay 2012 Category 4 DST event 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 8th August ?7th November ?92 Yes 

 

Table 36: Chronology of unpredicted Eaglehawk Bay Category 4 2012 PST event 

DATE TOTAL DST mg/kg 

30/07/2012 
08/08/2012 

21/08/2012 

30/08/2012 
  

0.025 
0.049 

0.21 

0.065 
  

 

The phytoplankton results for Norfolk Bay were reviewed for any alert levels linked to the 2012 

Category 4 DST event (See Table 37).   

Table 37: Phytoplankton triggers associated with Eaglehawk Bay Category 4 DST event 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.2mg/kg) 

30/07/2012 Dinophysis acuminata 
Dinophysis acuta 

1100 
500 

21st August 2012 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin, spirolide or 

yessotoxin results in Eaglehawk Bay. 
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There were sporadic pectenotoxin-2 results during the review period. 

4.3.3 Garfish Bay/Dart Island  

The Garfish Bay/Dart Island growing area produces Pacific (C. gigas) and Angasi oysters (O. angasi).  

Garfish Bay/Dart Island’s biotoxin monitoring site is co-shared with Eaglehawk Bay and Little 

Norfolk’s sampling sites i.e., routine sampling can be taken from any one of these sites, with the 

results regulating all three growing areas. 

As and when adverse weather conditions necessitate it, Garfish Bay/Dart Islands biotoxin monitoring 

site can be substituted with Little Norfolk and Eaglehawk Bay’s sampling sites. Norfolk Bay is used as 

phytoplankton sentinel sampling site. 

PST Data  

Garfish Bay/Dart Island experienced confirmed PST in three years of the eight-year review period.  

The activity years were 2016, 2017 and 2018 but all the levels were low with maximum Category 2 

levels (0.43-0.47 mg/kg). The following figures depict the confirmed PST levels and seasonal activity.  

Figures 42 and 43 depict the confirmed PST levels and April-July seasonal activity.   

Figure 41: Garfish Bay/ Dart Island PST activity shown by screen and confirmed results 

 

Figure 42: Garfish Bay/Dart Island PST seasonal activity (confirmed results only) 
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AST Data  

Garfish Bay/Dart Island has only experienced low-level AST results (See Figure 44). 

Figure 43: Garfish/Dart Island AST activity 2012-19 

 

DST Data  

Garfish Bay/ Dart Island had low level DST activity in 2012, 2017, 2018 and 2019.  In 2016 there was 

a Category 4 event reaching 0.22mg/kg (See Figures 45 and 46).  

Figure 44: Garfish Bay/Dart Island annual DST activity  
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Figure 45: Garfish Bay/Dart Island seasonal DST activity  

 

The DST activity extends from May to September. The only Category 4 DST event, which started in 

June and ended in September 2016 was predicted with early sentinel activity. See Table 38. 

Table 38: Garfish Bay/Dart Island 2016 Category 4 DST event 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2016 Category 4 14th June  24th September 103 Yes 

 

The phytoplankton results for Norfolk Bay were reviewed for any alert levels linked to the 2016 

Category 4 DST event (See Table 39).   

Table 39: Phytoplankton triggers associated with Garfish Bay/Dart Island Category 4 DST event 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.2mg/kg) 

6/7/2016 
25/7/2016 
8/8/2016 

D. acuminata 
D. acuminata 
D. acuminata 

1400 
310 
200 

 

 

8th August 2016 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and spirolide 

results in Garfish Bay/Dart Island. 

There were sporadic results for pectenotoxin-2 and yessotoxin during the review period. 

4.3.4 Pitt Water 

This area produces Pacific oysters (C. gigas). 

Pitt Water growing area was unique when compared with the other five growing areas within the 

Fredrick Henry Zone because it did not have any confirmed AST or DST results above the level of 
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detection during the review period.  While there was some screen PST activity, there were only three 

dates (12th January 2015, 25th July 2016 and 22nd November 2016) with PST total results of 0.1 mg/kg. 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin, pectenotoxin-2 

spirolide or yessotoxin results in Pitt Water. 

4.3.5 Island Inlet 

Island Inlet produces Pacific oysters (C. gigas). 

PST Data  

Island Inlet experienced confirmed PST activity during two years of the eight-year review period.  In 

2016 the PST levels exceeded the regulatory limit of 0.8mg/kg, while in 2018 there was only a single 

low level (0.12 mg/kg) result.  Figures 47 and 48 depicts the confirmed PST levels and seasonal activity.   

Figure 46: Island Bay annual PST activity shown by screen and confirmed results 

 

Figure 47: Island Bay seasonal PST activity (confirmed results only) 

 

Island Inlet’s PST 2016 Category 4 event extended from May to September and showed predictive 

activity (See Table 40). 
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Table 40: Island Inlet 2016 Category 4 PST event 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2016 Category 4 30th May 19th September 106 Yes 

 

Island Inlet’s phytoplankton records were reviewed for any alert levels linked to the 2016 Category 4 

event.  While there was A. tamarense activity during this event, this activity did not predict the 2016 

event. 

Table 41: Phytoplankton triggers associated with Island Inlet Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

2/8/2016 A. tamarense species complex 590 18th July 2016 

 

AST Data 

Island Inlet has only experienced low-level AST results (See Figure 49). 

Figure 48: Island Inlet AST 2012-19 data  

 

DST Data 

Island Inlet has only experienced low-level DST results (See Figure 50). 
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Figure 49: Island Bay DST data 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and spirolide 

results in Island Inlet. 

There were sporadic results for pectenotoxin-2 and yessotoxin during the review period. 

4.3.6 Pipe Clay Lagoon 

Pipe Clay Lagoon produces Pacific oysters (C. gigas). 

PST Data 

Pipe Clay Lagoon experienced confirmed PST activity during six years of the eight-year review period. 

In 2015 and 2016 the PST levels exceeded the regulatory limit of 0.8 mg/kg.  Figures 51 and 52 depict 

the confirmed PST levels and seasonal activity.   

Figure 50: Pipe Clay Lagoon 2012-19 annual PST activity shown by screen and confirmed results 
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Figure 51: Pipe Clay Lagoon seasonal PST activity (confirmed results only) 

 

Pipe Clay Lagoon’s PST activity generally extends from May to October. There were Category 4 events 

in 2015 and 2016, while all other years had no levels higher than Category 2. The 2015 event was 

unusual, with only one sporadic Category 4 result on the 5th  of October 2015.  However, both the 2015 

and 2016 events were predicted with earlier activity. 

Table 42: Pipe Clay Lagoon confirmed Category 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2015 Category 4 28th May 23rd November 180 Yes 

2016 Category 4  14th June  3rd October  111 Yes 

 

Pipe Clay Lagoon’s phytoplankton records were reviewed for any alert levels linked to the 2015 and 

2016 Category 4 events.  There were no specific phytoplankton samples exceeding the PST trigger 

levels for either of these events. 

AST Data 

Pipe Clay Lagoon has only experienced low-level AST results (See Figure 53). 
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Figure 52: Pipe Clay Lagoon AST activity 2012-19 

 

DST Data 

Pipe Clay Lagoon has only experienced low- level DST results (See Figure 54). 

Figure 53: Pipe Clay Lagoon DST activity 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, pinnatoxin and spirolide results in Pipe Clay 

Lagoon. 

There were sporadic low-level results for gymnodimine, pectenotoxin-2 and yessotoxin during the 

review period. 

4.3.7 Fredrick Henry Zone Summary 

Pitt Water has only three low level (0.1 mg/kg) PST results which is the limit of detection.  Further, 

there were no other toxins identified in this growing area. 

The other five growing areas experienced PST activity, but only 3 experienced Category 4 events, while 

Eaglehawk Bay’s maximum event was a Category 3.  Overall, the prevalence and extended nature of 

annual Category 4 events was lower than in the East Coast zone. 
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The seasonal PST spread in the Fredrick Henry zone was May to November.  

While there was some event association with alert levels of PST-linked phytoplankton species 

(Alexandrium species and A. tamarense species complex), these levels did not predict the pending PST 

events.  In Pipe Clay Lagoon none of the PST-linked phytoplankton samples exceeded the alert levels.  

None of the growing areas had significant AST results.    

Eaglehawk experienced a Category 4 DST event in 2012, while Garfish Bay/Dart Island had a Category 

4 event in 2016.   

With regards activity related to unregulated compounds there was no positive results for azaspiracid, 

cylindrospermopsin, spirolide or pinnatoxin but there were positive results for gymnodimine, 

pectenotoxin-2 and yessotoxin. 

There were sporadic low-level  results for pectenotoxin-2 and yessotoxin in Eaglehawk Bay, Pitt Water, 

Island Inlet and Pipe Clay Lagoon.  Pipe Clay Lagoon also had low levels of gymnodimine during the  

review period. 

When comparing the historical data (1987-2011) with the project review period (2012-19) it appears 

that some of the growing area toxin rankings may have changed.  For example, Pipe Clay Lagoon’s 

historical data shows a Category 4 DST ranking.  However, it is inappropriate to make quantitative 

comparisons between the two temporal data sets because an eight-year review period is a short one 

for marine biotoxins; the cyclical nature of marine biotoxin events is often much longer and globally 

remains unpredictable. 

4.4 Channel Zone 
The Channel Zone, situated on the exposed south-east corner of Tasmania, contains eight Pacific 

oyster (C. gigas) eight growing areas.  Port Esperance also produced blue mussels (M. galloprovincialis) 

until 2015. 

A summary of the Channel Zone sampling data for the review period (2012-2019) and a categorisation 

of the earlier history (1987-2011) is presented in Table 43.  For further details about the historical 

information see Appendix I. 

The Channel Zone sampling information was reviewed for positive AST, DST, NST and PST results.  

There were no NST samples taken from this zone during the review period, instead regular sampling  

for AST, DST and PST.  Positive AST, DST and PST results have historically occurred and continue to 

occur in this zone. 

There were no positive AZT, NST, or PTX results, but AST, DST and PST have historically occurred and 

continue to occur in this zone. 
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Table 43: History of Toxicity in Channel Zone 

 GREAT 
BAY 

FLEURTYS 
POINT 

GARDNERS 
BAY 

PORT 
ESPERANCE 

HASTINGS 
BAY 

RECHERCHE 
BAY 

LITTLE 
TAYLORS 
BAY 

CLOUDY 
BAY 
LAGOON 

PST         
No. PST 
screen 

329 299 175 328 327 150 181 319 

No. PST 
confirmed 

32 26 38 127 57 1 25 7 

Category 
(1/2/3/4) 

2 2 4 4 4 1 4 1 

History 
category 

4 4 4 4 4 4 4 4 

PST Rank 
(L/M/H) 

Medium Medium High High High Low High Low 

         
AST         
No. AST 325 294 172 312 319 150 179 319 

Category 
(1/2/3/4) 

1 1 1 1 1 2 1 1 

History 
category 

1 1 1 1 1 1 1 1 

AST Rank 
(L/M/H) 

Low Low Low Low Low Medium Low Low 

         
DST         
No. DST 325 294 172 312 319 150 178 319 

Category 
(1/2/3/4) 

1 1 1 2 1 ND 1 1 

History 
category 

1 1 1 1 1 1 1 1 

DST Rank 
(L/M/H) 

Low Low Low Medium Low Low Low Low 

 

4.4.1 Great Bay 

PST Data 

Great Bay experienced confirmed February – August PST activity during six years of the eight-year 

review period.  However, most were sporadic low levels with the maximum Category 2 level of 0.5 

mg/kg.  Figures 55 and 56 depict the confirmed PST levels and seasonal activity (June-October).   
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Figure 54: Great Bay 2012—2019 annual activity shown by screen and confirmed results 

 

Figure 55: Great Bay PST seasonal activity (confirmed results only) 

 

AST Data 

In the eight- year review period Great Bay has only experienced sporadic, low-level AST results (see 

Figure 57). 
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Figure 56: Great Bay AST activity 2012-19

 

 

DST Data 

Great Bay has only experienced low- level DST results (See Figure 58). 

Figure 57: Great Bay DST activity 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and yessotoxin 

results in Great Bay. 

There were sporadic results for pectenotoxin-2 and spirolide during the review period. 

4.4.2 Fleurtys Point 

Fleurtys Point produces Pacific oysters (C. gigas). 

PST Data 

Fleurtys Point experienced confirmed PST March-July activity during five years of the eight-year 

review period.  However, all the PST results were low, with the maximum level a Category 2 result of 

0.54 mg/kg in 2019. Figures 59 and 60 depict the confirmed PST levels and seasonal activity.   
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Figure 58: Fleurtys Point 2012—2019 annual PST activity shown by screen and confirmed results 

 

Figure 59: Fleurtys Point seasonal PST activity (confirmed results only) 

 

AST Data 

Fleurtys Point has only experienced low-level AST results (See Figure 61). 
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Figure 60: Fleurtys Point AST activity 2012-19 

 

DST Data 

Fleurtys Point has only experienced low- level DST results (See Figure 62). 

Figure 61: Fleurtys Point DST activity 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and yessotoxin 

results in Fleurtys Point. 

There were sporadic results for spirolide and pectenotoxin-2 during the review period. 

4.4.3 Little Taylors Bay 

Little Taylors Bay produces Pacific oysters (C. gigas). 

PST data 

Little Taylors Bay experienced confirmed PST activity during four years of the eight-year review 

period. There was a Category 4 events in 2012 and 2013, while in 2019 there as a Category 3 event.  

Figures 63 and 64 depict the confirmed PST levels and seasonal activity.   
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Figure 62: Little Taylors Bay 2012-19 annual PST activity shown by screen and confirmed results 

 

Figure 63: Little Taylors Bay seasonal PST activity (confirmed results only) 

 

The PST activity generally occurred during the period April to July, though in 2015 there were low 

levels in February. The 2012 and 2013 Category 4 events were unpredicted and breached the 

regulatory limit, while in 2019 there was a Category 3 event.  See Tables 44 and 45 for the specific 

details for each Category 3 and 4 events. 

Table 44: Little Taylors Bay 2012-2019 Category 3 and 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 29th April  Possibly late June ?63  No 

2013 Category 4 21st April  22nd July  93 No 

2019 Category 3 5th May Possibly late July ?88 Yes 
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Table 45: Chronology of Little Taylors Bay unpredicted PST events 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

29/04/2012 

06/05/2012 

10/05/2012 

28/05/2012 

03/06/2012 
  

 0.7321 

0.1 

0.1 

0.886 

0.66 
  

  21/04/2013 

  29/04/2013 

  23/06/2013 
 

1 

1.2 

0.1 
 

 0.811 

 0.37 

 0.1 
 

1 In this event there was no prior regular sample results available. 

Little Taylor Bay’s  phytoplankton records were reviewed for any alert levels linked to the Category 3 

and 4 events.  There were no PST-linked phytoplankton species triggers associated with the 2012 and 

2019 events but G. catenatum was present during the 2013 event (See Table 46). 

Table 46: Phytoplankton triggers associated with Little Taylor Bay’s Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

30/10/2012 
19/12/2012 

A. tamarense species complex 
A. tamarense species complex 

100 
300 

28th May 2012 
 

28/4/2013 Gymnodinium catenatum 800 21st April 2013 

 

AST Data 

Little Taylors Bay has only experienced low-level AST results (See Figure 65). 

Figure 64: Little Taylors Bay AST activity 2012-19 

 

DST Data 

Little Taylors Bay has only experienced low-level DST results (See Figure 66). 
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Figure 65: Little Taylors Bay DST data 2012-19 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin, spirolide and 

yessotoxin results in Little Taylors Bay. 

There were sporadic results for pectenotoxin-2 during the review period. 

4.4.4 Gardners Bay 

This area produces Pacific oysters (C. gigas). 

PST Data 

Gardners Bay experienced confirmed PST activity during all eight years. In five of those years the 

levels breached the regulatory limit of 0.8mg/kg. Figures 67 and 68 depict the confirmed PST levels 

and seasonal activity.   

Figure 66: Gardners Bay annual PST activity shown by screen and confirmed results 
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Figure 67: Gardners Bay seasonal activity (confirmed results only) 

 
Gardners Bay’s PST activity generally extends throughout the year and there is evidence of chronic 

PST activity which continues for stretches of up to 22 months.  Gardners Bay has some of the highest 

PST results for the Channel zone. 

Table 47: Gardners Bay Category 3 and 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 23rd April  End of July?  100 approx Yes 

2013 Category 4 28th January End of May?  124 approx No 

2014 Category 4 12th May 2014 → 71 Yes 

  → February 2016 22 months Yes 

2016 Category 3  11th April 21st November 225 Yes 

2017 Category 4 14th March 2017 →   

2018  → 17th December 
2018 

22 months Yes 

2019 Category 4 9th April 4th November  210 Yes 

 

Except for the 2012 and 2013 PST events, all the other events were predicted at least 14 days earlier 

by screen and confirmed results (see Table 48).  

Table 48: Chronology of Gardners Bay unpredicted PST events 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST 
CONFIRMED mg/kg 

23/04/2012 

29/04/2012 

06/05/2012 

13/05/2012 
  

 0.481 

0.508 

0.656 

8.76 
 

        06/01/2013 

   28/01/2013 

    11/02/2013 

     21/04/2013 
 

       0.1 

7.1 

0.26 

0.79 
 

 

1.3 

0.026 

0.35 
 

1 No earlier regular sampling. 
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Gardner’s Bay’s phytoplankton records were reviewed for any alert levels linked to the Category 3 

and 4 events. While there were alert levels of PST-linked phytoplankton species during some events, 

these alerts did not predict the events and were often completely absent. 

Table 49: Phytoplankton triggers associated with Gardners Bay Category 3 & 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

4/2/2012   13th May 2012 

    

4/2/2013 A. tamarense species complex 100 28th January 2013 

8/4/2013 G. catenatum 400  

    

1/12/2014 G. catenatum 2,700 2nd June 2014 (see 
above continued 
through 2015 and 
2016). 

29/12/2014 G. catenatum 1,200  

    

2/10/2016 G. catenatum 2,800 See above 

2017   10th April 2017 

    

26/3/2019 G. catenatum 770 20th May 2019 

23/4/2019 G. catenatum 1,300  

  

AST Data 

Great Bay has only experienced low-level AST results (See Figure 69). 

Figure 68: Gardners Bay AST activity 2012-19 

 

DST Data 

Gardners Bay has only experienced low-level DST results (See Figure 70). 

0

5

10

15

20

25

1/01/12 1/01/13 1/01/14 1/01/15 1/01/16 1/01/17 1/01/18 1/01/19

D
o

m
o

ic
 A

ci
d

 e
q

u
iv

al
en

t 
m

g/
kg

Date

Gardners Bay AST data

Confirmed AST Regulatory ML



72 
 

Figure 69: Gardners Bay DST data 2012-19 

 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin, spirolide and 

yessotoxin results in Gardners Bay. 

There were sporadic results for pectenotoxin-2 during the review period. 

4.4.5 Cloudy Bay Lagoon 

Cloudy Bay Lagoon produces Pacific oysters (C. gigas). 

PST Data 

Cloudy Bay Lagoon has never experienced a confirmed positive PST during the review period. 

AST Data 

Cloudy Bay Lagoon has only experienced low-level AST results (See Figure 71). 
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Figure 70: Cloudy Bay Lagoon AST activity 2012-19 

 

DST data 

There has only been one extremely low DST level (0.02 mg/kg on the 11th of  December 2017) at 

Cloudy Bag Lagoon. 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and yessotoxin 

results in Cloudy Bay Lagoon. 

There were sporadic results for pectenotoxin-2 and spirolide during the review period. 

4.4.6 Port Esperance 

Port Esperance produces Pacific oysters (C. gigas) and grew blue mussels (M. galloprovincialis) up 

until 2015. 

PST Data 

Port Esperance experienced confirmed PST activity during all eight years of the review period.  

Further the regulatory level was breached in 2012, 2013, 2015, 2017 and 2018.  See Figures 72 and 

73 for the confirmed PST levels and seasonal activity.   
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Figure 71: Port Esperance PST annual activity shown by screen and confirmed results 

 

Figure 72: Port Esperance PST seasonal activity (confirmed results only 

 

Port Esperance’s PST activity generally extends throughout the year and there is evidence of chronic 

PST activity which continues for stretches of up to 22 months.  In 2012 Port Esperance had some of 

the Channel zone’s highest PST results during  the review period. 

Table 50: Port Esperance 2012-19 Category 4 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 19th April  →  No 

2013 Category 4 → December 2013 17 months No 

2015 Category 4 16th February 21st December  310 Yes 

2016 Category 4 16th May 12th September  119 Yes 

2017  23rd October 
2017 

→ 22 months Yes 

2018 Category 4  → 27th August 2018 225 Yes 

2019 Category 4 29th April 7th October 2019 162 Yes 
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Except for the 2012 PST event, all the other events were predicted at least 14 days earlier by screen 

and confirmed results (see Table 51).    

Table 51: Chronology of Port Esperance unpredicted PST events 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST CONFIRMED 
mg/kg 

18/04/2012 

19/04/2012 

23/04/2012 
 

 8.391 

17.89 

6.83 
 

29/04/2019 

06/05/2019 

13/05/2019 
 

8.8 

20 

21 
 

0.471 

1.5 

2.6 
 

1 In both these events there was no prior regular sampling. 

Port Esperance’s phytoplankton records were reviewed for any alert levels linked to the Category 4 

events.  G. catenatum was regularly identified at alert levels in Port Esperance but were not always 

predictive of pending events (See Table 52). 

Table 52: Phytoplankton triggers associated with Port Esperance Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY LIMIT 
EXCEEDED (0.8mg/kg) 

11/4/2012 G. catenatum 14,000 17th April 2012 Event continued 
until Dec 2013 

17/4/2012 G. catenatum 41,000  

2/5/2012 G. catenatum 6,400  

9/5/2012 G. catenatum 6,200  

    

5/2/2013 G. catenatum 900 11th February 2013  

12/2/2013 G. catenatum 400  

9/4/2013 G. catenatum 800  

22/4/2013 G. catenatum 2700  

30/4/2013 G. catenatum 3600  

7/5/2013 G. catenatum 400  

13//5/2013 G. catenatum 3,800  

20/5/2013 G. catenatum 6,800  

27/5/2013 G. catenatum 6,800  

10/6/2013 G. catenatum 1,600  

    

4/5/2015 G. catenatum 1,600 13th April 2015 

    

6/6/2016 G. catenatum 190  

    

23/10/2017 G. catenatum 770  

19/12/2017 G. catenatum 1,900  

    

27/1/2018 G. catenatum 770 19th March 2018 

9/4/2018 G. catenatum 490  

30/7/2018 G. catenatum 590  

    

13/5/2019 G. catenatum 13,000 6th May 2019 
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AST Data 

Port Esperance has only experienced low-level AST results (See Figure 74). 

Figure 73: Port Esperance AST activity 2012-19 

 

DST Data 

Port Esperance has generally experienced low- level DST results (See Figures 75 and 76) from 

September to January, with the highest level a Category 2 level of 0.11mg/kg on 13th October 2014. 

Figure 74: Port Esperance DST activity 2012-19 
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Figure 75: Port Esperance seasonal DST activity  

 
 

Table 53 shows the phytoplankton triggers associated with the 2014 event. 

 

Table 53 : Phytoplankton triggers associated with Port Esperance DST event 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE of Highest toxin 
(0.2mg/kg) 

15/9/2014 Dinophysis acuminata 200 0.11 mg  
13th Oct 2014 

22/9//2014 Dinophysis acuminata 380 
 

 

29/9/2014 Dinophysis acuminata 570  

20/10/2014 Dinophysis acuminata 1600  

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin  gymnodimine, pinnatoxin and yessotoxin 

results in Port Esperance. 

There were sporadic results for pectenotoxin-2 and spirolide during the review period. 

Shellfish Species Data 

As discussed, Port Esperance  produced  Pacific oysters and blue mussels up until 2015.  Both 

shellfish species were sampled until 2015, after which the Pacific oysters were the only species 

available for sampling. 

The PST toxin activity in the two species is shown in Figures 77 and 78. 
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Figure 76: PST activity in Port Esperance oysters  

 

Figure 77: PST activity in Port Esperance mussels 

 

 

Table 54 shows a comparison of the PST toxicity levels between mussels and oysters.  
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Table 54: Comparison of PST results between Port Esperance shellfish species 

DATE MUSSELS TOTAL PST mg/kg PACIFIC OYSTERS TOTAL PST mg/kg 

4/6/2012 0.83 0.87 

12/6/2012 1.1 0.57 

18/6/2012 0.56 0.53 

25/6/2012 0.74 0.47 

   

19/2/2013 0.57 1.4 

26/2/2013 0.26 0.12 

29/4/2013 0.26 2.1 

13/5/2013 1.5 3.4 

24/6/2013 0.26 0.12 

   

4/5/2015 0.028 1.9 

25/5/2015 0.03 0.22 

1/6/2015 0.028 0.2 

 

The database also shows numerous occasions when mussels have confirmed PST activity, but the 

Pacific oysters do not. 

These results highlight that the two species appear to accumulate toxins differently when exposed to 

PST, evidenced by the different toxicity levels.  This difference may be related to their position within 

the growing area, different filtration rates or be caused by differing metabolic activities. Species 

variation will be discussed further in Section 8.4. 

4.4.7 Hastings Bay  

This bay produces Pacific oysters (C. gigas). 

PST Data 

Hastings Bay experienced confirmed PST activity during all eight years of the review period.  In 2012, 

2017 and 2018 the PST levels exceeded the regulatory limit of 0.8mg/kg.  Graphs 79 and 80  depict 

the confirmed PST levels and seasonal activity.   

Figure 78: Hastings Bay annual PST activity shown by screen and confirmed results 
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Figure 79: Hastings Bay annual PST activity shown by screen and confirmed results 

 

Hastings Bay’s PST activity generally extends from April to August.  However, in 2017/18 there was 

PST activity in December and January.  While there was PST activity most years Tables 55 and 56 

identify the Category 4 events and which were unpredicted. 

Table 55: Hastings Bay Category 2012-19 PST events 

YEAR EVENT CATEGORY EVENT START 
DATE 

EVENT END DATE NUMBER OF 
EVENT DAYS 

PREDICTED 
BY EARLIER 
BIOTOXIN 
RESULTS 

2012 Category 4 23rd April End of June 112 No 

2016 Category 4  12th December →   

  → 28th August 2017   

2018 Category 4 26th March 12th June  79 No 

 

Table 56: Chronology of Hastings Bay 2012-19 unpredicted Category 4 PST events 

DATE TOTAL PST SCREEN 
mg/kg 

TOTAL PST 
CONFIRMED mg/kg 

23/04/2012 

07/05/2012 

14/05/2012 
 

 0.911 

0.642 

0.569 
 

    19/03/2018 

26/03/2018 

04/04/2018 

09/04/2018 
 

       0.1 

0.13 

7.6 

2.2 
 

 
 

2.0 

0.28 
 

1 In this event there was no prior regular sample results available. 

Hastings Bay’s phytoplankton records were reviewed for any alert levels linked to the Category 4 

events. G. catenatum was regularly identified at alert levels in Hastings Bay, but were not always 

predictive of pending events (See Table 57).  
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Table 57 Phytoplankton triggers associated with Hastings Bay Category 4 PST events 

DATE PHYTOPLANKTON SPECIES CELLS/LITRE DATE REGULATORY 
LIMIT EXCEEDED 
(0.8mg/kg) 

19/1/2012 Gymnodinium sp. 2,000  

7/5/2012 G. catenatum 600 23rd April 2012 

20/5/2012 G. catenatum 1,600  

7/11/2012 G. catenatum 100  

7/12/2012 G. catenatum 400  

    

6/6/2016 G. catenatum 190 24th April 2016 

    

9/4/2018 G. catenatum 3,300 4th April  2018 

7/5/2018 G. catenatum 3,500  

4/6/2018 G. catenatum 4,400  

 

AST Data 

Hastings Bay has only experienced low-level AST results (See Figure 81). 

Figure 80: Hastings Bay AST activity 2012-19 

 

DST Data 

Hastings Bay has only experienced low- level DST results (See Figure 82) 
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Figure 81: Hastings Bay DST activity 2012-19 

 

 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine and pinnatoxin results in 

Hastings Bay. 

There were sporadic results for  pectenotoxin-2, spirolide and yessotoxin during the review period. 

4.4.8 Recherche Bay 

Recherche Bay produces Pacific oysters (C. gigas). 

PST Data 

Over the review period there were no positive confirmed PST results in Recherche Bay.  See Figure 

83. 

Figure 82: Recherche Bay annual PST activity shown by screen and confirmed results 
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AST Data 

While over the review years Recherche Bay had little AST activity, emulating all other zones and 

growing areas.  However, uniquely Recherche Bay scored the highest AST result of any area, with a 

Category 2 level of 14 mg/kg on the 7th of May 2018 (See Figure 84 and Table 58). 

Figure 83: Recherche Bay AST activity 2012-19 

 

 

Table 58: Recherche Bay Category AST Event 2018 

DATE AST LEVEL mg/kg 

28/04/2018 

07/05/2018 

12/05/2018 
 

0.22 

14 

1.2 
 

 

DST Data 

During the review period there were no positive DST results in Recherche Bay. 

Unregulated Compounds 

There were no positive azaspiracid, cylindrospermopsin, gymnodimine, pinnatoxin and yessotoxin 

results in Recherche Bay. 

There were sporadic results for pectenotoxin-2 and spirolides during the review period. 

4.4.9 Channel Zone Summary 
Cloudy Bay Lagoon and Recherche Bay were the only areas in the Channel with consistently low PST 
results that did not require analytical confirmation. 

Great Bay and  Fleurtys Point did not experience a Category 3 or 4 event during the review period. 

The other four growing areas experienced Category 3 or 4 PST events from February to August, though 

the PST events at Gardners Bay, Hastings Bay and Port Esperance were often chronic, lasting extended 

periods.  These  four growing areas also experienced unpredicted events. However, it should be noted 

that in Gardners Bay, Hastings Bay and Port Esperance there was no regular sampling immediately 

prior to some of the unpredicted events. 
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Generally, AST results were low in the Channel Zone, except for Recherche Bay which in 2018 

experienced a Category 2 AST event with a level of 14 mg/kg.  This result was the highest AST level 

across all zones and growing areas.  

Only Port Esperance showed significant DST activity, with a Category 2 DST level of 0.11 mg/kg on 13th 

October 2014. 

With regards activity related to unregulated compounds there was no positive results for azaspiracid, 

cylindrospermopsin or pinnatoxin but there were positive results for pectenotoxin-2, spirolide and 

yessotoxin. 

Port Esperance has historically produced Pacific oysters and blue mussels. The results show that both 

species are affected by toxin events. 

When comparing the historical data (1987-2011) with the project review period (2012-19) it appears 

that some of the growing area toxin rankings may have changed.  However, it is inappropriate to make 

quantitative comparisons between the two temporal data sets because an eight-year review period is 

a short one for marine biotoxins; the cyclical nature of marine biotoxin events is often much longer 

and globally remains unpredictable. 

4.5 Summary of the Regulated Toxin Activity 
The following section provides a narrative summary of the PST, AST and DST findings.  

4.5.1 PST Activity 
There is no PST activity in the Northwest Zone. 

PST activity does occur in most of the East Coast, Fredrick Henry and Channel zones’ growing areas; 

exceptions being Pitt Water, Cloudy Bay Lagoon and Recherche Bay.  However, PST levels (mg/kg), 

seasonality, event predictability and the length of events vary within each zone. While there is often 

a lead-in time to PST events, some growing areas quickly and unpredictably breach the regulatory 

limits. 

Table 59 shows the overall temporal spread of Category 3 and 4 PST events, based on the first positive 

screen and/or confirmed result and ending after three negative (below the level of detection) toxin 

tests.     

Table 59: Zonal PST Category 3 and 4 seasonal activity  

ZONE GROWING AREA TEMPORAL SPREAD 

East Coast Moulting Bay May to December 

 Great Swanport May to December 

 Great Oyster Bay April to December 

 Little Swanport April to December 

 Spring Bay July to December (chronic 
activity)1 

 Boomer Bay July to January 

   

Fredrick Henry Dunalley Bay May to September 

 Eaglehawk Bay May to August 

 Island Inlet May to September 

 Pipe Clay Lagoon May to November 
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ZONE GROWING AREA TEMPORAL SPREAD 

Channel Little Taylors Bay April to July 

 Gardners Bay Chronic activity1 

 Port Esperance Chronic activity1 

 Hastings Bay Chronic activity1 

1 Evidence of  chronic events which can last over 12 months. 

To further summarise the PST growing area results the monthly maximums were calculated for 

2012-2019.  See Table 60.  

 

Table 60: Summary of maximum confirmed monthly PST levels 2012-2019 

ZONE & 
GROWING 
AREA 

JAN FEB MAR APRIL  MAY  JUNE  JULY  AUG SEPT OCT  NOV Dec 

East Coast Zone             

Moulting Bay      0.41 2.2 21.0 2.4 2.6 1.1 0.04 

Great Swanport      1.2 1.2 1.2 1.2 13.0 2.6 0.036                                                                                                                                                                                                                       

Great Oyster 
Bay 

  0.21  3.1 4.0 1.3 7.9 15.0 2.0 1.3  

Little Swanport      0.28 2.1 0.68 16.0 6.4 5.7 1.2  

Spring Bay 0.3 0.11    0.19 1.1 6.4 64.0 140.0 44.0 3.7 

Boomer Bay 0.37       0.44 2.9 22.0 2.2  

             

Fredrick Henry 
Zone 

Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Dunalley Bay      0.63 0.88 0.69  0.34   

Eaglehawk Bay       0.71      

Garfish 
Bay/Dart Island 

    0.27 0.43 0.47 0.47     

Pitt Water             

Island Inlet      0.25 1.0 0.86     

Pipe Clay 
Lagoon 

    0.42 0.47 1.0 1.6  0.83   

             

Channel Zone Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Great Bay  0.12  0.13 0.50 0.42  0.16     

Fleurtys Point   0.12 0.46 0.52 0.54 0.12      

Little Taylors 
Bay 

 0.24  0.81 0.88 0.69       

Gardners Bay 1.3 1.8 0.38 10.0 8.76 0.85 1.6 0.8 0.13 0.16  0.3 

Cloudy Bay 
Lagoon 

            

Port Esperance 0.33 2.1 3.3 17.89 11.74 2.6 0.88 0.16 0.22 0.21 0.31 0.49 

Hastings Bay 0.31 0.09 0.25 0.91 0.82 0.2      0.53 

Recherche Bay             

 

Figures 84  and 85 provide a visual summary of the regional maximum PST toxin levels and frequency 

of biotoxin events breaching the regulatory limits. 
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Figure 84: Maximum level of PST toxins 
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Figure 85: Frequency of PST regulatory events 
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4.5.2 DST Activity 
There was no evidence of DST activity in the Northwest zone. 

While DST activity does occur in the other three zones, the incidence pattern is quite different to the 

consistent temporal and spatial PST prevalence. Table 61 lists the temporal and spatial spread of the 

DST events. 

Table 61: Zonal DST seasonal activity 2012-19  

ZONE GROWING AREA TEMPORAL SPREAD OF 
HIGHEST DST EVENT 

TEMPORAL SPREAD OF 
ALL ZONAL DST ACTIVITY 

East Coast Great Oyster Bay  Category 2 event (March to 
August 2016) 

February to December. 

 Spring Bay Category 4 event  February 
to September 2016 

 

    

Fredrick Henry Eaglehawk Bay Category 4 event (highest 
level 0.21 mg/kg) 
August – September 2012 

April to January 

 Garfish Bay/Dart Island Category 4  
June September 2016 

June to September 

    

Channel Zone Port Esperance Category 2 event  
September – January 2014 

July to May 

 

While there is a wide spread of temporal activity across the three zones, this activity is very low level.   

Indeed, only Spring Bay, Eaglehawk Bay, and Garfish Bay/Dart Island experienced Category 4 DST 

events.  Given Eaglehawk Bay and Garfish Bay/Dart Island co-share sampling it would be expected that 

they share similar DST results.  In all the other growing areas the DST activity is limited, with only Great 

Oyster Bay and Port Esperance experiencing levels reaching Category 2 levels (0.11 mg/kg).  

Further each of these events was predicated by low level DST activity or Dinophysis activity.  

Figures 13B Great Oyster Bay; 19B Spring Bay; 29B Eaglehawk Bay; 32B Garfish Bay/Dart Island; and 

54B Port Esperance display the actual annual  DST activity. These seasonal graphs highlight that DST 

events do not occur regularly.  Whilst there is some seasonality to the occurrence of low levels of DST 

at these sites, the number of DST regulatory events are limited. Eaglehawk Bay had a single Category 

4 event in 2012, while Spring Bay and Garfish Bay/Dart Island each experienced single Category 4 

events in 2016.  Likewise,  no category 3 events were recorded, and the Category 2 events experienced 

at Port Esperance and Great Oyster Bay have been singular; the 0.11 mg/kg level at Port Esperance 

occurred in 2014 while Great Oyster Bay’s highest DST level (0.11 mg/kg) occurred in 2016.  Thus, the 

spatial and temporal incidence of elevated DST events within the three zones can be described as 

sporadic.   

To further summarise the DST growing area results the monthly maximums were calculated for 2012-

2019.  See Table 62. 
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Table 62: Summary of maximum monthly DST levels 2012-2019 

ZONE & 
GROWING 
AREA 

JAN FEB MAR APRIL  MAY  JUNE  JULY  AUG SEPT OCT  NOV DEC 

East Coast 
Zone 

            

Moulting Bay  0.01 0.04          

Great 
Swanport  

 0.06 0.03 0.03 0.085 0.052 0.045 0.03 0.049 0.02 0.032 0.029 

Great Oyster 
Bay 

 0.03 0.069 0.039 0.11 0.06 0.044 0.049 0.02 0.02 0.072  

Little 
Swanport  

            

Spring Bay 0.02 0.06 0.56 0.26 0.11 0.073 0.051 0.065 0.02   0.01 

Boomer Bay  0.01 0.02        0.03 0.01 

             

Fredrick 
Henry Zone 

Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Dunalley Bay 0.01    0.02 0.027 0.033 0.061 0.031  0.035 0.05 

Eaglehawk 
Bay 

       0.21 0.18 0.035 0.087 0.029 

Garfish 
Bay/Dart 
Island 

   0.02 0.02 0.064 0.040 0.22 0.091 0.035 0.02 0.02 

Pitt Water             

Island Inlet 0.01     0.03 0.027 0.033 0.027  0.044 0.02 

Pipe Clay 
Lagoon 

   0.032 0.029  0.031 0.076   0.028 0.05 

             

Channel Zone Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Great Bay 0.04 0.02 0.01 0.02 0.01 0.01 0.031 0.026 0.039 0.01 0.027 0.05 

Fleurtys 
Point 

0.02 0.01 0.01       0.031  0.04 

Little Taylors 
Bay 

0.03 0.01          0.08 

Gardners Bay 0.05 0.01 0.043 0.042  0.033    0.093 0.069 0.046 

Cloudy Bay 
Lagoon 

           0.02 

Port 
Esperance 

0.061        0.048 0..11 0.085 0.068 

Hastings Bay 0.07 0.02   0.01    0.039 0.49 0.045 0.08 

Recherche 
Bay 

            

 

4.5.3 AST Activity 

The Northwest results verify that AST is not active in this zone. 

Further, in the other zones the highest AST level was 14mg/kg, a single and unusual 2018 result in 

Recherche Bay. All other results are routinely well below 50% the allowable limit. 

To further summarise the AST  growing area results the monthly maximums were calculated for 2012-

2019.  See Table 63. 
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Table 63: Summary of maximum monthly AST levels 2012-2019 

ZONE & 
GROWING 
AREA 

JAN FEB MAR APRIL  AY  JUNE  JULY  AUG SEPT OCT  NOV DEC 

East Coast Zone             

Moulting Bay 0.51 0.14 1.73 6.38 0.08 0.15  0.06 0.43  0.29 0.27 

Great Swanport  0.82 0.21    0.26 0.06  0.05    

Great Oyster 
Bay 

0.59 0.23  0.2  1.4 0.65 0.2    2.1 

Little Swanport     0.42  0.05  4.0 0.49 0.11  1.3 

Spring Bay 0.26 0.63 0.13 0.96    0.06 0.75 0.06 0.33 0.4 

Boomer Bay  0.48  1.5   0.09 1.7 0.44 0.09 0.13 0.18 

             

Fredrick Henry 
Zone 

Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Dunalley Bay       0.2 1.1 0.2 0.068   

Eaglehawk Bay            0.31 

Garfish 
Bay/Dart Island 

     0.26 0.63  1.1    

Pitt Water             

Island Inlet       0.09 2.4 1.8 0.55  0.032 

Pipe Clay 
Lagoon 

  0.09    0.09 1.5 2.9 0.71 0.11  

             

Channel Zone Jan Feb Mar April  May  June  July  Aug Sept Oct  Nov Dec 

Great Bay    0.05   0.07  0.06 0.06  0.067 

Fleurtys Point   0.22 0.027       0.08 0.08 

Little Taylors 
Bay 

0.06  0.34 0.05        0.16 

Gardners Bay   0.06 8.4 1.4     0.08 0.11  

Cloudy Bay 
Lagoon 

 0.04 0.35 0.05      0.12 0.05 0.15 

Port Esperance 0.06 0.56 3.6 0.07      0.09 0.06 0.17 

Hastings Bay    0.05 0.08     0.08   

Recherche Bay   0.22 14.0 1.2        

 

4.6 Synopsis of the Four Zones  
Having reviewed the four zones and their individual growing areas some trends have emerged. Some 

trends exhibit Tasmanian commonality, but further there are distinct and significant differences 

between the four zones, which can be summarized as: 

Zone similarities 

• AZT and NST have not been identified in any of the zones.    

• No zone has experienced a significant AST event.  

• In three zones PST is the most prevalent toxin. 

• The current level of phytoplankton monitoring is inadequate to predict all Category 3 and 4 

biotoxin events. 

Zone differences  

• The Northwest Zone has not experienced any positive toxin results for AST, AZT, DST, NST 

and PST.    
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• Two of the four zones contain an individual growing area that exhibits a much lower toxin 

risk profile when compared to the zone’s other growing areas. 

• PST behaves differently in the three active zones. These behaviours include event 

predictability, PST levels (mg/kg), seasonality and length of events. 

• Elevated levels of DST occur in two zones and four growing areas. 

• During the review period the PST events in the East Coast and Fredrick Henry Zones were 

generally associated with Alexandrium species, particularly A. tamarense complex series, 

while those in the Channel are linked to G. catenatum.  On occasion some Fredrick Henry 

growing areas were closed due to Gymnodinium-linked PSTs and remained closed or were 

then affected by Alexandrium-linked PSTs. They are generally affected by the Derwent River 

G. catenatum population moving along the coast due to the Coriolis effect. 

• The relationship with zonal DST and PST events and phytoplankton activity is further discussed 

in Section 8. 

In summary, the information presented in Section 4 provides the basis with which to establish a food 

safety-marine biotoxin program. However, before establishing this program it is appropriate to 

consider Australia’s and international regulatory requirements, in conjunction with international 

guidance. 
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SECTION 5 - MARINE BIOTOXIN REGULATIONS AND GUIDELINES 
Marine biotoxins are recognised internationally as a potential health problem, with many countries 

using regulations or guidance to control the food safety risks.  These protocols vary depending on the 

local toxin issues, dietary patterns and associated food safety risks.  

Table 64 summarises the Australian, European Union, New Zealand and United States of America’s 

regulatory requirements, along with the guidelines provided by the United Nations Food and 

Agricultural Organization (FAO) and Codex Alimentarius Commission.   

Table 64: Marine biotoxin regulations and guidance  

COUNTRY REFERENCE 

AUSTRALIA 

Regulations 
Australian Shellfish Quality Assurance 
Program Export Standard, 2004 Edition.  

 

ASQAP Export Standards 2004 
Section 4.5 The presence of biotoxins and/or toxic phytoplankton is 
determined through a monitoring program, which takes account of 
seasonal variability and the capacity of toxic algae that have been 
previously unknown in the area to appear. 

Section 16.9 A biotoxin management plan is implemented for all 
shellfish harvesting areas in accordance with the Model Australian 
National Marine Biotoxin Management Plan, Cawthron Report No. 
646, November 2001. 

The Model Management Plan in Cawthron’s report makes the 
following recommendations regarding monitoring: 

4.3 & 5.1 Phytoplankton sampling should be undertaken frequently 
and regularly, with the frequency remaining constant throughout the 
year, as potentially harmful species can occur at any time of the 
year.  Internationally, weekly phytoplankton sampling is the norm.   

Shellfish samples should also occur regularly in conjunction with the 
phytoplankton sampling and harvesting and regulatory decisions 
made based on these results. Depending on the history of the area, 
sampling may take place less frequently, maybe fortnightly or 
monthly. 

Australia New Zealand Food Standards Code, 
Standard 1.4.1 & Schedule 19  

Establishes the maximum marine biotoxin regulatory limits:  
    AST 20 mg DA equivalent/kg 
    DST 0.2 mg OA equivalent/kg 
    NST 200 MU/kg 
    PST 0.8 mg STX equivalent/kg 

Primary Produce Safety (Seafood) Regulations 
2014.  

Requires producers to control food safety hazards and defers to the 
Australia New Zealand Food Standards Code for regulatory limits.  

Guidance   

Australian Shellfish Quality Assurance 
Program Operations Manual’, Version 
October 2019.  

 

• Refers to limits in Australia New Zealand Food Standards 
Code. 

• Requires all harvest areas have an appropriate Marine 
biotoxin Management Plan. 

• Requires consideration of sentinel shellfish species. 

• Minimum of monthly for shellfish testing. 

• Phytoplankton can be used as an adjunct. 

• Allows for NST sampling exemption based on a risk 
assessment. 
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COUNTRY REFERENCE 

EUROPEAN UNION   
Regulations 
 

EU Regulation 854/2004 ANNEX II B. 
1. Production areas and relay areas must be periodically checked for toxin-
producing plankton in production and relaying waters and biotoxins in live 
bivalves. 

4. Sampling plans to check for the presence of toxin-producing plankton in 
production and relaying waters and for biotoxins in live bivalve molluscs 
must take particular account of possible variations in the presence of 
plankton containing marine biotoxins. Sampling must comprise: 

(a) Periodic sampling to detect changes in the composition of plankton 
containing toxins and their geographical distribution. Results suggesting an 
accumulation of toxins in mollusc flesh must be followed by intensive 
sampling; 

(b) Periodic toxicity tests using those molluscs from the affected area most 
susceptible to contamination.  

5. The sampling frequency for toxin analysis in the molluscs is, as a general 
rule, to be weekly during the periods at which harvesting is allowed. This 
frequency may be reduced in specific areas, or for specific types of molluscs, 
if a risk assessment on toxins or phytoplankton occurrence suggests a very 
low risk of toxic episodes. It is to be increased where such an assessment 
suggests that weekly sampling would not be sufficient. The risk assessment 
is to be periodically reviewed in order to assess the risk of toxins occurring 
in the live bivalve molluscs from these areas. 

6. When knowledge of toxin accumulation rates is available for a group of 
species growing in the same area, a species with the highest rate may be 
used as an indicator species. This will allow the exploitation of all species in 
the group if toxin levels in the indicator species are below the regulatory 
limits. When toxin levels in the indicator species are above the regulatory 
limits, harvesting of the other species is only to be allowed if further analysis 
on the other species shows toxin levels below the limits. 

7. With regard to the monitoring of plankton, the samples are to be 
representative of the water column and to provide information on the 
presence of toxic species as well as on population trends. If any changes in 
toxic populations that may lead to toxin accumulation are detected, the 
sampling frequency of molluscs is to be increased or precautionary closures 
of the areas are to be established until results of toxin analysis are obtained.  
 
EU Toxin limits for live bivalve molluscs 
REGULATION (EC) No 853/2004 OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 29 April 2004 
AST = 20 mg DA/kg 
AZA 1-3 = 160 μg AZA-eq/kg 
DST (OA and DTX-1,2) = 160 μg OA-eq/kg 
PST = 800  μg /kg 
YTX = 1 mg YTX/kg 
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COUNTRY REFERENCE 

NEW ZEALAND 
Regulations 

Animal Products (Specifications for Bivalve Molluscan Shellfish) Notice 2018 
Part 5 Seawater sampled weekly for phytoplankton (or at a frequency 
considered acceptable by Regional Shellfish Specialist). Phytoplankton 
monitoring considered as a support system. Toxin program must be stand 
alone. 

Required toxin testing frequency – no toxin detects then monthly. 
Toxins found but below regulatory level – fortnightly samples. 
Toxins above the regulatory level – weekly samples (or at a frequency 
considered acceptable by Regional Shellfish Specialist). 
Options for DG exemptions for above frequencies based on science. 
 
NZ Toxin Limits 
PST  - 0.8 mg saxitoxin dihydrochloride equivalent per kg  
AST - 20 mg domoic acid per kg  
NST - 0.8 mg brevetoxin-2 equivalent per kg  
DST - 0.16 mg of okadaic acid1 equivalent per kg  
AZT - 0.16 mg of azaspiracid2 equivalent per kg  
 
1  =  Okadaic acid includes okadaic acid (OA), dinophysistoxins (DTX1 and 
DTX2) and pectenotoxins (PTX1 and PTX2), where for okadaic acid and 
dinophysistoxins a hydrolysis step is required in order to detect the 
presence of esterified okadaic acid group toxins.  
2 = Azaspiracid includes AZA1, AZA2 and AZA3. 

UNITED STATES OF AMERICA 
Regulations 

National Shellfish Sanitation Program Model Ordinance Chapter 4 @.04 C 
Where toxin forming organisms are known to occur and toxins prone to 
occur in shellfish representative samples of water and or shellfish shall be 
collected during harvest periods.  Samples shall be collected from indicator 
stations at intervals determined by the Authority. 
 
ASP - 2 mg domoic acid/100 grams (20 ppm)  
AZP - 0.16 mg azaspiracid-1 (AZA-1) equivalents/kg (0.16 ppm)  
DSP – 0.16 mg okadaic acid (OA) equivalents/kg (0.16 ppm) ( 
NSP - 20 MU/100 grams (0.8 mg brevetoxin-2 equivalents/kg)  
PSP - 80 µg saxitoxin equivalents/100 grams  

  

RECOMMENDATIONS 
BY OTHER AGENCIES 

REFERENCE 

2011 FAO Technical Report 551 Summary section (Page 271) - Toxicity monitoring cannot be replaced solely 
by microalgae monitoring. However, an integrated shellfish and microalgal 
monitoring programme is highly desirable. 

Decisions on frequency of sampling of microalgae and toxins should be 
based on risk evaluations.  Minimum weekly programmes are adopted by 
most monitoring programmes in area where toxicity is prevalent and where 
harvesting is about to take place 

 
2012 Codex Code of Practice for Fish and 
Fishery Products1. Second Edition 

Minimum weekly sampling frequencies are adopted by most monitoring 
programmes in areas where toxicity is prevalent and where harvesting is 
taking place or about to take place. Decisions on the frequency of sampling 
should be based on risk evaluation. Inputs into the decision may include 
factors such as seasonality (toxicity and/or harvesting), accessibility, 
historical baseline information, including toxin and microalgal data, and the 
effects of environmental factors such as wind, tide and currents.  

Phytoplankton monitoring is a valuable complementary tool that can be 
used in combination with the required monitoring of marine biotoxins in 
shellfish tissue to optimize programme management and resources. 
Growing areas should also be monitored for environmental signals that a 
toxin event may be occurring, e.g., dead or dying birds, mammals or fish. 
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See Table 65 for a summary of the international sampling requirements. 

Table 65: Summary of international sampling requirements 

COUNTRY MANDATORY 
PHYTOPLANKTON 

MANDATORY SHELLFISH 
SAMPLING 

REGULATED TOXINS 

Australia X √ – frequency based on 
risk 

AST, DST, NST and 
PST 

European Union  √ √ - weekly or frequency 
based on risk 

AST, AZT, DST, PST 
and YTX  

New Zealand √ weekly  √ - weekly or frequency 
based on risk 

AST, AZT, DST, NST 
and PST 

USA X √ - frequency based on 
risk 

AST, AZT, DST, NST 
and PST 

 

To summarise, there are international regulatory requirements for marine biotoxin monitoring 

programs. The European Union and New Zealand’s regulations require both phytoplankton and toxin 

monitoring.  The Australian and USA regulations allow for phytoplankton monitoring, but this is not 

mandated.   

When it comes to sampling frequency there are national and international regulations stipulating 

temporal limits, but these frequencies can be varied provided an appropriate risk assessment 

identifies low risk of toxic episodes. 

Further the Australian Shellfish Quality Assurance Program Operations Manual’ Version October 2019 
allows Australian states to be exempted from routine NST sampling if a risk assessment has been 
undertaken and concludes there is a low risk of NST activity.  Tasmania’s NST risk profile will be 
explored in the following section. 
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SECTION 6 - TASMANIAN NST RISK REVIEW  

6.1 Introduction  

Within the scope of the wider ShellMAP marine biotoxin risk assessment consideration was given to 

the specific human food safety risks associated with eating Tasmanian shellfish contaminated with 

NST. This section summarises NST’s attributes and associated adverse health effects on marine species 

and humans, then considers Tasmania’s NST risk profile. 

6.2 Description of Neurotoxin Shellfish Toxins  
As the name suggests neurotoxins affect the nervous system, caused by a group of lipophilic cyclic 

polyether natural products called brevetoxins (BTX).  The BTX group is tasteless, odourless and heat-

stable (FAO, 2011).   

BTXs are produced by certain species of dinoflagellates belonging to the genus Karenia, notably K. 

brevis. Recent evidence indicates that BTX-like analogues are also produced by some raphidophytes, 

including Chattonella marina (Haque and Onoue, 2002; Band-Schmidt et al., 2012), C. antiqua (Haque 

& Onoue, 2002) and Fibrocapsa japonica (de Boer et al., 2009; Band-Schmidt et al., 2012). 

6.3 Adverse health effects caused by NST 

Fish, birds and mammals are all susceptible to BTXs. The fish are killed apparently through lack of 

muscle coordination and paralysis, convulsions and respiratory failure. Birds die acutely with 

neurologic and haematological effects (Lu & Tomchik, 2002).  

Humans can be affected by inhaling aerosols containing the NST toxins and/or by eating NST 

contaminated seafood.  Inhaling the NST toxin can cause respiratory distress.  

When humans eat NST contaminated shellfish the symptoms are usually more severe than if only 

exposed to aerosols. These symptoms, which can appear within minutes or hours after eating shellfish, 

include gastrointestinal and neurological symptoms, such as nausea and vomiting, tingling around the 

mouth, lips and tongue, and hot/cold temperature reversal, ataxia, slurred speech and dizziness.  

Indeed, these neurological symptoms can progress to partial paralysis with the muscular system 

(altered heart contractions, convulsions and respiratory difficulties) affected.  Human death from NST 

has never been reported and symptoms resolve within a few days after exposure to the toxins (FAO, 

2004; Gessner and McLaughlin). While no fatalities have been reported, hospitalizations do occur. 

6.4 NST within the Environment 

Toxic K. brevis blooms are generally detected by visual confirmation (water discoloration and fish kills), 

human respiratory irritation and/or illness after consuming shellfish (FAO, 2016) 

Neurotoxic events have been recorded primarily in the southeast coast of the United States of 

America, the Gulf of Mexico and New Zealand (FAO, 2004; Gessner and McLaughlin, 2008; Ishida et 

al., 1996).  NST events regularly occur in Florida, USA so Florida state’s health and environmental 

authorities maintain a surveillance program looking for the characteristic water discoloration 

associated with blooms, massive fish kills or respiratory irritation. Due to the predictable outcomes 

the Florida Department of Environmental Protection close the commercial shellfish beds when the K. 

brevis concentrations are greater than 5 000 cells/litre, reopening after the bloom has dissipated and 

two- weeks of negative MBA NST results (Kirkpatrick et al., 2004; Backer et al., 2004). 

New Zealand’s NST event occurred in early 1993, which was caused by an organism like K. brevis, 

resulted in more than 180 human shellfish poisonings. Most likely the K. brevis like phytoplankton was 
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a member of the hidden plankton flora (previously present in low concentrations), which developed 

into bloom proportions triggered by unusual climatic conditions (higher than usual rainfall, lower than 

usual temperature) coincident with an El Niño event (Hallegraeff, 1995).  The 1993 event remains a 

singular event, and while New Zealand maintains an environmental monitoring program, there have 

been no further recorded NST events.  

6.5 NST Risk Assessment  

In general terms ‘risk assessment’ is a process which considers the risk and/or benefits, who will be 

affected and to what extent by events, such as biotoxin events. 

When it comes to food safety risks the United Nation’s World Health and Food and Agricultural 

Organizations have formulated a technical risk assessment approach which uses scientific information 

to complete four steps, namely: 

1) Hazard Identification – assess the available information on the presence and hazards of 
the organism. 

2) Dose-response assessment – determine the effects at different doses. 

3) Exposure assessment – estimate the magnitude, duration and frequency of human 
exposure to the organism of concern. 

4) Risk characterization – combine the information from the above three steps to estimate 
the risk. 

Formal scientific food safety risk assessments have been completed for all the marine biotoxin groups.  

Therefore, the NST hazards, dose-response and exposure assessment have been formally 

documented.  These biotoxin risk assessment reports have been internationally accepted by the Codex 

Alimentarius signatory countries, including Australia and New Zealand. 

As the formal international NST risk assessment has been completed there is no need for Tasmania to 

repeat this scientific process.  However, the factors leading to NST food poisonings in other countries 

can be considered within the context of Tasmania’ environmental conditions. 

6.5.1 Tasmania’s NST risk profile 
Internationally, NST food safety risk assessments have identified factors environmental factors 

associated with NST events.  Such risk factors can be compared with Tasmania’s environmental and 

public health records.   

1) Human NST cases associated with eating Tasmanian shellfish 

There are no recorded cases of NST poisoning linked to commercial or non-commercial harvests of 

Tasmanian bivalve molluscan shellfish. 

2) Human respiratory illnesses caused by NST 

There are no records of respiratory distress or NST illnesses associated with human activities in 

Tasmania’s coastal environment. 

3) Positive NST results in shellfish 

ShellMAP’s 1987-2019 database contains no positive NST results in any of the commercial shellfish 

growing areas.   However, it is recognized during this period only four shellfish samples from Moulting 

Bay were tested for NST. 

However, records held by the Department of Primary Industries, Parks Water and Environment 

identify show one mussel sample, collected at Nubeena on the 15th of May 2003 and analyzed by 



98 
 

Cawthron Institute, contained trace levels of brevetoxins PbTx-2 and PbTx-3.  This mussel sample was 

collected at the time of significant Atlantic salmon mortalities linked to a Karenia umbella bloom. 

 
4) NST associated phytoplankton species identified in Tasmanian seawaters 

The database used for the wider biotoxin review was examined for positive results for the specific 

phytoplankton species known to cause human NST poisonings (C. antiqua, C. marina, F. japonica and 

K. brevis). Table 66 summarises the findings.  

Table 66: Summary of results for NST producing phytoplankton species 

PHTYOPLANKTON SPECIES RESULTS 

C. antiqua No positive results 

C. marina  Cloudy Bay Lagoon - 5/7/2006 18,000 cells/litre  

F. japonica  Cloudy Bay Lagoon - 8/6/2005 14,000 cells/litre  
Cloudy Bay Lagoon - 20/7/2015 5,800 cells/litre  

K. brevis No positive results 

Karenia cf brevis Moulting Bay - 30/3/03 8,500 cells per litre  
Port Esperance - 10/1/05 300 cells per litre  

This database, along with other information held by the environmental division of the Department of 

Primary Industries, Water and Environment, records other Gymnodinium, Karenia and Karlodinium 

species in Tasmania’s marine environment (See Table 67).  

Table 67: List of Gymnodinium, Karenia and Karlodinium species identified in Tasmania 

Karenia cf umbella 
K. mikimotoi 
K. brevis 
K. papilionacea 
Karenia sp. 
K. umbella 

Karlodinium micrum 
Karlodinium sp. 
Katodinium sp. 
Takayama helix 
Takayama pulchellum 
Takayama sp. 

 

The most observed species in the ShellMAP samples are to date Karenia sp. and Karenia umbella. 

6) Significant fish or bird deaths caused by NST  

Investigations with environmental, public health and industry agencies identified at least two events 

involving significant fish kills.  The first in December 1989, involved approximately 1000 farmed 

rainbow trout. The second event occurred in May 2003 resulting in the death of approximately 

100,000 Atlantic salmon. Both fish kills have been attributed to K. umbella.  However, neither of these 

events were associated with human NST cases. 

7) Domestic or international market access problems due to NST matters 

To date there have been no domestic or international market access problems due to NST findings 

linked to shellfish harvested in Tasmania. 

8) NST food safety regulations  

As a result of the NST biotoxin risk assessment and Codex agreements, the Australia New Zealand 

Food Standards Code mandates a maximum NST level of 200 MU/kg for bivalve shellfish.  Further the 

ShellMAP Biotoxin Management Plan (Version 5.1) requires harvesting areas to be closed when the 

NST level is above 200 MU/kg. 

The 200 MU/kg level was originally derived using mouse bioassays based upon studies conducted in 

the 1960s that compared the incidence of human illness with the incidence of death in mice injected 



99 
 

with crude extracts from shellfish in diethylether (cited from van Apeldoorn, van Egmond & Speijers, 

2001; FAO, 2004).  

These factors can be used to profile Tasmania’s NST food safety risk and Table 68 summarises the 

current information. 

Table 68: Summary of environmental factors linked to NST events 

FACTORS ASSOCIATED WITH NST TOXICITY PRESENCE 

Positive NST results in shellfish samples No 

Large visible phytoplankton blooms identified as 
linked to human NST illness. 

No 

Significant numbers of fish or bird deaths linked to 
NST. 

Fish kills associated with K. umbella 

Human respiratory illnesses caused by NST No 

Human NST cases associated with eating Tasmanian 
shellfish. 

No 

Domestic or international market access problems 
due to NST matters. 

No 

NST producing phytoplankton species identified in 
Tasmanian seawaters. 

Minor activity with species known to cause NST 
toxicity. 
Species associated with wider NST toxicity are 
present in Tasmanian waters. 

NST food safety governance  Yes, both national food safety regulations and 
shellfish industry governance. 

 

6.6 Findings and Recommendations 

There is no evidence that Tasmania has an endemic NST food safety problem. The specific NST-

producing phytoplankton species, usually associated with NST food safety events in other countries, 

are not regularly detected by ShellMAP’s surveillance program.  However, species within the wider 

Karenia, Karlodonium and Gymnodinium groups and generally associated with NST have been 

identified.  K. umbella has been associated with significant Tasmanian fish kills. 

In summary, Tasmania’s NST risk profile does not contain any feature which elevates the current 

human food safety risk. ShellMAP’s general environmental surveillance program adequately monitors 

for NST events and provided good interagency communication is maintained between ShellMAP, 

environmental and public health agencies, there is currently adequate governance to deal with NST 

events.  

In conclusion it is recommended that: 

1) Brevetoxin monitoring remains outside of Tasmania’s routine sampling program. 

2) ShellMAP maintains general oversight and linkages with other environmental and public health 

agencies to monitor for large visible blooms, significant bird and fish kills, human respiratory distress 

or other neurological symptoms linked to coastal activities.  All such findings should be investigated in 

a timely manner. 

3) ShellMAP should maintain ready access to scientific agencies with the capacity to provide timely 

NST assays and/or phytoplankton species identification.  

4) ShellMAP maintains general marine biotoxin risk management plans, so that effective 

management steps can be promptly implemented during any NST events. 
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SECTION 7 – PHYTOPLANKTON  
Marine biotoxins originate from marine phytoplankton species, commonly referred to as harmful algal 

blooms.  Much scientific work has been undertaken on the relationship between phytoplankton 

species and toxin groups.  The IOC-UNESCO Taxonomic Reference List of Harmful Micro Algae 

http://www.marinespecies.org/hab/ is internationally recognized as the reference to be used when 

phytoplankton monitoring is used as a predictive tool. From this international list Australian sub lists 

have been developed, including the toxic phytoplankton species listed in of the ShellMAP Biotoxin 

Management Plan (Version 5.1). (See Appendix II for the list). 

There is global evidence of phytoplankton species moving and transferring to new coastal 

environments. Such movements can occur naturally via ocean currents or by human activities, such as 

ship ballast water. Therefore, it is always possible that new toxin-linked phytoplankton species will 

arrive in Australian waters. 

The potential value of phytoplankton as a predictive monitoring tool is acknowledged. However, a 

stand-alone phytoplankton monitoring program is not considered sufficient for marine biotoxin 

management.  Phytoplankton samples are gathered by sampling discrete water depths or from the 

entire water column; yet it should be noted that the representativeness of samples is usually poor, 

unless the water column is well mixed; even in those cases, water masses tend to move with tides, 

and plankton occurrence has been described as patchy. Therefore, phytoplankton monitoring should 

only be an adjunct to toxin monitoring in shellfish.   

ShellMAP has nominated phytoplankton sampling sites for all growing areas, which are usually 

sampled monthly and analysed for multiple phytoplankton species, including those associated with 

AST, DST, NST and PST (See Appendix II). 

This review considered any association between toxin-linked phytoplankton species and growing area 

Category 3 and 4 DST and PST events.  While there was some association, the toxin events were not 

always predicted or even associated with the toxin-linked phytoplankton species.  It is possible, and 

in some cases likely, that any lack of association is due to the monthly sampling schedule.  

However, the 2000-2019 phytoplankton database does provide good information on the predominant 

species in each zone.  The PST events in the East Coast and Fredrick Henry zones were linked to 

Alexandrium species, particularly the A. tamarense species complex, while in the Channel zone PST 

was linked to G. catenatum.  Three growing areas have occasionally experienced elevated levels of 

DST associated with alert levels of D. acuminata and D. acuta. 

Previous publications have also identified the phytoplankton associated with Tasmanian’s toxin 
events. Hallegraef, McCausland & Brown (1995) determined that G catenatum posed the highest 
biotoxin risk in Tasmania, especially as all Tasmanian G. catenatum blooms appear to be toxic, with 
seasonal and interannual variations primarily controlled by water temperature, rainfall patterns, and 
wind stress.  Further, they considered that G. catenatum blooms in the Derwent and Huon estuaries 
of southern Tasmania, are predictable, annually recurrent events in the period January to June (late 

summer to early winter).  Further studies, such as the TSQAP Biotoxin Reviews (2005 and 2006) 
assert that G. catenatum continues to be the highest biotoxin risk in Tasmania. It is found in all 
areas of eastern Tasmania, from Moulting Bay to Recherche Bay.  

 
However, the report A review of the 2012-13 paralytic shellfish toxin event in Tasmania discusses the 

important association of Alexandrium species, including Alexandrium tamarense, with PST toxicity.   
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In summary, this current review identified ShellMAP’s current phytoplankton monitoring program is 

inadequate to predict all Category 3 and 4 biotoxin events, yet it further confirms the predominant 

algal species associated with PST and DST toxicity.   It is possible that in some situations, for example, 

the Channel Zone, phytoplankton might be a useful adjunct to the shellfish sampling program with 

regards predicting pending toxin events. 
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SECTION 8 - NEW AND NOVEL TOXINS 
ShellMAP’s 2012-2019 database contains the results for Australia’s regulated toxins (AST, DST, NST 

and PST), along with a suite of other marine compounds (azaspiracid, cylindrospermopsin,  

gymnodimine, pectenotoxin-2, pinnatoxin, spirolide and yessotoxin).   

While the health effects of AST, AZT, DST, NST and PST are internationally recognised, scientific 

research and food safety public policy discussions continue to determine whether any other marine 

compounds are also toxic.  The following sections discusses the current state of knowledge for these 

compounds. 

8.1 Cyclic Imines 

This is a diverse group of compounds, including spirolide, gymnodimine, pinnatoxin and pteriatoxins 

(Molgó et al., 2014), which are produced by the microalgae genera Alexandrium, Prorocentrum, 

Karenia and Vulcanodinium.  

 
The presence of these compounds in shellfish was discovered because of their high acute toxicity in 

mice upon intraperitoneal injection of lipophilic extracts. The cyclic imines target the nicotinic 

receptors (Bourne et al., 2010; Araoz et al., 2011), and to date there is no clear evidence of their 

potential oral toxicity in either animals or humans (Munday, 2014).  

The compounds gymnodimine and spirolide commonly occur in microalgae and/or bivalve molluscs in 

several places around the world (Canada, Denmark, New Zealand, Norway, Tunisia, the United 

Kingdom of Great Britain and Northern Ireland, and the United States of America), yet they have not 

been associated with any reports of adverse human health effects.   Furthermore, no deaths or 

symptoms of toxicity were recorded in mice given gymnodimine in extracts of naturally contaminated 

mussels at up to 1 225 µg/kg when administered by gavage (Biré, 2004). At this time, therefore, no 

specific syndrome can be attributed to consumption of gymnodimine by humans. 

Pinnatoxins have been isolated from shellfish of the genus Pinna. Several outbreaks of poisoning 

occurred in Japan between 1975 and 1991 among individuals consuming Pinna pectinata (Chou, Kama 

and Uemura, 1996b) and toxicity from Pinna attenuate was recorded in China in 1980 and 1989 

(Uemura et al., 1995). However, the association between shellfish toxicity and the presence of the 

pinnatoxins has not been established and there is a belief that the Asian poisonings were caused by 

Vibrio species (Otofuji et al., 1981). Therefore, formal risk assessment work continues. 

In summary, there is no conclusive evidence that the cyclic imines have adverse effects on human 

health (FAO, 2016). 

8.2 Pectenotoxins 

Pectenotoxins (PTXs) are macrocyclic polyethers exclusively produced by the microalgal genus 

Dinophysis (Miles, 2007; Munday, 2008; Vlamis and Katikou, 2014) and were first isolated from 

Patinopecten yessoensis, a Japanese scallop (Yasumoto et al.1985, 2000). 

The presence of pectenotoxins (PTXs) in shellfish was discovered because of their high acute toxicity 

in mouse bioassay (MBA) after intraperitoneal injections of lipophilic extracts. 

Pectenotoxins have now been detected in microalgae and/or bivalve molluscs in Australia, Italy, Japan, 

New Zealand, Norway, Portugal and Spain. Animal studies indicate that they are much less potent via 

the oral route and that they do not induce diarrhoea. There is no data indicating adverse human 

affects linked to PTXs in shellfish. 
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Pectenotoxins are always accompanied by toxins from the okadaic acid (OA) group and 

dinophysistoxin (DTX)and due to this co-occurrence, they are frequently associated with incidents of 

DST poisonings. For example, Burgess and Shaw (2001) suggested that PTXs could have been involved 

in outbreaks of human illness in Australia in 1997 and 2000.  However, later work showed that the 

shellfish also contained OA esters at concentrations sufficient to cause human intoxication (Burgess, 

2003).  It is therefore likely that the symptoms observed in these outbreaks were caused, not by the 

PTX derivatives, but by derivatives of OA.  Therefore, analytical methods must reliably distinguish 

these toxins because they should be regulated separately.  

Pectenotoxins are currently regulated against in some countries, including the European Union and 

New Zealand.  However, because science has now determined the PTXs do not belong in the DST group 

and are not causing adverse health effect, steps are being taken to revoke these regulations.  

8.3 Yessotoxin 

As with the other compounds yessotoxin (YTX) first gained attention with the results of the mouse 

bioassay which used the intraperitoneal injection of lipophilic extracts.  

The YTXs are a group of ladder shaped compounds produced by the dinofllagellate Protoceratium 

reticulatum (Satake, MacKenzie and Yasumoto, 1997a; Miles et al., 2005), and can also be produced 

by Lingulodinium polyedrum (Draisci et al., 1999) or Gonyaulax spinifera (Pistocchi et al., 2012). 

The YTX compounds were first isolated from digestive glands of scallops Patinopecten yessoensis in 

Japan (Murata et al., 1987; Satake et al., 1997b), while later in shellfish harvested in Italy (Ciminiello 

et al., 1997; Satake et al., 1997b), Norway (Lee et al., 1988), New Zealand and the Adriatic Sea. YTX 

derivatives have now been reported in coastal areas worldwide (Vlamis & Katikou, 2014).  

Having first been identified by the mouse bioassay the YTX toxicology is now better known (Aune et 

al., 2002; Aasen et al., 2011). These compounds do not show clear signs of toxicity after oral 

administration to mice, even at high doses (Munday et al., 2008a; EFSA,2008b).  

YTX does not produce diarrhoea, and the scientific debate today is on whether they can cause any 

human harm (Tubaro et al., 2003; Tubaro et al., 2004; Munday, 2014).  There are no reports of human 

intoxication caused by YTXs.  

Currently the European Union has a regulatory limit of 1 mg/kg yessotoxin equivalent. This standard 

was imposed as a precautionary measure, because there has never been a report of YTX intoxication 

in humans.  The European Food Safety Authority has recommended to the European Council that this 

regulation be revoked. 

8.4 Azaspiracid  

Azaspiracids (AZA) are produced by the genera Azadinium and Amphidoma (Tillmann et al., 2009, 

2014; Krock et al., 2012), and are a food safety problem first associated with mussels (M. edulis) in 

Ireland in 1995 (McMahon and Silke, 1996).  

AZAs are nitrogen-containing polyether toxins with a unique spiral ring assembly, a cyclic- amine and 

a carboxylic acid. Their chemical structure is unusual, and the mechanism whereby they exert their 

toxic effects is at present unknown (Botana et al., 2014b). 

Currently, 20 different congeners have been identified (Satake et al., 1998b; Ofuji et al., 1999a, 2001, 

James et al., 2003, Rehmann, Hess and Quilliam, 2008); however, toxicological information is only 

available for AZA 1 to‑5 (Satake et al., 1998b; Ito et al., 1998, 2000, 2002; Ofuji et al., 1999a, 
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2001).Compared with the other analogues, AZA‑1,‑2 and 3 are the major contributors to the overall 

toxic equivalents found in shellfish. 

AZTs are easily absorbed orally (Aasen et al., 2010, 2011).  

The symptoms of azaspiracid poisoning (AZP) in humans are like those described for DSP, including 

nausea, vomiting, abdominal cramps and diarrhoea, which disappear within a few days from the 

ingestion of contaminated shellfish (McMahon and Silke, 1996). No deaths from AZA ingestion have 

been reported.  

As a result of these health effects, the Codex Standard for Live and Raw Bivalve Molluscs (Codex 

Standard 292-2008) stipulates a ML of 0.16 mg/kg, and many countries, including the EU, New Zealand 

and the USA have introduced this regulatory limit for AZA in shellfish. 
 

8.5 Cylindrospermopsin  

Cylindrospermopsin is a cyanotoxin produced by a variety of freshwater cyanobacteria including, 

Cylindrospermopsis, Aphanizomenon, Umezakia,  Dolichospermum, Lyngbya, and Raphidiopsis.  It is a 

polycyclic uracil derivate.  Cyanotoxin is toxic to liver and kidney tissue, and it is thought to modify 

DNA and RNA. 

This toxin group does not normally affect marine shellfish species unless a freshwater input, heavily 

contaminated with cylindrospermopsin and/or other cyanotoxins, is discharging directly adjacent to 

the shellfish resource.  

 

8.6 Tetrodotoxin 

Tetrodotoxins (TTXs) are traditionally known as the main toxins found in puffer fish. TTX is also 

frequently found in other marine animals, including some species of gobies, octopuses, sea stars, crabs 

and gastropods (Hashimoto, Noguchi and Watabe, 1990; McNabb et al., 2010). Recent reports also 

confirmed tetrodotoxins in European shellfish in both the English Channel and the Mediterranean Sea 

(Turner et al., 2015a; Vlamis et al., 2015).  

 

The toxicity of TTX is high, with 2 mg being a lethal dose to humans (Noguchi, Onuki and Arakawa, 

2011).  

 
While TTX’s mode of action is like saxitoxins (or PST), the main difference between both toxin groups 

is the subtypes of Nav with which they bind preferentially. In the case of TTX, the Nav 1.7 is the main 

target (Walker et al., 2012; Alonso et al., 2016), TTX binds to human Nav 1.7 with 38-fold more potency 

than STX (Walker et al., 2012).  

 

TTX is becoming a concern in Europe given its presence in gastropods (Rodriguez et al., 2008; Silva et 

al., 2012) and in shellfish (Turner et al., 2015a; Vlamis et al., 2015). Because TTX in shellfish is a newly 

discovered phenomenon, there is currently no or mandated surveillance program or food safety 

regulations in place.  However, it is possible food safety regulations will eventually be recommended. 

 

8.7 Relevancy to Tasmania’s Biotoxin Program 

None of the growing areas had positive results for azaspiracid, cylindrospermopsin or pinnatoxins.  

Table 69 summarises any unregulated compound activity in the growing areas. 
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Table 69: List of unregulated compounds identified in growing areas 

ZONE & GROWING 
AREA 

GYMNODIMINE PECTONOTOXIN-2 SPIROLIDE YESSOTOXIN 

East Coast Zone     

Moulting Bay √ √ √  

Great Swanport  √ √ √ √ 

Great Oyster Bay √ √ √ √ 

Little Swanport   √   

Spring Bay  √   

Boomer Bay  √ √ √ 

     

Fredrick Henry Zone     

Dunalley Bay  √  √ 

Eaglehawk Bay  √   

Garfish Bay/Dart Island  √  √ 

Pitt Water     

Island Inlet  √  √ 

Pipe Clay Lagoon √ √  √ 

     

Channel Zone     

Great Bay  √ √  

Fleurtys Point  √ √  

Little Taylors Bay  √   

Gardners Bay  √   

Cloudy Bay Lagoon  √ √  

Port Esperance  √ √  

Hastings Bay  √ √ √ 

Recherche Bay  √ √  

 

As previously discussed in Section 7 gymnodimine, spirolide, pectenotoxin-2 and yessotoxin are not 

considered to cause any adverse health effects.   

The health risks associated with cyanotoxins, including Cylindrospermopsin, are well documented.  

However, this toxin group is associated with fresh water and therefore it is unlikely bivalve shellfish 

will be contaminated.  A growing area catchment survey should verify if the growing area is exposed 

to cyanotoxin pollution. 

Risk assessment work also continues to better understand the food safety risk linked to tetrodotoxin 

consumption. 

Azaspiracid toxin is internationally recognised as a biotoxin of food safety significance.  Many 

countries, including the EU, New Zealand and the USA have established regulatory limits for this toxin. 

Currently Australia does not regulate AZA levels in shellfish. 

In summary, currently because of unlikely health effects and/or regulation there is no requirement for 

ShellMAP to regularly monitor for any of these compounds.   
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SECTION 9 – NOVEL METHODS 

9.1 Novel algal detection and identification methods 
An algal identification program can provide significant value to marine biotoxin risk management 

programs (see Section 12.3). The development of algal monitoring tools in the NZ biotoxin monitoring 

program provides an example of how these methods can complement biotoxin monitoring in flesh 

samples (Rhodes et al., 2013). Molecular methods were introduced into the New Zealand program in 

the 1990s to combat precautionary closures triggered by Pseudonitzchia species. The fluorescent in 

situ hybridisation (FISH) assays developed during that period differentiate between species, 

substantially reducing closures associated with low toxicity species. Whilst rapid biotoxin testing has 

reduced the use of FISH assays in the commercial program, the recreational monitoring program which 

is highly reliant on phytoplankton counting continues to use these assays.  

Sandwich hybridisation assays (SHA; species-specific oligonucleotide probes targeted at large sub-unit 

ribosomal RNA) have also been used in the monitoring program for identification of species with high 

trigger levels and for fragile cells that may collapse during fixation, compromising identification by 

light microscopy e.g., Karenia spp. and raphidophytes.  

As molecular alga identification methods have developed, qPCR is rapidly becoming the tool of choice, 

replacing FISH assays and SHA in many circumstances. Rhodes et al. (2013) describes the advantages 

of the multifaceted program in New Zealand as providing: 

• Rapid determination of potential biotoxin issues 

• Improved risk assessments for difficult to differentiate HAB species. 

• Support for the biotoxin regulatory program. 

qPCR for Alexandrium spp 

Species within the A. tamarense complex (both cells and cysts) are difficult to distinguish by light 

microscopy, however they have clear genetic differences. These differences can be exploited in 

molecular methods that are highly specific, sensitive and allow high throughput.  A multispecies assay 

for A. tamarense complex has been developed that identifies species commonly found in Tasmania 

and may be combined with stxA assays to link cell counts with toxin production (Murray et al., 2011; 

Ruvindy, 2019; Ruvindy et al., 2018). These assays can quantify planktonic cells and cysts in the water 

column and in sediment samples to 2 cells/L with efficiencies of >90%.  

However, the qPCR assays based on rDNA show an overestimation of the absolute value of the 

Alexandrium species present, due to variations in the number of rDNA copies within the same species 

of Alexandrium.  The variation in the number of genomic copies of sxtA4 is significantly less than that 

observed among strains for rDNA copies. Therefore, quantification using the sxtA4-based qPCR assay 

is more likely to reflect the actual environmental abundance of cells. Estimates can be improved by 

using locally isolated strains of Alexandrium to develop standard curves for the rDNA-based and sxtA 

based assays. 

Flow cytometry and automated image analysis 

Image flow cytometry operates by manipulating the algal sample into a stream of single particles; 

laser- induced fluorescence and light scattering from individual particles are measured and used to 

trigger targeted image acquisition. Images can then be displayed in real time. When combined with 

image analysis software, microalgae can be rapidly identified. Units can be either bench-top or field 

deployed and combined with bright or dark field analysis and fluorescence measurements of 

individual cells (Figure 87; Dashkova et al. (2017)).  
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Figure 86: Imaging flow cytometers with corresponding examples of image galleries derived from 
analysis: A, D – submersible imaging FlowCytobot and corresponding image gallery; B, E – benchtop 
Flow Cam VS series and corresponding image gallery; C, F- Imagestream X Mark II and corresponding 
image gallery.  

Flow cytometry and phytoplankton analysis have been used in research and commercial monitoring 

programs for determining composition and abundance, size structure, biovolumes, morphology and 

cell cycle and viability. Imaging flow cytometry has also been combined with fluorescing species 

specific rRNA probes to aid identification of Alexandrium tamarense Group I (A. fundyense) (Brosnahan 

et al., 2014).  

Imaging flow cytometry does not replace skilled algal taxonomists; taxonomists are required to train 

the algorithms for local species, provide quality control, and identify novel species. The advantage is 

in rapid analysis and high throughput of samples.  

Recent deployment of a system in New Zealand has been used as both a bench tool and a field 

instrument to provide real-time spatial mapping of bloom development during an Alexandrium bloom 

in the Marlborough Sounds. Whilst the expense of each unit (>AU $100,000) prevents in situ 

deployment at one site, the unit provided valuable information when used across multiple sites in one 

day. (Lincoln MacKenzie, personal comment).  

9.2 Novel marine biotoxin methods 
The ShellMAP program relies heavily on biotoxin testing and is abreast of modern advancements in 

this field. The modern LCMS/MS analytical method (Boundy et al., 2015; Turner et al., 2015) has been 

recently adopted in Tasmania, significantly reducing turn-around times for reporting. Rapid test kits 

have been validated for local PST analogues (Dorantes-Aranda et al., 2018; Turnbull et al., 2018) and 

are in use by shellfish farmers to manage business risk for PST recalls. Australian studies are also 
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currently investigating the application of rapid test kits for DST and AST, led by Penny Ajani at UTS and 

Stuart Helleren at Dalcon Environmental respectively). 

SPATT technology 

Solid Phase Adsorption Toxin Tracking (SPATT) technology uses porous synthetic resins capable of 

passively adsorbing toxins produced by harmful microalgae and dissolved in the water. Roué et al. 

(2018) reviews numerous laboratory and field studies carried out worldwide to assess the ability of 

these passive monitoring devices to detect a variety of marine and freshwater toxins. DST have been 

monitored using SPATT technology since 2004 (MacKenzie et al., 2004). SPATT bags can detect DST 

with the required sensitivity, but studies have found varied results with respect to early warning 

capabilities (Fux et al., 2009; Li et al., 2016; MacKenzie et al., 2004; Pizarro et al., 2013; Rundberget et 

al., 2009). Conversely SPATT technology is successful in detecting domoic acid at low levels and has 

been successfully used for early warning of risk with this toxin (Hermann et al., 2010; Lane et al., 2010; 

Peacock et al., 2018). SPATT studies with PST have occurred: a major limitation is the fast toxin 

desorption rates from the resins in toxin-free seawater, likely due to the high solubility of PST 

(Rodríguez et al., 2011).  

SPATT technology has potential to provide reliable, sensitive and time-integrated sampling of the 

range of toxins of interest, albeit reported in ng toxin/SPATT or ng toxin/g of resin. There is however 

a need for standardisation of methodologies (e.g., resin load, deployment times, extraction protocols). 

SPATT technology alone would not be acceptable for regulatory monitoring of shellfish toxicity, but it 

may be useful as a supplementary technique since it provides indications on the potential presence of 

biotoxins in the environment.  The simplicity, low-cost and logistical advantages (e.g., storage and 

transport) offered by these passive samplers make SPATT technology a valuable tool for use in areas 

difficult to access, or where shellfish resources are limited or not easy to collect. The SPATT technique 

is suitable for the study of widely dispersed sampling locations, providing the means to map the spatial 

extent of contamination risk and to track the geographical and temporal progression of blooms (Roué 

et al., 2018).  
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SECTION 10 – SENTINEL SHELLFISH AND KEY SAMPLING SITES 

10.1 Sentinel Shellfish 
Five of the shellfish growing areas have previously, or are currently, producing multiple shellfish 

species.  It is important that the aquaculture industry has the capacity to do so.  However, it is also 

important that the shellfish sampling sites monitor the risks for all species. 

Biotoxins are accumulated actively by shellfish and concentrated in their hepatopancreas (digestive 
organ). The following factors affect this uptake (FAO, 2011): 
 
Factors related to the occurrence of algae: 

• Physical parameters: weather and climate-related parameter (temperature, wind, 

light conditions) and hydrography. 

• Chemical parameters: nutrient nature and availability (e.g., eutrophication), oxygen 

availability, anthropogenic pollution, ocean acidity. 

• Biological parameters: evolution of algal community structure, occurrence of 

grazing and parasitic micro-organisms. 

 

Factors related to shellfish: 

• Culture conditions: bottom- or rope-growth of mussels, subtidal or intertidal 

  growth, water depth (and mixing of water column), maintenance of 

 support structures (biofouling may nurture growth of toxic benthic algae). 

• Filtration: feeding status, species-specific filtration rates and selectivity, micro-

organisms affecting shellfish (pathogenic bacteria and viruses, algae and 

cyanobacteria affecting shellfish, nuisance organisms). 

• Metabolism: species-specific differences, metabolic changes in bivalves as a 

result of seasonal variation, reproduction status and environmental stress.  

Therefore, it is not surprising that overseas research and observations indicate that different shellfish 

species may accumulate biotoxins to different levels and detoxify at different rates (e.g., Shumway et 

al., 1988; Gainey & Shumway, 1988; Shumway et al., 1990; Cembella et al., 1995; Bricelj et al., 1996).   

Shumway (1990) found that Crassostrea species tender to have a lower uptake of toxins when 

compared to other shellfish species. Hallegraef et.al., 1995 found the Tasmanian Shellfish Quality 

Assurance Program (TSQAP) data suggested that mussels impacted by G. catenatum blooms were 

quicker to uptake PST than oysters.  

This current review confirms differential species’ uptake, and these findings were discussed in Section 

4.  However, it should be noted that in Tasmania, Crassostrea oysters do not always have the lowest 

toxins levels; indeed, while some mussels in growing show the earliest and highest toxin levels, in 

other situations it is the oysters.  Great Oyster Bay is the only area where mussels have consistently 

higher toxin levels than oysters, possibly because both species are growing on long lines within the 

same water body. 

In summary, it is important that each growing area is assessed and validates the most appropriate 

sampling site and species.  In some situations, it may be appropriate to use a single sentinel species, 

switching to multiple species monitoring during a biotoxin event, while in other areas it may be 

appropriate to routinely sample each shellfish species. 
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10.2 Positioning of Sampling Sites 
This project has not reviewed the current official sampling sites. Although there is no reason to believe 

the current sites are inappropriate it was noted that the Australian Marine Biotoxin Review 2015 

Tasmania Report also identified that documented evidence of the site selection process was 

unavailable. 

The selection of suitable sampling stations, for both benthic and suspended culture, should be based 

on sites that have historically presented toxicity in the early stages of a toxic event.  To protect public 

health, the selection of sampling stations should give appropriate coverage of the extent of a toxic 

event or the likely “worst case scenario” in a growing area.  This should be based on expert judgement 

using the following factors: 

• Hydrography, known upwellings, fronts, current patterns and tidal effects. 

• Access to sampling stations in all weather conditions during harvesting. 

• Existence of in-situ growth (e.g., toxin microalgae from cyst beds) 

• The advection of offshore toxic microalgal blooms into growing areas (Codex, 2012) 

Consequently, the appropriateness of the current sampling sites should be verified, taking 

consideration of the current growing area environment and shellfish production.  

10.3 Key Sampling Sites 
The marine biotoxin results for the East Coast, Fredrick Henry and Channel Zones were reviewed, 

looking for temporal and spatial patterns to determine individual sampling sites which routinely 

predict biotoxin events that will spread to the wider zone. 

When undertaking this exercise, it was decided not to include the 2012’s data, given 2012 records 

started late in the calendar year and often after a toxin event had started. Therefore, 2013-19 results 

(7 years) were reviewed.  Some growing areas, for example, Eaglehawk Bay, Garfish Bay/Dart Island 

and Recherche Bay, did not have records for the full seven years. 

The following sections describe the spatial and temporal findings linked to PST and DST activities. 

10.4 PST Activity  
For each of years 2013-19 the first recorded confirmed PST results in each growing area were collated 

for consideration.  The following narrative summarises these findings while Table 70 and Figures 87-

90 graphically illustrate the results. 

 

Table 70: Growing area initial PST results for 2013-2019 

YEAR GROWING AREA START DATE PST LEVEL mg/kg 

2013 Moulting Bay 6th August   0.057 

 Great Swanport 9th July   0.47 

 Great Oyster Bay 29th July  0.6 

 Little Swanport 29th July  0.53 

 Spring Bay 15th July  0.58 

 Boomer Bay No results > level of detection  

 Dunalley Bay No results > level of detection  

 Eaglehawk Bay No results > level of detection  

 Garfish Bay/Dart Island No samples  

 Pitt Water No results > level of detection  

 Island Inlet No results > level of detection  

 Pipe Clay Lagoon No results > level of detection  

 Great Bay 29th April  0.13 

 Fleurtys Point 22nd April  0.12 
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YEAR GROWING AREA START DATE PST LEVEL mg/kg 

 Little Taylors Bay 21st April  0.81 

 Gardners Bay 28th January  1.3 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 15th January  0.17 

 Hastings Bay 8th April  0.55 

 Recherche Bay  No samples   

    

2014  Moulting Bay No results > level of detection  

 Great Swanport 30th June 0.76 

 Great Oyster Bay 30th June 0.99 

 Little Swanport 14th July  0.17 

 Spring Bay 25th August 0.068 

 Boomer Bay No results > level of detection  

 Dunalley Bay No results > level of detection  

 Eaglehawk Bay 1st July 0.71 

 Garfish Bay/Dart Island No samples  

 Pitt Water No results > level of detection  

 Island Inlet No results > level of detection  

 Pipe Clay Lagoon No results > level of detection  

 Great Bay No results > level of detection  

 Fleurtys Point No results > level of detection  

 Little Taylors Bay No results > level of detection  

 Gardners Bay 12th May 0.27 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance No results > level of detection  

 Hastings Bay 31st March 0.18 

 Recherche Bay  No samples  

    

2015 Moulting Bay 29th June  0.41 

 Great Swanport No results > level of detection  

 Great Oyster Bay 23rd May 0.65 

 Little Swanport 21st July 0.23 

 Spring Bay 13th July 0.44 

 Boomer Bay 16th August 0.32 

 Dunalley Bay No results > level of detection  

 Eaglehawk Bay No results > level of detection  

 Garfish Bay/Dart Island No samples  

 Pitt Water No results > level of detection  

 Island Inlet No results > level of detection  

 Pipe Clay Lagoon 18th May 0.18 

 Great Bay 23rd February 0.12 

 Fleurtys Point 11th May 0.12 

 Little Taylors Bay 9th February 0.24 

 Gardners Bay 21st January 0.11 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 16th February 0.025 

 Hastings Bay 2nd February 0.05 

 Recherche Bay  No results > level of detection  

    

2016 Moulting Bay 12th July  0.25 

 Great Swanport 30th May 0.42 

 Great Oyster Bay 16th May 0.35 

 Little Swanport 24th May 0.28 

 Spring Bay 15th August 0.44 

 Boomer Bay 19th August 0.37 

 Dunalley Bay 7th June 0.63 

 Eaglehawk Bay No results > level of detection  

 Garfish Bay/Dart Island 30th May 0.16 

 Pitt Water No results > level of detection  
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YEAR GROWING AREA START DATE PST LEVEL mg/kg 

 Island Inlet 6th June 0.25 

 Pipe Clay Lagoon 14th June 0.058 

 Great Bay No results > level of detection  

 Fleurtys Point No results > level of detection  

 Little Taylors Bay No results > level of detection  

 Gardners Bay 26th April 0.072 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 16th May 0.11 

 Hastings Bay No results > level of detection  

 Recherche Bay  No results > level of detection  

    

2017 Moulting Bay 18th September 0.65 

 Great Swanport 13th June 0.45 

 Great Oyster Bay 15th March 
13th June 

0.21 
0.34 

 Little Swanport 6th June 0.27 

 Spring Bay 12th September 1.4 

 Boomer Bay 18th September 0.79 

 Dunalley Bay 5th June 0.18 

 Eaglehawk Bay No samples  

 Garfish Bay/Dart Island 26th June 0.081 

 Pitt Water No results > level of detection  

 Island Inlet No results > level of detection  

 Pipe Clay Lagoon 15th May 0.42 

 Great Bay 12th June 0.14 

 Fleurtys Point No results > level of detection  

    

2017 Little Taylors Bay No results > level of detection  

 Gardners Bay 14th March 0.05 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 2nd October 0.084 

 Hastings Bay 6th March 0.25 

 Recherche Bay  No results > level of detection  

    

2018 Moulting Bay 9th July 0.16 

 Great Swanport 4th June 0.42 

 Great Oyster Bay 28th May 0.2 

 Little Swanport 27th August 0.35 

 Spring Bay 1st January 
15th July 

0.31 
0.15 

 Boomer Bay 17th September 0.67 

 Dunalley Bay 4th June  0.2 

 Eaglehawk Bay No samples  

 Garfish Bay/Dart Island 28th May 0.27 

 Pitt Water No results > level of detection  

 Island Inlet 4th June 0.12 

 Pipe Clay Lagoon 12th June 0.18 

 Great Bay 4th May 0.11 

 Fleurtys Point 2nd April 0.12 

 Little Taylors Bay No results > level of detection  

 Gardners Bay 26th February 0.21 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 2nd January 0.33 

 Hastings Bay 2nd January 0.26 

 Recherche Bay  No results > level of detection  

    

2019 Moulting Bay No results > level of detection  

 Great Swanport No results > level of detection  

 Great Oyster Bay No results > level of detection  
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YEAR GROWING AREA START DATE PST LEVEL mg/kg 

 Little Swanport No results > level of detection  

 Spring Bay 18th August 0.12 

 Boomer Bay No results > level of detection  

 Dunalley Bay No results > level of detection  

 Eaglehawk Bay No samples  

 Garfish Bay/Dart Island No results > level of detection  

 Pitt Water No results > level of detection  

 Island Inlet No results > level of detection  

 Pipe Clay Lagoon 10th June 0.34 

 Great Bay 3rd June 0.13 

 Fleurtys Point 27th May 0.23 

 Little Taylors Bay 20th May 0.23 

 Gardners Bay 19th April 0.14 

 Cloudy Bay Lagoon No results > level of detection  

 Port Esperance 29th April 0.47 

 Hastings Bay 13th May 0.17 

 Recherche Bay  No results > level of detection  
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Figure 87: East Coast Zone initial PST results for 2013-2019 
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East Coast zone summary   

In four of the seven years, Great Oyster Bay was the first area to show PST activity, but in the other 

three years it was not the first.  In either case dispersion from the initially contaminated growing area 

to the wider zone does not follow a predictable pattern.  For example, in 2013 Moulting Bay was the 

last growing area to show toxicity, while in 2015 it was one of the first areas with positive results. In 

2019 Spring Bay had a PST event, yet Moulting Bay did not have any positive PST results.  As with 

Moulting Bay, the other East Coast Zone growing areas exhibit similar unpredictable biotoxin spread. 

Spring Bay, which appears to have the most chronic PST problem, is usually somewhere in the middle 

of the temporal spread.   

Boomer Bay may be described as a boundary growing area, situated closest to the Fredrick Henry 

zone’s most northern growing area (Dunalley Bay). On occasions, when the East Coast experiences 

PST activity, there are no positive results in either Boomer or Dunalley Bays. Yet this is not always the 

case; four years (2015, 2016, 2017 and 2018) Boomer and Dunalley Bays show no uniformity.  
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Figure 88: Fredrick Henry Zone initial PST results for 2013-2019 
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Fredrick Henry zone summary 

When compared to the East Coast Zone Fredrick Henry has the lower PST incidence. 

However, like the East Coast Zone there is little consistency in the spatial and temporal spread in the 

Fredrick Henry zone. For example, in 2017 Pipe Clay Lagoon showed the initial activity, yet in 2018 it 

was the last area to uptake the toxin.   

Over the years there is sporadic growing area uptake, for example in 2014 Eaglehawk Bay was the only 

zonal growing area showing PST activity, similarly in 2015 for Pipe Clay Lagoon. 

Pitt Water has the zone’s lowest PST prevalence, with no results greater than the level of detection. 

Therefore, Pitt Water does perform differently to the rest of the Fredrick Henry Zone.  In this situation, 

routine sampling could be reduced or eliminated from Pitt Water and replaced with ‘event sampling’ 

(monitoring during an active PST event). 

Pipe Clay Lagoon is the boundary growing area with the Chanel Zone and there appears to be a 

relationship with the Channel’s activity, for example in 2015 and 2017.  However, there is not a 

consistent annual relationship between the Pipe Clay Lagoon and the Channel growing areas.  
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Figure 89: Channel Zone initial PST results 2013-2019 
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Channel zone summary 

In five of the seven years Gardners Bay was the first Channel growing areas to show toxin activity.  

While Port Esperance was often the second area to show toxicity; again, this was not a failproof trend. 

As in the other zones there were years when there was sporadic activity affecting only some growing 

areas. For example, in 2104 only Gardners and Hastings Bays showed PST activity, similarly in 2016 

Gardners Bay and Port Esperance were the only areas affected. 

Over the seven-year period Cloudy Bay Lagoon has never had a PST result greater than the level of 

detection.  Similarly, in the five years Recherche Bay has been monitored there have been no positive 

PST results. Therefore, for both these areas routine sampling could be reduced or eliminated and 

replaced with ‘event sampling’ (during an active PST event). 

In summary, there is currently insufficient data to predict the spatial or temporal spread of toxin 

events within the zones.  This means that it is not possible to only use sentinel sampling stations to 

verify the individual growing area’s toxicity status.  However, there is sufficient data to confirm that 

Pitt Water, Cloudy Bay Lagoon and Recherche Bay have a low-risk toxin profile.  Therefore, these three 

growing areas can have a reduced routine sampling program. 

10.5 DST Activity     
The zonal DST activity exhibits quite a different profile to that of PST.  Indeed, only three growing areas 

have had elevated activity (Category 4 events); Spring Bay in the East Coast zone and Eaglehawk and 

Garfish Bay /Dart Island in the Fredrick Henry Zone. 

There have been no Category 4 events in the Channel zone, with Port Esperance experiencing the 

highest level (Category 2 level of 0.11 mg/kg) 

While the results show a sporadic pattern there is sufficient data to show that the growing areas with 

DST activity could be used as the sentinel stations for the other growing areas.  In other words, routine 

DST sampling could be reduced to monthly at the non-sentinel sites, with more sampling frequency 

increased during an active DST event.  The proposed DST sentinel sites for the zones are as follows: 

 East Coast zone  Spring Bay 

Fredrick Henry  Eaglehawk & Garfish Bay/Dart Island (co-shared monitoring) 

 Channel  Port Esperance  
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SECTION 11 - CONCLUSIONS  
Section 4 summarised the data for all growing areas and zones, with focus on the temporal and 

geographical activity of biotoxins and regulated compounds, and their association with phytoplankton 

and shellfish species.  

When comparing the historical data (1987-2011) with the project review period (2012-19) it appears 

that some of the growing area toxin rankings may have changed. However, it is inappropriate to make 

quantitative comparisons between the two temporal data sets because an eight-year review period is 

a short one for marine biotoxins; the cyclical nature of marine biotoxin events is often much longer 

and globally remains unpredictable. 

This review identified that the current level of phytoplankton monitoring is inadequate to predict all 

Category 3 and 4 biotoxin PST events. While there was some association, the toxin events were not 

always predicted or even associated with the toxin-linked phytoplankton species.  It is possible, and 

in some cases likely, that any lack of association is due to the monthly sampling schedule.   

However, the 2000-2019 phytoplankton data base does provide good information on the predominant 

algae species in each zone.  The East Coast and Fredrick Henry zones’ PST events were linked to 

Alexandrium species, particularly the A. tamarense species complex, while in the Channel zone PST 

was linked to G. catenatum.  The growing areas occasionally experiencing DST events show a 

relationship with D. acuminata and D. acuta.  

The review confirmed there is currently insufficient data to predict the spatial and temporal spread of 

PST toxin events within the zones.  This means that it is not possible to use only key sampling stations 

to verify the zones’ PST status.  However, there is sufficient data to confirm that Pitt Water, Cloudy 

Bay Lagoon and Recherche Bay have a low-PST risk profile.  Therefore, these three growing areas could 

have a reduced routine sampling program. 

However, the DST prevalence pattern suggests that three key DST sites (one in each zone) could be 

used as key sites for the other l growing areas.  Therefore, routine DST sampling could be reduced to 

monthly at the other monitoring sites, with frequency increased sampling at these sites during an 

active DST event.   

Further, it is important that each growing area validates the most appropriate sampling site and 

species.  In some situations, it may be appropriate to use a single, sentinel species, while in other areas 

it may be appropriate to routinely sample each shellfish species. 

Section 5 reviewed the current national and international marine biotoxins guidelines and regulations, 

along with guidance published by international agencies with recognised scientific and public policy 

expertise in marine biotoxin food safety programs. 

Given the regulations allow for a risk assessment approach to establish NST monitoring, a Tasmanian 

risk profile is presented in Section 6. The review of Tasmania’s NST risk profile (see Section 7) confirms 

a low-risk profile.  Therefore, provided there is good interagency communication about NST 

environmental indicators (visible blooms, significant fish and bird kills, human respiratory distress or 

other neurological symptoms linked to coastal activities) there is no need for routine brevetoxin 

monitoring.  

Section 7 considers the features of the multiple non-regulated compounds that are routinely tested 

by ShellMAP’s current monitoring program. There is now sufficient scientific information to show that 
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there are no adverse health effects associated with gymnodimine, spirolide, pectenotoxin-2 or 

yessotoxin. Therefore, there is no need for ShellMAP to regularly monitor for these compounds.   

In summary, the above topics have been considered alongside the zonal and seasonal prevalence of 

AST, DST, NST and PST, international and national marine biotoxin food safety regulations and 

international best practices for marine biotoxin management.    

Further, this review has considered each of the recommendations listed in the Australian Marine 

Biotoxin Review 2015 Tasmania Report, namely a state biotoxin risk assessment (including NST) and 

documented evidence on how the original sampling sites were established. 

These considerations have resulted in the following recommendations. 

 

  



122 
 

SECTION 12 – RECOMMENDATIONS and FUTURE CONSIDERATIONS 
Based on the review findings the following program changes could be made: 

12.1 Recommendations for Non-Regulated Compounds 
1) Eliminate the routine sampling requirements for azaspiracid, gymnodimine, spirolide, 

pectenotoxin-2, and yessotoxin.   

2) A growing area catchment survey should verify that each growing area is not exposed to cyanotoxin 

pollution, for example, cylindrospermopsin blooms in freshwater lakes. The decision on the need for 

regular cylindrospermopsin sampling should be based on the findings of the catchment survey. 

12.2 Recommendations for Regulated Toxins 
As stated in Section 5 international best practice currently recommends regular shellfish monitoring 

for toxins, with weekly monitoring the general requirement. However, this frequency can be dropped 

to monthly testing when supported by a risk assessment that concludes toxin or phytoplankton 

occurrence suggests a low risk of toxic episodes.  

Based on current governance requirements and scientific information it would be possible to reduce 

the current monitoring program.  See Table 71 for the recommended routine marine biotoxin 

sampling regime for the four zones, albeit with increased in monitoring frequency occurring during an 

active marine biotoxin event. 

During active marine biotoxin events FAO recommends the following model management template 

(see Figure 90) which uses appropriate triggers to initiate action.  Such triggers should include 

applicable information from adjacent growing areas, sentinel sites and phytoplankton count.  

The applicable triggers and event management actions should also be clearly written in the growing 

area’s marine biotoxin management plan and have the agreement of all the growing area 

stakeholders.  Such documented management plans are considered an integral part of routine 

growing area management. 

It should be noted that in the event of an unpredicted exceedance of a maximum regulatory level, 

corrective actions such as recall, will generally be implemented back to the last acceptable biotoxin 

result. 

Figure 90: FAO Model Plan for Marine Biotoxin Events  

 

Ref: FAO, 2011 Source: Modified from Andersen, Enevoldsen and Anderson, 2003. 
 
Marine biotoxin action plan 
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Trigger 1: biotoxins detected above the background level but below the maximum permitted level; or toxic. 
phytoplankton present above state nominated trigger levels. 
Trigger 2: biotoxins detected above the maximum permitted level; or delays in sampling or receipt of results. 
Trigger 3: biotoxins detected above the background level but below the maximum permitted level; or toxic. 
phytoplankton detected above the state nominated trigger level. 
Trigger 4: toxic phytoplankton detected below the state nominated trigger level; or biotoxins not detected or 
detected at a 
background level. 
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Table 71: Recommended routine* zonal sampling frequencies for regulated toxins. 
*Additional sampling should occur during active events in and around a growing area. 

ZONE CURRENT 
SAMPLING 

FREQUENCY 

SAMPLING SITE RECOMMENDED 
SAMPLING FREQUENCY 

NORTHWEST ZONE    

PST Monthly Current sampling sites Monthly 

DST Monthly Current sampling sites Monthly 

AST  Monthly Current sampling sites Monthly 

NST Event Current sampling sites Event sampling1 

EAST COAST ZONE    

PST Weekly Current sampling sites May to January (inclusive) – weekly 

February to April – fortnightly 

DST2 Weekly Spring Bay used as key DST 
sampling station.  

 

February to September (inclusive) 
weekly 

October to January – fortnightly   

Weekly Current sampling sites except 
Spring Bay. 

Monthly 

AST Weekly Current sampling sites. Monthly 

NST Event Current sampling sites Event sampling only1 

FREDRICK HENRY 
ZONE 

   

PST Weekly All current sampling sites 
except Pitt Water. 

May to November (inclusive) - 
weekly 

December to April - fortnightly. 

Weekly Pitt Water Monthly.  

DST2  Weekly from 
either EHB, GFD 
or LNOR 

Eaglehawk Bay OR Norfolk Bay 
OR Garfish Bay/Dart Island used 
as the DST key sampling station.  

May to September (inclusive) – 
weekly  

October to April (inclusive) – 
fortnightly. 

Weekly All other stations  Monthly  

AST Weekly Current sampling sites. Monthly 

NST Event Current sampling sites Event sampling only1 

CHANNEL ZONE    

PST  Fortnightly Gardners Bay 

 

 

January – August (inclusive) - weekly 

September – December - fortnightly 

Weekly Little Taylors Bay 

Port Esperance 

Hastings Bay 

February to August (inclusive) – 
weekly 

September to January – fortnightly 

Weekly Great Bay 

Fleurtys Point 

Cloudy Bay Lagoon Recherche 
Bay 

March – May (inclusive) – 
fortnightly3. 

June – February (inclusive) - monthly 

DST2 

 
Weekly Port Esperance used as DST key 

sampling station.  
September to January - weekly 
February to August - fortnightly  

Weekly All other stations. Monthly 

AST Weekly Current sampling sites. Monthly 

NST Event Current sampling sites Event sampling only1 
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1 Eliminating routine brevetoxin monitoring and replacing with environmental oversight for large visible blooms, 

significant bird and fish kills, along with public health oversight for human respiratory distress or neurological 

symptoms linked to coastal activities.   

2 The DST sampling regime is based primarily on the results and events presented in the 2012-19 database.  As 

previously stated, this is a limited database, and it is evident when considering the historical database (1987-

2012) that the risk rankings fluctuate.   It could be argued that the suggested DST sampling regime is too onerous, 

for example, the Channel Zone has never experienced a high-level event. 

3 A review of the Channel’s historical biotoxin and phytoplankton activity suggests autumn (March, April, May) 

is potentially the season for PST-linked phytoplankton and toxin activity. Therefore, it could be appropriate to 

adopt fortnightly phytoplankton monitoring and/or shellfish testing during these months.  

12.3 Cost Benefit of Sampling Changes 
The above sampling frequency recommends a reduction in the routine sampling program. The 

reduced monitoring would result in 28% less PST test per annum, and 55% less AST and DST tests (if 

the two are coupled), see Tables 72 and 73. During active biotoxin events the sample frequency would 

increase, eroding this cost saving. 

Negotiations would need to occur with AST to determine the savings associated with this reduction, 

given the AST/DST assays are currently combined. 

The cost to industry and the ShellMAP program of implementing a reduced monitoring program would 

include reduced availability of information for further risk reviews and which may also assist a better 

understanding of events, thus potentially increased predictability. 

Note: in the event of an unpredicted event, corrective actions such as recall will need to occur back to 

the last acceptable result i.e., a reduced sampling frequency will extend the time frame of the recall. 

Table 72: Comparison of current and recommended PST monitoring in Tasmania, leading to a 
reduction of 28% in sampling effort per annum for routine monitoring 

ZONE SITE 

NUMBER OF 
MONITORING 

SITES 

CURRENT 
NUMBER OF 
SAMPLES PER 
YEAR PER SITE 

CURRENT TOTAL 
NUMBER OF 
SAMPLES PER 
YEAR PER ZONE 

REVISED 
NUMBER 
OF 
SAMPLES 
PER YEAR 
PER SITE 

REVISED 
TOTAL 
NUMBER OF 
SAMPLES 
PER YEAR 
PER ZONE 

Northwest 
Zone All 4 12 48 12 48 

East Coast 
Zone All 6 52 312 45 270 

Fredrick Henry 
Zone 

All except Pitt 
Water 5 52 260 41 205 

 Pitt Water 1 52 52 12 12 

Channel Gardners 1 26 26 43 43 

 

Great Bay, Fleurtys, 
Cloudy and 
Recherche 4 52 208 34 136 

 

Little Taylors Bay, 
Esperance, Hastings 3 52 156 16 48 

Total    1062  762 
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Table 73: Comparison of current and recommended DST monitoring in Tasmania, leading to a 
reduction of 55% in sampling effort per annum for routine monitoring 

ZONE SITE 

NUMBER OF 
MONITORING 
SITES 

CURRENT 
NUMBER OF 
SAMPLES 
PER YEAR 
PER SITE 

CURRENT 
TOTAL 
NUMBER 
OF 
SAMPLES 
PER YEAR 
PER ZONE 

REVISED 
NUMBER 
OF 
SAMPLES 
PER YEAR 
PER SITE 

REVISED 
TOTAL 
NUMBER OF 
SAMPLES 
PER YEAR 
PER ZONE 

Northwest Zone All 4 12 48 12 48 

East Coast Zone 
All except 
Spring Bay 5 52 260 12 60 

 Spring Bay 1 52 52 45 45 

Fredrick Henry Zone 

All except 
Eaglehawk 
Bay 5 52 260 12 60 

 

Eaglehawk 
Bay 1 52 52 39 39 

Channel 

All sites 
except 
Esperance 1 26 26 12 12 

 Esperance 4 52 208 36 144 

Total    906  408 

  

The recommended frequency for monitoring of AST represents a reduction of 69% per annum in 

sampling effort (noting this is likely to continue at same frequency as DST due to same analytical 

test). 

It should be noted that during this project, the reviewers reflected on management factors that could 

potentially affect food safety risk, including: 

1. Early prediction = defined as positive screen and/or confirmed results occurring at least 14 

days before Category 3 or 4 events were breached. 

2. Current analytical methodologies. 

 
Therefore, it is recommended that ShellMAP members confirm these assumptions are valid or 
establish new ones when considering new methods and cost-benefits calculations. 
 
Further, while the recommendation reduced sampling program meets the minimum international and 

ASQAP regulatory requirements, many countries chose to implement more comprehensive 

monitoring programs to gain further understandings of their local environments and biotoxin risks and 

to reduce the impacts of any recalls.  

It is therefore suggested that ShellMap uses this review as an opportunity to also review the desired 

aims for their marine biotoxin monitoring programme. Such aims might include: 

• Market access verification program. 
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• Collection of information to inform risk assessment – an understanding of which algal and 

shellfish species, areas, seasons, environmental conditions increase risk of toxin 

accumulation. 

• Building knowledge to enable early prediction for proactive management of risk. 

The reduced monitoring program satisfies the first aim. If there is a desire cover the latter two aims, 

an expanded program and/or following novel methodologies should be considered. It may well be 

appropriate that resource savings from a reduced monitoring program be reinvested in taking a wider 

view, using research science to gain a better understanding of Tasmania’s environment (physical, 

industry and market access requirements). this information will assist in executing the next project 

steps. 

12.4 Assessment of recommendations using hind-casting 
Hindcasting is the technique of using the existing data to “back-test” a theoretical model. In this case 

we are using the existing data to test how many biotoxin events would have been missed if we had 

been monitoring on the new monitoring regime recommended in this report.  

When assessing risk for each toxin group, we have identified every month where there has been a 

category 3 or 4 biotoxin event, i.e., when toxins levels have exceeded three quarters of the ML. In all 

these months we have recommended no change to the weekly monitoring frequency. We have only 

recommended change to the biotoxin monitoring frequency where there have not been toxin levels 

elevated above three quarters of the ML. Thus, by definition, if we hindcast these scenarios for PST, 

DST and AST, we find no difference in the detection of events. 

12.5 Future Risk Management Steps 

This review has classified risk in each growing area based on the data set provided and made several 

recommendations that ShellMAP will need to review. These recommendations will have implications 

for biotoxin management and therefore Tasmania’s overview and individual growing marine biotoxin 

management plans may need amending.   

12.5.1 Marine Biotoxin Management Plans 

Based on ShellMAP’s policy decisions after this review the state and local growing area Marine 

Biotoxin Monitoring Plans must be updated, documenting the following: 

• The verified official sampling sites for marine biotoxin and phytoplankton monitoring.  The 
decisions for these sites should be based on environmental knowledge and shellfish 
production systems. 
 

• Amended sampling frequencies. 
 

• The triggers used to instigate increased event monitoring, area closures, re-opening, and the 
return to baseline sampling. 
 

• The shellfish species to be monitored during an active marine biotoxin event (note, all 
shellfish species that are being actively harvested should be sampled for biotoxin activity). 

 

• The marine biotoxin, and if applicable phytoplankton, sampling required to officially re-open 
a growing area that has been placed in the inactive status. 
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12.5.2 Risk Profile Reviews 

The marine biotoxin risk profile for each growing area should be reviewed and documented whenever 

environmental knowledge, applicable to the marine biotoxin risk, becomes available or at least on an 

annual basis.  

The risk profile review factors to be considered include:  

i) Any marine biotoxin activity, and if available, the associated phytoplankton activity.   

ii) Category 3 and/or 4 levels biotoxin events, along with the predictive triggers which 

activated the ‘event sampling regime’.  

iii) Any new regulatory biotoxin requirements listed in the Australian Shellfish Quality 

Assurance Program Guidelines, the Primary Produce Safety Regulations, the Department of 

Agriculture’s Export Standards and the Food Standards Code. 

iv) Any other applicable environmental science or public policy factors. 

If the risk profile review identifies a significant change in the risk factors the sampling regime and 

Marine Biotoxin Management Plans should be amended accordingly. 

When there have been significant environmental changes, impacting the biotoxin risk profile for any 

growing area, a full zone and/or state risk profile should also be undertaken at least every five years. 

If there have been no significant environmental changes, impacting thel marine biotoxin risk profiles, 

a full state review should be undertaken at least every 10 years. 
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APPENDIX I: HISTORIC SUMMARY OF BIOTOXINS IN TASMANIA (PRIOR 

TO 2012) 
The Tasmanian biotoxin monitoring program began in the 1980’s, when the toxic dinoflagellate 

Gymnodinium catenatum was discovered in the D’Entrecasteaux Channel. 

Phytoplankton testing 

Originally phytoplankton testing was the mainstay of the biotoxin monitoring program, with biotoxin 

testing only occurring following counts exceeding trigger levels. The program was restricted to the 

south-east of the state where Gymnodinium catenatum was known to occur. Phytoplankton counts 

occurred in-house using Lugols fixative in the field, and gravitational settling overnight followed by 

concentration of algae, and identification under light microscopy (using fresh samples to aid 

identification where necessary).  

From 2001-current, phytoplankton counts of Lugols fixed samples were out-sourced to Analytical 

Services Tasmania, who continue to use gravitational settling for phytoplankton concentration, 

followed by light microscopy.  

During the 2012/2103 bloom it became evident that identification of Alexandrium catenella (then 

known as A. tamarense) was an issue. Molecular analysis has shown that although A. catenella is the 

dominant species, A. pacificum and A. australiense are also present on occasion. These three species 

are indistinguishable by light microscopy and are collectively labelled A. tamarense complex by AST. 

Biotoxin testing 

Biotoxin testing has changed over time.  

Prior to 2012 both the mouse bioassay (AOAC 959.08) and Oshima HPLC methods were used for PST 

analysis. The mouse bioassay (MBA) data prior to 1993 that was less than the level of detection 

(LOD) was recorded as the LOD; i.e. a lab result of <40 would be recorded as 40. The LOD for MBA 

generally varied between 0.35 and 0.45 mg STX/Kg depending on the weight of the mice used, and 

the LOD for HPLC was 0.19 mg STX/Kg. Samples were frequently analysed by both MBA and HPLC. 

Prior to 2010, MBA was used to screen and test from DSP and NSP. Occasional chemical tests were 

conducted using HPLC from interstate and international institutes where possible. 

Between 2012 and 2020 Tasmania’s marine biotoxin programme has been using the following 

assays: 

TOXIN LABORATORY METHOD 

Paralytic Shellfish Toxin AOAC method 2005.06 
(Lawrence 2005) – screen and confirmation 

Diarrhetic Shellfish Toxin  LCMS (Villar Gonzalez 2011) 

Amnesic Shellfish Toxin  LCMS (Villar Gonzalez 2011), with modified 
extraction to confirm OA 
LCMS (Villar Gonzalez 2011) screen followed by 
HPLC method to confirm OA 
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Summary of growing area biotoxin monitoring results prior to 2012 

Montague 

Historically regarded as a low-risk area. 

Phytoplankton 

114 phytoplankton samples analysed 2001 – 2019.  

No PST producers detected 

One detection of a potential DST producer (Dinophysis acuminata 100 cells/L). Low numbers 

Psuedonitzschia spp detected (max 34000 cells/l).  

Biotoxins 

No biotoxin tests conducted. 

Big Bay 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

15 phytoplankton samples analysed 2004-2008. 

Gymnodinium catenatum detected at 200 cells/L in May 2007 

Low numbers Psuedonitzschia delicatissima group detected (max 3400 cells/l).  

Biotoxins 

9 PST samples analysed between 1988 and 1994 (1 MBA, 9 HPLC). No toxins detected. 

Duck Bay 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

73 phytoplankton samples analysed 2000-2011. 

No potential PST or DST producers detected 

Low numbers Psuedonitzschia spp detected (max 54,000 cells/l).  

Biotoxins 

1 PST samples analysed in 1992 (HPLC). No toxins detected. 

Port Sorell 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

49 Phytoplankton samples analysed between 2001 and 2011.  

G. catenatum detected in March 2006 at 190 cells/L 
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Low numbers Psuedonitzschia spp detected (max 40000 cells/l).  

Biotoxins 

5 PST samples analysed (all HPLC) between 1988 and 1993. No PST detected. 

Moulting Bay 

Classified in the 2006 risk assessment as a medium risk area. 

Phytoplankton 

163 phytoplankton samples 2001 – 2008. 

Potential PST producers: A. cf catenella May 2005. G. catenatum 2000 cells/L March 2003 (no test), 

2100 Oct 2005 (no toxin detected), May 2006 (no toxin detected) 

Highest potential DST producer 840 cells/L (Dinophysis caudata) in Dec 2011 

Occasional high levels of potential AST producers (max 3.1 x 106 cells/ml Pseudo-nitzschia 

delicatissima group) in Oct 2006. 

Biotoxins 

87 PST samples analysed (63 MBA, 27 HPLC) from 1987-2009. One PST positive event in May 2005, 

max PST detected 0.52 mg STX equiv./kg associated with G. catenatum (500 cells/L) 

52 DST samples analysed (49 Mouse screens, 26 HPLC) 2006-2010. One DST positive event in Feb – 

April 2007, max DST detected 0.11 mg OA equiv./kg. No DST producers seen in phytoplankton count 

49 AST samples analysed (HPLC). 3 positive detections, max 0.19 mg DA /kg in Oct 2006 (see 

phytoplankton count above) 

1 NST samples analysed in April 2003 (LCMS/HPLC) in response to 85,000 cells/l K. cf brevis. No toxin 

detected. 

Great Swanport 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

87 phytoplankton samples 2001-2011.  

G. catenatum detected in April and Sept 2004, Jan and Mar 2006 and Mar 2010 (max levels 1800 

cells/l in Sept 2004) 

Occasional detections of D. acuminata (max level 1600 cells/l in June 2006) 

P. psuedodelicatissima and P. seriata groups commonly seen in low numbers (max 92,000 in Oct 

2009) 

Biotoxins 

13 PST samples analysed (5 MBA, 11 HPLC) 1987 - 2004. No positive detections 

1 DST and AST samples analysed in 2006 (HPLC), no toxin detected. 

Great Oyster Bay 
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Classified in the 2006 risk assessment as a low risk area. 

Phytoplankton 

100 phytoplankton samples analysed 2001-2011. 

D. acuminata and D. fortii occasionally present at low numbers. One sample in Oct 2001 found D. 

fortii at 3086 cells/L 

G. catenatum found on 3 occasions (April 2007, June and Sept 2008); max 200 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 160,000 cells/L in April 2010. 

Biotoxins 

2 PST samples analysed between 2004 and 2005 (MBA only). No toxin detected. 

Little Swanport 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

118 Phytoplankton samples analysed 2001-2011. 

G. catenatum present in Sept 2003, Mar 2004 and Apr 2006. Max level 850 cells/L in Mar 2004 

D. acuminata and D. fortii rarely seen. Max level 250 cells/L in Dec 2003 

Pseudonitzchia delicatissima and seriata groups common. Max 2.4 x 106 cells/L in April 2010. 

Biotoxins 

18 PST samples analysed between 1987 and 2005 (2 MBA, 17 HPLC). No toxin detected. 

Spring Bay 

Classified in the 2006 risk assessment as a high-risk area. 

Phytoplankton 

164 phytoplankton samples analysed 2001-2011.  

G. catenatum present Nov 2003, Mar-Apr 2004, Mar 2005, Mar 2006, Sept 2008. Max 15,000 cells/L 

in Mar 2004 

A. cf catenella present in May 2005; max 400 cells/L 

D. acuminata and D. fortii rarely seen. One event in Jan 2002, D. fortii 3704 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 0.55 x 106 cells/L in Oct 2010. 

Biotoxins 

41 PST tests 1991-2008 (35 MBA, 6 HPLC). Two PST events over the ML: Mar-Apr 2004 (max 2.2 mg 

STX equiv./kg) and Mar 2005 (max 4.8 gm STX equiv./kg); both associated with G. catenatum. No 

toxin detected in association with A. cf catenella 

One DST sample analysed in Jan 2002; no toxin detected 
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8 AST samples analysed; no toxin detected. 

Blackman Bay (now renamed Boomer Bay) 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

110 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in Apr 2001, Aug 2003, Apr 2004, June 2005, Sept 2007, Oct 

2007 and Feb 2010. Max 750 cells/L in Apr 2004 

D. acuminata and D. fortii rarely seen. Max 300 cells/L in Apr 2001 and Sep 2007 

Pseudonitzchia delicatissima and seriata groups common. Max 0.55 x 106 cells/L in Oct 2010. 

Biotoxins 

8 PST samples analysed between 1990 and 1994 (1 MBA, 8 HPLC). No toxin detected. 

Dunalley Bay/Fulham Island 

Classified in the 2006 risk assessment as a low risk area. 

Phytoplankton 

99 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in Apr 2001, Aug 2003, Apr 2004, June 2005, Sept 2007, Oct 

2007 and Feb 2010. Max 750 cells/L in Apr 2004 

D. acuminata, D. acuta and D. fortii occasionally seen. One event max 1000 cells/L in Oct 2001 

Pseudonitzchia delicatissima and seriata groups common. Max 0.44 x 106 cells/L in Oct 2007. 

Biotoxins 

10 PST samples analysed between 1987 and 2004 (7 MBA, 9 HPLC). No toxin detected 

1 DST sample analysed in 2001 (HPLC). No DST detected. 

Eaglehawk Bay 

Classified in the 2006 risk assessment as a low -risk area (included in Norfolk Bay). 

Phytoplankton 

See Norfolk Bay 

Biotoxins 

11 PST samples analysed between 1990 and 2004 (1 MBA, 10 HPLC). No toxin detected 

2 AST samples analysed between 2002 and 2005 (HPLC). No toxin detected. 
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Norfolk Bay  

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

124 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in Sep 2002, Jul and Aug 2003, and Jan, Feb and May 2008. 

Max 460 cells/L in Jul 2003 

D. acuminata, D. acuta and D. fortii occasionally seen. One event max 1300 cells/L in Aug 2007 

Pseudonitzchia delicatissima and seriata groups common. Max 3.0 x 106 cells/L in Feb 2003. 

Biotoxins 

1 AST sample analysed via HPLC in 2004, no toxin detected. 

Garfish Bay/Dart Island  

Classified in the 2006 risk assessment as a low-risk area (included in Norfolk Bay). 

Phytoplankton 

See Norfolk Bay 

Biotoxins 

10 PST samples analysed between 1990 and 1992 via HPLC; no toxin detected. 

Pitt Water 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

112 phytoplankton samples analysed 2001-2011. 

Pseudonitzchia delicatissima and seriata groups common. Max 1.4 x 106 cells/L in Jan 2011. 

Biotoxins 

116 PST samples analysed between 1987 and 2010 (70 MBA, 66 HPLC). One positive detection of 

0.48 mg STX equiv./kg in May 2011 (no potential PST producers found at this time) 

76 samples analysed for DST between 2006 and 2011 (33 MBA screens, 18 MBA confirmations, 29 

HPLC). No DST detected 

75 samples analysed for AST between 2006 and 2011 (HPLC). One detection 0.56 mg DA/kg in 

October 2006. No potential AST producers in the Oct 2006 water sample. 

Island Inlet 

Not considered in the 2006 risk assessment. 

Phytoplankton 

See Pitt Water phytoplankton 
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Biotoxins 

1 sample analysed for PST via MBA in June 2008. No toxin detected. 

Pipe Clay Lagoon 

Classified in the 2006 risk assessment as a low- risk area. 

Phytoplankton 

111 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in May 2001, Jul 2003 and Aug 2007. Max 840 cells/L in Jul 

2004 

D. acuminata and D. fortii rarely seen. One event in Oct and Dec 2003; max 3333 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 3.6 x 106 cells/L in Mar 2006. 

Biotoxins 

62 PST samples analysed between 1987 and 2009 (50 MBA, 23 HPLC). Events in Nov 1987, May 1993, 

June 2008. One sample above the ML (1.78 mg STX equiv./kg in June 2008; no PST producing algae 

found in water samples) 

36 samples analysed for DST between 2006 and 2009 (32 MBA screen, 12 confirmations MBA/HPLC). 

One event in May -Oct 2007 associated with low levels D. fortii (max 300 cells/L, max 0.35 mg OA 

equiv./kg in September 2007) 

31 samples analysed for AST between 2001 and 2009 (HPLC). Max 0.075 mg DA/kg in Sep 2007; < 

3000 cells Psuedonitzchia delicatissima and seriata groups /L). 

Great Bay 

Classified in the 2006 risk assessment as a medium risk area. 

Phytoplankton 

124 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in Dec 2007, May 2008, Apr 2009, and Mar-Apr 2011. Elevated 

counts in May 2008 and Mar-Apr 2011. Max 20,000 cells/L in Apr 2011 

D. acuminata and D. fortii occasionally seen. Max 500 cells/L in Sep 2007 

Pseudonitzchia delicatissima and seriata groups common. Max 0.9 x 106 cells/L in Feb 2006. 

Biotoxins 

40 samples analysed for PST from Great Bay between 1987 and 2011 (27 MBA, 46 HPLC). Exceeded 

ML May – August 1993 and March – April 2011 (associated with G. catenatum). Max PST level 

measured 4.7 mg STX equiv/kg in Apr 2011. 

Fleurtys Point 

Classified in the 2006 risk assessment as a medium risk area. 

Phytoplankton 
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118 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in Jul 2003, May 2008, Mar 2009, Apr-May 2010 and Apr 

2011. Elevated numbers in 2008, 2009 and 2011; max 7000 cells/L in Apr 2011 

D. acuminata and D. fortii rarely seen. Max 200 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 0.2 x 106 cells/L in Sep 2004. 

Biotoxins 

32 PST samples analysed from 1987-2011 (17 MBA, 23 HPLC). Exceeded ML in October 1987, April 

1993 and March 2011. Max level measured 18.5 mg STX equiv/kg in Apr 2003; associated with G. 

catenatum. 

Gardners Bay 

Not considered in the 2006 risk assessment. 

Phytoplankton 

6 phytoplankton samples analysed 2002-2010. 

G. catenatum present in low numbers in May 2010 (600 cells/L) 

D. fortii present in May 2002 (100 cells/L) 

Pseudonitzchia delicatissima and seriata groups present in Mar 2003 (max 3900 cells/L). 

Biotoxins 

34 PST samples analysed between 1991 and 2011 (20 MBA, 15 HPLC). Events above ML in April 1991, 

January - Feb 1992, May 1992, March- April 1993, and March 2011. Max level measured 122.67 mg 

STX equiv./kg in April 1993; associated with G. catenatum. 

Port Esperance 

Classified in the 2006 risk assessment as a high-risk area. 

Phytoplankton 

210 phytoplankton samples analysed 2001-2011. 

G. catenatum bloom events in May 2001, Mar-Jul 2002, Mar-Aug 2003, Jan-May 2004, Jan-Apr 2005, 

Apr 2007, Jan 2009 – Apr 2009, Mar-Jul 2010 and Mar-Apr 2011. Max 0.4 x 106 cells/L in Mar 2011 

D. acuminata, and D. fortii commonly seen, and rarely D. acuta. One event max 2100 cells/L in Jan 

2005 

Pseudonitzchia delicatissima and seriata groups common. Max 1.8 x 106 cells/L in Mar 2006. 

Biotoxins 

435 PST samples analysed between 1987 and 2011 (301 MBA, 187 HPLC). Events above the ML 

frequent in association with G. catenatum; predominantly in spring, winter and autumn but 

occasionally over summer. Maximum level measured 189.9 mg STX equiv./kg in May 1993 

3 samples analysed for DST and AST (HPLC). No toxins detected 
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2 samples analysed for NST; no toxin detected. 

Hastings Bay 

Classified in the 2006 risk assessment as a medium risk area. 

Phytoplankton 

126 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in May 2001, May-Jul 2002, Jan-Apr 2005, Dec 2008. Bloom 

events in Nov 2001, Mar 2004, Jan-May 2008 and Jan-Apr 2011. Max level 47,000 cells/L in April 

2011 

D. acuminata and D. fortii occasionally seen. Events in Jan 2005, May 2007 and Jan 2011; max 5,600 

cells/L in May 2007 

Pseudonitzchia delicatissima and seriata groups common. Max 3.1 x 106 cells/L in Apr 2004. 

Biotoxins 

93 samples analysed for PST between 1990 and 2011 (27 MBA, 73 HPLC). One event above the ML in 

April to June 1993; max level measured 22.12 mg STX equiv./kg, associated with G. catenatum 

1 sample analysed for AST in May 2001 via HPLC. No toxin detected.  

Recherche Bay 

Classified in the 2006 risk assessment as a low-risk area. 

Phytoplankton 

88 phytoplankton samples analysed 2000-2011. 

G. catenatum present in low numbers in Sep 2001, Apr 2008, Mar-Apr 2009, Apr 2010, and Mar-May 

2001. One event in Mar 2011; max 2800 cells/L 

D. acuminata, D. acuta and D. fortii rarely seen. One event max 3200 cells/L in Nov 2001 

Pseudonitzchia delicatissima and seriata groups common. Max 97,000 cells/L in Nov 2010. 

Biotoxins 

14 samples analysed for PST between 1987 and 2011 (4 MBA, 11 HPLC). One event above the ML in 

April 2001 (max level 1.05 mg STX equiv./kg); associated with G. catenatum. 

Little Taylors Bay 

Not considered in the 2006 risk assessment. 

Phytoplankton 

75 phytoplankton samples analysed 2001-2011. 

G. catenatum present in Oct 2007 (100 cells/L) 

D. acuminata and D. fortii occasionally seen. Max 120 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 0.5 x 106 cells/L in Mar 2006. 
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Biotoxins 

24 samples analysed for PST from 1988 – 2011 (10 MBA, 15 HPLC). Events above the ML in April – 

July 1993 and June 1998. Max level measured 84.5 mg STX equiv./kg; associated with G. catenatum 

One sample analysed for NST in May 1991 (MBA). No toxin detected. 

Cloudy Bay Lagoon 

Classified in the 2006 risk assessment as a high-risk area. 

Phytoplankton 

110 phytoplankton samples analysed 2001-2011. 

G. catenatum present in low numbers in May 2005 and May 2010. Bloom events in Mar-Apr 2004 

and Mar – Apr 2011; max 9300 cells/L in Mar 2004 

D. fortii rarely seen, max 200 cells/L 

Pseudonitzchia delicatissima and seriata groups common. Max 0.2 x 106 cells/L in Dec 2005. 

Biotoxins 

19 samples analysed for PST (15MBA, 7 HPLC). Events above the ML in May 1993, April 2004, April – 

May 2011; associated with G. catenatum. 
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APPENDIX II: FLOW CHART OF  MARINE BIOTOXIN REVIEW PROCESS 
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