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1 Executive summary 
This report shows that dog deaths that have occurred in the Auckland region since 
early July 2009 are due to poisoning by tetrodotoxin.  A total of fourteen dogs with 
similar symptoms were poisoned after being on beaches in the Hauraki Gulf from 
Whangaparoa to Coromandel. It is likely that all the dogs came into contact with a sea 
slug (grey side-gilled sea slug - Pleurobranchaea maculata) containing tetrodotoxin at 
very high levels. 

We know that tetrodotoxin is a potent neurotoxin and that 1-2 mg can kill a person.  
Sea slugs collected from Cheltenham and Narrow Neck Beaches on Auckland’s North 
Shore contained up to 0.85 mg per gram and were found to contain toxin on their skin 
in high concentrations.  Although tetrodotoxin has not previously been reported in New 
Zealand, or in sea slugs, the findings are alarming and there is potential for human 
poisoning.  Death from tetrodotoxin is common worldwide through the consumption of 
contaminated food or from the bite of a tetrodotoxin carrying octopus. 

We do not know if these sea slugs commonly contain tetrodotoxin.  It may be that 
during 2009 there have been more sea slugs, more dogs or a higher concentration of 
tetrodotoxin in sea slugs than normal in the Auckland area.  The poisonings may be 
due to a combination of some or all of these factors.  Little is known about the source 
of the sea slug contamination, however, it may lie in the shallow sub-tidal crustose 
turf/benthic algal communities adjacent to these beaches.  It may be that tetrodotoxin 
occurrence in sea slugs or other organisms is sporadic and limited in geographic extent 
and systematic surveys are needed to determine this. 

Due to the potential for harm to people and the novelty of this event there are a 
number of short-term recommendations requiring urgent attention. 

1. Erect signage to warn the public 

2. Determine if other organisms that are potentially edible contain tetrodotoxin 

3. Determine the national distribution of this toxic sea slug 

4. Commence research into the sea slug through laboratory based studies 

5. Provide testing services for potential clinical cases 

Other recommendations include the need for a long term strategic look at establishing 
a framework for similar multi-agency investigations in future as it must be noted that 
this investigation was unusual because a toxin was quickly identified.  In order for this 
to occur a national response policy needs to be established that facilitates the kind of 
co-operation demonstrated during this event with the potential for an investigation to 
become long term. 
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2 Objectives 
The objectives of this report are to provide the following: 

• A summary of investigations completed up to 27 August 2009 into dog deaths on 
beaches in Auckland, including evaluation of possible links to deaths of marine 
life during June and July 2009. 

• A summary of toxin testing results from Cawthron.  

• A review of current knowledge tetrodotoxin and the ecology of the sea slug 
Pleurobranchaea maculata. 

• Interpretation of the event within the context of surrounding human 
environmental influences. 

• Recommendations for future actions, and monitoring and surveillance over the 
short to long term.   
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3 Description of problem 

3.1 Notification of problem 

Over 300 calls have been made to the Ministry of Agriculture and Forestry (MAF) free 
phone (0800 80 99 66) reporting incidences of suspected animal poisoning including 
dog, penguins, pilchards and dolphins.  Forty-one calls related to dogs poisonings and 
investigation by MAF (National Centre for Disease Investigation) has resulted in 14 
possible cases being defined.  The location of these cases, plus four cases 
subsequently removed after further analysis, is detailed in Figure 1. 

As a result of media reports into these animal deaths there has been significant public 
interest in the results of this investigation.  All the agencies affected (Appendix A) by 
dog poisonings and the potential for harm to people in the area have received 
significant number of phone calls from the public.  However, the calls by veterinarians 
to the MAF free phone initiated a formal response. 

 
Figure 1.  Locations of dog poisoning incidents (Green symbols).  

 

 

Calls to the MAF free phone are assessed by staff at the National Centre for Disease 
Investigation and a cluster is noted based on their professional judgement.  In this case 
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the rapid onset of vomiting, often before the dog had left the beach followed by the 
rapid onset of other symptoms was judged to be irregular. 

Cases as per MAF Biosecurity New Zealand (BNZ) were defined as: “The common 
symptoms of these dogs include vomiting, ataxia, bradycardia, and lethargy.  The 
variable symptoms include salivation, dysphasia, diarrhoea, muscle fasciculation, 
seizures, respiratory failure, cardiac arrhythmia and death.  The case definition is a dog 
that has been to a beach with one or more of the common symptoms with or without 
the variable symptoms reported to the MAF 0800 number in the period 14 July – 27 
August 2009.  The onset of clinical signs must be within 48 hours of being at a beach.”  
The cases could not be definitively confirmed by toxicology as dogs that died had been 
disposed of before the investigation was officially commissioned.  Similarly, blood and 
urine samples from recovered dogs were not available due to the time period that had 
elapsed and limitations in the detection limits of the clinical assay. 

3.2 Identification the cause of the problem 

Tetrodotoxin (TTX,  

Figure 2) was identified by Cawthron in a composite sample of three sea slugs 
(Pleurobranchaea maculata) (Figure 3) collected from Narrow Neck beach on 7 August 
2009.  Tetrodotoxin was also found in the vomit of one dog that died soon after visiting 
Narrow Neck beach (Case 3, Appendix B). 
 
Figure 2.  Tetrodotoxin (TTX). 
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TTX is a potent neurotoxin known to occur in a wide range of marine organisms 
including puffer fish, xanthid crabs, newts, ribbon worms, blue ringed octopus, and 
others.  TTX poisoning is very consistent with the case definition described above and 
has been divided into 4 grades based on severity of poisoning (Kaku et al 1995). 

• Grade 1:  Numbness around mouth, paresthesia, nausea  



Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 12 

• Grade 2:  Numbness of face, tongue and other areas, early motor paralysis and 
incoordination, slurred speech, reflexes normal  

• Grade 3:  Widespread paralysis, dyspnea, hypotension, fixed dilated pupils, 
patient still conscious  

• Grade 4:  Severe respiratory failure and hypoxia, hypotension, bradycardia, 
Cardiac dysrhythmias, patient may be unconscious, death due to respiratory 
failure 

The levels of TTX found in samples of sea slug ranged from 91 to 850 mg/kg with a 
median of 385 mg/kg (n=12) refer to Table 1.  The oral toxicity of TTX in dogs is not 
known, however the minimum lethal dose in humans is 1-2 mg (Yin et al 2005, 
Noguchi & Ebesu 2001).  Thus a lethal dose may be as low as 0.1 mg of TTX for dogs 
(based on a small dog being one tenth of a human in size and assuming dogs are as 
sensitive as humans).  Therefore, based on a median value of 0.385 mg/g it is possible 
a quarter of a gram of sea slug may be fatal to a dog and two grams for a human. 

Other samples (mussels, oysters, pilchards, sponges, porcupine fish, sea cucumber, 
another species of sea slug and two other dog vomit samples) were also tested for 
TTX and all were negative down to 0.05 mg/kg.   

 

Figure 3.  Photos of sea slugs (Pleurobranchaea maculata) in captivity at Cawthron Institute.  The 

slug pictured at right is laying an egg mass.  These slugs were approximately 60 mm long. 
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3.3 Other organisms considered 

One hundred and thirty-nine calls to the MAF free phone reported dead penguins 
washed up on beaches.  These reports were over a much wider area (Northland to Bay 
of Plenty).  Six penguins have been examined post mortem by the New Zealand 
Centre for Conservation Medicine and the results indicate these specimens died of 
starvation.  Histology on two specimens did not indicate acute poisoning.  There is no 
evidence that links the dog deaths to penguin deaths.  It is not uncommon for 
penguins to wash up dead on New Zealand beaches. 

Since 9 July 2009 there have also been eight dead common dolphins found in the 
Hauraki Gulf region.  The results of post mortem analysis of six animals were not 
diagnostic and no cause of death could be determined.  Testing of dolphin specimens 
was not considered necessary due to the very specific pathways of TTX transmission, 
the need to focus effort on the most likely vector species, and the risk of false 
negatives. 

Reports of dead pilchards washing up on beaches around the Whangaparoa peninsula 
were received.  The first report was around mid-July and the last report was 31 July 
2009 at Long Bay.  A similar mortality event occurred in the same region (and 
subsequently nationwide) in June 1995, which was attributed to pilchard herpes virus.  
MAF BNZ has commissioned specific tests for pilchard herpes virus and results are 
pending.   

Reports of other fish species washing ashore dead have also been received around 
Whangaparoa (e.g. porcupine fish, snapper) but not high enough numbers to be 
considered significant.  

3.4 Consideration of 1080 and brodifacoum 

The Department of Conservation (DOC) initiated testing for brodifacoum in penguins, 
dolphins and dogs due to concerns that their pest control programme on Rangitoto and 
Motutapu Islands could be the cause of deaths in these species.  Independent 
veterinary post-mortem, symptom presentation assessment and histology test results 
have all been negative to brodifacoum poisoning.  Brodifacoum testing on the same 
dog vomit that contained TTX was negative.  The discovery of TTX in this dog vomit 
removes any chance the death might have been from anything but TTX. 

The post-mortem analysis of penguins by the New Zealand Centre for Conservation 
Medicine, showed no evidence of an acute poison as the possible cause.  The analysis 
concluded that the birds were in poor body condition and that starvation was the likely 
cause of death.  The post-mortem analysis of dolphins by Massey University did not 
reveal any evidence of brodifacoum poisoning.  No 1080 or brodifacoum testing of 
pilchards was completed; however, these mortalities were in a location remote to 
recent pest control activities, they involved multiple locations reported from around 
Whangaparoa over a period of at least two weeks and were similar to previous events 
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reported in the 1990s, whereas you would expect a point source of contamination to 
produce a single event and affect multiple species. 

DOC concludes that the application of brodifacoum to remove rodents from Rangitoto 
and Motutapu Islands had no relationship to the co-incidental death of dogs, pilchards, 
dolphins and penguins. 
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4 Affected agencies 
Nineteen agencies were involved in the Joint Steering Group or the Technical Advisory 
Group (TAG).  The agencies and nominated representatives are listed in Appendix A.  
Members of the public and businesses involved with the sea, such as tourist 
operators, have also been impacted by this event. 

A brief telephone survey was conducted by Cawthron to see how a sub-section of 
affected agencies had initially become involved, what the key role of their agency had 
been and what information they found most useful from the steering group or the 
TAG.  Some general trends emerged and some of the suggestions have been included 
as recommendations in this report. 

In general, most organisations became involved due to a responsibility to investigate 
unusual events; for example, MAF BNZ to determine if it might be a new disease.  
Other organisations initially became involved to assist as best they could, Cawthron 
became involved as they had relevant skills to add to the existing information.  The 
involvement of Auckland Regional Council (ARC) is perhaps the most interesting as the 
emerging issue appeared to be no more that a series of random, natural events that 
occur episodically in the Hauraki Gulf.  However ARC agreed that a single coordinator 
was appropriate and formally commenced this role on 10 August 2009. 

While it was not always clear why an agency had become involved, or taken on the 
role they did, it was interesting that each agency was very clear what their role had 
been and how they had contributed.  MAF BNZ providing veterinary advice, New 
Zealand Food Safety Authority (NZFSA) providing advice on food, DOC fieldwork and 
assessment, Auckland Regional Public Health Service (ARPHS) providing health 
information to the public etc. 

The most useful information generated was of a technical nature, narrowing the list of 
potential toxins based on the dog death case data and finding toxic sea slugs and TTX.  
The reason this information was useful was that the uncertainty had been reduced and 
constructive management and mitigation strategies could be initiated. 

There was general agreement that the MAF free phone number (0800 809966) was 
very useful; mostly in aiding identification of a cluster of related events and then 
allowing links to other events to be tracked and ruled in or out as new information 
came to hand.  DOC and ARPHS also have public phone lines and there seemed to be 
a clear distinction between events involving human illness and animal illness, but less 
clear distinction when it was an animal if it was the DOC or MAF free phone number 
that needed calling.  MAF were also keen to emphasis the fact that calls to their 
number should be for unusual events.  Some streamlining of this system between 
agencies seems desirable and while it may be the responsibility of one agency to run 
the 0800 number the other agencies need to ensure their area of expertise is well 
known to the 0800 call centre agency. 

Finally it was noted that this event may not have even been recognised for what it was 
if it had occurred outside of Auckland.  The veterinarians of Auckland are to be praised 
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for diligent notification to MAF and the close working relationship between the 
agencies in Auckland was evident. 
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5 Actions taken to investigate the problem 
A wide range of actions were taken at various times throughout the investigation and 
the significant findings were well summarised by regular situation reports and in a final 
report on the testing performed at Cawthron.  A full summary of those reports can be 
found in Appendices C and E.  However, the brief time-line of actions followed are 
described here. 

5.1 Summary of events, based on Situation Reports (Appendix C) 

7 August 2009 

• MAFBNZ commenced a surveillance and casing project for dog- and penguin-
related calls to the MAF free phone and as part of this asked the National 
Poisons Centre to create a short list of potential causes.  

• Testing and the rapid onset of symptoms eliminated brodifacoum and other pest 
poisons as potential causes; and testing for toxic algae found no evidence of 
these.  

• Toxins and particularly neurotoxins were correctly identified as a likely cause and 
initially a link between dog, dolphin, penguin and pilchard deaths could not be 
ruled out.  

• North Shore City Council erected signs on beaches.  Water samples were taken 
from 18 beaches on the North Shore and analysed for faecal bacteria and toxic 
algae.  Nothing of concern was identified. 

 

13 August 2009 

• A sea slug (Pleurobranchaea maculata) was identified from samples collected by 
Cawthron at Narrow Neck beach and TTX was provisionally identified as the toxin 
from a composite sample of three individuals.   

• Evidence of bloom-level chlorophyll was observed by National Institute of Water 
and Atmospheric Research (NIWA) in the first two weeks of July; however, there 
was no other evidence to support the hypothesis that a pelagic algal toxin was 
responsible; particularly as regular monitoring by the NZFSA in the Hauraki Gulf 
revealed nothing of concern. 

• Post mortem analysis of penguins by New Zealand Centre for Conservation 
Medicine indicated they had died of starvation.  

• Auckland City Council joined North Shore City Council in erecting warning signs 
on beaches.  Significant numbers of P. maculata were only found at Narrow Neck 
beach and one at Cheltenham despite extensive searches at seven beaches on 
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the North Shore and two in Tamaki/East Auckland.  Further surveys of the Firth of 
Thames were undertaken by NIWA on behalf of Environment Waikato, no sea 
slugs were found. 

 

21 August 2009 

• More biological samples were collected and tested for TTX by Cawthron.  
Results showed only sea slugs and one dog vomit sample from Narrow Neck and 
Cheltenham beaches contained TTX.   

• Surveillance was ongoing and reports from Long Bay and Stanmore Bay reported 
no slugs were found.  No sea slugs were found on Manukau Eastern beaches 
following an extensive search. 

• MAF BNZ continued to record reports of dead animals and sick dogs.  From a 
total of 41 reported dog incidents 18 were considered possible cases.  

• Information about the sea slug, P. maculata, and TTX, was compiled by Cawthron 
scientists and advice sought from Dr Richard Wilan, Curator of Molluscs at the 
Northern Territories Museum, Darwin Australia and from Auckland Museum. 

5.2 Summary of ARC surveys 

A number of comprehensive surveys were carried out by ARC during the period 12-28 
August 2009 focusing on Narrow Neck and Cheltenham beaches as the collection of P. 
maculata specimens for further testing was considered a high priority.  On 12 August 
2009 several teams were deployed at Mount Wellington war memorial reserve, 
Eastern Beach, Long Bay, Brown’s Bay, Milford Beach, Castor Bay, Takapuna Beach, 
Narrow Neck Beach and Cheltenham Beach.  Pleurobranchaea maculata was only 
found at Narrow Neck (150-200 sea slugs) and Cheltenham (one sea slug).  Only four 
larger individuals were found alive and most of the specimens were dead when 
collected.  Other surveys were conducted on 17, 19, 21, 27 and 28 August 2009 at 
Narrow Neck and Cheltenham beaches.  During these surveys between four and 24 
specimens were found.  The specimens found were mostly alive, and those tested by 
Cawthron contained TTX at levels consistent with the initial sample.  Other beaches 
sampled were Long Bay and Stanmore Bay on 19 August 2009, but no sea slugs were 
found.  On 28 August 2009 Takapuna, Milford and St Leonards Beaches were 
searched and no slugs were found. 

5.3 Summary of Cawthron Report 1652 – (Appendix E)  

Extensive sampling and testing was completed by Cawthron on a range of samples 
from 13 August – 1 September 2009 to look for a potential toxin as the cause of the 
dog deaths.  No potential toxic algae were identified in any of the samples of dog 
stomach contents, dog vomit or seawater.  A series of samples was tested for toxicity 
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using mouse bioassay and a sea slug P. maculata sample returned a strongly positive 
result.  Subsequent work to identify the toxin focused on the sea slug sample and, as a 
result, TTX was identified in the sea slug sample. 

Tetrodotoxin was confirmed in the initial sea slug sample by LC-MS.  A LC-MS method 
of analysis was set up using authentic TTX and several known analogues of TTX were 
added to the method based on their known mass but no positive material was 
available to confirm their detection.  When TTX was found it was generally at high 
levels and minor amounts of 11-nor TTX were also detected but not confirmed.  The 
daughter ion spectra of authentic TTX and TTX from the initial sea slug were shown to 
be identical and ion ratios based on MRM channels were also consistent with finding 
TTX in sea slugs and dog vomit.  In addition the HPLC retention time of authentic TTX 
and TTX from the sea slug and dog vomit samples matched very well (well within 
normal laboratory variation). 

Confirmation of TTX in one dog vomit sample (Case 3, appendix B) provided a critical 
link between the dog deaths and the discovery of TTX in toxic slugs. 

After confirmation of the identity of the toxin LC-MS was used to quantify the amount 
of TTX present in samples.  Initial results were incorrect due to the calibration standard 
used.  Corrected data is presented in Table 1. 

Once the quantitative method was validated with a calibrated standard a single extract 
from the sea slug was tested by LC-MS and mouse bioassay.  The extract was more 
toxic than expected based on the measured TTX content but no other acute toxin was 
suspected of being present.  Some further checks are warranted but the most likely 
situation is that no other toxin is present. 

Finally samples were tested for TTX levels, and the results are summarised in Table 1. 
 
Table 1.  Tetdrotoxin concentrations in samples by LC-MS. 

 
Location Date Sampled Description TTX mg/kg* 

Narrow Neck Beach 7 August 2009 Pleurobranchaea maculata – initial 
sample of three sea slugs 

380 

Narrow Neck Beach 9 July 2009 Dog vomit – case 3, appendix B 18 

Cheltenham Beach 12 August 
2009 

P. maculata 140 

Narrow Neck Beach 12 August 
2009 

P. maculata – dissected 670 

Cheltenham Beach 17 August 
2009 

P. maculata – dissected 91 

Narrow Neck Beach 17 August 
2009 

P. maculata – dissected 450 

Narrow Neck Beach 17 August 
2009 

P. maculata –dissected 350 

Narrow Neck Beach 17 August 
2009 

P. maculata –dissected 320 
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Location Date Sampled Description TTX mg/kg* 

Nelson 18 August 
2009 

P. maculata –dissected 0.45 

Narrow Neck Beach - 
south 

21 August 
2009 

P. maculata 410 

Between 
Cheltenham and 
Narrow Neck 
Beaches 

21 August 
2009 

P. maculata 830 

Narrow Neck Beach - 
mid 

21 August 
2009 

P. maculata 850 

Narrow Neck Beach - 
north 

21 August 
2009 

P. maculata - large 240 

Narrow Neck Beach - 
north 

21 August 
2009 

P. maculata - small 390 

* Wet weight, total of all tested tissues if dissected. 

A large number of other samples were also tested for TTX and all were negative 
(<0.05 mg/kg).  Samples collected from Cheltenham or Narrow Neck Beaches and 
tested were: GreenshellTM mussels, marine sponges, dog vomit (two other cases from 
the list in Appendix B) an algal mat, another species of sea slug (Onchidella nigricans) 
and limpets (Cellana radians).  The dog vomit samples that tested negative were most 
likely from cases 1 and 10, Appendix B, and were not obviously vomit.  It is likely that 
these samples were not initial vomit samples or they were material sampled from near 
a vomit site and  appeared to be  sand or bark chips. 

Following up on specific enquiries several more samples were also tested for TTX and 
all were negative (<0.05 mg/kg).  Porcupine fish (Tragulichthys jaculiferus), oysters 
(Crassotrea gigas) and pilchards (Sardinops sagax) from Long Bay were investigated 
after a report of someone becoming ill from the consumption of oysters but no TTX 
was found, nor evidence of other usual toxins or bacterial contamination.  Pilchards 
from Orewa were gutted and the gut contents tested for TTX, none was found.  A dog 
that died suspiciously at Stanmore Bay was tested (stomach contents and liver) and no 
TTX found, this dog was later determined to have died of cancer (MAF BNZ data). 

A single specimen of P. maculata was retrieved from Nelson.  Tetrodotoxin was 
detected but at very low levels (Table 1).  As this was the only specimen available 
there was no opportunity to confirm this result, without replication we can only 
conclude that it is probable that P. maculata from other areas may also contain TTX.  
This is an area requiring further investigation. 

Dissection of the sea slug samples into internal organs (mouth, digestive tract, gonad 
and other internal organs) and external organs (including skin and the remaining 
tissues) was completed to try and test if P. maculata might be acquiring TTX from its 
diet.  The results varied greatly, with 11% to 85% of the total TTX being detected in 
the external organs.  When dissection was performed on fresh samples the results 
indicated that most of the toxin is located externally (61%, 84%, 85%).  However only 



Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 21 

three samples were tested in this way and one of the samples was the Nelson 
specimen. 

Sea slugs collected from Narrow Neck Beach on 17 August 2009 were received at 
Cawthron’s Nelson laboratory.  Five specimens were live and one dead.  The dead 
specimen and one of the live specimens were tested immediately (after dissection) 
and the total levels of TTX were 450 (dead) and 350 (live) mg/kg.  The remaining four 
specimens were transferred to an aquarium where they appeared to thrive.  One 
specimen was removed and tested after 72 hours, the total level of TTX was 320 
mg/kg. 
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6 Summary of toxin results 
Symptoms from 14 cases of sick dogs were consistent with a poisoning event.  
Cawthron results show that one case (Case 3, Appendix B) is definitely linked to TTX 
poisoning; most likely from the ingestion of a sea slug.  Inter-tidal sampling for toxic 
sea slugs (Pleurobranchaea maculata) has so far found them only at Narrow Neck and 
Cheltenham Beaches.  Samples of the same species of sea slug from Nelson were 
found to contain TTX at levels approximately one thousand times less than sea slugs 
from Narrow Neck and Cheltenham Beaches.  Tetrodotoxin levels remained very high 
in sea slugs transferred to an aquarium environment for 72 hours.  The amounts found 
in the sea slugs are approximately half the highest ever recorded for a whole organism. 
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7 Review of TTX in Pleurobranchaea maculata 
7.1 Tetrodotoxin summary 

• Tetrodotoxin is a sodium channel blocking neurotoxin 

• Tetrodotoxin is wide-spread in marine organisms (Table 2). 

• Bacteria are known producers of TTX; most often bacteria of the genus Vibrio. 

• Bacteria producing TTX may remain in organisms in a symbiotic relationship (Daly 
2004). 

• Symbiotic bacteria have been found in other sea slugs (Klussmann-Kolb & Brodie 
1999; Paul et al. 2007; Piel 2009); although the link with TTX is not certain. 

• The source of the sea slug contamination may lie in the shallow sub-tidal 
sediments and crustose turf/benthic algal communities. 

• Consumers of bacteria, like nematodes, copepods and arrow worms are known 
to have extremely high levels of TTX (Kogure et al. 1996). 

• High concentrations of TTX further up the food-chain may be due to bio-
accumulation of the toxin (Kogure et al. 1996). 

• TTX accumulation in animals may be used for defence or offence purposes. 

• The spatial and temporal extent of high concentrations of TTX in organisms is 
largely unknown but has been reported as highly variable. 

• Transient immunity of restricted populations may have lead to the accumulation 
of unusually high concentrations of TTX in P. maculata. 

• Consumption of organisms containing TTX is known to kill cats, dogs and 
humans. 

7.2 Tetrodotoxin (TTX) 

Cawthron scientists identified the toxin within beach cast P. maculata as TTX and an 
extensive literature search was done to give background to the toxin and to provide 
biological and ecological context to the issue. 

Tetrodotoxin has been identified in a remarkably wide range of marine, freshwater and 
terrestrial vertebrates and invertebrates and is present in at least 10 metazoan phyla 
(Table 2).  Tetrodotoxin exerts its effect by having a very high affinity for a receptor on 
the sodium channels in the membranes of motor neurons.  Attachment of TTX to the 
sodium channel receptor blocks the transmission of nerve impulses, resulting in 



Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 24 

muscular paralysis.  Saxitoxins (STXs) produced by planktonic dinoflagellates have the 
same effect.  

Tetrodotoxin has been documented in at least 14 species of shelled gastropods, some 
of which have been associated with human fatalities (Appendix D).  The finding of TTX 
in P. maculata on Auckland beaches is the first time it has been discovered in a soft-
bodied sea slug species.  The levels of TTX (up to 4,250 MU/g; 1mg TTX = 5,000 MU) 
found in P. maculata are high in comparison to levels observed in vertebrates but less 
significant when compared with invertebrates.  Levels in puffer fish liver are on the 
order of 300-900 MU/g (Miyazawa & Noguchi 2001).  The highest records we have 
been able to locate are 10,361 MU/g in the marine snail Nassarius glans and 13,000 
MU/g in the ribbon worm Cephalotrhrix linearis.   

There is a large volume of literature on tetrodotoxin in various organisms (summarised 
in Appendix D).  However, there are various aspects of the phenomenon that remain 
uncertain.  Most importantly, although marine bacteria are implicated as the primary 
source, in many cases “the exact origin of TTX in the food chain remains unknown” 
(Noguchi & Arakawa 2008).  Although it is unclear from what source animals like 
puffer-fish and carnivorous gastropods acquire such high concentrations of TTX in their 
tissues, there is very strong evidence that it is obtained through food chain 
transmission and concentration.  This is an area requiring further investigation. 

TTX accumulation in animals appears to have several roles.  In some it provides a 
defensive mechanism, whereby high concentrations in the skin, skin secretions and 
other organs such as the liver (e.g. puffer fish, newts) deter predators, and in others it 
plays an offensive role in prey capture (e.g. blue ringed octopus, arrow-worms).  
Because TTX is often found in high concentrations in the ovaries and eggs of some 
species (e.g. horseshoe crab, flatworms), it is also believed to have role in the 
protection of eggs and embryos/larvae from predation. 

 



Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 25 

Table 2.  A selection of marine animals known to contain tetrodotoxin (TTX)  

 
Organism Species name Site of TTX accumulation References 

Puffer-fishes Takifigu vermicularis 
and at least 21 other 
puffer-fish species  
 

Ovaries, liver, skin Mahmud et al. 2003 
Wu et al. 2005. 
Lee et al. 2007 
Bentur et al. 2008 
Nunez-Vazquez et al. 2000 

Gobies Yongeichthys criniger  Skin viscera muscle, testis Noguchi and Hashimoto 
1973 

Frogs & toads Brachycephalus 
ephippium 
B. nodoterga 
B. perni 

Skin and liver, ovaries Pires et al. 2005 

Flatworms Planocera 
multitentaculata 

Very high TTX levels 
(10,700 MU/g) in eggs 

Miyazawa et al. 1986 

Ribbon worms Cephalothrix linearis TTX highly concentrated in 
proboscis and protective 
mucous 

Ali et al. 1990 

Arrow worms Parasagitta elegans Carnivorous planktonic 
may use TTX to paralyze 
prey 

Thuesen et al. 1988 

Copepods Pseudocaligus fugu Puffer-fish parasite feeds 
on TTX containing skin  

Ikeda et al. 2006. 

Blue-ringed 
octopuses 

Hapalochaena fasciata 
H. lunulata 

Salivary glands, mantel, 
arms, digestive gland, 
testes, ovaries ink. 

Williams and Caldwell, 
2009 

Horse shoe 
crabs 

Carcinoscorpius 
rotundata 

Flesh, eggs Fusitani et al. 1982 

Xanthid crabs Atergatis floridus 
A. germaini 
Lophozozymus pictor 

Muscle, gills, digestive 
gland 

Noguchi et al. 1983 
Saito et al. 2006 
 

Newts Taricha granulose 
T. torosa 
Cynops pyrrhogaster 

Skin liver gonads, 
secretory glands in the 
skin 

Lehman et al. 2004 
Tsuruda et al. 2002 
Mosher et al. 1965 

Starfish Astropecten scoparius Gut contents, TTX probably 
acquired from preying on a 
toxic gastropod 

Lin and Hwang, 2001. 
Lin and Hwang 2001 

 

Tetrodotoxin has been detected in bacteria associated with marine and freshwater 
flora and fauna and sediments and this is a likely source of the toxin.  Surprisingly, 
there are few accounts in the literature of attempts to track the source of the 
contamination by systematic sampling and analysis of benthic communities.  The 
Hauraki Gulf/P. maculata event provides an excellent opportunity to resolve this issue 



Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 26 

and every effort should be made to do this.  The key to the source of the sea slug 
contamination may lie in the shallow sub-tidal crustose turf/benthic algal communities. 

Tetrodotoxin-producing bacteria have been isolated from the gut and tissue of various 
species, but the role of these bacterial in the production of TTX within animal via 
symbiotic associations is contentious.  Endogenous (produced within) production of 
TTX in terrestrial amphibians has been suggested but is as yet unproven. 

There are some reports in the literature suggesting that TTX occurrence in gastropods 
is sporadic and typically limited in geographic extent.  Edible shellfish in particular areas 
have poisoned people when there was no previous history of them doing so, and 
surveys have shown toxic populations of gastropods to be confined to discrete 
locations (e.g. Yasumoto et al. 1981).  It is possible that this may also be the case with 
P. maculata in the Hauraki Gulf, and systematic surveys are needed to determine this. 

Finally, TTX may play an important role in the ecology of P. maculata through the 
protection of itself and its progeny from predation and these creatures may always 
contain some level of these toxins.  However, in other species (e.g. clams, garter 
snakes) it is known that small genetic changes can result in the acquisition of very high 
tolerance to sodium channel blocking agents such as TTX and STX.  This can result in 
the transient immunity of restricted populations that leads to their ability to accumulate 
unusually high concentrations of these compounds in their bodies.  Therefore, it is 
possible that selective pressure brought about by an unusual abundance of TTX in the 
habitat of P. maculata has resulted in a similar situation, causing these animals to 
contain extraordinarily high levels of toxin at this time.  Ongoing monitoring and 
molecular analysis could determine whether these factors are involved in this 
phenomenon.  

7.3 Ecology of Pleurobranchaea maculata  

Pleurobranchaea. maculata is a carnivorous scavenger that is widely distributed in 
shallow subtidal areas around New Zealand, but is also found in south-eastern 
Australia, China, Sri Lanka and Japan (Gibson 2003).  As with many opisthobranchs, P. 
maculata can be difficult to find and is highly cryptic, but it can be observed out in the 
open laying long white tubular egg sacs (Figure 3) during spring.  It is possible that 
specimens of P. maculata that contain TTX at levels high enough to cause the 
poisoning of a dog at Narrow Neck beach, North Shore may be found within the area 
from Whangaparoa to North of Thames and possibly beyond that given it’s New 
Zealand wide distribution.  However, this is an area warranting further investigation 
before more definitive statements can be made. 

At this stage we are unable to provide any robust evidence as to whether this is 
unique to the area or if this is a characteristic of these slugs on a wider geographical 
scale.  It is possible, however, that there is a high level of spatial and temporal 
variability in the extent to which P. maculata accumulate the toxin; which in turn will 
depend on the availability of different food sources and perhaps factors like season and 
reproductive cycles.  Pleurobranchaea maculata are highly opportunistic carnivores and 
scavenge on a range of invertebrate organisms (sea anemones, marine worms, other 
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molluscs); hence, the occurrence of high TTX within sea slugs in a given area could 
simply be due to an increase in a single food-source that accumulates TTX, and that 
this food-source is not consumed in great numbers by other organisms in the food 
web. 

An interesting observation that has not been confirmed through subsequent 
experimentation is that TTX can apparently act as an attractant to puffer fish and 
starfish (Saito et al. 2000; Saito et al. 2003).  Attraction to a TTX source within the 
benthic habitat or use of TTX as a pheromone could also explain the high concentration 
of toxic P. maculata off the Auckland beaches. 

Possible mechanisms involved in tetrodotoxin contamination of P. maculata and 
poisoning of dogs in the Hauraki Gulf area are summarised in a diagram below (Figure 
4).  As yet, despite some reports of illness and follow-up testing, human illness related 
to TTX poisoning has not been confirmed in New Zealand. 

 

Summary of Pleurobranchaea maculata (Quoy & Gaimard 1832) ecology: 

• It is found in New Zealand, south-eastern Australia, China, Sri Lanka and Japan 
(Willan 1983; Gibson 2003). 

• It is a carnivorous sea slug that feeds opportunistically, often on sea-anemones 
like Actinia tenebrosa (Ottaway 1977). 

• It produces long cylindrical egg masses in the intertidal during early spring (Willan 
1983; Rudman 1999). 

• It is most commonly observed in the open during breeding season, but at other 
times can be found in and around rocky shores in sheltered harbours and bays 
(Willan 1983).  

• It may be susceptible to stranding during breeding season when it is out in the 
open. 

• It is highly cryptic and can be difficult to find. 

• It has long been known to have a highly acidic mantle (pH2) (Willan pers. com.). 
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Figure 4  Possible mechanisms involved in tetrodotoxin contamination of Pleurobranchaea maculata and poisoning of dogs. 
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8 Human influences in relation to TTX 
There has been speculation that the event of highly toxic P. maculata on Auckland beaches is 
linked to human impacts on the coastal environment, such as those associated with 
surrounding land uses (e.g. dairy farming) and subsequent inputs of land-derived contaminants.  
Agricultural runoff results in increased loading of nutrients and faecal contaminants to estuaries 
and coastal waters; storm-water runoff from urbanised catchments also leads to loading of 
contaminants such as metals and organic chemicals.  The documented ecological effects of 
these contaminant inputs on the wider ecosystem are extensive.  Including,  nutrient 
enrichment-type effects such as increased production of phytoplankton and benthic macroalgae 
(e.g. Smith et al. 1999), degradation of shellfish resources due to faecal contamination, and 
adverse effects (including sub-lethal effects) on soft sediment organisms and communities 
associated with elevated trace metal and organic chemical concentrations (see review by Grant 
& Hay 2003).   

The above types of human effects are not related to the bioaccumulation of TTX within P. 
maculata; TTX naturally occurs in the environment and many types of organisms concentrate 
the toxin in their tissues independent of human influences.  What appears to be uncommon in 
this case is the co-occurrence of higher numbers of slugs on the beaches compared to previous 
years; most likely due to wave and tide conditions combining with annual breeding in the 
subtidal and intertidal zones leading to P. maculata becoming beach-cast, and oral contact with 
beach-cast P. maculata by dogs walking on the beach.   

A possible link with land use impacts is through the food chain; for instance, in a scenario 
where human activities somehow influenced the abundance of a particular prey source that 
contains TTX, which in turn results in the accumulation of the toxin in the P. maculata that 
become beach-cast.  However, this seems unlikely when we consider the episodic nature of 
the event, the range of wider ecosystem factors that can influence organism populations, and 
the extent to which the area is impacted by humans.   

Long-term monitoring of water and shellfish quality suggests that water quality conditions near 
the affected beaches are well within the range of other estuaries and coastal areas around the 
country.  Routine water quality monitoring results at Hauraki Gulf monitoring sites (e.g. Chelsea 
Wharf, Browns Bay, No.7 Buoy) rank as “good” or “very good” with respect to nutrient levels 
and additional water quality parameters (Scarsbrook 2008).  The 2008 Hauraki Gulf State of the 
Environment report also indicates that the water quality conditions in the area haven’t 
“worsened” through time and in fact some water quality indicators (e.g. nutrient and faecal 
bacteria levels) have improved in recent years (Hauraki Gulf Forum 2008).  Accumulation of 
metals and organic contaminants in sediments within Auckland’s developed harbours and 
poorly flushed estuaries remain a potential issue for soft sediment organisms such as shellfish 
(cockles) that inhabit these areas (Grant & Hay 2003).  However, it is noted that levels of these 
contaminants in Auckland shellfish are considered low by international standards (Kelly 2007) 
and that the ecological effects of metals and organic chemicals within sediments is far 
removed from the processes affecting the accumulation of naturally occurring TTX within 
organisms such as P. maculata.  

We also note that there are a number of aquaculture farms in the Hauraki Gulf and nothing out 
of the ordinary has been detected through the routine shellfish monitoring programme.  
Routine phytoplankton monitoring over the past ten years in the Hauraki Gulf Marine Park area, 
as part of the Marine Biotoxin Monitoring Programme, has on occasion detected the presence 
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of bloom-forming algae that produce toxins other than TTX.  Continued monitoring has not 
detected harmful algal blooms within the region over the past three months (Appendix C).   

The above observations collectively suggest that the presence of P. maculata with high levels 
of TTX is not linked to a ‘wider ecosystem’ problem.  Furthermore, if we consider that water 
quality in the area is only moderately affected by the surrounding environment and that these 
effects haven’t markedly changed in recent years, it appears highly unlikely that human effects 
have been the factor driving the episodic occurrence of highly toxic sea slugs on beaches.    
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9 Recommendations 
There are some very important areas of further investigation because: 

• We cannot rule out the potential for other marine species to contain TTX.  

• We cannot rule out that sea slugs in other parts of New Zealand contain TTX. 

We suggest immediate, medium and long-term actions below to address these issues 
(Sections 8.1 – 8.3). 

Further recommendations of this report include: 

• A need for streamlining of the system of response to these incidents (Section 8.4). 

• A need to establish ongoing response funding to allow the above recommendation to be 
fulfilled and to provide for future incidents, which are not as likely to be understood as 
quickly as this one (Section 8.5).  

9.1 Immediate actions (within weeks) 

9.1.1 Public health  

Erect signs to educate the public on the genuine issue and danger.  

Education of the public of potential danger from sea life (with a picture of P. maculata).  

9.1.2 Research and investigation 

Conduct a survey of beach sediments and intertidal and shallow subtidal organisms within the 
Auckland region to confirm TTX is restricted to P. maculata.  

Acknowledging that the high level of TTX within P. maculata in the affected area may be related 
to a food web effect (i.e. an increase in consumption of a particular food source that is, in turn, 
high in TTX), we recommend a wider survey of intertidal and shallow subtidal organisms within 
the area, including sampling of other benthic organisms (e.g. limpets, whelks, nematodes, 
flatworms), prey items (e.g. anemones), omnivorous grazers (such as kina), crustaceans (e.g. 
crabs and crayfish), and some species of fish that associate with the nearby rocky reefs (e.g. 
Banded wrasse, spotties).  Previous studies have also identified the presence of TTX within 
beach sediments that can harbour toxic bacteria (Kogure et al.1988; Do et al. 1990), and it is 
recommended that further testing of sediments is done in the area.  Preliminary investigations 
and results from analysis of shellfish in the area indicate that it is unlikely that TTX is within 
some commonly consumed seafood.  However, a more detailed survey in the immediate area 
that includes a range of other organisms within the food web that may on occasion be 
consumed by people is warranted in order to fully alleviate concerns around human health risks.   

Conduct a survey of P. maculata and TTX levels within the Auckland region to determine the 
extent to which the problem is localised. 
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Pleurobranchaea maculata is widely distributed in shallow subdital areas around New Zealand.  
As with many opisthobranchs, P. maculata can be difficult to find and is highly cryptic, but it can 
be observed laying long white tubular egg sacs during spring; often out in the open.  A wider 
survey of P. maculata to determine its relative abundance and the spatial extent of high levels 
of TTX would enable a greater understanding of the extent of the problem; and whether the 
coincidence of increased dog deaths is related to the beaches in question being used more for 
dog walking than other areas, rather than an increase in the numbers of P. maculata on the 
beach. 

Continue the aquarium based studies of P. maculata and TTX. 

Pleurobranchaea maculata collected during this event were transported live to Nelson and 
some specimens are held in aquariums in Nelson.  Some of these have recently spawned and if 
these are able to be raised their TTX levels may provide definitive proof about the origin of TTX 
in P. maculata. 

Improve methodology to measure TTX, including completing mass balance studies. 

It will be necessary to reduce the detection limit of the LC-MS test method to avoid false 
negative results.  In addition we need to check that all the toxicity measured by mouse 
bioassay is accounted for by TTX to confirm no other toxin is present. 

Continued monitoring for beach-cast P. maculata. 

9.2 Medium-term actions (within months) 

9.2.1 Public health  

Develop an inter-agency management framework 

In accordance with other central government initiated responses such as, marine toxin 
surveillance and recreational bathing guidelines. 

Improve 0800 free phone systems. 

Review the use of the MAF 0800 free phone for all unusual animal events and streamline inter 
agency communication.  A similar review of the Public Health systems could also be 
undertaken to ensure relevant expertise is being drawn on quickly. 

Emergency response funding. 

Emergency response and contingency funding for similar events needs to be funded either 
regionally or nationally as it is unlikely that this quick resolution will be repeated.  However it is 
likely that information gained from any investigation will have national significance. 

9.2.2 Research and investigation 

A nationwide assessment of TTX levels within P. maculata from various regions of the around 
New Zealand. 
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This study in concert with the subtidal survey make help establish variables that “trigger” high 
levels of TTX production, potentially enabling periods of “high risk” to be predicted.  Investigate 
potential control measures, such as removal of egg masses from popular beaches. 

9.3 Long-term actions (over a period of years) 

9.3.1 Public health  

Contingency funding for future events. 

Continued surveillance of P. maculata and other organisms found to contain TTX as part of 
routine monitoring of beaches around New Zealand. 

9.3.2 Research and investigation 

Ecological studies in relation to P. maculata and TTX in concert with systematic sampling and 
analysis of benthic communities to attempt to identify the source of TTX and understand 
variables regulating its production. 

Investigations into symbiotic bacteria within P. maculata and how these vary between highly 
toxic and less toxic specimens.  Ultimately, these may lead to a better understanding of 
variables influencing levels of TTX in P. maculata. 

Genetic studies of sodium channels in P. maculata. – i.e. why doesn’t the toxin effect the sea 
slug? 

9.4 A framework for future response 

An important point to be raised from the current study is that the identification of a marine toxin 
within a week, enabling public awareness to be raised and potential human health risks to be 
minimised, is unlikely to be repeated.  In most cases, the identification of the source of marine 
toxins affecting animal and human populations can take many months.  For example, it took 
five months of testing in 1993 before a cluster of cat deaths was related to the consumption 
seafood laden with a toxic micro-alga.  However, this event and the response of the local and 
central government agencies raises important issues for future situations where the time-frame 
to identify the toxin/toxins responsible may be considerably longer, or when direct impacts to 
humans may or may not eventuate.  Clearly, a co-ordinated rapid local response is critical.  In 
the current situation, because the MAF free phone number was seen as a first point of call for 
local veterinarians, local authorities were able to be alerted quickly and the public warned within 
a short period of time.  If the toxin had not been identified quickly, however, extended testing 
would have been required.  
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9.5 Contingency funding for future response 

Even though in this case the toxin has been identified quickly, still more work is required to 
eliminate concerns over other potential sources of TTX and to determine whether this toxin 
could make its way into the coastal food-chain; potentially posing a human-health risk.  
Consequently, for this and future toxin issues, which are of national significance, there is a 
need for contingency funding and systems to allow for, a more stream-lined response, longer-
term testing (when toxins are harder to find), continued public education and continued 
warnings to keep people off beaches for longer; ensuring complacency does not prevail and to 
minimise human-health risks.  
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12 Appendices 

12.1 Appendix A:  Agencies involved in the Steering group 

Organisation Group Name Phone Mobile Email 

Sally Young 
 

623 4600 x 27135  021 938 431 sallyy@adhb.govt.nz Communications 

Manu Keug 6234600 xtn 26696 021 243 0615 manuk@adhb.govt.nz 

Steering Group John Whitmore   johnwh@adhb.govt.nz 

Auckland Regional Public Health Service 

TAG Denise Barnfather 
 

 021 555 481 dbarnfather@adhb.govt.nz 

Communications Annie Wright 04 894 0654 029 894 0654 annie.wright@maf.govt.nz 

Steering Group Caleb King   caleb.king@maf.govt.nz 

MAF Biosecurity NZ 

TAG Caleb King    

Communications  
 

Amy Cameron 307 4846 
 

 
 

acameron@doc.govt.nz 
 

Antonia Nichol 3074869 0272407827 anichol@doc.govt.nz 

Brett Butland    bbutland@doc.govt.nz 

Steering Group  
 

Sean Goddard 3074824  sgoddard@doc.govt.nz 

DOC 

TAG Bill Trusewich   btrusewich@doc.govt.nz 

Auckland Region Emergency Management 
Office 

Communications Kiri Maxwell 366 2000 x8700 027 225 5902 kiri.maxwell@arc.govt.nz 

Auckland Regional Council Communications Janine Brennan-
Lynch 

366 2000 x8114 
 

021 417 188 
 

janine.brennan-lynch@arc.govt.nz 
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Steering Group Louise Mason   louise.mason@arc.govt 

Grant Barnes   grant.barnes@arc.govt.nz 

Megan Stewart   megan.stewart@arc.govt.nz 

TAG 

Amanda Peart   amanda.peart@arc.govt.nz 

Steering Group 
Support 

Cathy Klouwens   cathy.klouwens@arc.govt.nz 

Communications  Kelly Gunn 09 486 8458 027 480 6149 kelly.gunn@northshorecity.govt.nz 

Steering Group  Duffy Visser   duffy.visser@northshorecity.govt.nz 

North Shore City Council 

Steering Group Ciaran Edwards   Ciaran.edwards@northshorecity.govt.nz 

Auckland City Council Communications  
 

Angelika Doughty 373 6883 027 474 3695 angelika.doughty@aucklandcity.govt.nz 

  John Evans 09 307 6080; Extn 7880  0274 545 637 
 

john.evans@aucklandcity.govt.nz 

 Steering Group  
 

Darryl Thompson 3539667 
 

0272890503 darryl.thompson@aucklandcity.govt.nz 
 

  Chris Dee   Chris.dee@aucklandcity.govt.nz 

 TAG Richard Jacob-Hoff   richard.jakob-hoff@aucklandcity.govt.nz 
 
 
 
 

Rodney District Council Communications Mike Isle 0800 426 5169 021 280 6445 mike.isle@rodney.govt.nz 

Manukau City Council Communications Sharleen Pihema 262 5180 027 2188 285 sharleen.pihema@manukau.govt.nz 

 Steering Group James Corbett 262 8900 Extn 8135    Mob 0274 735 
036   

 jcorbett@manukau.govt.nz 

Ministry of Fisheries Steering Group  
 

John Taunton-
Clark,  
 

8207687 021 758434; john.taunton-clark@fish.govt.nz  

 Communications  Barbara Crocker 04 819 4218  021 388 659 l barbara.crocker@fish.govt.nz 



 

Review of Tetrodotoxins in the Sea Slug Pleurobranchaea maculata and Coincidence of Dog Deaths Along  
Auckland Beaches 45 

 

 TAG Richard Ford (04) 8194664  Richard.ford@fish.govt.nz. 

Northland Regional Council Steering Group Jacquie Reed 09 470 1108 027 470 1182 jacquier@nrc.govt.nz 

Cawthron Institute Communications     

 Steering Group Mark Jarvis   mark.jarvis@cawthron.org.nz 

 TAG Paul McNabb 03 5482319 021548180 paul.mcnabb@cawthron.org.nz 

Aquaculture NZ TAG Dorothy-Jean 
McCoubrey 

  dorothyjean@xtra.co.nz 

Gribbles Pathology TAG Keith McSporran   Ketih.mcsporran@gribbles.co.nz 

Environment Waikato Steering & TAG 
TAG 

Dominique Noiton 07 859 0721 021 241 6815 dominique.noiton@ew.govt.nz 

  Bill Vant 859 0925  bill.vant@ew.govt.nz 

 Communications Karen Bennett 859 0922  Karen.bennett@ew.govt.nz 

NIWA TAG Don Robertson   d.robertson@niwa.co.nz 

 TAG Hoe Chang   h.chang@niwa.co.nz 

National Poisons Centre TAG Leo Schep   Leo.schep@stonebow.otago.ac.nz 

NZ Food Safety Authority Steering & TAG Phil Busby 04 894 2635  Phil.busby@nzfsa.govt.nz 

Waikato District Health Board Steering & TAG Dell Hood 07 8581063 021521 926 hoodd@waikatodhb.govt.nz 
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12.2 Appendix B:  Details of the probable cases in dogs and their clinical signs (reproduced courtesy of Caleb King, MAF BNZ) 

 

Case Date Place Death Vomiting Ataxia Lethargy Salivation Diarrhea Muscle Seizure Resp Cardiac 

1 01/07/09 Cheltenham 
Beach 

Yes Yes Yes Yes Yes  No No No Yes Yes 

2 07/07/09 Narrow Neck 
Beach  

No Yes No No Yes No No No No Yes 

3 09/07/09 Narrow Neck 
Beach 

Yes Yes Yes Yes Yes  No No No Yes Yes 

4 15/07/09 Eastern Beach No Yes Yes Yes Yes Yes No No ? ? 

5 25/07/09 Waiake Beach No Yes Yes Yes Yes Yes Yes No ? ? 

6 30/07/09 Long Beach No Yes Yes Yes Yes Yes No No ? ? 

7 30/07/09 Browns Bay No Yes Yes No No Yes No No ? ? 

8 01/08/09 Waiomu 
Beach,  

No Yes Yes Yes Yes Yes No No ? Yes 

9 02/08/09 Onetangi Bay  No Yes Yes Yes Yes Yes No No Yes Yes 

10 03/08/09 Narrow Neck 
Beach 

Yes Yes Yes Yes Yes  No No No Yes Yes 

11 03/08/09 Narrow Neck 
Beach 

No Yes Yes Yes Yes No No No No Yes 

12 7/08/09 Takapuna 
beach  

No Yes Yes Yes Yes No Yes No No Yes 

13 22/08/09 Waiomu No Yes Yes Yes Yes No Yes No No No 

14 06/08/09 Tamaki 
estuary 

Yes ? ? ? ? ? ? ? ? ? 
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12.3 Appendix C:  Situation reports 7 - 21 August 2009 
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12.4 Appendix D:  A review of tetrodotoxins in various taxa 

Fish 

Tetrodotoxin is named from the family of puffer fishes (Tetraodontidae) that most famously 
contain high levels of this toxin and are most often associated with human poisoning as this 
fish is traditionally considered a delicacy in Japan, Korea and China.  Records of puffer fish 
poisoning from China and Japan date back over 2000 years.   

At least 22 different species of Asian marine and brackish-water puffer fish have been shown 
to contain high levels of TTX though seasonal, individual and spatial variations of toxicity and 
toxin composition have been observed (Miyazawa & Noguchi, 2001, Noguchi & Arakawa 2008).  
TTX in puffer-fish may take the form of several chemical analogues and may also co-occur with 
saxitoxins (STXs).  The highest levels of TTX in puffer fish is found in the liver, ovaries, skin and 
intestine.  The distribution of TTX in the tissues appears to some extent to be species specific 
and the toxicity of puffer fish can show remarkable individual and regional variations. 

In marine puffers the liver generally has the highest toxicity except during spawning when TTX 
levels in the ovaries become high.  TTX has been found in puffer-fish eggs and they excrete 
TTXs from the skin when threatened.  TTX contaminated gobies have caused poisoning of 
humans and wildlife in Japan and Taiwan and these have reputably been used as natural 
rodenticide. 

TTX is naturally found in the prey species of puffer-fish and fish (Takifugu rubripes) that are 
commonly toxic, when raised on TTX free diets in sea-cages and land based aquaria have been 
conclusively proven to not contain any TTX (Noguchi et al. 2006a).  Conversely it has been 
shown (Noguchi et al. 2006b) that non toxic puffer fish can be made toxic by feeding with a TTX 
containing diet.  This provides very strong evidence that wild puffer-fish become intoxicated 
through the food chain (presumably by preying on starfish, crustanceans, flatworms etc) and 
artificially raised fish are suitable for human consumption.  Interestingly, non toxic puffer fish 
apparently retain their resistance to the effects of TTX (Saito et al. 1984) as shown by 
inoculation of fish with high doses of pure TTX. Matsumura (1998) showed that TTX production 
occurred in puffer fish embryos and increased continuously as the embryos developed. 

Amphibians 

Newts from Japan, China, USA and Italy have been shown to contain TTX with the skin and 
ovaries generally showing higher toxicity than muscle, liver, stomach intestine and liver.  Very 
high levels of TTX (up to 3.3mg/g skin; Hanifin et al 2002) have been observed in the newt 
Taricha granulsoa and these have been shown to significantly increase in individual animals 
over a one year period in a captive environment. 

TTX has been found in the skin and eggs of a number of species of frogs and toads from South 
and Central America (Pires et al. 2002; Pires et al. 2005).  Some species have been shown to 
retain high levels of toxicity over long periods.  The origin of TTX in amphibians is unknown, TTX 
producing bacteria have never been found to be associated with these animals and 
endogenous production has been suggested.  

Arthropods 

The eggs of horseshoe crabs (Carcinoscorpius rotundicauda) are regarded as a delicacy in 
Thailand and their contamination with TTX has resulted in serious outbreaks of food poisoning.  
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Horseshoe crab eggs show higher toxicity than other tissues such as testis and viscera and it is 
assumed that the accumulation of TTX in the eggs is a predatory defence mechanism.  

TTX has been shown to be a major toxin in a range of species of xanthid crabs in Japan, the 
Philippines, Singapore and Taiwan (Saito et al. 2006, Noguchi et al. 1983). However, there 
appears to be no explanation as to where the toxin is acquired by the crabs.   

Molluscs 

Blue ringed octopus produce TTX within their salivary glands which gives them their fearsome 
reputation (Sheumack and Howden, 1978).  The direct introduction of TTX into the blood stream 
via the octopus bite can cause the death of an adult human within 20 minutes if not treated 
immediately. More than 16 species of gastropod have been shown to contain TTX and 
consumption of these animals has caused numerous human illnesses, including fatalities 
(Hwang et al. 1990).  Most gastropods shown to contain TTX are predators and scavengers 
(Table 1).  In Japan there has been a belief that gastropods may become toxic by feeding on 
toxic viscera of puffer-fish that have been discarded by fishermen (Yasumtoto et al. 1981) or 
have died after spawning (Noguchi and  Arakawa 2008). 

Echinoderms 

TTXs have been identified in at least four species of starfish from Japan and Taiwan.  TTX 
concentrations up to 16,800 MU/specimen have been observed in the starfish Astropecten 
scoparius (Lin and Hwang, 2001) with highest levels in the gonads and viscera.  There are wide 
seasonal and individual variations in toxicity and the gonads increase in toxicity as the animals 
reach sexual maturity.  Astropecten. scoparius switch seasonally between preying on 
gastropods (snails) and bivalves.  It was only when preying on the gastropods (which 
themselves contained TTX) that the levels in the starfish increase.    

Further food chain transmission of TTX has been observed in the accumulation of TTX in the 
large predatory Trumpet shell (Charonia sauliae) preying on the starfish A. polyacanthus  
(Noguchi et al. 1982).  The transfer and accumulation of toxin via feeding of starfish on small 
gastropods then the feeding of large gastropods on the starfish provides good evidence for 
food chain transmission of TTX. 

Worms 

Miyazawa et al. (1986) first reported on the occurrence of TTX in marine flat worm (Planocera 
multitentaculata).  A subsequent study of the anatomical distribution of toxins (Miyazawa et al. 
1987) showed the oviducts had the highest toxicity of any tissue and the eggs laid by these 
flatworms were extremely toxic (up to 10,700 MU/g). Presumably the TTX plays an anti-
predator role in the protection of the eggs. 

The Japanese ribbon worm Cephalothrix linearis has been shown (Ali et al. 1990) to have very 
high levels of TTX in its tissues (up to 13,000 MU/g whole body).  The toxin was especially 
concentrated within the proboscis of this predatory worm and mucous secretions also 
contained high levels of TTX.  Because these worms have the ability to secrete considerable 
amounts of toxin when stimulated, TTX may play both defensive and offensive roles in this 
organism.  Research on the chemistry of C. linearis toxins (Noguchi et al. 1991) has shown that 
high potency TTX may be produced in the animal from a low toxicity precursor tetrodonic acid-
like substance.  

Planktonic arrow-worms and flatworms have been shown to use TTX to paralyze mobile prey 
(Thuesen et al. 1988; Ritson-Williams et al. 2006).  TTX has also been detected in nematode 
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and annelid worms (Kogure et al. 1996) and it has been suggested that these play an important 
role in the accumulation and transfer of TTX in the environment. 

Algae 

As far as we are aware there is only one account of TTX being associated with algae.  This was 
with the red tropical calcareous algae Jania sp. (Yasumoto et al. 1989) but the TTX content of 
the algae was so variable that it was presumed to have been derived from symbiotic or 
epiphytic bacteria, and in fact TTX producing bacteria were isolated from it.  It seems likely that 
if heterotrophic bacteria are the major source of TTX in the environment, then they are likely to 
be associated with a photosynthetic organism from which they could obtain organic material for 
their sustenance.  It may be significant that a red branched calcareous alga was found within 
the gut contents of Pleurobranchea maculata from the Hauraki Gulf beaches. 

As yet there are no accounts of cyanobacteria producing TTX however this is a possibility that 
cannot be ignored as various cyanobacteria species are well known to synthesize similar 
compounds such as saxitoxins (e.g. Kellmann et al. 2008). 

Bacteria as the source of TTX 

TTX and anhydroTTX were detected in Vibrios isolated from the intestines of the xanthid crab A. 
floridus (Noguchi et al. 1986).  Yasumoto et al. (1986) also isolated two bacteria (Shewanella 
alga and Alteromonas tetraodonis) from the red calcareous alga Jania sp.  The bacteria were 
cultured and TTX detected in the culture broth.  

Bacteria were isolated from the starfish A. polyacanthus and puffer fish Fugu vermicularis and 
shown to produce TTX (Noguchi et al. 1987). All strains of Vibrio alginolyticus produced TTX. 

Analyses by Carroll et al. (2003) strongly suggested a relationship between Vibrio bacteria and 
TTX-like chemicals in nemertean worms and they suggested that the toxins were utilized as a 
chemical defense against predators.  

TTX may be produced by marine and freshwater bacteria that are common inhabitants of 
sediments.  Kogure et al. (1988) showed TTX production by bacteria isolated from deep (4000 
m) offshore sediments and Do et al. (1993) demonstrated the presence of TTX in freshwater 
lake sediments.  Hamasaki et al. (1994) also showed that material caught in sediment traps in a 
coastal inlet contained TTX and related substances. They suggested that sinking particles are 
one of the sources of TTX in the marine environment and may play a role in the contamination 
of marine organisms. 

Controversially, has been suggested that TTXs putatively produced in bacterial cultures are 
actually artifacts generated by components of the culture medium (Matsumura, 1995), but this 
has been strongly refuted by others. 

A study by Gallacher and Birkbeck (1993) showed that TTX production by Aletromonas 
tetraodonis occurred during stationary phase and was up to 100 fold higher in phosphate 
limited cultures. 

A TTX producing actinomycete (Nocardiopsis dassonville) has been isolated from the ovaries of 
the puffer fish (Wu et al. 2005) although it is not proven that this bacterium is actually 
responsible for the TTX found in the animals tissues. 

Evidence for the endogenous origin of TTX 

Several species of newts, frogs and toads carry high concentrations of TTX in their skin as a 
protection against predation.  A number of researchers have come to the conclusion that it is 
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unlikely that endosymbiotic bacteria are the origin of TTX in toxic newts (Lehman et al. 2004) 
because newts have egg-yolks, embryos and newly hatched larvae containing TTX the origin of 
which is presumably under hormonal control by the mother. Also no TTX producing bacteria 
have been isolated from any amphibian species which posses TTX to date (Pires et al. 2005).  

Specialized structures (granular glands) exist in the skin of newts associated with the storage 
and secretion of TTX.  These glands do not contain bacteria (Lehman et al. 2004).  Cardall et al. 
2004 experimentally induced newts to release TTX from their skin by electrical stimulation and 
found that after 9 months in a captive environment they had significantly regenerated the levels 
of TTX in their skin.  Other studies have demonstrated correlations between the density of 
granular glands in the skin of newts and the levels of TTX (Tsuruda et al. 2002; Hanifin et al. 
2004); these data were consistent with the hypothesis that newts produce their own TTX. 

TTX resistance 

TTX exerts it effect by having a very high affinity for a receptor on the sodium channels in the 
membranes of motor neurons of vertebrates and invertebrates.  Attachment of TTX to the 
sodium channel receptor blocks the transmission of nerve impulses, resulting in muscular 
paralysis. Saxitoxins (STXs) produced by planktonic dinoflagellates and cyanobacteria have the 
same effect.  Recent research has shown that minor mutations in the genes that code for a key 
protein in the sodium channel receptor can make animals immune to the effect of the toxins.  
These mutations are selected for in populations of animals (e.g. soft shell clams, garter snakes, 
puffer-fish) that are habitually exposed to these toxins.  As a consequence populations can 
accumulate very high levels of toxin that would be fatal to non immune animals in other 
populations of the same species.   

There are two critical amino acid residues in the sodium channel receptors of puffer fish that 
confer TTX resistance (Murata et al. 2008). Garter snake populations acquire resistance to TTX 
in the skin of toxic newts via a single point mutation in sodium channel receptors (Geffeney et 
al. 2005).Soft shell clam (Mya arenaria) populations  acquire STX resistance via selection of a 
point mutation resulting in a single amino acid change in the sodium channel receptor, resulting 
in clams accumulating much higher levels of STX than non resistant populations (Bricelj et al. 
2005) 

In addition to this, specific proteins that bind to TTX have been found in the in the body fluids of 
crabs and puffer–fish.  These may provide a mechanism for the storage and transport of high 
levels of toxin in these animals. The crab Hemigrapsus sanguineus is highly resistant to TTX, 
due to a high molecular weight TTX binding protein in body fluids (Shiomi et al. 1992.) 

A TTX binding protein that may play a role in toxin accumulation has also been isolated from the 
blood plasma of the puffer-fish Takifugu niphobles (Matsui et al. 2000).  This is possible 
explanation why puffers and not other fish species sequester TTX when fed a TTX containing 
diet. 

Although it is speculative, a recently acquired resistance to TTX, due to an increase in the 
natural levels of this toxin in its habitat, may have resulted in the extremely high levels of TTX 
observed in P. maculata collected from the area near Narrow Neck beach. 
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Table 1  Gastropod molluscs previously implicated in tetrodotoxin contamination 
 

Species Common name/diet Notes Reference 

Babylonia japonica Japanese Ivory Shell TTX detected + 
human poisoning 

Yasumoto et al. 19811 
Noguchi et al. 1981 

Charonia sauliae Triton Trumpet Shell TTX detected Narita et al. 1981 

Natica lineate 
N. lineata 

Moon Snails 
Predators feeding on 
bivalves and other 
snails 

TTX detected + 
human poisoning 

Shiu et al. 2003 

Niotha clathrata Dog Welks/Nassa mud 
snails mud snails soft 
shore scavengers 

TTX detected + 
human poisoning 

Hwang et al. 20022 
Jeon et al. 1984 
Cheng et al. 19953 

Nassarius 
semiplicatus 
N. glans 

Dog Welks/Nassa mud 
snails soft shore 
scavengers 

TTX detected + 
fatal human 
poisoning  

Wang et al. 20084 
Yin et al. 20055 

Oliva miniacea 
O. mustelina 
O. nirasei 

Olive Shell 
Scavengers and 
predator on bivalves 

TTX detected + 
fatal human 
poisoning 

Hwang et al. 2003 
Spencer et al. 1986 

Polinices didyma Moon Snail. Predators 
feeding on bivalves 
and other snails 

TTX detected + 
human poisoning 

Shiu et al. 2003. 

Rapana rapiformis  
R. venosa venosa 

Murex/Rock shells 
Scavengers and 
predators on bivalves  

TTX detected Hwang et al. 1991 

Tutufa lissostoma Frog Shell 
Predators of 
echinoderms 

TTX detected Noguchi et al. 1984 

Zeuxis sufflatus 
Z. siquijorensis 

Dog Welks/ Nassa 
mud snails mud snails 
soft shore scavengers 

TTX detected + 
human poisoning 

Hwang et al. 20026 

1. TTX contaminated specimens of B. japonica were only found at one out of five locations over ~ 20km of 
coastline in Wakasa Bay, Japan. 

2. .Highest TTX in spring and autumn, maximum toxicity = 1,900 MU/?g specimen, TTX secreted in 
response to electric shock. 

3. No relationship found between toxicity of shellfish and TTX producing bacteria in tissues 
4. TTX producing bacteria (mainly Vibrios) isolated from N. semiplicatus but toxin production low. 
5.  Maximum levels of TTX in Nassauris glans of 10,361 MU/g 
6. Maximum toxicity = 1,640 MU/ specimen, TTX concentrated in digestive gland 
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12.5 Appendix E:  Cawthron Report No.1652 
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