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Executive summary

This risk profile aims to determine if there is a human health risk associated with paralytic
shellfish toxin accumulation in Tasmanian sea urchin roe that requires management.

The urchin industry in Tasmania has been processing and marketing roe on a small scale for
decades, based mainly on the native spet¢ietiocidaris erythrogrammgghortspinedSea

Urchin). The industry has expanded in recent years, as a result of the incursion of the
introduced pest urchin speci€3entrostephanus rodgergiiongspinedSeaUrchin), which

causes largascale urchin barrens on the east coast of Tasmania, and concomitant impact on
valuable fisheries and marine biodiversity [1].

An impediment to the growth of this industry is the risk of biotoxin accumulation during the
recurrent blooms of paralytic shellfish toxin (PST) producing micro&gaodinium
catenatumin south-east Tasmania anéllexandrium catenellavhich occurgenerally

between July and Novembaiong the east coast of Tasmania [2].

Little is known about PST accumulation by sea urchins, and a conservative management
approach has been taken thus far to protect both public health and market access. In such
scenarios, risk managers will commonly outsource a preliminary risk assessmamh (&s

a risk profile).

Risk profiles provide a summary of all information pertinent to food safety associated with
the specific hazard/food combination. The purpose of a risk profile is to assist initial risk
management activities, such as identifying future actions requirezhij, and the options

for food safety management programmes. They also inform the level of resourcing required
to control the hazard/food pairing.

The consequence of human exposure to PST through consumption of seafood varies with
the concentration of toxin in the seafood, the amount of seafood consumed, and the body
weight (bw) of the consumer. llinesses from paralytic shellfish poisoning rangeniiointo
severe, with fatalities a rare end point.

A survey of 228 Tasmanian urchae samplesconsisting of at least58 individual urchins
(71 of these sampled wheadjacentbivalve molluscs exceeded the regulatory level and a
further 30 when PST were detected in bivalves below the regulatory))éeehd onlyone
confirmeddetection of PST above the laboratory level of repor{iid mg STX equiv. /kiy)
a pooled sample dfl. erythrogrammaoe taken during &Gymnodinium catenaturbloom
(0.12 mg STX equiv. kJrace levels of PST below the laboratory level of reporting were
found during confirmatory analysis of an additional two urchin samples (<0.03 mg STX
equiv. /kg).A further14 urchinsampleseturned low level PST screen resutsd
confirmation of PST levels did not occlihus all samples wekeell below the regulatry
level for bivalves of 0.8 mg STX equiv)/kg

There is some evidence from overseas that some urchin species can accumulate PST. The
maximum PST level reported is 8.34 mg STX equiv. /kg in all viscera (internal organs
including roe) of a nowommercial, Chilean sea urchiseudichinus magellanicus

A review of serving sizes determined a range ¢fl&0 g of roe per meal.
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A small adult consuming a large portion of roe at the maximum PST concentration reported
in the present risk profilevill consume 0.34 pg STX equiv. /kg bw. This exposure level is less
than both the European Food Safety Authority [3] and Food and Agricultural
Organisation/World Health Organisation [4] acute reference doses (ARfD) of 0.5 and 0.7 ug
STX equiv. /kg bw respiively, and considerably lower than the ARfD estimated by Finch et
al. [5] of 7.3 ug STX.2HCL equiv. /kg bw.

Tasmanian sea urchins are exposed to PST on a regular basis as they are harvested from
coastal areas that support regular blooms of toxic algae. There is considerable e\t#nce
Tasmanian urchins do not accumulate PST to levels of concern in the roe (the consumed
tissue for urchins) during. catenelleblooms. Whilst this may also be the case duiig
catenatumblooms, we cannot rule out PST accumulation in this circumstance due to a lack
of sampling effort during these blooms.

Onthe basis of the results presentad this risk profile, the probability of Tasmanian urchin
roe accumulating concerning levels of PST duAlexandrium catenellaloomsislow. Risk
duringG. catenatunblooms iscurrentlyunknowndue to limited sampling during these
blooms.The current control measures are highly conservative. There is no evidence that
controls are needed to mitigate PST risk dutowg to moderateA. catenelldblooms

although monitoring during more extensive blooms may be appropriate, as few urchin
samples (n=5) have been collected durkgatenelladblooms when PST in bivalves
exceeded 10 mg STX equiv. /Kbis is based on extensive samplih@l(sea urchinsduring
risk periods, where PSThivalve shellfiskexceeded . mg STX equiv./kg at the time and
location of urchin samplingdmong the urchin samples collected during these periods, 70%
were collected when bivalve PST levels had exceeded the ML (i.e. 71 urchins, inthuding
erythrogramma,7 C. rodgersiand 19 urchinsvhere speciesvas not recordell These
animals were collected on 15 different sampling occasionsaawadlysed for PST as 42
individual and 4 pooled samples

We recommend a review of the current risk controls based on the information presented in
this risk profile. In particular:

1. Consideration of when risk controls are necessary;

2. Delinking urchin testing from PST results in abalone on east coast;

3. Using risk monitoring results from other seafood biotoxin monitoring in
Tasmania to indicate potential PST risk associated @itbatenatum,
considering both where and when harvest activity is occurring.

We also recommend consideration of the following activities to address the current
knowledge gaps:

1. Testing of urchins for PST during elevated PST aasstciated withG.
catenatumand during highA. catenella bloom&hen PST in bivalves
exceed 10 mg STX.equiv. /kg, with consideration givendre frequent
(e.g. weekly moritoring) duringand afterthese blooms



2. Testing urchin viscera during all toxic algal blooms to ascertain why some
international and local results differ, maintaining a record of where
urchins were sampled (healthy reef vs. urchin barrens).
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Introduction

The urchin industry in Tasmania has been processing and marketing roe on a small scale for
decades, based mainly on the native spetietiocidaris erythrogrammar he industry has
expanded in recent years, as a result of the incursion of the introduced pest urchin species
Centrostephanus rodgerswhich causes larggcale urchin barrens on the east coast of
Tasmania, and concomitant impact on valuable fisheries and marine biodiversity [1]. As a
method to controlC. rodgersjithe Tasmanian government hasauraged harvesting of

this species through administration of a bounty for animals captured [6]. A viable fishery is
developing based on the harvest of these species for both the export and domestic market.
The fishery is operating yeaound, withC. rodgersinarvest greatest from January to July,
andH. erythrogrammaarvest greatest from July to February [6].

An impediment to the growth of this industry is the risk of biotoxin accumulation during the
recurrent blooms of paralytic shellfish toxin (PST) producing micro&gaodinium
catenatum(southreast Tasmania) anfllexandrium catenellawhich occurgenerally

between July and Novembeafong the east coast of Tasmania, [2]. Since 2012, when
catenellabloom activity was first reported, PST concentrations exceeding the bivalve
regulatory level (0.8 mg STX equiv. /kg) have been detected in Southern Retdy [(J#sus
edwardsi) hepatopancreas, in both foot and viscera of Blacklip Abalbliaédtis rubra

rubra), Blue Musseldytilus galloprovincialis Pacific OysterdMagallana gigay and

scallops Pecten fumatup[7, 8]. Separate marine biotoxin management plans are used to
manage the risk of PST accumulation in Tasmanian Southern Rock Lobster [9] and Blacklip
Abalone [10], while bivalve shellfish are managed under the Shellfish Market Access
Program (ShellMAP]1]. Abalone in particular appear to hold ¢ PST for prolonged

periods (i.e. multiple years) following east coast bloom events.

Little is known about PST accumulation by sea urchins, and a conservative management
approachhas been taken thus far to protect both public health and market acéddbe
moment, sea urchins as grazers are loosely grouped with abalone and periviorkisg
management. Blocks closed to abalone due to prolonged retention of high toxin levels
therefore require regular PST testing in periwinkles and ur¢lewsnin the absence of

bloom activity.

In scenariosvhere specific risks are poorly understqQask managers will commonly
outsource a preliminary risk assessment (known as a risk pratiER.profiles are an

important tool for risk managers and industry. They provide a summary of all information
pertinent to food safety associated with the specific hazard/food combination. The purpose
of a risk profile is to assist initial risk managemactivities, such as identifying future
research needs, futuractions required (if any), and the optiofe food safety

management programmes. They also inform the level of resourcing required to control the
hazard/food pairing.



This risk profile is supported by field monitoring of PST on the east coast during bloom
periods, and a survey to identify target markets (both international and domestic), as well as
understanding product types and approximate amounts of roe consumeddit sitting.

The latter is necessary to understand whether the bivalve maximum regulatory limit for PST
is appropriate to use in risk management for the sea urchin industry (should a risk be
determined).

Scope

This risk profile critically reviews the information available on the human health or market
access risk associated with paralytic shellfish toxin accumulation in Tasmanian sea urchin
roe to determine if there is a need for risk management activities.

This will be achieved by:

1. Collating all existing information regarding the risk of PST accumulation in
commercially harvested Tasmanian sea urchins;

2. Providing an initial evaluation of the extent of any public health concerns associated
with PST in the roe of commercially harvested Tasmanian sea urchin species;

3. ldentifying any knowledge gaps and requirements for further action.

Methodology

Literature review of PST in sea urchins

A systematic review of the available scientific literature was conducted to identify any
reports of PST accumulation in sea urchins. The search followed the criteria outlined in a
previous Tasmanian marine biotoxin risk ranking report by Turnbull et]ab [@clude all

up to date information. The literature search employed the following search terms for the
hazard: shellfish toxin, shellfish poison, biotoxin, saxitoxin, paralytic shellfish toxin. These
terms were paired against the following search terimsthe food: sea urchin, urchin,
echinoderm HeliocidarisCentrostephanysechinoid, Kina. All combinations of the above
terms were searched for using the PubMed, Web of Science and Scopus search engines,
searching all fields. For papers to be retained, they had to relate to a level of paralytic
shellfish toxin being found irea urchins; human ilinesses related to PST in sea urchins; or
publications relating to toxin transfer through the food web involving sea urchins. Where
PST concentrations were piided in the literature as STX.2HCI, these were converted to the
STX equiv. /kg by dividing by 1.24 to ensure consistent reporting in the units of
measurement used in the Australian Food Standards Code [12].

Surveys on international markets

The9 dzZNR LISy ! yA2yQa wlkLAR !'fSNI {@aidiSYy F2NJ C2
2T LI NIfedAoO aKStftFAakK LRAazyAy3d ot{to 2N t{
across all food commodities and countries. The 31 biotoxin trade detectiorsioosawere

individually inspected to determine whether sea urchins or echinoderms were identified as

the commodity Additionally, the US National Outbreak Reporting System [14] was searched
F2NJ NBLR2NIGA 2F Gt NI fe&idAOedaka@OORBN)ATKEe t 2A A2y AY
returned outbreak data (6 outbreaks) was inspected to determine whether sea urchins or
echinoderms were identified as the food vehicle.
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Field sampling Tasmania

Several data sets were used to inform this risk profle data was collected for various
purposes, the number of sampling events and treatment of animals within each event
differed. For this report we have definedsampling occasioasthe collection of one or

more urchins that have been collected on the same date from the same abaloAdaatib

and their roe subsequently analysed for PST either individually or as a pooled roe sample
across multiple animals.

The data sets used were

1. H. erythrogrammaandC. rodgersicollected from MercuryPassage/Triabunna region during
the 2020/21 and the 2021/22 biotoxin season (75 samples in total) and analysed for PST by
Analytical Services Tasmania.

2. H. erythrogrammand C. rodgersicollectedduring an acutebiotoxin eventin the White

Beach area on the Tasman Peninsuld'(Aégust to 24 October 2023

Sea urchin PST testing data supplied by the small dive industry 2238 s

4. Recent (2022) and historic data on PS3ea urchins andther species collected as part of
ongoing Institute for Marine and Antarctic Studies (IMAS) research projects

w

IMASand ShellMAP data were reviewed to get an indication of heightened algal bloom/PST
activity in the sampling areas at the timef collection. Dates where PST above the level of
reporting were detected in either abalone (viscera and foot tissues), rock lobster
(hepatopancreas), or bivalve shellfish (oysters or mussels) were considered to match urchin
collections if they were coltged from the identical abalone sdiiock within two days of

urchin sampling. In some of the historic sea urchin PST datasinot apparent whether

the entire viscera (stomach, intestine and roe) or only the roe were analysed for PST. Where
this is the case (e.g. Table 8), these results have been marked with an asterisk. Unless
otherwise indicated, all PST concentrationshis trisk profile are expressed as STX equiv.

/kg (not STX.2HCI equiv. /kg), using Food and Agricultural Organisation (FAO) toxin
equivalency factors. PST data across all seafood species and analytical techniques (Lawrence
screen, mouse bioassay and confatory analysis) were treated identically and analysed in
greater detail once matched as described in results section.

Consumption data

A survey of Tasmanian sea urchin processors/wholesalers was conducted to identify how
sea urchin roe is processed, packaged, sold, and consumed. Sea urchin processing,
wholesale, and retail businesses were identified through the Tasmanian Seafood Industry
Council, word of mouth, and online searches.

An online search for sea urchin products on sale in Australia was conducted and included

GKS F2tft26Ay3 &aSFNOK GSN¥xay aaSlk dz2NOKAY LINER
l dzaGNF f Al ¢ af2y3 aLIAYS &SI dzNOKrigiyf, sped@eS ¢ = G & S
of urchin, type of preparation (fresh, frozen brined), packaging (tray, punnet), and weight of
product were recorded.



A second online search was conducted to identify sea urchin recipes and associated serving
sizes. The type of recipe (e.g. pasta, salad), type of product (e.g. fresh, frdz@medrroe),
preparation technique (e.g. raw garnish, boil, steam) and quantity of urchin required for the
recipe, as well as number of servings were recorded to determine the serving size per
person. The search was conducted via the Google search eegic@npassing key words,

2d20K 84 aaSl dZNDKAY NB QISEISE X ! Wesliay A lyy 5588

The search focused on Australian recipes/websites (.com.au domain) and was extended to
international websites (.com domains) when no additional domestic results could be
identified.

Fisheries data

Commercial dive zone specific catch data for Lamg Shortspined Sea Urchins for the

years 2002020 was provided in an aggregated format by Dr John Keane (Institute for

al NAYS YR !'yilINOGAO {(dzRAS&A0E 2NRXh8AY Il f € @&
Natural Resources and Environment Tasmania (NRE; owner of data). Additional fishing data
(total catch and catch per unit effort) for the 2017/2820/21 fishing season were supplied

by the NRE Tasmania wild fisheries branch (Sharna Rainer).

Hazard Identification

The toxins Paralytic shellfish toxins

PSTs are a group of ngnoteinaceous toxins composed of 57 related analogues that are
produced by various algae (predominantly dinoflagellates;]Zp. Saxitoxin is the parent
analogue consisting of a 3/fropinioperhydropurine tricyclic structure with the molecular
formula GoH17N7O4 (Figurel). The saxitoxin analogues are classified structurally based on
the presence of various side chains such as carbamate, sulphate, hydroxyl, hydroxybenzoate
or acetate. The level of toxicity of eaahalogue varies depending on the configuration of
side chains. Analogues with carbamate side chains (e.g. STX, NEO adj &€X1
considered the most important because they are of the highest toxicity in mammalian
assays [16, 120]. The total toxicity ba sample is determined by quantifying each analogue
then employing toxin equivalency factors (TEFs) that relate the toxicity of individual toxin
analogues to that of the saxitoxin parent molecule [21]. Total PST concentrations are
reported as the amountf saxitoxin equivalents contained within a specified weight of
animal tissueThe Australian bivalve regulatory limit is currently set as 0.8 mg STX
equivalents per kg of tissue [12].

10
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In Tasmania, individual PST analogues are detected and quantified via chemical analytical
techniques. Liquid chromatography fluorescence detectionHLE, Lawrence PST method,
AOAC 2005.06) was used prior to January 2020, and the Hydrophilic Interaction
Chromatography coupled to tandem mass spectrometry (HILIC MS/MS, [22, 23]) has been
used since. These methods separate the individual PST analogues via chromatography before
analysing them. The Lawrence method uses two oxidation processes (periodate aridiper

prior to separation. Analysis of the periodate oxidate only can result in determination of a
screening result. A negative screen result is determinant for adsection of toxins,
however a positive screen result generally provides an overestmafi total toxicity and is
normally confirmed and refined using the peroxide oxidate. For this reason, screening results
are considered separately from confirmed data in quantitative analyses. Historically mouse
bioassays were often employed, however, thdsave been phased out due to ethical
concerns, consistency of results, poor sensitivity, and lack of information on individual PST
analogues.

The most common PSTs are hydrophilic (water soluble), but some analogues that have
hydrophobic side chains have been described [16, 24]. PSTs are also often described as heat
stable at acidic pH. However, the European Food Safety Authority (EFSA, 2008te] Bhat

when heated at pH-2 analogues with the fulfo-carbamoyl side (e.g. GTX5) chain could

be converted to their more potent corresponding carbamate toxins (e.g. STX) through
hydrolysis of the Mulphated group [3].
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Saxitoxin (STX) and analogues
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Figurel Structure of saxitoxin and analogues. Source: Lawrence, Loreal [25].

The toxin producerg Paralytic shellfish toxins in Tasmania

PSTs are produced by certain species of marine dinoflagellates in the gderaadrium
GymnodiniumandPyrodinium PST production has also been demonstrated in certain
species of freshwater cyanobacteria belonging to the gegrabaena Aphanizomenon,
Cylindrospermopsis, Lyngbgad Planktothrix[16, 26, 27]. The main known dinoflagellate
sources of PSTs of concern to the marine seafmadlucing sector in Australia include
Alexandrium minutumAlexandrium catenell@lexandrium tamarensand Gymnodinim
catenatum[28-30]. Of historic concern for the marine seafeprbducing sector in
Tasmanian in terms of PST have been the chain forming dinoflageNatasenella
(previously designated as. tamarensend belonging to thé\. tamarensespecies complex)
andG. catenatumThe composition of the PST toxins, referred to as the toxin profile, differs
between both speciess. catenatunpredominantly produces-txins (0.020.1 times the
toxicity of saxitoxin), whilé. catenellaappears to produce more potent PST analogues in
culture, such as gonyautoxin4land neosaxitoxin (0-2 times the toxicity of saxitoxin,
Table ).
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PST exceeding the bivalve regulatory level have been detected in Blacklip Abalone, Southern
Rock Lobster and bivalves during blooms of both speciesl@ael). Bivalves are good

early indicators of biotoxin activity, as they tend to quickly (within days) accumulate PST

from toxic phytoplankton suspended in the water column. As the predominant PST
analogues produced blyasmaniarA. catenellaand G. catenatundiffer, their relative

proportions (PST profile) in bivalves can be used to infer which species was/is blooming.
Both G. catenatunandA. catenellgproduce resting stages (referred to as cysts) that can
hibernate for prolonged periods and germinate to form blooms when environmental
conditions become favourable again.

Tablel Maximum PST concentrations reported in Tasmanian Southern Rock Lobster,
Blacklip Abalone and bivalves during bloom#leixandrium tamarensspecies complex

and Gymnodinium catenatunilhe predominant PST analogues (>5% of total toxin profile)
produced by these algal blooms and their toxicity relative to saxitoxin (toxin equivalency
factor) are presented.

Predominant

PST Toxin
Southern , :
Bloom Rock Blacklip Bivalves analogues equivalency
Abalone produced by factor (TEF)
Lobster . :
microalgae (in [21]
culture)
Alexandrium | 10.9 mg 1.3mg STX | 150 mg ST} GTX1 1.0
tamarense STX equiv. | equiv. /kg equiv. /kg | GTX4 0.7
species /kg (Pirates| (Okehampto | (East coast| GTX2 0.4
complex Bay, 2017) | n Bay, 2017) | Tasmania) | GTX3 0.6
[2] NEO 2.0
[31, 32]
Gymnodiniu | 1.1 mg STX 2.4 mg STX | 340 mg ST) C1 0.01
m catenatum | equiv. /kg | equiv. /kg equiv. /kg | C2 0.10
(Garden (Garden (Desolation| C3 0.01
Island, Island, 2011)| Bay, 1993) | C4 0.1
2013) [33] [7] [34, 35]

Alexandrium catenella
Since 2012A. catenellahas recurrently bloomed along the Tasmanian east coast. Related,
norn-toxic Alexandriunmspecies bloom in the same area, but are not readily distinguishable
from the PST producing. catenellausing light microscopy alone. Routine ShellMAP
monitoring of bivalve shellfish production zones therefore repédesxandriunspecies
Ay Of dza A @rSthrdarens® 2 Y KX S ¢ ®
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A. catenelleblooms appear to favour stratified water column conditions caused by either
salinity and/or temperature gradients during late winter and spring (generally-June
November, [2]). Blooms predominantly tend to occur in Mercury Passage (inside of Maria
Island)and Great Oyster Bay, but significant concentration8.afatenellaand associated

PST accumulation in bivalve shellfish have also been reported around St. Helens and as far
South as Bruny Island (ShellMAP biotarionitoring program). Thesddioms are variable in

that they do not occur every year and differ in their spatial extent, intensity and duration
(blooms can last for 3 or more months [36]). Regular monitoring of PST in bivalve shellfish
(oysters and mussels) along the Tasmanian eaattdughlights the recurrent and variable
nature ofA. catenelleblooms in recent years=(gure2).

Gymnodinium catenatum

The firstG.catenatumbloom was reported in the Derwent Estuary in 1980 and many bloom
events have since then been reported in the Derwent and Huon Estuary regions, where
extensive cysts beds are thought to seed localised blooms@&catenatumcells that are
flushed out of these estuaries into oceanic waters appear moribund 85¢atenatum
blooms in Tasmania pt2012 have tended to occur when water temperatures range from
12-18 °C and salinities range fromc@3 [35]. Blooms decline when temperatsréall below
12 °C. Lower mortality rates in autumn blooms compared with summer blooms cause
autumncwinter blooms to decline slower [35]. SimilarAo catenelladblooms on the east
coast of Tasmani&;. catenatunblooms do not occur every year and vary in size and
duration G. catenatuntan bloom for up to 6 months [38]). Regular monitoring of PST in
bivalves as part of the ShellMAP demonstrates the recurrent nature of blooms, with the
extent of blooms varying between biotoxin seasoRg(re3).
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Figure2 PST monitoring results for bivalve shellfish (mussels & oysters) along the Tasmanian
east coast durindlexandrium catenellalooms. Monitoring of PST in sibocks 20B, 22C

and 30A only commenced in 2018 when the Southern Rock Lobster sentinel monitoring
program commenced. Note that Lawrence screen results can be up to 10 times higher than
confirmatory analysis.
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Figure3 PST monitoring results for bivalve shellfish (mussels & oysters) in the Huon Estuary
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Lawrence screen results can be up to 10 times higher than confirmatory analysis.
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The foodc seaurchins

Biology- Longspined Sea Urchin Centrostephanus rodgersii

The Longspined Sea Urch@gntrostephanus rodgers,NJ ¢/ Sy i NB¢ Aa I I NH
urchin found in soutkeastern Australia, Norfolk Island, Lord Howe Island, The Kermadec
Islands and Northern New Zealand [39]. The species is considered to have undergone a
range expansion from mainland Australia andas/iwell established along the north and

east coast of Tasmania, where it is reported as far south as Recherche Bay [40, 41].
Centrostephanus rodgersiave spines that are longer than half their testrditer

(diameter of shell inside the spines) and are usually dark brown to black with a turguoise
like sheen on the spines and red down the centre (colours can vary) [6]. These urchins
sexually mature at around 4 to 5 years old with a test diameter (dianmadtshell inside the
spines) of 4660 mm, reaching up to ~130 mm at ~25 years of age [41]. Spawning
generally occurs around August, when roe can make up in excess of 10% of the total body
weight (including test, spines & coelomic fluid [40]).

Centrostephanus rodgersire most often found around subtidal rocky reef structure at

around 1020 m depth [41]. They are light sensitive, spending the day in crevices and

becoming more active after dusk to forage during the night before returning to their

shelters. IndividualukA y & OlFy Y2@S dzLJ 62 mn Y FNRBY (GKSAL
nightly feeding excursions [42] and exhibit strong site fidelity by returning to the same

crevice at the end of the night [1]. Numerous animals often occupy the saewice,

leading to patchy aggregations. This localised feeding strongly contributes to the formation

2F dzNOKAY a0l NNBya¢c¢s: gKSNB 20SNANIT Ay3a NBY2C

Centrostephanus rodgerssi considered an omnivorous grazer, consuming a wide range of

algal species, including drift algae, coralline algae, microalgae and sessile invertebrates, such

as bryozoans and sponges (summarised in Byrne and Andrew [39] and Flukes et al. [1]).

Food mateial is processed/removed from the substrate by a set of five individual teeth,
OFftf SR I NRaAG2GtSQa tIFyidSNyo al ONRBFE IS I NBE C
other food sources playing a larger role on urchin barmesoid of macroalgae [1].
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Biology- Shortspined Sea Urchin Heliocidaris erythrogramma

The Shortspined Sea Urchifeliocidaris erytnrogramnia ¢ 1 St A 2 ¢ 2 NJ LJdzNLIX S 3
endemic to Australia and Tasmania, commonly found from the intertidal zone down to a
depth of ~35 m along the west, south and east Australian coasts [43]. It occurs in a range of
habitats from algatovered boulder fieldso bare rock flats and sheltered sandy or seagrass
areas [44]. In Tasmanil, erythrogrammas predominantly found in sheltered to

moderately exposed sites among boulders, rubble and ledges in lesd.¢hen of water,

where it reaches up to 125 mm in test diameter [44]. It is found all around Tasmania, except
for along the exposed south and soutfest coast, where bull kelrvilleae potatorumis

the dominant alga and the abalorté rubra rubraa dominant herbivore (Dix 1977 cited in

[43]). In Tasmanian watersl. erythrogrammaspawns in early summer to autumn at a test
diameter of 4650 mm (Dix 1977 cited in [43]). In the lead up to spawning, the roe can make
up ~56% of the urchins body weight (inding test, spines & coelomic fluid, [6]). Age at
maturity is not well defined, but Sanderson et al. [45] suggested that maturity occurred at 5
10 years of age, with individuals >80 mm test diameter not abundant at most sites. The
colour of the test and spes can differ significantly between individuals, including white,
violet, green, dark red or occasionally pink [44].

Similar toC. rodgersjithe H. erythrogrammas predominantly nocturnal and also forms
patchy aggregations (Wright et al. recorded up to 192 individuals per square meter in New
South Wales waters [46]). Unlik& rodgersjiH. erythrogrammaloes not have any fidelity

to individual crevices and shelters (Andrew 1999 cited in [48]erythrogrammdeeds

both by grazing or scraping on the substrate and capturing drift algae (summarised in [43]).
In Tasmania, the preferred habitat and diet appears to bekislp Macrocystis pyrifer§45].
Examinations of gut contents in Western Australia have shownHhatythrogrammas
primarily an algivorous herbivore, with macroalgae making up 98% of the gut contents (60%
of which were brown algae and 35% red algae). Animal food (mostly sponge or ascidian
material) and sand/rock made up the remainder at 1% each [47]). Similaesthdie not

been conducted on Tasmani&h erythrogrammalts diet is likely site specific, with Wright

et al. documenting a shift iH. erytlrogrammagrazing to crustose algae in the absence of
apparently preferred macroalgae [46].
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Fishery, production & markets

Fishery

The Tasmanian sea urchin fishery tardetth the endemic Shortspined Sea Urchih (
erythrogramma and theintroducedLongspined Sea Urchi@.(rodgersji The fishery forms

part of the Tasmanian Commercial Dive Fishery, covering urchins & periwinkles and is
divided into individual dive blocks within 5 management zones ksgere4). There are

currently 53 commercial dive licences in Tasmaniadéhtrostephanus rodgerssi

considered invasive (urchin barren former) and does not have a size nor catch limit. Harvest
of this species has been actively promoted since 2008 through government subsidies of up
to $1.5/kg (2022 fishing season, zone specific [6]). The nétieeythrogrammaas a total
allowable catch (TAC) of 175 tonnes and minimum size limit of 75 mm test diameter. The
TAC foH.erythrogrammais divided across catch zones (44 t in BmuthEasern Zone, 45t

in the CentralEast 37 t in theNorth-East 10 t in the Western, 39 t in the Northern Zone).

Once the TAC for a zone is reached, the area is closed for the remainder of the licensing year
[6]. Within theNorth-East SouthEastand CentratEastcatch zones, further catch caps are
placed on certain abalone stiidocks located within this zond#ble2). There are no size or
possession limits for the recreational harvest of either of the two sea urchin species in
Tasmania, although there is a recommendation that recreational fishers should apply a
voluntary minimum size limit of 75 mm fét. erythrogrammaurchins (identical to

commercial size limit) and limit their catch to 50 individdalerythrogrammaurchins [48].

Table2 Heliocidaris erythrogrammeatch-caps for individual sublocks within Tasmanian
Commercial Dive fishing zones during the 2@3Zishing season [49].

Zone Subbocks Area name Catchcap (t)
North-East 30D Georges Bay 7
North-East 29D, 30A & 30B | St Helens 13
North-East 24A, 24B & 24C | Mercury Passage 15
CentralEast 26B, 26C & 26D | Coles Bay 15*
CentralEast 23B Dunalley 10
SouthEast 18 Derwent River 6
SouthEast 19B Dodges, Sloping Island | 15

*Each of the three sulblocks in Coles Bay is managed to a 5 t catgh for 15 t total.
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Commercial Dive fishing sub-blocks and zones

3 Subblocks =~
Western Zone : \
1 South-Eastern Zone
L Central-Eastern Zone .
I North-Eastern Zone - |21
7 Northern Zone :

Figure4 Tasmanian commercial dive fishery zones for the 2022/23 season. The fishery is
split into individual blocks within 5 larger zones: Northern, Western, N&etstern, Central
Eastern and Soutkastern Zone [6]
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Production & harvest

Sea urchins are collected by divers by hand, operating out of small vessels (<10 m) and
targeting individual urchins between AB0 mm test diameter [50]. Catch weight, location
and date is confirmed by a log recording from the processor who receivesttie. ©ivers
are paid by total wet weight of catch ($/kg) or by weight and quality of roe from the
processor. For sea urchins, the term roe refers to both male and female gonads (in most
other aquatic species the term roe applies specifically to eggs. [big) quality of the urchin
roe is seasonal and considered to be at its highest in the lead up to spawning with roe
quality too low for harvest/market during and pespawning. To ensure maximum roe
quality, H. erythrogrammaurchinsare harvested from July until February, whilerodgersii
urchins are being targeted from January through to July. The majority of the total
Tasmanian catch is made up @yrodgersiand originates from the Nortikast andCentral
EastZones (no TAC, total harvest of 497 t @22, Figure5). Prior to 2019, the majority of
the commercial catch originated from thidorth-EastZone (mainly around St. Helens area),
but with the introduction of zonespecific government subsidies, catch effort has now
increased Figure6) and spread across th@entralEastZone ($0.75/kg fo€entratEastand

0% forNorth-East subsidies as of 2019). The majority of Hheerythrogrammaatch
originates from theCentralEastZone, followed by thé&orth-Easern andSouthEasern
Zones, as shown figure5 [52]. Catch rates dfl. erythrogrammanave been increasing
slightly since 2009gure?).

No information is available on the volume of the recreational or indigenous harvest, but the
volumes are considered to be negligible relative to commercial harvesting [40].
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A. Heliocidarierythrogrammaharvest
Catch Weight and CPUE by Block

Catch Weight

B. Centrostephanudgersiiharvest

Catch Weight and CPUE by Block
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Figure5 CommerciaHeliocidaris erythrogramm@) andCentrostephanus rodger$B) sea urchin harvest in Tasmanian waters during the
2017/18 to 2021/22 fishing seasons. The size of circles indicates the catch weight (in kg) and shading of circles greucattelfifprt (CPUE).
Source: Sharna Rainer, NRE TAS.

22



Centrostephanus rodgersii (Longspined Sea urchin =
°
100 - - 600 2
500 £
80 - €
S L 400 o
= 60 - Q
2 L 300 §
< 40 - N
g - 200 5
<
< 201 L 100 S
S
0 - F0 <
B i R I i g =
Year
mmm CE N = NE SE Total catch all zones (t)

Figure6 Centrostephanus rodgersiommercial dive fishery catch (20@921) per zone
(coloured bars) and total catch across all zones (black line). Data supplied by John Keane
(IMAS) and NRE (data owner).
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Figure7 Heliocidaris erythrogrammeommercial dive fishery catch (20@921) per zone
(coloured bars) and total catch across all zones (black line). Data supplied by John Keane
(IMAS) and NRE (data owner).
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Processing & packaging

Live urchins arbarvested by divers in the morning and arrive at the processor in the late
afternoon to be held overnight at 202°C. The next morning, urchins are cracked by hand

with specialised tools and the roe extractézhch urchin contains 5 lobes/tongues of roe).

The remainder of the urchin is discarded. The urchin roe is placed on plastic trays and enters
a series (31) of chilled saltwater baths, where teaf labourers manually pick off the
membrane and clean the roe of any other urchin tissues. The roe thiemsea final, chilled

water bath with alum (potassium aluminium sulfate). Alum facilitates the drying process and
maintains the fresh roe appearance. The roe is placed on paper towels and racked up in the
blast chiller to dry. From here, urchins underghnal manual clean and are graded into four
grades based on physical appearance (freshness, colour, texture, size, shape of lobes) and
taste. The highest grade, A, makes up approximately 40% of the extracted roe, followed by B
(~=30%), C (~25%) and the laswgrade, D (~5%). Roe quality and the relative percentages of
products of a certain grade differ between harvest locations and seasons. The different
grades of urchin roe are used for different products (Fable3).

Market & trade

Australian and overseas markets for different types of urchin product were identified during
the processor/wholesaler survey conducted as part of this risk profile. Tasmanian sea
urchins and their product are sold both domestically and exported oversbassdie of live

sea urchins by processors or direct to mainland wholesalers by divers is limited and
generally domestic market only, as long urchin spines necessitate larger packaging, thereby
increasing transport costs per volume of product moved. The alaéxtracted urchin roe is
much more lucrative, as premium quality product (grade A and B) contained in trays sealed
under normal atmosphere can be bulk packaged into boxes -&®4ays. Domestic sales
include sales to Tasmanian retailers, restaurangeand limited direct sales by processors.
Product sold to mainland Australia generally goes to wholesalers in Victoria, New South
Wales, and Queensland, who sell directly to the public, supply restauranteurs/fish markets
or may export overseas. The amowitdomestic vs. export sales varies between products,
processors/wholesalers and fishing season, as sufficient quantity & quality of urchin roe
needs to be available in order to offset bulk shipping costs. During the peak season, up to
80% of product mape exported. By far the biggest export markets are mainland China and
Hong Kong, followed by Singapore and South Korea. New Zealand and the US present minor
export markets, with the EU identified as an emerging market. The biotoxin regulations of
trading partners (where relevant for PST in urchins/echinoderms) are identified below in
Table4. The European Union is the only regulatory body that specifically mentions
echinoderms in their regulations, requiring that all live echinoderm product or products
derived from echinoderms must meet the bivalve regulatory level for PST of 0.8 mg STX
equiv. /kg [53]. Regulations in the United States and China/Hong Kong incorporate all
aguatic species, requiring that all aquatic products need to meet the bivalve regulatory
level. Maximum permissible PST levels in South Korea and Singapore could only be
confirmed for bivalve shellfish. It is unknown whether these countries extend the
application of this level to other wild harvested species, such as sea urchins.
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Table3 Tasmanian sea urchin roe product types, storage conditions, packaging and respective target markets as identified ducinig sea

processor/wholesaler survey and online product searches.

AT Product state Sto“'?‘ge Packaging FEEECREHS SRS Shelf life Market
type/grade matrix (g of roe) temperature
Live Raw None Styrofoam box | 10-20 Chilled to 23°C if | While alive | Limited domestic sales tc
with ice packs | urchins/box, | air transport, Tasmania or
~10 kg held at 1214 deg wholesalers on mainland
at processor Australia. Very rarely
export overseas.
A Raw with alum | None 5cavitytrays |900r100g |2-3°C 5-12 days Both export & domestic
B Raw with alum | None 5cavitytrays |900r100g |2-3°C 5-13 days Both export & domestic
A&B Raw with alum | None 5cavitytrays |900r100g |2-3°C 5-13 days Both export & domestic
(A on top
and B on
bottom)
C Raw in brine Brine Pot 90-150¢g 2-3°C or <8°C 12-14 days | Both domestic and expor
D Freeze dried None Tub TBA <-18°C TBA Currently being explored
Frozen None Tub 500 g <-18°C 6-12 months| Both domestic and expor
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Table4 Biotoxin regulations (where available) for trading partners identified during the

urchin processor/wholesaler survey and their respective biotoxin regulations as relevant to

sea urchins. Note that not all countries specifically regulate for PST in sea
urchins/echinoderms.

Trading partner

PST regulatory
level

Seafood products specified in regulations

China & Hong
Kongd
United State$

EU (emerging
market)

South Kore&

Singapore
New Zealangl

Australid

CODEX

0.8 mg/kg, 4 MU

0.8 mg STX equiv
/kg
0.8 mg/kg

0.8 mg/kg

0.8 mg STX equiv
kg

0.8 mg STX.2HCI
equiv. /kg

0.8 mg STX equiv
kg

0.8 mg STX.2HCI
equiv. /kg

All aquatic products
All aquatic products

Bivalve molluscs, live echinoderms, tunicates
and marine gastropods

Shellfish (oysters, mussels, cockles, clams, S
Topshell, whelks, abalone, pipis etc) and
tunicates (sea squirts) only.

Bivalve shellfish only

Bivalve shellfish only. Sea urchins not regulat
but occasionally monitored

Regulatory limit for bivalve shellfish only
(FSANZ). Bivalve level employedjaisiance by
Tasmanian Wild Fisheries/Public Health
Department and DAFF to lobster, abalone, se
urchins and periwinkles

Bivalves & abalone only

Relevant international standards for PST

lt S 2 LKeulia of China Standard GB 22835 [54].

2Food and Drug Administration 2011. Fish and fishery products hazards and controls guidze
3Commission Regulation (E(EEC No 853/2004). [53]

4Korean Food Code 2019. [57]
Singapore Food Authority. Mycotoxins and marioens in food. Maximum limits for marine

biotoxins [58]

®New Zealand Animal Product Noticeegulated control scheme bivalve shellfish. [59]
'FSANZ: Schedule 19 Maximum levels of contaminants and natural toxicants. [12]
8Standards for live and raw bivalve molluscs and abalone (CODEX ST200282d CODEX

STAN 312013).
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Food/hazard pairing

International literature searclq PST in sea urchins

A comprehensive literature search identified six different studies reporting the detection of
PST in nine different sea urchin species collected from the North Sea, South Pacific, North
Atlantic and the Argentine Sea (summarised able5). These reports largebonsist of

random surveys to identify potential namaditional vectors for PST (i.e. samplimaf

triggered by algal bloom activity). As such, these studies are limited in sample size (all <10
animals, with the exception of 100 animals analysed for PST in Terrazas et al. [62]).
Significant PST concentrations (>0.2 mg STX equiv. /kg were detectad @edasions,

with one Argentinian sample of the naszommercial Little Pink UrchifP$eudichinus
magellanicu} collected after amilexandriumbloom containing 8.34 mg STX equiv../kg
Notably, a different urchin specie&rbacia dufresnijicollected at the same time only
contained low concentrations of PST (0.096 mg STX equiv. /kg, pers. comm. Nora Montoya
2022). The aboveentioned studies analysed the entire urchin test contents (i.e. roe and
all viscera). In case of the Chilean sea mrtlxechinus albushe highest PST

concentrations were found in theve (94% of total PSTipllowed by theviscera(max PST =
1.86mg STX equiv./kg for all tissues combif@fsl) during an ongoindploom of A. catenella
(PST in bivalves at the time of sampling exceeded 50 mg STX equihigg®5] is the only
report of PST in urchin rada the literatureand it remains unknown whether PST uptake is
urchin/algalspecies antbr environmentspecific For example, where the urchin sample
originated from in Chilean waters, intense algal blooms frequently occur, with total PST in
bivalvesoften exceedinglOOmg STX equiv. /kg (pers. comm. Carlos Gaia@)e of these
studies reported any evidence of hamillness related to the ingestion of sea urchins
contaminated with PST. There is no information available in the scientific literature on
uptake and depuration rates of PST in sea urchins.

Surveys in international markets

No records of any market detections of PST in sea urchins or sea urchin products were
reported in the European Union Rapid Alert System for Food and Feed [13] nor the US
National Outbreak Reporting System (2a0820 [14]).
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Table5 Summary of scientific studies reporting the detection of PST in sea urchin tissues in different sea urchin speciesb@ticlodes
commercial and commercially fished species). Where reported, the number of samples and prevalence of PST positivis peonfiled to
indicate sampling effort.

Sampling related to Maximum PST
. . . Number of Frequency of PST detected (mg
Species Region algal bloom & tissue _ . o STX equiv Reference
sampled animals tested detection quiv.
/kQ)
Paracentrotus North Atlantic Random sampling, 1 0% <LOQ® [63]
lividus (Madeira, all viscera
(commercial Portugal)
species)
Arbacia lixula North Atlantic Random sampling, 1 0% <LOQ® [63]
(noncommercial) (Madeira, all viscera
Portugal)
Echinus sp. North Sea Random sampling, 6 100% 0.0218 [64]
(non-commercial) all viscera
Sphaerechinus North Atlantic Random sampling, 5 40% 0.0350 [63]
granularis (Azores, Portugal) all viscera
(commercial
species)
Arbacia dufresnii  Argentine Sea After Alexandrium  Not reported  Not reported 0.0960° Pers. comm.
(aquaculture (South America)  bloom, collected Nora Montoya
species) from same sites aB. (2022)
magellanicusall
viscera
Arbacia lixula North Atlantic Random sampling, 2 50% 0.090 [63]
(Azores, Portugal) all viscera

(non-commercial)
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Sampling related to Number of

Maximum PST
Frequency of PS1 detected (mg

Species Region algal bloom & tissue animals tested detectior? STX equiv. Reference

sampled

/kQ)

Loxechinus albus  Southern Pacific  Bivalvesat50 mg 100 15% 1.86° [65]
(Commercia| (Ch”e) STX eCIUiV./kg at the
species) time of sampling

(intestine, stomach

& roe)
Psammechinus North Sea Random sampling, 5 60% 0.207 [64]
miliaris all viscera, all viscer:
(non-commercial)
Diadema africanum North Atlantic Random sampling, 2 100% 0.223 [63]
(non.commercia|) (Madeira, all viscera

Portugal)

Paracentrotus North Atlantic Random screening, 10 Not reported 0.323 [66]
lividus (Portugal) all viscera
(commercial
species)
Pseudichinus Argentine Sea After Alexandrium  Not reported  Not reported 8.340 [67]

magellanicus
(non-commercial)

(South America)

bloom, all viscera

a%%samples greater than limit of detection (0.0@®.02 mg STX equiv. /kg)

b Saxitoxin reporting units not specified

¢LOQ = limit of quantification
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Field sampling Tasmania
Sampling effort

Between 201And 2022, 228 Tasmanigwooled or individuasea urchirroe samples were
analysed for PSPooled roe samplewere made up of or more urchins. For some of the
older sampling dategh=129), it could not be ascertained whether the PST result was
representative of the roe of a single urchin or that of multiple pooled urchins. Assuming
these allrepresent single animals onlhe 228 PST data points available correspond to the
roe of at leasB53 individual animalsAs multiple individual sea urchins from a $engpecies
were sometimes sampled on the same date, this represents 156 sampling occésions
sampling occasion represents the collection of one or more urchins that have been collected
on the same date from the same abalone salbck and subsequently analysed for PST
either individually or as a pooled roe sample across multiple anirratstal, the Tasmanian
PST data set for all sea urchin species contains PST results for:

1 54 sampling occasiorfer Heliocidarigequivalent to at least@6 individual animals)

1 94sampling occasiorfer Centrostephanugequivalent to at leasit59 individual
animals)

1 8 historic sampling occasions where the urchin species had not been recorded
(equivalent to at leas28individual animals

Few sea urchin samples were tested for PST prior to 2026af8pling occasions across all
urchin species, se€able6 below), with the majority of PST testing occurring as part of

industry monitoring during harvest and IMAS research sampling in the last three years (119
sampling occasions in 202022). The sampling effort has concentrated on the cerdest

coast (111 sampling occasions), followed byrbgh-east(31 sampling occasions).
Considerably fewer samples have been collected along the lower east coast (n=3) and Storm

e 6yIrmnos gAGK 2yfeée | aAy3atsS &l YEHuRSO2ft f SC

across page).
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Table6 Sea urchin sampling effort as numbers of samples analysed for PST in Tasmanian waters grouped by year and urchin seecsseddnded in the
KA&ZG2NARO RIFIGlFSE GKS dzNOKAY &LISOASA AAd NBLINEB asuyipling Becadsidns and thfedtdtdBnOmber ofauitraatd  {
analysed on those occasions. A sampling occasion represents the collection of one or more urchins that have been cdlectadherdate from the same
abalone sukblock and subsequently analysed f@Peither individually or as a pooled roe sample across multiple animals. Typically, at least 5 urchins from ¢
species are collected on the same sampling occa¥urere the historic data did not specify whether a sample was pooled or individually analysed, the sampl
number is given in brackets. These samples were counted as one for the total number of animals tested (i.e. represshmatueehin, but unknow exactly

how many).

H. erythrogramma C. rodgersii Unspecified Total
Year Number Number Number Totalof Number Number Number Number Number Number Number Number Number Number Number Number
of of of animals of of of of of of of of of of of of
sampling pooled individual tested sampling pooled individual animals sampling pooled individual animals sampling pooled individual animals
occasions samples samples occasions samples samples tested occasions samples samples tested occasions samples samples tested
2012
1 (2) 0 1 1 Q) 0 1 0 0 0 0 2 2) 0 2
2013 ) 0 2 0 0 0 0 1 1) 0 1 2 @) 0 3
2014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2015 0 0 0 0 0 0 0 0 2 (2) 0 2 2 2) 0 2
2016 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2017 0 0 0 0 0 0 0 0 4 Q) 15 16 4 Q) 15 16
2018 5 4(1) 0 40 3 3 0 13 1 1 0 9 9 8(1) 0 62
2019 6 3(3) 0 18 12 3(15) 0 30 0 0 0 0 18 6(18) 0 48
2020 17 3(12) 10 37 34 3(32) 10 57 0 0 0 0 51 6(44) 20 94
2021 3 3 0 15 31 3(29) 0 44 0 0 0 0 34 6(29) 0 59
2022 21 (13) 40 53 13 (12) 2 14 0 0 0 0 34 (25) 42 67
Total 54 13(31) 50 166 94 12(89) 12 159 8 1(4) 15 28 156 26(124) 77 353

31



24,

Sea urchin and bivalve shellfish biotoxin monitoring | -

3@ SRL sentinel sites 3§ Shellmap active phytoplankton
Abalone blocks where urchin samples have been collected (sampling occasions)
[ D'Entrecasteaux Channel (n=1)

[ Lower East Coast (n=3) A

21 Not sampled

[ Storm Bay (n=10) 0 25 50km
[ Central East Coast (n=111) - ==

[ Upper East Coast (n=31)

Figure8 Tasmaniarabalone fishery blocks and biotoxin monitoring sites. Coloured abalone
sub-blocks indicate blocks from which sea urchin samples have been collected for PST
analysis (201:2022). Adjacent blocks are grouped into sampling zones. The hashed areas
indicate abalone blocks for which no urchin PST data has been collected. Active ShellMAP
phytoplankton sites and Rock Lobster sentinel sites are represented by red and yellow stars,
respectively. Numbers in brackets indicate the number of occasions on which sea urchin
samples were collected in each zone (multiple animals were collected and analysed for PST
on each of these occasions).
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PST monitoring results

PST detections in Tasmanian sea urchins

A total 0f353 individual sea urchinfsave beertested for PSih Tasmanias either

individual or pooled samplegquates t0228 PST analysisonsisting of 196 confirmed
analysis and 32 unconfirmed Lawrence screen resiportablelevels of PST were only
detected in a singlsampleconsisting of the pooled roe of2. erythrogrammaurchins
collected during &. catenatund f 22 Y Ay (i KS ChafrelyhPOLB (O.124miy STXdzE
equiv. /kg). On the east coast, trace amounts of PST (below the laboratory level of
reporting) were only detected on two occasianssea urchins collected from Georges Bay
(St. Helens, 2017, 0.03 mg STX equiv.9ggcies unknownand Okehampton Bay
(Triabunna, 2018, 0.01 mg STX equiv, fiapled sample containingk3. erythrogramma3

C. rodgersiand 1 egg urchinThe Okehampton Bay sample was collected at the start of a
moderate bloom when bivalves were going up (2.57 mg STX equiv. /kg in bivalves at the
time of urchin sampling), to peak at 5 mg STX equiv. /kg in bivalves 3 weeks later. No
further urchin samples were collesd during this bloom.

Lawrence screen results suggested the presendevotevels ofPST in aadditional14
samplesalong the Tasmanian east coagttweenSeptember 201&ndDecember 2019The
Lawrence screen results indicatethximum unconfirmedPST levels of 0.30 and 0.17 mg
STX equivkg inC. rodgersiand 0.11 mg STX equiv. /kgHnerythrogrammawith PST
levels in albther 11screen resultdelow0.08 mg STX equiv./kl.is important to note that
these initial screen results from the Lawrence technique (now superseded by the Boundy
method) can overestimate PST concentrations by up to a factor.@ithbe the screen
results indicated the presence of only low levels of PSB@+«0g STX equiv. /kg), no
confirmatory analysis of these samples was undertath@ring industry samplingt the
time. At the time that thethree samples with screen results >0.08 mg STX equiwekg
collected, no bloom activity was recorded in either the Georges Rocks/BinalongpBay
Great Oyster Bay/Little Swanpateas (max PST observeaa bivalvesat these locationsvas
0.23 mg STX equiv. /kg during a Lawrence scesih

Sea urchin ampling during highisk periods

There have been noonfirmed detections of reportable levels of PST in sea urchin roe
sampled during periods of biotoxin activity the Tasmanian east coastven during

extreme conditions when PST levels in bivalves reached 75.5 mg STX equiv./kg (5 individual
urchins tested on the same day period of biotoxin activity is here defined as a period

where reportable levels of PST (>0.1 mg STX equiv./kg) were detected in bivalve molluscs
within 2 daysof urchins being tested. Bivalves are a widely accepted sentinel for imotox
activity due to their filter feeding nature and rapid uptake of PST.
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Of the 33 individual urchins collected for PST analysis in 2023, 101 animals were
collected during periods of biotoxin activitfheseaurchinswere collected on 22 sample
occasions and include PST analysis of 47 individual and 7 pooled samples, with a further 3
samples of unknown naturg.e. either pooled or individually analysed, Sesble7). Among

the urchin samples collected during these periods, 70% were collectedg heightened
biotoxin activitywhen bivalve PST levels had exceeded the ML (i.e. 71 urchins, inc¢léding

H. erythrogrammay C. rodgersiand 19 urchins of unknown specjeseTable7). These
animals were collected on 15 different sampling occasionsaauadlysed for PST as 42
individual and 4 pooled sampladighPST levels in bivalves withir2Idays prior to urchin
sampling provide a good indication that urchins were exposed to an active algal bloom at
the time of sampling or immediately prior to sampling. Howewdese to the rapid uptake of
PST by bivalves, if toxins were detected in bivalves 2 days after urchin sampling, the
confidence that urchins were exposed 2 days prior may be reduced, particularly if only low
PST levels were found in bivalves. During peraddeightened biotoxin activity, this latter
scenario occurred only twice, but high PST levels in bivalves at the time (5.3 and 2.4 mg STX
equiv. /kg) provide confidence that urchins had already been exposed to toxic algae during
sampling 2 days prior. This is further supported by Southern Rock Lab#iesated on the

same date and location as urchins exceeding the bivalve ML (6.56 and 1.47 mg STX equiv. /
kg in hepatopancreas].able8 below provides a detailed breakdown of PST levels across
different seafood species and when bivalvesre sampled relative to sea urchins. At all

times when PST were detected in lobsters sampled within two days of sea urchins on the
east coast, PST were also detected in bivalve molluscs.

With the exception of the single urchin sample where low levels of PST were detected in the
509y (i NBOI & (daloteEsubbldck 1)yt fother matched sampling occasions
originate from sampling during periods Afexandriumbloom activity in the White Beach

region (AugusOctober 2022) or the centradast coast (201:2021). The latter region is of
particular interest, as considerable IMAS research sampling comparing PST levels between
different species has occurred in this area from 2017 onw@igure9). Significantly

elevated PST levels were detected in bivalve shellfish in this region during the 2017 (up to
139 mg STX equiv. /kg), 2018 and 2019 biotoxin seasons, but no PST reported in sea urchins
sampled during and after these events. While only lichiboom activity was recorded in
subsequent years (2028022), abalone appeared to contain significant concentrations of
PST in between blooms years. Again, no reportable levels of PST were detected in sea
urchins sampled during this period, while abaldrevest blocks remained closed due to

the presence of elevated PST in abal{®.
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Table7 Number of sampling occasions where urchins were collected during low orikigheriods

(indicated by PST concentration range in bivalvellfish). On each sampling occasion, multiple urchins
were collected and either analysed as a pooled sample, or individually. Typically, one pooled sample
analysed for PST consisted of the combined roe of five individual urdtiivere the historic data did not
specify whether a sample was pooled or individually analysed, the sample number is given in brackets.
These samples were counted as one for the total number of animals tested (i.e. represents at least one
urchin, but unknow exactly how many).

Number of sampling
occasions

Number of pooled
Heliocidaris samples

erythrogramma Number of individual

samples

Total of animalsested

Number of sampling
occasions

Number of pooled
Centrostephanus samples

rodgersii Number of individual

samples

Number of animals
tested

Number of sampling
occasions

Number of pooled
Unspecified urchin samples

species Number of individual

samples
Number of animals
tested

Number of pooled
samples

Number of individual

samples
Total
Number of sampling
occasions
Number of animals
tested
Maximum PST

detected in urchin
(mg STX equivkg)
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Table8 Quantification of PST in different sea urchin species during periods of increased biotoxin risk (red, yellow and bluendizading very high, high
and mediumrisk respectively), as indicated by PST detections in either abalone, rock lobster e bssles sampled within two days of collection of
urchin samples. Blank spaces indicate dates where no matching results were available for a particular seafood speadieseqndsstat historic PST
analysis where the tissue analysed is unknown (@eldcbe either roe or entire test content, including other viscera and faecal pekatspooled samples
containing the roe of multiple individual urchins (P), the number in the brackets after the PST result indicates the durdhén®that were pooled on

this sampling occasion. For sampling occasions where individual urchins whereedn@), the number in the brackets provides the number of individual
urchins that were analysed (typically 5). Where no records on the type of sample where aythleddeare denoted as unknown (U).

Date Location Sea urchins Abalone Rock lobster Bivalves
Bivalve
Sampling sea  Abalone GCentrostephanus A SIS Unspe(_:lfled : Oysters & sampll_ng EE
urchins sub-block rodgersii(n) erythrogramma urch!n Viscera Foot Hepatopancreas mussels re_latlve to_
(n) species urchin sampling
samplingdate
30/10/2017 24C ND(5S) 1.32 0.87 70.54 Same day
15/09/2022 20A ND(1S) ND(5S) 0.50 7.94 Same day
7/10/2019 24C ND(5P) ND*(5P) 0.38 6.56 2.27 1 day after
15/09/2022 20B ND(5S) 0.31 6.04 Same day
4/10/2018 24C ND*(5P) 0.24 0.62 1.47 5.32 2 days before
27/09/2022 20B ND(5S) 0.29 5.05 Same day
27/09/2022 20A ND(1S) 0.26 4.17 Same day
30/08/2022 20A ND(5S) 0.14 2.76 Same day
4/09/2018 24C 0.01*(9P) 0.33 0.87 221 2.57 1 day before
13/12/2017 24C ND(5S) 2.37 2 days before
22/10/2019 24C ND(5P) ND*(5P) 1.45 0.49 1 day before
17/08/2022 20B ND(5S) 0.43 1.16 Same day
27/09/2021 24C ND(5P) ND(5P) 1.10
4/04/2013 15 0.12(2P) 1.07
12/10/2022 20B ND(5S) 0.18 1.02 Same day
17/08/2022 20A ND(5S) 0.75 0.90 Same day
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Date Location Sea urchins Abalone Rock lobster Bivalves

Bivalve
Sampling sea  Abalone Centrostephanus el Unspe(_:lfled . Oysters & sampl!ng diie
erythrogramma urchin Viscera Foot Hepatopancreas relative to

. mussels . .
(n) species urchin sampling

samplingdate

urchins sub-block rodgersii(n)

9/10/2018 31A ND*(3P) 0.69
18/11/2020 26A ND(5P) 0.57
8/11/2018 22C ND*(5P) 0.53 0.28
28/09/2020 24D ND(5S) ND(5S) 0.52
11/06/2019 24C ND(5P) ND*(5P) 0.50 0.18
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Figure9 PST in Tasmanian seafood species sampled along the Tasmanianeasttcast.

The grey shaded area and circles represent PST levels in bivalve shellfish as an indicator of
biotoxin activity. Note that PST concentration is provided on a logarithmie scdahe y

axis.
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