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Australia surveillance project. The views expressed are those of the author. DigsFish Services does not
warrant that the information in this document is free from errors or omissions. The authors do not accept
any form of liability, be it contractual, tortious, or otherwise, for the contents of this document or for any
consequences arising from its use or any reliance placed upon it.
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Necrotizing hepatopancreatitis bacterium

Northern Territory

Office International des Epizooties, the world orgation for animal health
Ostreid Herpesvirus-1, a member of the FamM#jyacoherpesviridae that infects bivalve molluscs
(GenBank # AY509253)

A genetic variant of Ostreid Herpesvirus-indef by a nucleotide deletion of 2.8 kb in an
inverted repeat region compared to the reference genaeéstaon of 200 bp and an insertion of
27 bp in the C region encoding two unknown proteins.

A genetic microvariant of Ostreid Herpesvitugefined on the basis of partial sequence data
exhibiting a systematic deletion of 13 bp in a microsétetbne of the ORF 4 of the genome.
open reading frame

Post larvae

Queensland

Quantitative PCR

Risk analysis

Red sea bream iridovirus

Reverse Transcriptase PCR

South Australia

Specific pathogen free

Specific pathogen resistant

Transmission electron microscopy

Taura syndrome

Taura syndrome virus
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White spot disease

White spot syndrome virus
Yellowhead-like viruses
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DygskisH

www.digsfish.com



Non — technical summary

In recent years globalisation of trade has increasedetimity risks due to increasing volumes of
international movements of humans, animals and commoditresirsions of pests and diseases can have
severe ecological and economic consequences and may everrthnaéibnal food security in some
instances. Because of this, development of a new aglis¢iase and marine pest surveillance capability is
one of the priorities of the Northern Australia BiosecuBtyveillance Initiative. One of the first steps of
this process requires capacity building in the area of tmquseases and marine pests, including
identification and prioritisation of organisms of biosecurityncern to Northern Australia through the
science based process of risk analysis.

The first stage of this risk analysis process was uakientby the Northern Australia Biosecurity Framework
(NABF) Aguatic Biosecurity Working Group during a hazardniifecation workshop in September 2016.
The group developed agreed priority lists containing 10 arjuiigeases and 5 marine pests of concern,
based on criteria including likelihood of establishing in north&uostralia (defined as areas north of the
Tropic of Capricorn), likelihood of impacting on industry in tha@rn Australia, and species of concern that
are easily identifiable by people that have limited esignce or may be easily tested for through a
surveillance program.

A qualitative risk assessment was then undertaken for speties of concern and an overall relative
likelihood of introduction, establishment and spread wasmeted for each disease and pest species for
each of the 17 relevant IMCRA Provincial Bioregions idiead by the Department of Agriculture and Water
Resources. For the 5 marine pest species, the rigiesassnt found a high likelihood of introduction.
establishment and spread of the Asian green m&ssah viridisand Black striped false musdéitilopsis
sallei, a moderate risk of introduction of the Brown mus®&sgrna pernaand Harris' mud crab
Rhithropanopeus harrisiiand a low risk of introduction of the Asian bag mugsebatula senhousiaFor

the disease agents, the risk assessment found a highddetlof introduction establishment and spread of
megalocytiviruses of finfish, Acute Viral Necrosisris of Scallops (AVNV), White spot Syndrome Virus
(WSSV) of crustaceans, Yellowhead Disease caused by YHU4& wi prawns, and Acute Hepatopancreatic
Necrosis Disease (AHPND) of prawns. The risk assessfound a moderate likelihood of introduction
establishment and spread Bdwardsiella ictaluriof finfish, Taura Syndrome Virus (TSV) of prawns and
crabs, andEnterocytozoon hepatopend&HP) infections of prawns. The risk of introductioraéishment
and spread of Necrotizing Hepatopancreatitis (NHP) afvps was found to be low, while the risk of
introduction establishment and spread of Infectious Myonec(BdiN) was very low and did not exceed the
Appropriate Level of Protection (ALOP). The analysis dmand that any release pathway that facilitated
entry of live decapod crustaceans (e.g. biofouling incbkests on commercial shipping) also represented a
significant risk of introducing several disease agentsitisy WSSV, TSV, YHV1, AHPND and EHP.

Options for risk mitigation were then presented, togeth#r am appraisal of the utility of each option for
reducing risks to within the ALOP. The outcomes from tigk analysis process should be useful to help
identify and prioritise the bioregions and pathways where ase@ biosecurity resourcing and/or
phytosanitary measures are required to prevent entrysaalishment of unwanted pests and diseases into
Northern Australia.
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1.0 Introduction

In todays globalised world with increased emphasis ontfeste between countries, the biosecurity risks
associated with ever increasing volumes of internatiomalements of humans, animals and commodities
have never been greater (Perrings et al. 2005, Jones 201R,eCidi 2016). Even so, the number of
passengers, shipping and containerised cargo arrivalf\u#ivalia are forecast to nearly double by 2025
(DIRD 2014), representing a significant increase in risktwbduction of aquatic pests and diseases, many
of which could damage Australia’s industries, environmentamdvay of life (Hewitt et al. 2011a, b, Craik
et al. 2016). Once introduced, the spread of pests arabdgseto the aquatic environment in new regions
is, with few exceptions (Ferguson 2000, Neil et al. 2005), irséve and can have significant ongoing
economic and ecological implications for biodiversity, condemeof threatened native species as well as
threaten food security by interfering with commerciad agcreational fisheries and the aquaculture industry
(Langdon 1990, Friedman 1996, Lightner 1996a, Lightner et al. 1997, Dove ¥#9%, Dove 1998,
Oidtmann et al. 1999, Soderhéll and Cerenius 1999, Burreson 200, Daszak et al. 2000, Dove and
Fletcher 2000, Durand et al. 2000, Gaughan 2002, Hayes et al. 288%omHet al. 2006, Flegel 2006a,
2006b, Walker and Mohan 2009, Lightner 2011, Stentiford 2012, Stengif@ald 2012, Shields 2012).

The four-year 'Northern Australia Biosecurity Surveill@naitiative aims to deliver government priorities to
improve biosecurity surveillance that were outlined inBDleeeloping Northern Australia and Agricultural
Competitivenesavhite papers. Development of a new aquatic disease amnihiemaest surveillance
capability is one of the priorities of this initiative. Amportant part of capacity building in the area of
aguatic diseases and marine pests is identification andtipation of organisms of biosecurity concern
through the science based process of risk analysis firfhpart of the risk analysis process was undertaken
by the Northern Australia Biosecurity Framework’s (NAB&Quatic Biosecurity Working Group during a
hazard identification workshop held in September 2016. Th&imgogroup identified 10 aquatic diseases
and 5 marine pests as priorities from national, stadgeterritory lists of reportable species, based onr@ite
including likelihood of establishing in northern Australia (hoof the Tropic of Capricorn), likelihood of
impacting on industry in northern Australia, and being spdtiat are easily identifiable by people who have
limited experience or may be easily tested for thraughrveillance program.

Following on from identification of these hazards, this doemincommunicates the outcomes of a risk
assessment process that was conducted for each disehpest species of concern to arrive at an overall
relative likelihood of introduction, establishment and spreawsaceach of the 17 relevant IMCRA
Provincial Bioregions identified by the Department of &Agtiure and Water Resources (DAWR), including
Bioregions 1, 2, 3, 4, 5, 15, 16, 17, 18, 19, 20, 25, 26, 27, 2&814(igure 1). When viewed from a
physical/geographical perspective, these regions stretobssatire entire coastal area of mainland northern
Australia from Northern Territory Offshore (1), Gulf of Pantaria (25), Western Australia Offshore (2, 3,
4, 5), Western Australia Onshore (26, 27, 28), East Coash@# (15, 16, 17, 18, 19, 20) and East Coast
Onshore (40, 41) (Table 1). The major ports in this regioalactesummarised in Table 1. Reporting of the
findings of this analysis is based on a qualitative assagson the risks involved with introduction (release),
establishment (exposure) and spread (consequences) of eald sz assessed using internationally
recognised risk analysis methodologies (Diggles and Arthur 2DIB,2016) and utilising nomenclature,
and risk estimation matrixes adapted from those usdwiBait and Burley Risk Analysis (Diggles 2011).
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Table 1. Physical/geographical groupings of the various1CRA Bioregions in Northern Australia (For
maps of major ports and shipping routes in northern Awstralia, see Appendices 2 and 3).

Region / Bioregior Major ports in Bioregion Other Risk Factors
Northern Territory Offshore
1 Timor Transition none foreign fishing
Gulf of Carpentaria
25 Northern IMCRA Province Gove, Milnar Bay, Bing Bo@rumba, Weipa, foreign fishing

Skardon River, Thursday Island coastal population

Western Australia Offshore

2 Timor Province none foreign fishing
offshore oil and gas
3 Northwest Transition none offshore oil and g
4 Northwest Province none offshore oil and gas
5 Central Western Transition none offshore oil and gas
Western Australia Onshore
26 Northwest IMCRA Transition Darwin, Wyndham, Derby foreign fishing

coastal population,
offshore oil and gas

27 Northwest IMCRA Province Airlie Island, Barrow Islaf&tpome, Onslow, Port |  coastal populatio
Hedland, Port Walcott, Dampier, Varanus Island many islands

28 Central Western IMCRA Transition none coastal populatio

East Coast Offshore

15 Central Eastern Transition none remote coral atolls

16 Kenn Transition none remote coral atolls

17 Kenn Province none remote coral atolls

18 Northeast Province none remote coral atolls

19 Northeast Transition none foreign fishing

remote coral atolls
20 Cape Province none foreign fishing

remote coral atolls

East Coast Onshore

40 Northeast IMCRA Province Abbot Point, Bowen, Darynipdg, Cairns, Hay Point| high coastal populatic
Lucinda, Mackay, Mourilyan Harbour, Townsville Great Barrier Reef
41 Northeast IMCRA Transition Cape Flattery GBR, fgrefishing

The risk assessment methodology used accounted for theifglsaoping document requirements to:

1. Identify specific pathways/mechanisms/risk factorsehtry, establishment and spread;

2. Allocation of relative likelihoods of entry, establishmamnid spread across areas for each of the
pathways/mechanisms identified;

3. Estimation of the relative importance of each of thbways/risk factors for each disease and pest;

4. Combination of these likelihoods and importance to arrivanabverall relative likelihood of
introduction, establishment and spread for each diseasgesi

5. Further assessment of aquatic diseases to determitineerkkelihood of introduction, establishment
and spread in the wild and in an aquaculture setting;

6. Spatial interpretation of this information based on tiegrated Marine and Coastal Regionalisation
of Australia (IMCRA) Provisional Bioregions;

7. Likelihood maps produced for each marine pest/aquatic diggadetected in the wild) which are
consistent with East et al. (2013) into the IMCRA prowahbioregions; and

8. Suitable habitat identified for each pest speciesftomn surveillance priorities.

DygshisH

www.digsfish.com

14



2.0 Hazard Description

The first step in a RA process is to list the relevaastards to be analysed. These were identified by the
Northern Australia Biosecurity Framework's (NABF) AquaBiosecurity Working Group during a hazard
identification workshop held on 28 September 2016. The workiogpgdeveloped agreed priority lists for
aquatic diseases and marine pests specifically aligrtechaithern Australia, in particular:

» species that are likely to establish in northern Austrétihis area being defined by NABF as north
of the Tropic of Capricorn including all of the Northérerritory,

* species that are likely to impact on industry in norttfarstralia,

» species that are easily identifiable by people that hened experience or maybe easily tested for
through a surveillance program. To define this further:

o Identifiable can mean the recognition of something “unusutiéein signs or occurrences
by people with limited experience or knowledge, not necégsequiring identification
down to species level, OR

o0 Easily tested for via molecular or another diagnostithods to achieve identification or
diagnosis of a potential pest or disease

Based on these criteria, the working group identifiedatliewing priority marine pest species (Table 2) and
diseases (Table 3) as hazards requiring detailed rissena

Table 2. The priority shortlist of marine pests of concen to be considered in the detailed risk analysis.

Priority Common namg Reportable
Pest agent Ranking pest
MOLLUSCA
Perna viridis 1 Asian Green Muss Nationa
Mytilopsis salle 2 Black StripecFalseMusse Nationd
Perna pern. 3 Brown Mussel, Mexilhao mus: Nationa
Arcuatula senhous 4 Asian Bag Muss: Nationa
(syn.Musculista
senhousip
CRUSTACEA
Rhithropanopeus harris 5 Harris’ Mud Cral Nationa
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Table 3. The priority list of aquatic diseases of concarto be considered in the detailed risk analysis.

Agent or
Priority Disease strains Under OIE/
Disease agent Ranking agent is confined | official NACA
infectious | to certain | control listed
regions
FINFISH
Viruses
Infection withMegaocytivirus (ISKNV, 3 v 4 National Yes
RSIV and like viruses)
Bacteria
Enteric Septicaemia of Catfi 7 v 4 National Yes
(Edwardsiella ictalur) (NACA)
CRUSTACEA
Viruses
White Spot Diseas(WSD) 1 v v National Yes
Infectious Myonecros (IMN) 4 v v National Yes
Taura Syndrome (T 8 v v National Yes
Yellowhead Diseasecaused b'YHV1) 6 v v National Yes
Bacteria
Acute FepatopancreatiNecrosisDisease 2 v 4 National Yes
(AHPND) (Vibrio parahaemolyticus (NACA)
Necrotising Heatopancreatit (NHP) 9 v 4 National Yes
(CandidatusHepatobacter penaei)
Protozoar
Infection with 5 v v Nationa Yes
Enterocytozoon hepatopenaei (NACA)
MOLLUSCS
Acute viral necrosis of scallops (AVN 10 v v WA Yes
(NACA)
I ‘IEESHS“ 16
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3.0 The methodology used for this Risk Analysis

This RA was based on a qualitative assessment of #weingolved with translocation of these hazards. The
gualitative RA method addresses risk in a standardised médores and Stephens 2006, Diggles and
Arthur 2010, DAFF 2011, Diggles 2011, OIE 2016) utilising a serigsshfassessment processes, namely
release assessment; exposure assessment; conseqseasmast; and risk estimation. More detail on each
step in the process is included below.

3.1 Release assessment

After defining the hazards of concern (see Tables 2, 3ndhkistep in the RA was to identify the potential
routes of entry into Australian waters through various $pewlease pathways relevant to the hazard for
each specific IMCRA Provincial Bioregion in Northern Aadia. Reviews of the literature on likely routes
and vectors for introductions of pests and diseasesAustralia and elsewhere (Hayes and Hewitt 1998,
AQIS 1999, Hayes et al. 2005, Neil et al. 2005, Bulleri and 4ir2005, Biosecurity Australia 2009, Adams
et al. 2014) identified the following main entry and relgaastways (Table 4):

Table 4. Summary of main entry and release pathways idefied for pests and diseases in this RA.

Pathway Type Abbreviation Marine Pests Diseases
Aquaculture feetl AF" X 4
Ballast water BW v v
Biofouling on commercial shipping BC v v
Biofouling on pleasure and fishing boats BP v v
Discarded /ghost fishing gear DF v v
Flotsam/debris FL v v
Fishing bait - Domestic FBD v v
Fishing bait- Imported FBI v v
Fish/shellfish movements — Anthropogenic* FMA v v
Fish/shellfish movements - Natural FMN v v
Infrastructure stepping stones ISS v v

* Includes introduction via ornamental fish where reféva the case of diseases.
" Includes live feeds such as rotifer cysts Artemiacysts. Artificial pellets discussed on case by case.

The likelihood of entry for each release pathway waessssl based on several criteria, including:

1. Organism characteristics

. Virulence and pathogenicity

. Susceptible species

. Zoonotic potential

. Rate of transmission in a population

. Ease of international spread

. Methods of spread

. Potential geographic range within northern Australia
. Favoured habitat in native and invasive range.
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2. Relative likelihood of entry/introduction

. Likely origin(s) of disease or pest

. Pathways for introduction

. Proximity of nearest disease or pest reservoir

. Prevalence in reservoir area

. Number and nature of viable pathways of entry

. Frequency/magnitude of occurrence of opportunities incursion

. Presence and effectiveness of pre-border and border control

. Shipping/vessel movements

. Aquaculture feeds (considered only for diseases due tdenigls of processing).

The likelihoodestimations (Table 5Sthat a hazard would be successfully translocated dedsed via a
particular pathway were determined througlalitative assessments based on information availableein t
scientific (and other) literature, unpublished data, ad a®lthe professional judgment of the analyst.
Indicative annual probability ranges for each category arguidance only and are from DAFF (2003). The
risk assessment for a particular hazard was conclfitleel release assessment determined that the likelihood
of release of that hazard was negligible (OIE 2016). lihked estimates were made based on risk estimates
that includedconsideration of existing risk mitigation mweas being applied to each release pathway (for
example, disease testing of imported seafood productsneopte-border and border control procedures
such as ballast water exchange to Australian BallaseM¥anagement Requirements (DAWR 2016)).

Table 5. Nomenclature for the qualitative likelihood esthations used in this RA.

Likelihood Definition Annual Probability
High (H) The event would be very likely to occur 0.7<P<1
Moderate (M) The event would occur with an even probability 0.3< P<0.7
Low (L) The event would be unlikely to occur 0.05< P<0.3
Very Low (VL) The event would be very unlikely to occur 0.001< P<0.05
Extremely low (EL) | The event would be extremely unlikely to occur | 0.000001< X 0.001
Negligible (N) The event would almost certainly not occur 0< P<0.000001

3.2  Exposure assessment

The exposure assessment examines the likelihood of the enviroanemguatic animals in an IMCRA
Provincial Bioregion being exposed to the hazards viaglease pathways, and determines the likelihood of
the establishment and spread of the hazard. The likelihoodpok@e will depend on several factors
relating to the capacity of the pest or disease agesglémise and survive in the environment, or in the case
of diseases, the availability of susceptible hosts, the ehinfection of susceptible hosts, and the likelihood
of subsequent transmission of infection to others withipopulation. In determining the likelihood of
establishment and spread in Australian waters, the follpkey factors were considered relevant:

. Availability and density of suitable substrates anddsiceptible hosts
. Management of potential hosts and biosecurity protocol®c¢al host populations
. Contiguity of host populations
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Likelihood of exposure

° Presence of competent vectors

. Climatic and environmental suitability of zone
. Likelihood of early detection/eradication

. Rate of transmission in a population

. Methods of establishment and spread.

For pest species, some additional considerations included:

To successfully translocate and establish in a new tgadixotic pest species must enter the risk pathway,
survive the voyage from the source to recipient region, reproglube dislodged in the recipient region,
colonise an available substrate or environment in the retiggion, and be able to complete its lifecycle in
the recipient region (that is, undergo continued reproduttitd@come established) (DAWR 2015a).

For disease agents, some additional considerations included:

1. Route of InfectionViable disease agents must be ingested by a susceptibler latberwise come
into contact with susceptible fish or invertebrate spedigsction may occur via the digestive tract,
through direct contact with contaminated water via #teraal surfaces and gills, and/or

2. Infective DoseThere must be sufficient quantities of viable diseasatage induce an infection
following ingestion or contact with the disease agent viaxiernal surfaces or gills.

Once a hazard is released into the environment, thehidaali of whether it would survive, infect susceptible
hosts (in the case of disease agents), and becomegstdhlias expressegdalitativelyusing the ikelihood
estimations in Table 5, based on information available insthentific (and other) literature, unpublished
data, as well as the professional judgment of the analysie likelihoods for the release and exposure
assessmentsere combined using the matrix of ‘rules’ for combining dsiee likelihoods, to arrive at a
likelihood of establishment and spread, as shown in Table 6.

Table 6. Matrix of rules for combining descriptive likelihoods for the release and exposure assessments
to arrive at a likelihood of establishment and spread.

Likelihood of Release

High Moderate Low Very Low Extremely low | Negligible
High High Moderate Low Very Low Extremely low | Negligible
Moderate Moderate Low Low Very Low Extremely low | Negligible
Low Low Low Very Low | Very Low Extremely low | Negligible
Very Low Very Low | Very Low | Very Low | Extremely low Extremely low | Negligible
Extremely low Extlgevrvnely Extlgevrvnely Extlgevrvnely Extremely low|  Negligible Negligible
Negligible Negligible | Negligible | Negligible Negligible Negligible Negligible
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The risk assessment for a particular hazard was comtifidiee exposure assessment determined that the
likelihood of establishment was negligible (OIE 2016).

3.3 Consequence assessment

The consequence assessment estimates the likely magaittitke consequences of establishment and/or
spread of a hazard into a new region, including the possifdets of pests and disease agents on aquatic
animals, the environment, industry and the economy. The quaditéérms used to describe the
consequences of establishment of an unwanted pest or cigeasén this RA are defined in Table 7.

Table 7. Definition of terms used to describe conseqoces of establishment of unwanted pests or
disease agents.

Consequence Definition

Extreme Establishment of disease/pest would cause substantiagjizial and economic
harm at a regional or even national level, and/or caargaus and irreversible harm
to the environment.

High Establishment of disease/pest would have serious biolaioaequences (high
mortality or morbidity) and would not be amenable to adrdr eradication. Such
organisms would significantly harm economic performaneeragional level
and/or cause serious environmental harm which is most lilkelyersible.

Moderate Establishment of disease/pest would cause significalitgidal consequences and
may not be amenable to control or eradication. Such disgeests could harm
economic performance at a regional level on an ongoing baksr anay cause
significant environmental effects, which may or may not teversible.

Low Establishment of disease/pest would have moderate biolagicaéquences and
would normally be amenable to control or eradicationhSligeases/pests may

harm economic performance at a local level for some pandr may cause some
environmental effects, which would not be serious or irisk.

Very Low Establishment of disease/pest would have mild biologmasequences and woulg
be amenable to control or eradication. Such diseasesipagtisarm economic
performance at a local level for a short period and@y cause some minor
environmental effects, which would not be serious or irisik.

Negligible Establishment of disease/pest would have no significaltididal consequences
and would require no management. The disease/pest wouddfect economic
performance at any level and would not cause any deteeiatitonmental effects

These descriptions are based on information available in Biag (Jones and Stephens 2006, Biosecurity
Australia 2009, Diggles and Arthur 2010, Diggles 2011), the sciehtérature, unpublished data, as well as
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the professional judgment of the analyst. For each haghrcbncern, the consequence assessment
determined the likelihood of occurrence and the associatedtifigpagach of two main outbreak scenarios.
Either:

1. The pest or disease agent becomes established and sphreadhout a region of northern Australia.
This scenaricassumes that if an agent were to establish it wouldtesin spread to its natural
geographical limitsor;

2. Anindex case occurs, but the agent does not persist in the eneionm

Only the first scenario was considered to represenbleditment of the pest or disease agent, because the
second scenario would most likely go undetected. Thess&ssment for a particular hazard was concluded
if the consequence assessment determined that the censegjwf introduction were negligible (OIE 2016).

3.4 Risk estimation

Risk estimation is the final step involved with each assessand would be used to determine whether the
extent of the unrestricted risk presented by each peslisease agent to the aquatic animals, environment,
industries and community of Australia was sufficientaquire risk management. ‘Unrestricted risk’ means
the estimated risk if the various hazards were todestocated with no risk management measures in place
(except for certain routine pre-border and border controlgpiaes such as ballast water exchange). Risk
was assessed using the risk estimation matrix in Tabledwses a combination of the qualitative answers
given for the combined likelihoods of release and exposure andgtiicance of the consequences of
establishment of a disease agent to provide an estimatee afisk involved, ranging from ‘negligible’
through to ‘extreme’.

The appropriate level of protection (ALOP) adopted in thisiRéxpressed in qualitative terms. Australia’s
ALOP, which reflects community expectations through goventrpelicy, is expressed as providing a high
level of sanitary or phytosanitary protection whereby issleduced to aery low level, but not to zero. This
definition of ALOP, and its illustration by way of a rigktimation matrix is shown below in Table 8.

If either the likelihood of establishment and spread, or t@fgiance of the consequences of establishment
and spread of a pest or disease agent were consideregibheglr very low, the unrestricted risk would be
within the ALOP, and there would be no need to implememnt additional risk management steps.
However, if the unrestricted risk estimation for any asseagent or pest was determined to be unacceptable
(that is, above very low in the risk estimation matrix shdelow), the threats posed by the disease or pest
will be ranked (extreme, high, moderate, low) based on a&gof the relative likelihood of establishment
and spread in Northern Australia (i.e. considering the mumbpathways/mechanisms/risk factors for entry)
as well as other relevant aspects (identity and likelye(s) of the hazard, epizootiology, likely costs of
eradication). For any pests or disease agents witlesismation rankings that exceed the ALOP, additional
risk mitigation measures may be necessary to reducesthestimate back to within the ALOP (Table 8).
For the purpose of this risk analysis, to retain tramsmarin calculations of residual risk, risk estimations
that fall below the ALOP (to the left of the ALOP in Eig 8) will be presented as they are calculated in the
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Likelihood of establishment and spread

relevant risk estimation tables, rather than covertihtp&hegligible risk” status. The risk estimation tables
and area risk maps are colour coded for clarity, usinfpttmaving: Extreme risk = purple, High risk = red,
Moderate risk = orange, Low risk = yellow, at or below ALOBreen (Table 8).

Table 8. Risk estimation matrix showing the ALOP utilizd for this RA (white squares = very low
risk). Any diseases which fall to the right of theALOP during the RA will require additional risk
management (yellow = Low risk, orange = Moderate risk, reg High risk, purple = Extreme risk).

Very low | Low risk

High risk

Very low | Low risk
risk

Moderate

Low Very low Low risk
risk
risk
Ext. L Very low | Low risk
Lo risk
Very low
Negligible fisk
Negligible Very Low Low Modate High Extreme

Consequences of establishment and spread
3.5  Risk mitigation

For any pests or disease agents with risk estimatiokings that exceed the ALOP, additional risk
mitigation measures may be necessary to reduce thedtishate back to within the ALOP. The additional
risk mitigation processes examined as part of this RAga®related only to option evaluation together with
an appraisal of the utility of each option for reducingsitkwithin the ALOP (see Section 6). The options
could form the basis of a consultation process that engdgksholders to evaluate the biosecurity risks
involved with unrestricted pathways/mechanisms/risk factorsentry with a view towards identifying
practical mitigation options and/or directing passive/acsivereillance efforts that could reduce the risks
identified to an acceptable level. Input from stakeholdesald be included as they may provide data on the
nature of alternative risk management measures whichb@aysed to achieve the required risk reduction.
Where there are equivalent risk management measuresdhlat be used to achieve the required risk
reduction, the option(s) least restrictive to trade shbeleemployed. The final risk management methods
chosen (if any) would understandably vary on a case-bybzesig, depending on a wide variety of pathway,
industry and region-related factors.
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4.0 Risk Assessment — Marine Pests

4.1 Asian Green Mussel

4.1.1 Taxonomy / description Phylum Mollusca, Family Mytilidae, Scientific narferna viridis A
hardy, highly invasive mussel species native to countra@slebing the north-western Pacific Ocean.
Juveniles are bright green while adults are dark gi@enown, growing to a shell length of 8 to 16 cm.

4.1.2 Pestrisk ranking: 1 Zoonotic: No

4.1.3 Australias status: This species is exotic to Australia, but is knowmawe established and recruited
in small numbers in Trinity Inlet, Cairns between 2001 20@3 prior to eradication (Stafford et al. 2007).
It is regularly detected in foreign vessel biofouling ins&alian waters (Heersink et al. 2014).

4.1.4 Introduction

The Asian green mussdtérna viridig is an edible shellfish which colonises both hard andssdfstrates in
intertidal and subtidal areas of coastal, estuarindidabcreek shores. It was originally native to thetmor
western Pacific Ocean, but has undergone substantial hunthat@derange extensions since the 19th
century via biofouling and deliberate transfers for bathsstence and commercial use (Neil et al. 2005). Its
present day distribution now extends throughout the tropical Padiic from the Middle East to southern
Japan, islands in Micronesia and Papua New Guinea, whiera lominant fouling organism and a major
fouling pest for power plant cooling systems (Murphy and P20d0). As it grows to a quite large size
(adults are typically 8-10 cm but can reach up to 16 cm i Igingth) P. viridis is used for aquaculture in
countries such as India, Malaysia, Singapore, IndonesiaRtitippines, southern China (including Hong
Kong) and French Polynesia (Neil et al. 200®erna viridiscan tolerate wide environmental extremes in
water temperature and salinity and has a high tolergnpellution, hence it readily establishes populations
in new geographical locations, with known introductionthen USA (Gulf of Mexico, Florida, Georgia), the
Carribbean (Trinidad, Jamaica), South America (Venegualad also in Cairns, Australia (Murphy and
Paini 2010). Because of this, Hayes et al. (2005) raRkedtidis as number 1 and ranked high priority in
their list of international marine invaders.

This species successfully established in Trinity InteCiairns in August 2001 after being introduced as
fouling of the hull of a foreign fishing vessel that veszed by the Australian Customs Service (Neil et al.
2005). The foreign fishing vessel was moored in Trinitytlfde 1 year before being defouled and scuttled
at a deepwater location. During defouligviridis was identified at high densities (>25jron the hull and

in water intakes, and subsequent surveys between late 20012003 detected mussels on other floating
structures throughout the Inlet (n=40, shell length range 30.1-b§Inman 95 mm), indicating at least one
spawning and successful recruitment event had taken plaak giNal. 2005). At least four additional
recruits from this Trinity Inlet population are known tovbaeen translocated to Innisfail 90 km south of
Cairns on the hull of a yacht during this period (Stafferdl. 2007). These were removed and subsequent
surveillance has suggested this species either has noliskstd, or remains present in very low densities in
Trinity Inlet (Neil et al. 2005, Murphy and Paini 2010 anérences cited therein).
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4.1.5 Release assessment

A significant amount of research and analysis has ldese to assess the likelihood Bf viridis being
released into Australian waters (Hayes et al. 2005, étieil. 2005, Summerson et al. 2007, Richmond et al.
2010, Heersink et al. 2014). These analyses concluded thadreneimtal conditions are likely to be suitable
for establishment oP. viridis around a large proportion of the northern Australian coas{bummerson et
al. 2007, Richmond et al. 2010). The optimal annual temperatuge farP. viridis is 26-32°C, but it can
survive 7-32 °C (Murphy and Paini 2010 and references cited thetem primarily found at salinities of
18-33 ppt but can survive 0-80 ppt (Murphy and Paini 2010 and refereitegdherein). Heersink et al.
(2014) found thatthe contemporary approach rate (“propagule pressure”) of Perna viridis is higt, an
estimated 10s to 100s of fouled vessels entering Australian ports eaciydst the approach rate arising
from shipping vectors has been increasing in recent years, it has be¢ansiabdor at least the past 50
years. In addition, a species distribution model for P. viridis baseskeansurface temperatures, similar to
others previously developed, predicts that ports in the Northerroh@tistralia should be suitable for the
establishment of P. viridis. Despite this high approach rate, no popntaof P. viridis have been found
anywhere in Australia apart from the sole incursion at the Trinitgt)r€@airng (Heersink et al. 2014).

The pelagic larval stages &f viridis are planktonic in the water column for 2-3 weeks befetesnent
(Murphy and Paini 2010), suggesting this species can be introdiecdsillast water. Perna viridisis a
dominant fouling organism throughout its natural and intcedurange, so it is likely to be introduced as
biofouling on the hulls of not only commercial shipping (Appenglix but commercial fishing boats and
recreational fishing boats and other pleasure crafyedisas other floating vectors such as artificial fiots
and debris (Hewitt et al. 2011a, McDonald et al. 2015, Behet al. 2016), and drifting nets and other types
of discarded fishing gear that are known to reach the sherefi northern Australia (Wilcox et al. 2013,
Heersink et al. 2014, Appendix 4). It is known that fewenth®b of arriving vessels are inspected for
biofouling, and one in four of these inspected vessels havephigtity pest species present in biofouling
(Senate Committee 2015). Hence there is a very high chano&agfuction into Australian waters via the
biofouling vector

Perna viridisis not available as a domestic bait product, but it isipsthat it could be imported as bait
carried by foreign fishing vessel$?erna viridisis not naturally present in Australian waters despiteethe
being suitable conditions for establishment, and hence it appedkely to be introduced by natural
movements of fish or shellfish. However, there is aafdhe accidental or deliberate introduction of IRe
viridis into Australian waters through anthropogenic fishingvaigs (e.g. as bait or through movements of
product by foreign fishing vessels in transit. BecaRseiridis is a dominant fouling organism and can
colonise hard structures, it is possible that developrokattificial offshore infrastructure such as oil rigs
and natural gas installations and their associated ngmudould allow range extensions by the process of
stepping stone colonisation across natural geographic boundduibsri(and Airoldi 2005, Glasby et al.
2007, Adams et al. 2014), which may be particularly true in #se of mussels (i.e. “Mytilusation”, see
Krone et al. 2013, van der Stap et al. 2016).

Taking into account the likely propagule pressure experien@@dhe various introduction pathways
discussed above, the likelihood estimations for the relea®erofa viridisinto suitable environments in
Australian waters via the identified risk pathways &ted below for the various IMCRA Bioregions.
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Release assessment f®erna viridis

Likelihood of release Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition L M M M ‘ M N ‘ M ‘ M ‘ VL ‘ M
Gulf of Carpentaria
25 Northern | Province H H H M ‘ M N ‘ L ‘ L ‘ VL ‘ M
WA Offshore
2 Timor Province VL M M L L N M M VL M
3 NW Transition VL M M L L N M M EL M
4 NW Province VL L L VL VL N VL VL N L
5 Central W Transition VL VL VL VL VL N EL EL N VL
WA Onshore
26 Northwest | Transition M H H M M N M M VL M
27 Northwest | Province H H H L L N VL VL EL VL
28 Central W | Transition L H H VL VL N EL EL N EL
East Coast Offshore
15 Central E Transition VL VL VL EL EL N EL EL N N
16 Kenn Transition VL VL VL VL VL N EL EL N N
17 Kenn Province VL VL VL VL VL N EL EL N N
18 Northeast Province VL L L VL VL N EL EL N N
19 Northeast Transition | VL M M L L N VL VL EL EL
20 Cape Province VL M M M M N L L VL VL
East Coast Onshore
40 Northeast | Province H H H VL VL N EL EL N
41 Northeast | Transitiof M H H M M N L L VL L

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations

for pathway types:

BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on

pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

4.1.6 Exposure assessment

A significant amount of research and analysis has deea to assess the likelihoodRfviridis being able

to establish in Australian waters (Hayes et al. 2005, &ail. 2005, Summerson et al. 2007, Richmond et al.
2010, Heersink et al. 2014). These analyses concluded thadreneimtal conditions are likely to be suitable
for establishment dP. viridis around the entire northern Australian coastline, partigudéer this species can
establish and colonise on a wide variety of natural (mudksjognd artificial surfaces including vessels,
shipping buoys, seawalls, docks and so on (Summerson et alRI00Mond et al. 2010)Perna viridisis a
euryhaline organism that can survive in low salinities, iclg in freshwater, hence it could also establish
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in river catchments as well as coastal areas. Takiegetfactors into account, the risk of exposure and
establishment is non-negligible, and the likelihood of exposure d@atlisement ofP. viridis in suitable
environments in northern Australia is considered téligh.

4.1.7 Consequence assessment

Introduction and establishment Bf viridis into northern Australia would likely have highly significan
ramifications, both ecologically and financially, thedatdue to it being a major cause of unwanted fouling
of important marine infrastructure (e.g. power plant cooliager systems, bridges, vessels, shipping buoys,
docks, seawalls) (Murphy and Paini 2010 and referencestoétegin). Establishment of this pest in a region
of northern Australia would necessitate significant weation by government authorities and disruption to
normal shipping and other coastal activities if attemptsewesde to try to prevent its further spread into
uninfected areas. Being an ecosystem engifeeriridis would outcompete native species due to it being
faster growing, and more pollution tolerant, resulting igndicant ecological damage to estuaries and
inshore areas that would be irreversible, includings lof biodiversity through displacement of native
shellfish reefs and seagrass habitats (Murphy and Paini 201@fanehces cited thereinPerna viridisis

also known to bioaccumulate heterotrophic bacteria, enteuses, toxins and heavy metals to very high
levels, thus posing a risk to human health if they arengatieile heavy fouling of surfaces B viridis (up

to 35,000 individuals per Incan result in losses of public/tourist amenity (Murphy &aihi 2010 and
references cited therein). Its introduction may #silitate entry of new mollusc pathogens and parasites
which may be harmful to native species, as this has lm®wcumented for other shellfish introductions
(Howard 1994, Bishop et al. 2006, Lynch et al. 2010). It isetbee considered that the consequences of
introduction ofP. viridis into the environment of northern Australia via the identifis# pathways would
likely be High.

4.1.8 Risk estimation

The unrestricted risk associated wkh viridis is determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifiable 7) to arrive at a risk estimation
(Table 8, Figure Al in Appendix 1). The unrestricted riskmesde for P. viridis exceeds the ALOP for
several risk pathways in several bioregions, suggesting dd#tamal risk management is required for this
species.

Risk estimation (combined all pathways) for:
Perna viridis

flealigible or very low nsks

Low risk

Moderate risk

B ionisk
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Likelihood of exposure: High

Risk estimate forPernaviridis

Consequences of establishmentHigh

Risk estimation

BW

BC

BP

DF

FL

FBD

FBI

FMA

FMN ISS

NT Offshore

1 Timor Transition

Gulf of Carpentaria

25 Northern | Province

WA Offshore

2 Timor Province

3 NW Transition

4 NW Province

5 Central W Transition

[ o i

WA Onshore

26 Northwest | Transitiol

27 Northwest | Province
28 Central W | Transitior]
East Coast Offshore

15 Central E Transition L L L VL VL N VL VL N N
16 Kenn Transition L L L L L N VL VL N N
17 Kenn Province L L L L L N VL VL N N
18 Northeast Province L M M L L N VL VL N N
19 Northeast Transition L M N L L VL VL
20 Cape Province L N M M L L
East Coast Onshore

40 Northeast | Provincem N VL VL N N
41 Northeast | Transitio N M M L M

I = High, M = Moderate, L = Low, VL = Very Low, EL =x&emely Low, N = negligible.

for pathway types:

Abbreviations

BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on

pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.
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4.2  Black striped false mussel

4.2.1 Taxonomy / description Phylum Mollusca, Family Dressenidae, Scientific naviygilopsis sallei
This species is native to the western Atlantic Oceam f€olombia to the Gulf of Mexico. A troublesome
fouling organism that forms dense aggregations. ShaNss unequal in size, one overlapping the other.
Shell is smooth, sometimes zig zagged or striped ang easdhed, growing to 2.5-3 cm long.

4.2.2 Pestrisk ranking: 2 Zoonotic: No

4.2.3 Australias status: This species is exotic to Australia, but is knownagehestablished in Cullen Bay
Marina in Darwin in 1999, but was successfully eradicéfeaiguson 2000, Willan et al. 2000, Bax et al.
2002, Neil et al. 2005). It is occasionally detected in fpreessel biofouling in Australian waters.

4.2.4 Introduction

The black striped false muss®tilopsis salle) is small shellfish which readily colonises all littohalbitats

in intertidal and shallow subtidal areas of marine, @asstuarine and tidal creek shores. It was originally
native to the tropical and sub-tropical waters of thetevasAtlantic from Colombia to the Gulf of Mexico,
but has undergone substantial human-mediated range extensioa®@ century via biofouling and ballast
water introductions (Neil et al. 2005, Murphy and Paini 201d raferences cited therein). Its present day
distribution now extends throughout the Atlantic coastline of iNand South America including Florida, the
Carribbean, West Indies, and by the lat® 28nturyM. salleihad spread to Asia and the Middle East being
recorded from India (1967), Japan (1974), Taiwan (1977), Indonesgap®re and Hong Kong by 1980
(Murphy and Paini 2010) and the Phillippines soon after (Neil .e2@G)5). In areas where it has been
introducedM. salleibecomes a dominant fouling organism and a major foulisgfpepower plant cooling
systems, wharves, marinas, seawalls and other irgleatid! subtidal structures (Murphy and Paini 2010 and
references cited therein). Unlike viridis, due to its small size (maximum 3 cm shell length)salleiis of
limited use as a human foodstuff and indeed due to itsiveassfouling potential its presence is considered
a threat to aquaculture expansion (Murphy and Paini 2010 serémeés cited thereirylytilopsis salleican
tolerate wide environmental extremes in water temperatureamty and has a high tolerance to pollution,
hence it readily establishes populations in new geographicaldogaespecially in artificial or disturbed
environments. Because of this, Hayes et al. (2005) raRkedridis as number 2 in their next pest list,
ranked medium priority in their list of international mmee invaders.

Mytilopsis salleisuccessfully established and was found in large nunibésllen Bay Marina in Darwin in
1999, after it was thought to be introduced via foulinghaf hull of yachts or fishing vessels that had
frequented ports in Indonesia (Neil et al. 2005). Basslingeys 6 months earlier did not detiktsalleiin

the same locations, suggesting it was introduced sometinate 1998. At the same time, a small
population ofM. sallei was discovered in a separate marina and a few individuais found in a third
marina (Bax et al. 2002, Neil et al. 2005). Rapid respongesitinorities and the fortuitous location of the
major infestation within a lock-gate protected marinlvwaed an effective response including use of
chemicals such as chlorine and copper sulphate, resultigffentive eradication (Ferguson 2000, Willan et
al. 2000, Neil et al. 2005).
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4.2.5 Release assessment

A significant amount of research and analysis has lblese to assess the likelihood M sallei being
released into Australian waters (Hayes et al. 2005, étieil. 2005, Summerson et al. 2007, Richmond et al.
2010). These analyses concluded that environmental condit®fikaly to be suitable for establishment of
M. salleiaround the entire Australian coastline (Summerson 208I7, Richmond et al. 2010). The optimal
annual temperature range figr salleiis 10-35°C, but it can survive 5-40 °C (Murphy and Paini 2010 and
references cited therein). It is primarily found dinsiges of 22-32 ppt but can survive 0-50 ppt and has been
recorded to persist in freshwater environments for up to hmgS8ummerson et al. 2007, Murphy and Paini
2010, NIMPIS 2017a). Neil et al. (2005) stat&utile the apparent habitat preferences of M. sallei in both
its natural and introduced range imply a low ability to survive on exposedidaity tinfluenced shores of
northern Australia, it represents a significant threat to brackiarbours and estuaries where tidal range is
lower, such as ports in the Gulf of Carpentdria

Larvae ofM. sallei are planktonic for at least 10 days (He et al. 2016),Mr=hllei larvae from ballast
samples from Hong Kong readily settled in laboratory cultard&s (Murphy and Paini 2010), suggesting
this species can be introduced via ballast water. appeoach rate d¥l. salleidoes not appear to be as high
as that ofP. viridis, perhaps because populationdvbfsalleiappear to remain localised to polluted harbours
and sheltered brackish water areas, howdviesallei continues to be found on a regular basis as biofouling
on foreign fishing vessels (particularly Indonesian fishingelsgscruising yachts and pleasure craft (Neil et
al. 2005, Hewitt et al. 2011a). It is known that fewer than di%arriving vessels are inspected for
biofouling, and one in four of these inspected vessels havephigtity pest species present in biofouling
(Senate Committee 2015). Hence there is a significamtcehaf introduction oM. sallei into Australian
waters via the biofouling vector on the hulls or sea sheStcommercial shipping that originates from
harbours in Asia (Appendix 3)Mytilopsis salleiis a dominant fouling organism throughout its natural and
introduced range, so it is also possible that it@dad introduced on other floating vectors such as @atifi
flotsam and debris (Schuyler et al. 2016), as well asmiftiets and other types of discarded fishing gear
that are known to reach the shoreline of northern Aust(s¥écox et al. 2013, Heersink et al. 2014,
Appendix 4).

Mytilopsis salleiis not available as a domestic bait product, but it is plesthat it could be imported as bait
carried by foreign fishing vesseldlytilopsis salleiis not naturally present in Australian waters despitet
being suitable conditions for establishment, and hence it appedkely to be introduced by natural
movements of fish or shellfish. However, there is a oisthe accidental or deliberate introduction of live
M. salleiinto Australian waters through anthropogenic fishingvaes (e.g. as bait or through movements
of product by foreign fishing vessels in transit. Becddsesalleiis a dominant fouling organism and can
colonise hard structures, it is possible that developrokattificial offshore infrastructure such as oil rigs
and natural gas installations and their associated ngmdould allow range extensions by the process of
stepping stone colonisation across natural geographic boundduibsri(and Airoldi 2005, Glasby et al.
2007, Adams et al. 2014), which may be particularly true in #se of mussels (i.e. “Mytilusation”, see
Krone et al. 2013, van der Stap et al. 2016). Taking intousmtche likely propagule pressure experienced
via the various introduction pathways discussed above, théhtikeliestimations for the releaselMf sallei
into suitable environments in Australian waters via the idedtifisk pathways are listed below for the
various IMCRA Bioregions.
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Release assessment fiMytilopsis sallel

Likelihood of release Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition L M M L L N M ‘ M VL ‘ M
Gulf of Carpentaria
25 Northern | Province H H H L L N L L VL ‘ M
WA Offshore
2 Timor Province EL M M VL VL N M M VL M
3 NW Transition EL L L VL VL N M M EL M
4 NW Province EL VL VL EL EL N VL VL N L
5 Central W Transition EL EL EL EL EL N EL EL N VL
WA Onshore
26 Northwest | Transition M H H L L N M M VL M
27 Northwest | Province H H H VL VL N VL VL EL VL
28 Central W | Transition L H H EL EL N EL EL N EL
East Coast Offshore
15 Central E Transition EL EL EL N N N EL EL N N
16 Kenn Transition EL EL EL EL EL N EL EL N N
17 Kenn Province EL EL EL EL EL N EL EL N N
18 Northeast Province EL VL VL EL EL N EL EL N N
19 Northeast Transition EL L L VL VL N VL VL EL EL
20 Cape Province EL M M L L N L L VL VL
East Coast Onshore
40 Northeast | Province H H H EL EL N EL EL N N
41 Northeast | Transitiof M H H L L N L L VL L

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations

for pathway types:

BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on

pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

4.2.6 Exposure assessment

A significant amount of research and analysis has Hear to assess the likelihoodMf sallei being able

to establish in Australian waters (Hayes et al. 2005, &ail. 2005, Summerson et al. 2007, Richmond et al.
2010). These analyses concluded that environmental condit®fikaly to be suitable for establishment of
M. sallei around the entire Australian coastline, although estabkst may be most likely in brackish
harbours and estuarieghere it can colonise a wide variety of natural (mudksp and artificial surfaces
including vessels, shipping buoys, seawalls, docks and E&uommerson et al. 2007, Richmond et al. 2010).
Mytilopsis salleiis a euryhaline organism that can survive in low salsitigcluding in freshwater, hence it
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could also establish in river catchments as well astebareas. Taking these factors into accountjgskef
exposure and establishment is non-negligible, and the likelihoedpaflsure and establishmenth\df sallei
in suitable environments in northern Australia is considerdéadModerate.

4.2.7 Consequence assessment

Introduction and establishment df. sallei into northern Australia would likely have highly significant
ramifications, both ecologically and financially, thedatdue to it being a major cause of unwanted fouling
of important marine infrastructure (e.g. power plant cooliager systems, bridges, vessels, shipping buoys,
docks, seawalls) (Murphy and Paini 2010 and referencesto@tegin). Establishment of this pest in a region
of northern Australia would necessitate significant weation by government authorities and disruption to
normal shipping and other coastal activities if attemptsewesde to try to prevent its further spread into
uninfected areas. Being an ecosystem engihdesallei would outcompete native species due to it being
faster growing, and more fecund, resulting in significaai@ical damage to estuaries and inshore areas
that would be irreversible, including loss of biodiversitrough displacement of native shellfish reefs and
seagrass habitats (Murphy and Paini 2010 and referencdsttei®in). Heavy fouling of surfaces b
sallei (over 23,000 individuals per’mvere recorded in Cullen Bay Marina, see Bax et al. 2806@,up to
83,000 individuals per fin Singapore, see He et al. 2016) can result in lossesitbic/tourist amenity
(Murphy and Paini 2010 and references cited therein). titsdinction may also facilitate entry of new
mollusc pathogens and parasites which may be harmful to rege@es, as this has been documented for
other shellfish introductions (Howard 1994, Bishop et al. 2006¢hyet al. 2010). While this species may
be attacked by the Australian gastrop@gsiella vinosapffering some potential for biotic resistanceMo
sallei invasions in Australia (Murphy and Paini 2010), it is considénatithe consequences of introduction
of M. sallei into the environment of northern Australia via the identifist pathways are still likely be
High.

4.2.8 Risk estimation

The unrestricted risk associated with sallei is determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifiable 7) to arrive at a risk estimation
(Table 8, Figure A2 in Appendix 1). The unrestricted ristkmeste for M. sallei exceeds the ALOP for
several risk pathways in several bioregions, suggesting détomal risk management is required for this
species.

Risk estimation (combined all pathways) for:
Mytilopsis sallei

fvealigible or very low nsks

Low risk

Moderate risk
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Risk estimate forMytilopsis salle

Likelihood of exposure: Moderate Consequences of establishmentidigh
Risk Estimation Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition M ‘ M ‘ M ‘ M ‘ M ‘ N ‘ M ‘ M ‘ L ‘ M
Gulf of Carpentaria
25 Northern | Province _ M ‘ M ‘ N ‘ M ‘ M ‘ L ‘ M
WA Offshore
2 Timor Province VL M M L L N M M L M
3 NW Transition VL M M L L N M M VL M
4 NW Province VL L L VL VL N L L N M
5 Central W Transition VL VL VL VL VL N VL VL N L
WA Onshore
26 Northwest | Transitiof N M L M
27 Northwest | Province L L N L L VL L
28 Central W | Transitior| VL VL N VL VL N VL
East Coast Offshore
15 Central E Transition VL VL VL N N N VL VL N N
16 Kenn Transition VL VL VL VL VL N VL VL N N
17 Kenn Province VL VL VL VL VL N VL VL N N
18 Northeast Province VL L L VL VL N VL VL N N
19 Northeast Transition | VL M M L L N L L VL VL
20 Cape Province VL M M N L L
East Coast Onshore
40 Northeast | Province_ v v [N v v [N N
41 Northeast | Transitio M M M N M M VL M

I = High,[M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations
for pathway types: BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.
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4.3 Brown Mussel

4.3.1 Taxonomy / description Phylum Mollusca, Family Mytilidae, Scientific narRerna perna This
species is native to the central and south-westermtit/ghe south-eastern Atlantic and the western Indian
Ocean. Another troublesome fouling organism that forrmsel@eggregations. Shell is smooth and brown in
colour, thin around the edges and thickens posteriorly, grawifigl7 cm long.

4.3.2 Pestrisk ranking: 3 Zoonotic: No

4.3.3 Australias statusThis species is exotic to Australia.

4.3.4 Introduction

The brown musseRerna pernaalso known as the Mexihao mussel) is an edible shelifisbh colonises
both hard and soft substrates in intertidal and partigudaibtidal areas of coastal, estuarine and tidal creek
shores. It was originally native to the central andisegstern Atlantic, the south-eastern Atlantic and the
southwestern Indian Oceans including the southern Carribbeazil, BJruguay, south east and west coasts
of Africa, India, and Sri Lanka, but has undergone humanatestirange extensions via biofouling and
ballast water introductions into Venezuela, the Mediteaa, and the Gulf of Mexico (Texas) (Murphy and
Paini 2010, GISD 2016).

As it grows to a quite large size (adults grow to arounch%hell length when growing intertidally, but 12 to
17 cm long when in subtidal zones (Murphy and Paini 2010 and reésrerted therein, GISD 2016). The
brown mussel is used for human consumption in many cesntiut has been associated with outbreaks of
paralytic shellfish poisoning in Venezuela and elsewhere[{G&L6). Perna pernacan tolerate reasonably
wide environmental extremes in water temperature and salmitymainly occurs in subtropical regions and
is relatively less invasive compared o viridis or M. sallei Indeed, a near extinction &f. perna
populations in the Gulf of Mexico occurred in 1997 when surfaatemtemperatures neared 30°C (Murphy
and Paini 2010). Because of this, Hayes et al. (2005) rahkeubrnaas low priority in their list of
international marine invaders.

Environmental damage associated with invasiong?byernais mainly due to its ability to outcompete
native bivalves for space. In areas where it has besrduted,P. pernabecomes a dominant fouling
organism and a major fouling pest for power plant cooliredesys (where it can co-exist wikh viridis),
wharves, marinas, seawalls, and other intertidal arstidal structures (Murphy and Paini 2010 and
references cited therein). In its native range in Briauling by P. pernaon navigation buoys requires their
removal every six months to avoid sinking the buoys, which aff&ui{gping safety, while on artificial
substrata in south Texas, beddPopernacan be composed of several layers and attain thickneseesess

of 20 cm which causes significant nuisance fouling dsaseexclusion of native species (Murphy and Paini
2010 and references cited therein).
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4.3.5 Release assessment

A significant amount of research and analysis has ldese to assess the likelihood Bf pernabeing
released into Australian waters (Hayes et al. 2005, éfieil. 2005, Richmond et al. 2010). These analyses
concluded that environmental conditions are likely to be suitabledtablishment oP. pernaaround a
significant proportion of the Australian coastline, partidylan southern states (Richmond et al. 2010).
However, the establishment &f pernain subtropical locations such as Texas in the Gulf of btexi
suggests that it may also be able to establish in Aizgsgralorthern coastline above the Tropic of Capricorn.
This assessment is supported by the fact that the dptinmual temperature range fBr pernawhere
successful reproduction can occur is 10-30°C, but adults can sérs@ °C (Murphy and Paini 2010 and
references cited therein, GISD 2016, NIMPIS 2017b). It isgmilpnfound at salinities of 30-32 ppt but can
survive 15-55 ppt (Murphy and Paini 2010, GISD 2016, NIMPIS 2017b).

Larvae ofP. pernaare planktonic for 15 to 20 days (Murphy and Paini 2010), suggdhktmgpecies can be
introduced via ballast water. Indeed, this specietiasight to have been introduced into Venezuela by
ballast water releases (GISD 201®erna pernas a dominant fouling organism throughout its natural and
introduced range, so it is likely to be introduced adduiling on the hulls of not only commercial shipping
(Appendix 3), but commercial fishing boats and recreatiashilniy boats and other pleasure craft, as well as
other floating vectors such as artificial flotsam and defptswitt et al. 2011a, Schuyler et al. 2016), and
drifting nets and other types of discarded fishing gkat are known to reach the shoreline of northern
Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendixi#)s known that fewer than 1% of arriving
vessels are inspected for biofouling, and one in four afetiespected vessels have high priority pest species
present in biofouling (Senate Committee 2015). Hence thaxéhigh chance of introduction into Australian
waters via the biofouling pathway.

Perna pernais not available as a domestic bait product, but it isiptesthat it could be imported as bait
carried by foreign fishing vessel€?erna pernais not naturally present in Australian waters despite there
being suitable conditions for establishment, and hence it appedkely to be introduced by natural
movements of fish or shellfish. However, there is aafdhe accidental or deliberate introduction of IRe
pernainto Australian waters through anthropogenic fishingvéets (e.g. as bait or through movements of
product by foreign fishing vessels in transit. BecaBseernais a dominant fouling organism and can
colonise hard structures, it is possible that developrokattificial offshore infrastructure such as oil rigs
and natural gas installations and their associated ngmudould allow range extensions by the process of
stepping stone colonisation across natural geographic boundduibsri(and Airoldi 2005, Glasby et al.
2007, Adams et al. 2014), which may be particularly true in #se of mussels (i.e. “Mytilusation”, see
Krone et al. 2013, van der Stap et al. 2016).

Taking into account the likely propagule pressure experiemizdthe various introduction pathways
discussed above, the likelihood estimations for the releag®mia pernainto suitable environments in
Australian waters via the identified risk pathways &ted below for the various IMCRA Bioregions.
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Release assessment f@erna perna

Likelihood of release Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition L M M L L N M ‘ M VL ‘ M
Gulf of Carpentaria
25 Northern | Province M M M L L N L L VL ‘ M
WA Offshore
2 Timor Province VL M M VL VL N M M VL M
3 NW Transition VL L L VL VL N M M EL M
4 NW Province VL VL VL EL EL N VL VL N L
5 Central W Transition VL EL EL EL EL N EL EL N VL
WA Onshore
26 Northwest | Transition M M M L L N M M VL M
27 Northwest | Province H M M VL VL N VL VL EL VL
28 Central W | Transition M M M EL EL N EL EL N EL
East Coast Offshore
15 Central E Transition EL EL EL N N N EL EL N N
16 Kenn Transition EL EL EL N N N EL EL N N
17 Kenn Province EL EL EL N N N EL EL N N
18 Northeast Province EL EL EL N N N EL EL N N
19 Northeast Transition EL VL VL EL EL N VL VL EL EL
20 Cape Province EL L L VL VL N L L VL VL
East Coast Onshore
40 Northeast | Province M M M N N N EL EL N N
41 Northeast | Transitiof M M M VL VL N L L VL VL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

4.3.6 Exposure assessment

A significant amount of research and analysis has Heas to assess the likelihoodRf pernabeing able
to establish in Australian waters (Hayes et al. 2005| Bleal. 2005, Richmond et al. 2010). These
concluded that environmental conditions are suitable for estaféint ofP. pernaaround much of the
coastline, particularly in southern states (Richmond e2@l0). Establishment is most likely in brackish
harbours and estuarieghere it can colonise a wide variety of natural (mudksp and artificial surfaces
including vessels, shipping buoys, seawalls, and docks (Muapd Paini 2010, Richmond et al. 2010).
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However, the environmental requirements for establishmeRt gfernaare more specific than for other
invasive mussels such Bs viridis andM. sallei with a near extinction d?. pernapopulations occurring in
the Gulf of Mexico when surface water temperatures ne2®e@ (Murphy and Paini 2010), Taking these
factors into account, the risk of exposure and estabéishim non-negligible, and the likelihood of exposure
and establishment &f. pernain suitable environments in northern Australia is considirédLow.

4.3.7 Consequence assessment

Introduction and establishment Bf pernainto northern Australia would likely have significant ecoladjic
and financial ramifications, the latter due to it betnmajor cause of unwanted fouling of important marine
infrastructure (e.g. power plant cooling water systenidgbs, vessels, shipping buoys) (Murphy and Paini
2010). Establishment of this pest in a region of northernralies would necessitate significant intervention
by government authorities and disruption to normal shipping and otiaetal activities if attempts were
made to try to prevent its further spread into uninfectedsa Being an ecosystem engin&empernawould
outcompete native species due to it being faster growmdjmore fecund, resulting in significant ecological
damage to estuaries and inshore areas that would bersibdeeincluding loss of biodiversity through
displacement of native shellfish reefs and seagrass tafiturphy and Paini 2010 and references cited
therein). Heavy fouling of surfaces By perna(over 27,000 individuals per’mvere recorded on jetties in
south Texas and spat settlement of up to 120,000 pevere recorded in Mexico) can result in losses of
public/tourist amenity (Murphy and Paini 2010). Its introductiory mkso facilitate entry of new mollusc
pathogens and parasites which may be harmful to nativaespas this has been documented for other
shellfish introductions (Howard 1994, Bishop et al. 2006, Lynchl.e2010). As this species grows large
enough to be harvested for human consumption and hasasseriated with outbreaks of paralytic shellfish
poisoning, its establishment and spread would represent aasect risk for human health. It is therefore
considered that the consequences of introductidh @lernainto the environment of northern Australia via
the identified risk pathways are likely bigh.

4.3.8 Risk estimation

The unrestricted risk associated wkh pernais determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifiable 7) to arrive at a risk estimation
(Table 8, Figure A3 in Appendix 1). The unrestricted risk egenfor P. pernaexceeds the ALOP for
several risk pathways in several bioregions, suggesting ddétomal risk management is required for this
species.

Risk estimation (combined all pathways) for:

Perna perna

Low risk

Moderate risk

B ionisk
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Likelihood of exposure: Low

Risk estimate forPerna perna

Consequences of establishmentigh

Risk Estimation Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition L M ‘ M L L N M M L M
Gulf of Carpentaria
25 Northern | Province M M ‘ M L L N L L L M
WA Offshore
2 Timor Province L M M L L N M M L M
3 NW Transition L L L L L N M M L M
4 NW Province L L L VL VL N L L N L
5 Central W Transition L VL VL VL VL N VL VL N L
WA Onshore
26 Northwest | Transitiof M M M L L N M M L M
27 Northwest | Province| M M M L L N L L VL L
28 Central W | Transitio M M M VL VL N VL VL N VL
East Coast Offshore
15 Central E Transition VL VL VL N N N VL VL N N
16 Kenn Transition VL VL VL N N N VL VL N N
17 Kenn Province VL VL VL N N N VL VL N N
18 Northeast Province VL VL VL N N N VL VL N N
19 Northeast Transition | VL L L VL VL N L L VL VL
20 Cape Province VL L L L L N L L L L
East Coast Onshore
40 Northeast | Province M M M N N N VL VL N
41 Northeast | Transitiorf M M M L L N L L L L

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations
BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

for pathway types:
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4.4  Asian Bag Mussel

4.4.1 Taxonomy / descriptionPhylum Mollusca, Family Mytilidae, Scientific namecuatula senhousia
(syn. Musculista senhousja This species is native to Japan and China as fah ss Singapore. It is
another troublesome fouling organism that forms denseegatgons. The shell is olive green/brown in
colour, has zig zag markings and iridescent radiatingdyaml is easily crushed, growing up to 3 cm long.

4.4.2 Pestrisk ranking: 4 Zoonotic: No

4.4.3 Australias status: This species has been introduced and has establiseedearal parts of Australia,
including Victoria (Portland and Port Phillip Bay), northeand eastern Tasmania, south west South
Australia, and Cockburn Sound, Lower Swan River and FreéengnWestern Australia.

4.4 .4 Introduction

The Asian bag mussé@lrcuatula senhousig a small bivalve (maximum shell length around 3 cm) khic
colonises both hard and soft substrates in subtidal areasasfal and estuarine shorelines, including into
brackish waters (Hayes et al. 200%).cuatula senhousig native to Japan, China and east Asia as far south
as Singapore, but has undergone substantial human-mediated esdagsions in the S0century via
biofouling, ballast water and accidental introductions (Nailal. 2005, Murphy and Paini 2010 and
references cited therein). Its present day distributimw extends throughout the northern Pacific Ocean
from southern Siberia to Singapore and the north and certiigdgihes, the Mediterranean, north-west
America, New Zealand (prior to 1980), and Australia, beirgg fecorded here in 1982 (Willan 1987, Neil et
al. 2005). Arcuatula senhousiavas probably introduced to Washington and California watpadese
oysters, but was also thought to be introduced by ballagtrvand/or ship fouling into the Mediterranean
and the north-east Pacific (Hayes et al. 2005, Murphy and P@ifl). This species has a “remarkable”
thermal tolerance (Neil et al. 2005), high tolerance todaygen levels as well as high fecundity and rapid
growth to maturity (9 months or less) that allows itdtmninate benthic communities and potentially exclude
native species (Willan 1987). It can burrow into soft sedit® and also settles in dense aggregations known
as byssal mats (or bags) which may restrict the grofvdome species of seagrass, but may also increase
infaunal density and species richness because they providesalditabitat for many species (Hayes et al.
2005). Because of these reasons, Hayes et al. (2005) rankedhousias medium priority in their list of
domestic marine invadersArcuatula senhousigrefers to settle in groups on soft substrata, but is a highly
adaptive species capable of fouling wooden wharf pilings amet ohan made structures as well as being
able to tolerate low salinities and low oxygen concemnat{Hayes et al. 2005, Murphy and Paini 2010 and
references cited therein).

Since its introduction in Australia in the early 1980’sha Swan River (see Willan 1987), population&of
senhousiahave also become established in Port Phillip Bay antlaRdr(Victoria), northern and eastern
Tasmania, southwest South Australia, as well as sevirat tocations in south west Western Australia
(Cockburn Sound, Fremantle) (NIMPIS 2017c).
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4.4 5 Release assessment

A significant amount of research and analysis has Hear to assess the likelihoodA&f senhousideing
released and spread into Australian waters (Hayes 20@5, Neil et al. 2005, Richmond et al. 2010). These
analyses concluded that environmental conditions are suitabéstablishment oA. senhousiaround the
majority of the Australian coastline, particularly inutitern states but also extending into the tropics
(Richmond et al. 2010). The optimal annual temperature rangé\.fesenhousiawhere successful
reproduction can occur is 12-26°C, but adults can survive andtsigen 0.8-31 °C and can even survive
for short periods at -3 to -5°C (Summerson et al. 2007, Richrabad 2010, NIMPIS 2017cArcuatula
senhousias highly tolerant of low oxygen (1-3 mg/L) and low saimiveing primarily found at salinities of
18-35 ppt, but able to survive down to 0.8 ppt (Summerson et al. 2007, Ricletnahd2010, NIMPIS
2017c). Itis because of these highly tolerant charactsrigtatA. senhousid so invasive in inshore waters
and estuaries.

Larvae ofA. senhousiare planktonic for up to 55 days in the water column (N®MP017c), a relatively
long period in the plankton suggesting this species is pantigwuited to introduction via ballast water.
Indeed,A. senhousias thought to have been introduced into New Zealandsandral other countries by
ballast water releases (Willan 198Arcuatula senhousig known to foul on wooden wharf piles (Murphy
and Paini 2010), so could be introduced as biofouling on the diulleooden commercial fishing boats,
recreational fishing boats and other pleasure craft, buldwappear less likely to be detected as biofouling
on commercial shipping (Appendix 3). Since this species settéenly on benthic surfaces, it appears less
likely to colonise other floating vectors such as aréfifiotsam and debris (Schuyler et al. 2016), or drifting
nets and other types of discarded fishing gear that are ktmweach the shoreline of northern Australia
(Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).

Arcuatula senhousigs not available as a commercially available domdsit product, but collection of
wild shells by recreational fishers who may use these nesllfisr bait (Diggles 2011, Department of
Agriculture 2015) in areas near its present distribution céadditate its introduction to new locations.
Arcuatula senhousias not naturally present in Australian waters but hatme established in several
locations in southern Australia. Because of this, #&l$® possible that it could extend its range northwards
via natural recruitment processes, albeit this beindagively slow process via planktonic dispersal against
prevailing currents, hence it is far more likely tatsenhousiavould be spread into Australia’s north by
anthropogenic activities. Indeed, there is far more oifskccidental or deliberate introduction of live
senhousianto Australian waters through anthropogenic fishing a@wi(e.g. as bait or through movements
of product by foreign fishing vessels in transit). Besf. senhousias a dominant benthic fouling
organism, and is less likely to colonise hard verticaicstres as the other mussel species considered so far
in this analysis, it is less likely (though still pitds) that development of artificial offshore infrastue
such as oil rigs and natural gas installations and #ssiociated moorings could allow range extensions by
the process of stepping stone colonisation across natural gecgoapinidaries (Bulleri and Airoldi 2005,
Glashy et al. 2007, Krone et al. 2013, Adams et al. 2014dea8tap et al. 2016).

Taking into account the likely propagule pressure experiemizdthe various introduction pathways
discussed above, the likelihood estimations for the releage sénhousianto suitable environments in
Australian waters via the identified risk pathways &ted below for the various IMCRA Bioregions.
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Release assessment féircuatula senhousia

Likelihood of release Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition L v | Je. JEec [ N v | L [E | W
Gulf of Carpentaria
o5Northemn IProvinee | H | vi | L | BeL | BEL | N | v | v | EL | W
WA Offshore
2 Timor Province VL EL L EL EL N VL L N VL
3 NW Transition VL EL VL EL EL N EL L N VL
4 NW Province VL EL VL N N N EL VL N EL
5 Central W Transition EL EL VL N N N N EL N N
WA Onshore
26 Northwest | Transition H VL L EL EL N VL L EL VL
27 Northwest | Province H VL L EL EL N VL L EL EL
28 Central W | Transition H VL L EL EL EL EL L EL N
East Coast Offshore
15 Central E Transition EL EL EL N N N N N N N
16 Kenn Transition EL EL EL N N N N N N N
17 Kenn Province EL EL EL N N N N N N N
18 Northeast Province EL EL EL N N N N N N N
19 Northeast Transition | VL EL EL N N N N EL N N
20 Cape Province VL EL EL N N N EL VL N N
East Coast Onshore
40 Northeast | Province H VL L N N EL N EL N N
41 Northeast | Transition H VL L EL EL N VL L N VL

H = High, M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations
for pathway types: BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

4.4.6 Exposure assessment

A significant amount of research and analysis has Hear to assess the likelihoodAf senhousideing
able to establish and spread in Australian waters (Hayds2005, Neil et al. 2005, Summerson et al. 2007,
Richmond et al. 2010). These analyses concluded that envirairoenditions are likely to be suitable for
establishment oAA. senhousiaaround a significant proportion of the Australian coastlperticularly in
southern states but also into northern Australia alongatteceast of Queensland north of Cairns and in the
Pilbara in Western Australia (Summerson et al. 2007, Richrabal 2010). Establishment was considered
most likely in brackish harbours and estuawdeere it can colonise benthic surfaces and suitablecatifi
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substrates (Willan 1987, Murphy and Paini 2010), and being a eumglabjanismA. senhousiaould also
establish in river catchments as well as coastal ardascever, it is known that the upper thermal tolerance
of A. senhousiais lower than that of other potential invaders suchPasiridis and M. sallei with a
maximum upper water temperature limit of 31°C (Summersah. €007, Richmond et al. 2010, NIMPIS
2017c) potentially limiting its spread at lower latitude$aking these factors into account, the risk of
exposure and establishment is non-negligible, and the likelihoogkmdsure and establishment A&f
senhousian suitable environments in northern Australia is consideyédxLow.

4.4.7 Consequence assessment

Introduction and establishment &. senhousiainto northern Australia would likely have significant
ramifications, both ecologically and financially. Edigliment of this pest in a region of northern Australia
would necessitate intervention by government authorities anglption to normal shipping and other coastal
activities if attempts were made to try to prevent uighier spread into uninfected areas (Aquenal 2008).
Arcuatula senhousiould outcompete native species due to it being fasteving, more fecund, and more
tolerant of adverse environmental conditions, resulting in sagmifi ecological damage to estuaries and
inshore areas that would be irreversible, including m@tkeloss of biodiversity through displacement of
native shellfish and seagrass habitats (Aquenal 2008, Marph{?aini 2010). On the other hand, the byssal
mats ofA. senhousianay also increase infaunal density and species riclimaessne areas due to its ability
to colonise soft substrates such as sand and mud (Murphy and®E0). However, in general intense
colonisation of soft surfaces By senhousigdensities > 28,000 juveniles pef and > 12,000 adults perm
have been recorded, see Murphy and Paini 2010) leads to an tn&satif biodiversity. Its introduction
may also facilitate entry of new mollusc pathogens and pesashich may be harmful to native species, as
this has been documented for other shellfish introduciidiosvard 1994, Bishop et al. 2006, Lynch et al.
2010). It is therefore considered that the consequendesaduction ofA. senhousianto the environment

of northern Australia via the identified risk pathways Eitely beModerate.

4.4.8 Risk estimation

The unrestricted risk associated withsenhousias determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifieble 7) to arrive at a risk estimation
(Table 8, Figure A4 in Appendix 1). The unrestricted riskvege forA. senhousiaxceeds the ALOP for
ballast water in several bioregions, suggesting that adaliticek management is required for this species.

Risk estimation (combined all pathways) for:

Arcuatula senhousia

Low risk

Moderate risk

B ionisk
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Risk estimate for Arcuatula senhousia

Likelihood of exposure: Low

Consequences of establishmentModerate

Risk Estimation Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition v | v | v | EL | E N v v [ [ w
Gulf of Carpentaria
25 Northern I Province | L | VL | VL | EL | EL N | v v | EL | w
WA Offshore
2 Timor Province VL EL VL EL EL N VL VL N VL
3 NW Transition VL EL VL EL EL N EL VL N VL
4 NW Province VL EL VL N N N EL VL N EL
5 Central W Transition EL EL VL N N N N EL N N
WA Onshore
26 Northwest | Transitiof L VL VL EL EL N VL VL EL VL
27 Northwest | Province L VL VL EL EL N VL VL EL EL
28 Central W | Transitiof L VL VL EL EL EL EL VL EL N
East Coast Offshore
15 Central E Transition EL EL EL N N N N N N N
16 Kenn Transition EL EL EL N N N N N N N
17 Kenn Province EL EL EL N N N N N N N
18 Northeast Province EL EL EL N N N N N N N
19 Northeast Transition | VL EL EL N N N N EL N N
20 Cape Province VL EL EL N N N EL VL N N
East Coast Onshore
40 Northeast | Province L VL VL N N EL N EL N N
41 Northeast | Transition L VL VL EL EL N VL VL N VL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations
BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

for pathway types:
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4.5 Harris’ Mud Crab

4.5.1 Taxonomy / description Order Decapoda, Scientific narRéithropanopeus harrisii This species

is native to the east coast of North America. Il&ikighly invasive crab species that outcompetes native
species causing significant alterations to estuarine food. wélesshell is olive green to greenish brown and
the claws are curved, unequal in size and have whiteTipis. species grows to 2 cm carapace width.

4.5.2 Pestrisk ranking: 5 Zoonotic: No

4.5.3 Australias status: This species is exotic to Australia.

4.5.4 Introduction

Rhithropanopeus harrisiior the Harris mud crab (also known as the white-fingeral), is a small decapod
crustacean native to estuaries along the Atlantic and lbaemn coasts of North America from New
Brunswick in the north to north-west Brazil in the soufdult R. harrisiireach around 1 cm to a maximum
2 cm in carapace width, and are cryptic, eurythermaleamghaline, being able to adapt to a wide range of
temperatures and salinities (NIMPIS 2017d). Adults live idally, preferring sandy/muddy substrates
where they are usually associated with shelter or strustiote as live or decaying vegetation, oyster reefs,
shells, rocks and various kinds of debris scattered (NEV#®17d). In its native rangR, harrisii is mainly
found in brackish waters, reaching high population dendmhiesalinities below 10 ppt, and occurring at
depths from the surface to 200 meters (NIMPIS 2017d). Howevts imroduced range it can extend its
distribution well inland into freshwater lakes (Patton et2110). Because of its high environmental
tolerances and adaptabilitiR. harrisii is one of the most widely distributed decapod crustaceamenva
worldwide (Roche and Torchin 2007). The main dispersal véatahis species is throught to be via ballast
water, however other vectors are also important, incluftining of vessel hulls and sea chests, the latter
being a particularly effective method of international tlacegtion of decapod crustaceans (Coutts and
Dodgshun 2007)Rhithropanopeus harrisis known to have been spread by anthropogenic activitieger

21 countries (Roche and Torchin 2007), including Japan, Eurog¢ha Middle East, becoming established
in the Black Sea by the late 1930’s, the Mediterranean sten(Zalota et al. 2016) and more recently the
Baltic Sea (Fowler et al. 2013, Forsstrém et al. 2015).ragxgtassociation with translocation by shipping is
shown by the establishment Bf harrisii in the Panama Canal (Roche and Torchin 2007). Other vectors
include unintentional transfers, for examg®e, harrisii was probably introduced into San Francisco Bay in
the late 1800's-early 1900's via translocations of the Amer@gster,Crassostrea virginicdrom the east
coast of North America (Roche and Torchin 2007), while fegtocking or bait bucket transfers may have
introduced this species into freshwater lakes in TeRatidn et al. 2010).

Introduction ofR. harrisii may alter food webs, with the potential to displacéveatrabs, crayfish, as well

as benthophagous fish species (Roche and Torchin 2007). In highiete the crab is responsible for
fouling water intake pipes in the Caspian Sea and Texabscan also cause economic loss to fishermen by
spoiling fish in gill nets (Roche and Torchin 2007). FinaRpche and Torchin (2007) point out this species
(as well as all other decapods) can host white spot eyrerirus (see Section 5.3), making it a potential
vector for White Spot Disease, and other internationaifyortant diseases of crustaceans.
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455 Release assessment

Rhithropanopeus harrisiis a highly adaptable species that tolerates a braagerof temperatures and
salinities. The optimal annual temperature rangdrfonarrisii where successful reproduction can occur is
15-25°C, but adults can survive and persist between 0.9-35 RIP(N12017d) Rhithropanopeus harrisis
extremely tolerant of low oxygen (0.5 mg/L) and low salinitythvadults being found at salinities between
0.4-35 ppt, with an equally broad reproductive salinity range5s#® ppt (NIMPIS 2017d). It is because of
these highly tolerant characteristics tRatharrisii is so invasive in inshore waters and estuaries worldwide.
These data suggest that environmental conditions are suitabéstablishment oR. harrisii around the
entire Australian coastline.

Larvae ofR. harrisii are planktonic for up to 43 days in the water column (Bilofig Solutions 2012),
suggesting this species is well suited to introduction visasialvater. Indeed, reproductively active
harrisii are known to inhabit ships ballast water tanks (Briski.€2012), and it is likely tha®. harrisii have
been introduced into many different countries via this me(Rmthe and Torchin 2007), particularly as
mid-ocean exchange does not affect macroinvertebrate occursemgesting that current ballast water
management regulations are ineffective for this taxonomigpg(Briski et al. 2012). Decapod crustaceans
are also a prominent inhabitant of sea chests on cominghgiping (Coutts and Dodgshun 2007), so it is
very likely thatR. harrisii can be introduced as biofouling on the hulls of commercippstyg (Appendix 3)

as well as commercial fishing boats, recreational fishigts and other pleasure craft (Hewitt et al. 2011a).
Since this species settles out of the plankton onto anarge of shelters and structures (NIMPIS 2017d), it
is possible that it could colonise floating vectors siushréficial flotsam and debris (Schuyler et al. 2016),
or drifting nets and other types of discarded fishing ¢fear are known to reach the shoreline of northern
Australia (Wilcox et al. 2013, Heersink et al. 2014, Appendix 4).

Rhithropanopeus harrisis not available as a domestic bait product, andubiiely to be imported as bait
carried by foreign fishing vesselskRhithropanopeus harrisiis not naturally present in Australian waters
despite there being suitable conditions for establishmedthance it appears unlikely to be introduced by
natural movements of fish or shellfish. However, ther® iisk of the accidental or deliberate introduction
of live Rhithropanopeus harrisinto Australian waters through anthropogenic fishirtivaies (e.g. through
movements of foreign fishing vessels in transit). Bec&udw®rrisiiis a hardy invertebrate that can colonise
hard structures, it is possible that development dic@ati offshore infrastructure such as oil rigs and natural
gas installations and their associated moorings could afloge extensions by the process of stepping stone
colonisation across natural geographic boundaries (BullerAaottli 2005, Glasby et al. 2007, Adams et al.
2014).

Taking into account the likely propagule pressure experiemizdthe various introduction pathways
discussed above, the likelihood estimations for the releasBhihropanopeus harrisiinto suitable
environments in Australian waters via the identified risthyways are listed below for the various IMCRA
Bioregions.
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Release assessment f&hithropanopeus harrisii.

Likelihood of release Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition M | M | m | L | EL [ N | E | M [ N L
Gulf of Carpentaria
o5Northem IProvince | H | H | M | EL | EL | N | e | M | N | W
WA Offshore
2 Timor Province M M M EL EL N EL M N L
3 NW Transition L L L EL EL N EL L N L
4 NW Province L L L N N N EL VL N VL
5 Central W Transition L L L N N N N EL N EL
WA Onshore
26 Northwest | Transition H H M EL EL N VL L N VL
27 Northwest | Province H H M EL EL N VL VL N EL
28 Central W | Transition H H L EL EL N EL EL N EL
East Coast Offshore
15 Central E Transition L L L N N N N N N N
16 Kenn Transition L L L N N N N N N N
17 Kenn Province L L L N N N N N N N
18 Northeast Province L L L N N N N EL N N
19 Northeast Transition L L L N N N N VL N N
20 Cape Province M M M N N N EL M N N
East Coast Onshore
40 Northeast | Province H H M N N N N EL N N
41 Northeast | Transition H H M EL EL N EL M N VL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on
pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

4.5.6 Exposure assessment

Few studies have assessed the likelihodd.dfarrisiibeing able to establish and spread in Australian waters
(NIMPIS 2017d). These analyses concluded that environmeotalitions are likely to be suitable for
establishment oR. harrisii around the entire Australian coastline (NIMPIS 2017d).vefsiits habitat
preferences, establishmentRf harrisii would be most likely in brackish harbours and estuarredu@ing

well into freshwater catchments) where it can colonise [deitsubstrates, however given the upper salinity
tolerance for successful reproduction of eggs and larvde ispt, there would be no impediment fr
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harrisii to also establish in harbours where oceanic salinity sccBecause the lower depth limit for this
species is around 200 meters (NIMPIS 2017d), this means d estdblish around offshore reefs, islands or
oil and gas infrastructure. The upper thermal tolerahée barrisiiis 35°C so it could survive year round
at water temperatures typical of those of lower latituafesorthern Australia. Taking these factors into
account, the risk of exposure and establishment is non-ndgligind the likelihood of exposure and
establishment dR. harrisii in suitable environments in northern Australia is considerdgHigh.

4.5.7 Consequence assessment

Introduction and establishment d®. harrisii into northern Australia would likely have significant
ramifications, both ecologically and financially. Edigliment of this pest in a region of northern Australia
would necessitate intervention by government authorities andlption to normal shipping and other coastal
activities if attempts were made to try to prevent utgher spread into uninfected area®hithropanopeus
harrisii would outcompete native species, resulting in signifieaaiogical damage to estuaries, inshore
areas and even potentially offshore areas. The ecalod@mage would include changes to food webs and
potential loss of biodiversity through displacement of natmestacean species (Hewitt et al. 2011a), and
would likely be irreversible. Its introduction may alswilitate entry of exotic crustacean pathogens and
parasites which may be harmful to native species, pé&tlg White Spot Syndrome Virus which causes
internationally notifiable White Spot Disease that wdudde significant ramifications for international trade
of crustacean products produced by the fisheries and aquacintustries of northern Australia. It is
therefore considered that the consequences of introduditiBn harrisii into the environment of northern
Australia via the identified risk pathways are likely lhdeastModerate based on ecological damage alone,
and even higher if notifiable exotic diseases such as WSihtaoduced with it (see Section 5.3 for more
information on consequences of WSD).

4.5.8 Risk estimation

The unrestricted risk associated wih harrisii is determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifieble 7) to arrive at a risk estimation
(Table 8, Figure A5 in Appendix 1). The unrestricted riskvese forR. harrisii exceeds the ALOP for
several different pathways in several bioregions, suggestaigadditional risk management is required for
this species. Note: Risk estimations Rar harrisii presented here are based on ecological damage alone.
Even higher risks may be realised if introduéedharrisii are infected with notifiable exotic disease agents
such as WSSV.

Risk estimation (combined all pathways) for:
Rhithropanopeus harrisii
{Ecological risk only)

Low risk

Moderate risk

B ok
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Likelihood of exposure: High

Risk estimate forRhithropanopeus harrisii.

Consequences of establishmentModerate

Risk Estimation Pathway Type
Feature/ BW BC BP DF FL FBD FBI FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition M M M EL | EL N EL | M N | L
Gulf of Carpentaria
25 Northern | Province | M M M EL | EL N EL | M N | w
WA Offshore
2 Timor Province M M M EL EL N EL M N L
3 NW Transition L L L EL EL N EL L N L
4 NW Province L L L N N N EL VL N VL
5 Central W Transition L L L N N N N EL N EL
WA Onshore
26 Northwest | Transitiof M M M EL EL N VL L N VL
27 Northwest | Province| M M M EL EL N VL VL N EL
28 Central W | Transitio M M L EL EL N EL EL N EL
East Coast Offshore
15 Central E Transition L L L N N N N N N N
16 Kenn Transition L L L N N N N N N N
17 Kenn Province L L L N N N N N N N
18 Northeast Province L L L N N N N EL N N
19 Northeast Transition L L L N N N N VL N N
20 Cape Province M M M N N N EL M N N
East Coast Onshore
40 Northeast | Province M M M N N N N EL N N
41 Northeast | Transitiorf M M M EL EL N EL M N VL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations

for pathway types:

BW = Ballast water, BC = Biofiogl on commercial shipping, BP = Biofouling on

pleasure and fishing boats, DF = Discarded/ghost fishing §éar Flotsam/debris, FBD = Fishing bait -
Domestic, FBI = Fishing bait - Imported, FMA = Fish/dfigh movements - Anthropogenic, FMN =
Fish/shellfish movements - Natural, ISS = Infrastructiepping stones.

Note: Risk estimations fdrR. harrisii presented here are based on ecological damage alone. Bkien hi
risks may be realised if introducd®l harrisii are infected with notifiable exotic disease agents sgch
WSSV (see section 5.3).
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5.0 Risk Assessment- Disease Agents

5.1 Infection with Megalocytivirus (ISKNV, RSIV and like viruses)

5.1.1 Aetiologic agent Infection with megalocytiviruses. ISKNV-like viruses agroup of viral agents in
the genudMegalocytivirus family Iridoviridae.

5.1.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 3

5.1.3 Australias status: An outbreak of disease due to infection with an exotegatocytivirus was
reported in Murray cod farmed in Victoria in 2003 (Lancasteal. 2003). Disease due to infection with
exotic megalocytiviruses occurs on a regular basis poited ornamental fish held in quarantine and post-
guarantine in retail pet shops in Australia (Nolan eR8ll5, Rimmer et al. 2015). These viruses also are
found in ornamental finfish farms in Australia (Mohragt 2015b), however, to date megalocytiviruses have
not been recorded from wild fish in Australia (Mohr e2915b, Rimmer et al. 2016).

5.1.4 Epizootiology

The family Iridoviridae contains five genera, two of whitdtdovirus andChloriridovirus), contain viruses

of invertebrates, while three geneRafavirus MegalocytivirusandLymphocystiviruscontain viruses that
infect lower vertebrates (Whittington et al. 2010). Struclyrahegalocytiviruses are relatively large (120—
200 nm) icosahedral viral particles with a double stranded Ddi#ome (Kurita and Nakajima 2012). When
released from cells by lysis, they appear non-enveloped, bsbras virions also bud through the cell
membrane, they may be enveloped (Whittington et al. 204i¥uses in the genuMegalocytivirushave
caused significant economic and ecological impacts on aquacubluce wild fish populations in several
parts of the world (Rimmer et al. 2015). Megalocytivirusesdivided into three main genogroups, the first
described was in 1990 from Japan as red sea bream iridovirug)(RSgenogroup that mainly infects
marine finfish hosts (Inouye et al. 1992, OIE 2016a). Theetyorelated infectious spleen and kidney
necrosis virus (ISKNV) represents a second genogroup distimet RSIV (OIE 2016a). ISKNV was
originally isolated from cultured groupeEginephelussp.) in Taiwan (Chou 1998) and also freshwater
mandarin fish $iniperca chuatsiin China (He et al. 2001), and has since been linked $3 martalities in
both freshwater and marine hosts throughout SE Asia (Oselbd 2004, OIE 2016a). More recently,
another related virus called turbot reddish body iridovirus (MRBas caused mass mortalities in cultured
marine flatfish in China, representing a third genogroup EN%-like viruses that infects mainly flatfish
(Fu et al. 2011). It appears that TRBIV may actually bantdex case for megalocytivirus infection, as it
was detected in ornamental fishes archived in 1986 (Go20%6).

Megalocytiviruses infect a wide range of fish speamelath freshwater and marine environments, including
many commercially, recreationally and ecologically impdrtapecies groups that occur in northern
Australia, such as barramundiates calcarifey, cods and groupers€Eginephelusspp.), kingfish and
amberjacks $eriola spp.), sciaenids, flatfish and others (Oseko et al. 2004, tFual.e2011).
Megalocytiviruses are also commonly found in many spediesnamental finfish cultured in Asia (Mohr et
al. 2015b, Rimmer et al. 2015), and the international trader@mental fish has aided the spread of these
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viruses to Europe (Sriwanayos et al. 2013, Jung-Schroets2§116) and Australia (Go et al. 2006, Rimmer
et al. 2015, Mohr et al. 2015b). These viruses can cause epizoegulting in up to 100% mortality in
populations of cultured fish (Sriwanayos et al. 2013), thoughecastates may also occur (Mohr et al.
2015b, Nolan et al. 2015). Histopathology of diseased fish @istisictive hypertrophied cells with foamy
basophilic cytoplasmic inclusions (cytomegalic cells) whach found throughout various organs, especially
spleen, kidney and gastrointestinal tract, and to aedesstent liver, heart, gills and connective tissue
(Sriwanayos et al. 2013). These cells are often localzeérivascular areas and may occlude blood vessels
resulting in foci of ischaemic necrosis within affectedjans. The unusual size and appearance of the
inclusion body has led to infected cells sometimes baé@sgribed as amoeba-like organisms (Whittington et
al. 2010).

ISKNV-like strains, including dwarf gourami iridovirus (D@), have been isolated from ornamental fish in
Australia both during quarantine and also at retail peestand ornamental fish farms (Go et al. 2006, Go
and Whittington 2006, Whittington and Chong 2007, Whittington et al. 20@nNet al. 2015, Rimmer et
al. 2015, 2016, Mohr et al. 2015b). After an epizootic in a ptpuleof the iconic Australian native
freshwater fish Murray cod{acullochella peelj cultured in a farm in Victoria in 2003 (Lancaster et al
2003), experimental trials using DGIV-infected gouramis obthfnem retail pet shops found the virus was
transmissible td. peelii horizontally by cohabitation, causing up to 40% mortality wit28 days (Go and
Whittington 2006). More recent trials have found that DGR also infect golden percMécquaria
ambigug, endangered Macquarie perdfacquaria australasich causing disease and mortalities, as well as
Southern pygmy perctiNannoperca australjs but not native eeltailed catfisigndanus tandanyisvhich
appeared refractive to infection (Rimmer et al. 2016). Irticemation strongly suggests that ornamental
fish can act as vectors for megalocytiviruses thatpathogenic to native fish frequenting the same water
(Go et al. 2006, Whittington and Chong 2007, Rimmer et al. 2016jceHzopulations of ornamental fish
established in the wild may act as reservoirs and vebftorexotic megalocytiviruses (and many other
disease agents), potentially causing disease and mesdltitinative fishes which are both economically
important, and threatened in many parts of their ramgdabitat destruction and river flow alterations
(Corfield et al. 2008, Rimmer et al. 2016, Lymbery et al. 2016

5.1.5 Release assessment

In Australia, megalocytiviruses are commonly detectedigit prevalences in diseased and apparently
healthy imported ornamental fish held in quarantine prenfldehr et al. 2015b, Nolan et al. 2015, Rimmer
et al. 2015), and post-quarantine in fish held in retailspeps (Go et al. 2006, Go and Whittington 2006,
Rimmer et al. 2015). Megalocytiviruses have also beestt in ornamental fish farms in Australia (Mohr
et al. 2015b, Rimmer et al. 2015), and have been associatethasts mortalities d¥l. peeliiin aquaculture
(Lancaster et al. 2003). However, to date they have notreeerded from wild fish species (Mohr et al.
2015b, Rimmer et al. 2015). It is now estimated that around I®mobrnamental fish per annum are
imported into Australia (Rimmer et al. 2015), up fromreates of 10-15 million fish imported in 2007-2008
(Whittington and Chong 2007, O’Sullivan et al. 2008). Nolan e{28l15) noted an increase in cases of
Megalocytivirusinfection diagnosed in ornamental fish at the Australiarder in Western Australia in
recent years, highlighting an emerging biosecurity risk. Tdwmyd not determine, however, whether the
increase iMMegalocytivirusdetections represents a real increase in prevalenogorted fish populations,
or simply was a product of the importation of greatembers of fish (Nolan et al. 2015). In view of these
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data, health certification is now required proving batcpatiee testing from megalocytiviruses prior to
export of susceptible ornamental fish hosts into Auatr@®immer et al. 2015, DAWR 2015b), which if
implemented correctly should keep the prevalence of thas#isa imported fish below 5% (DAWR 2015b).
However, even though populations of fish may test free efatocytiviruses prior to export, the stress of
transport and translocation can result in expression of dise&srriers, increasing viral load and increasing
spread of infection either during quarantine or post-quararduring mixing with other susceptible host
fishes within the wholesale and/or retail supply chain (Beekeal. 2014). It has been shown that
ornamental fish routinely exit quarantine in Australithvmegalocytiviruses, and given the large volumes of
fish imported, even at <5% prevalence the propagule ymeesdll remain significant, which poses a risk of
release of megalocytiviruses into the environment, given thitvpgs of release and establishment of
ornamental fish into the Australian environment are vdelcumented (Chong and Whittington 2005,
Whittington and Chong 2007, Corfield et al. 2008, Rimmer et al.,204Bbery et al. 2016).

Release of ornamental fish is one form of anthropogenitsiocation of fish and shellfish. The other
identified potential introduction pathways for exotic dsesainto northern Australia include release via
aquaculture food, ballast water, biofouling of shipping, arndavefloatsam and debris/discarded fishing gear,
through domestic or imported bait products, natural movenwnald fish and shellfish and infrastructure
stepping stones. Aquaculture feeds that are importedandyrextruded pelleted feeds which are cooked to
over 90°C for several minutes during manufacture, which iscgert to inactivate megalocytiviruses (OIE
2016a) and most other pathogens (Tacon 2017), however there is nmaiimdaor on whether other
aquaculture feeds such Agemiacysts are potential vectors for these disease agé&heye is no evidence
to date that megalocytiviruses are vertically transmi{OIE 2016a), hence larval fish hosts taken in with
ballast water are unlikely to be sources of infectioroweler, juvenile or adult fish taken in with ballast
water from regions where megalocytiviruses are endemialamulry the virus. The length of time that
megalocytiviruses remain viable in water outside the isosot known (OIE 2016a), hence it is difficult to
assess the risk posed by free virus in ballast waterappears unlikely that infected fishes could be
introduced as biofouling on the hulls of commercial shippfygpéndix 3) or on commercial fishing boats,
recreational fishing boats and other pleasure craft. Haweatvés known that someéMegalocytivirus
susceptible species (e.g. juverfieriolaspp), naturally colonise floating vectors such as adifitotsam,
discarded fishing gear and debris which can make landfall northern Australia (Wilcox et al. 2013,
Heersink et al. 2014, Appendix 4). Ornamental fishes arasmmlly used as bait by some recreational
anglers (Diggles 2011, Department of Agriculture 2015) hencepissible that megalocytiviruses could be
released via a domestic bait product. Fishes infectedmeatfalocytiviruses could also be imported as bait
carried by foreign fishing vessels or as product soldhi@man consumption and diverted to bait use.
Megalocytiviruses are not naturally present in Australiaters despite there being suitable conditions for
establishment, and hence they appear unlikely to be introducedtural movements of fish or shellfish.
Because it is known that soméegalocytivirussusceptible species (e.8eriola spp), naturally aggregate
around offshore structures, it is possible that developofeatificial offshore infrastructure such as oilgig
and natural gas installations and their associated meorgayld allow range extensions allowing
introduction of the virus by the process of stepping storlensation of suitable hosts across natural
geographic boundaries (Bulleri and Airoldi 2005, Glasby et al7 288ams et al. 2014).
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Taking into account the likely propagule pressure experiemi@ethe various introduction pathways, the
likelihood estimations for the release of megalocytivisusgo suitable environments in Australian waters
via the identified risk pathways are listed below fug various IMCRA Bioregions.

Release assessment for infection wittflegal ocytivirus (ISKNV, RSIV and like viruses).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA* | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N ‘ EL EL EL EL EL N VL EL ‘ EL EL
Gulf of Carpentaria
25 Northern | Province EL ‘ EL EL EL EL EL L EL L ‘ EL EL
WA Offshore
2 Timor Province N EL EL EL EL EL N VL EL EL EL
3 NW Transition N EL EL EL EL EL N EL EL N EL
4 NW Province N EL EL EL N N N N EL N N
5 Central W Transition N EL EL EL N N N N EL N N
WA Onshore
26 Northwest | Transition EL VL VL VL EL EL L VL L EL EL
27 Northwest | Province| EL VL VL VL EL EL L VL L N EL
28 Central W | Transition EL VL VL VL N N L VL M N N
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N N N N
19 Northeast Transition N EL EL EL N N N EL EL EL N
20 Cape Province N EL EL EL EL EL N VL EL EL EL
East Coast Onshore
40 Northeast | Province | VL VL VL VL N N M VL H N N
41 Northeast | Transition EL VL VL VL N N L VL M EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture feed, BW = Ballaater, BC = Biofouling on commercial shipping,
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —

Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cyaigl Artemia cysts, * Includes introduction via

ornamental fish
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5.1.6 Exposure assessment

Megalocytiviruses are sensitive to inactivation by dmgion or heat at temperatures above 56°C for 30
minutes, but are stable in water at 4 °C and can rewiglote in frozen muscle tissue for extended periods
(OIE 2016a). Experimental studies confirm that horizontaisirassion via cohabitation, contact with free
viral particles in water, ingestion of excreta or cannibalsf infected hosts are all likely methods of
transmission (Go and Whittington 2006, Rimmer et al. 2016). Cakbref disease due to megalocytiviruses
are observed mainly when water temperatures are 25°C ar (QtE 2016a), with minimum temperatures
permissive for infection around 13°C for RSBIV (Jun eR8D9). This suggests that temperature conditions
in northern Australia would be permissive for megalimayis infection year round. Megalocytiviruses lack
strict host specificity and have been found to cause @iseaswide variety of fish species, including many
commercially, recreationally and ecologically importapécies groups that occur in northern Australia, such
as barramundil@ates calcarife), cods and grouper&pinephelusspp.), kingfish and amberjackSefiola
spp.), sciaenids, flatfish and others (Fu et al. 2011, Gal.e2016). The most likely scenario for
establishment would be exposure of native fishes to impartethmestically raised ornamental fishes that
have been disposed of in the wild or used as bait iarways near urbanized areas. Certain viral genotypes
tend to naturally infect certain species groups, howewsesfish species can act as “mixing vessel hosts”
and permit transfer of multiple genotypes of megaloaytsgs (Fu et al. 2011). Some of the susceptible
hosts in Australian estuaries are migratory spedcies,ghadromous or catadromous), so once infected they
may facilitate transfer of freshwater strains intaimawaters, or vice versa. It is difficult to detenmihow
much the recently tightened biosecurity requirementgefimg for megalocytivirus would reduce the risk of
exposure, however the example of CyHV2 virus in goldfish lBdardsiella ictaluriin catfish provides
clear demonstration that aquatic pathogens from ornamesitatdén pass through Australian quarantine
requirements (including testing) and become establishizanmed and wild populations (Becker et al. 2014,
Lymbery et al. 2016). Taking these factors into accoinat,risk of exposure and establishment is non-
negligible, and the likelihood of exposure and establishment galoeytiviruses in suitable environments
in northern Australia is considered toMederate.

5.1.7 Consequence assessment

Introduction and establishment of megalocytiviruses intd Wah populations in northern Australia would
likely have significant ramifications for industry and trevironment in Australia. Establishment of these
viruses in wild fish populations in northern Australia Wbnot be amenable to control or eradication and
would likely have significant negative effects on aquacultfrenany species of finfish with emerging
aquaculture potential in this country, including cods andiggos Epinephelusspp.), cobiaRachycentron
canadun), kingfish Seriolaspp.), barramundi and several native freshwater specieslimgigolden perch
and the threatened murray cod, as well as endangered specdesas trout codMaccullochella
macquariensis Mary River cod . peelii mariensis and Eastern freshwater colligccullochella ike)
(Whittington and Chong 2007). These negative impacts may reducaqtiaeulture potential of these
species and thus threaten Australia's future food secudky.these viruses are notifiable to the OIE,
establishment of these viruses would have significant raatidies for international trade of fish products
produced by both the fisheries and aquaculture industriesigioat Australia, necessitating prompt
intervention by government authorities and implementation aft stontrols on the movements of fish
products if attempts were made to try to prevent its fudpeead into uninfected areas.
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Due to the high pathogenicity of megalocytiviruses, and tttetfiat populations of native fishes in Australia
would be naive to infection, the introduction of these @sugto the wild may represent a significant,
irreversible threat to biodiversity of native fishes adlvas a hinderance to conservation of threatened and
endangered native fish species. Infection may represemdditional source of mortality, especially during
early life history, that would be added to impacts @&-gxisting threats from habitat destruction and river
flow alterations (Corfield et al. 2008, Rimmer et al. 2016jhese cumulative effects could result in
significant ecological harm to fish communities, resulimgignificant cultural and socio-economic harm to
regional communities in northern Australia and elsewherd@éncbuntry. Any absence of evidence of
impacts on wild fish populations in areas where megédeayises have been introduced overseas is not
evidence of absence of such impacts, as impacts of nevseseawild fish populations are likely to go
unnoticed in countries without proper baseline ecological dath effective fisheries management. As
effects of disease in wild populations vary greatly tuéctors such as environmental characteristics, host
susceptibility and host densities (Burge et al. 2016), itkeylithat impacts of disease introduction into
Ausrtralia would be more severe due to our unique envirohnsatated fauna and effective environmental
and fisheries management arrangements that tend to keepdpedation levels relatively high. Indeed,
there is evidence that introduction of new viruses into Aliatr fish populations can have extreme
consequences, as evidenced by two of the worlds largdstkill events that are considered due to
introduction of a novel herpesviruses into Australia véaglocation of imported baitfish (Gaughan 2002,
Whittington et al. 2008, Diggles 2011). Taking these factors d¢onsideration, it is therefore considered
that the consequences of introduction and establishnfemegalocytiviruses into the environment of
northern Australia via the identified risk pathways #ely beHigh.

5.1.8 Risk estimation

The unrestricted risk associated with megalocytiésus determined by combining the likelihood of release
and exposure (from Table 6) with the consequences of isstaleit (Table 7) to arrive at a risk estimation

(Table 8, Figure A6 in Appendix 1). The unrestricted rigkngate for megalocytiviruses exceeds the ALOP
for several pathways in several bioregions, suggesting daitiamnal risk management is required for these
disease agents.

Risk estimation (combined all pathways) for:
Megalocytivirus (ISKNY, RSIV and like viruses) &f%\

Low risk
Moderate risk

o | ol @ OE

Dyt .

www.digsfish.com



Risk estimate for infection with Megal ocytivirus (ISKNV, RSIV and like viruses).

Likelihood of exposure: Moderate

Consequences of establishmentidigh

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI |FMA* | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N v v v v v [N L v v [ w
Gulf of Carpentaria
osNorthern 1Province | VL | ve | v v [w v [m | v [m | v [ w
WA Offshore
2 Timor Province N VL VL VL VL VL N L VL VL VL
3 NW Transition N VL VL VL VL VL N VL VL N VL
4 NW Province N VL VL VL N N N N VL N N
5 Central W Transition N VL VL VL N N N N VL N N
WA Onshore
26 Northwest | Transition VL L L L VL VL M L M VL VL
27 Northwest | Province| VL L L L VL VL M L M N VL
28 Central W | Transition VL L L L N N M L M N N
East Coast Offshore
15 Central E Transition N VL VL VL N N N N N N N
16 Kenn Transition N VL VL VL N N N N N N N
17 Kenn Province N VL VL VL N N N N N N N
18 Northeast Province N VL VL VL N N N N N N N
19 Northeast Transition N VL VL VL N N N VL VL VL N
20 Cape Province N VL VL VL VL VL N L VL VL VL
East Coast Onshore
40 Northeast | Province L L L L N N M L H N N
41 Northeast | Transition VL L L L N N M L M VL VL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture feed, BW = Ballaater, BC = Biofouling on commercial shipping,
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imga, FMA = Fish/shellfish movements —

Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cyaigl Artemia cysts, * Includes introduction via

ornamental fish
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5.2  Enteric Septicaemia of CatfishEdwardsiellaictaluri)

5.2.1 Aetiologic agent Infection with Edwardsiella ictaluria bacterium which belongs to the family
Enterobacteriaceae.

5.2.2 OIE List: No NACA List: Yes Zoonotic: No Priority ranking: 7

5.2.3 Australias status: Disease due tB. ictaluri has been reported in ornamental fishes held in quaeant
and some ornamental fish farms in Queensland, Taansemi the Northern Territory. In 20H) ictaluri
was detected in diseased native catfish (Black caMisbsilurus ater Berneys catfisiNeoarius berneyi
held in ornamental fish facilities in the Northern fitery. Edwardsiella ictaluriwas also detected at a
prevalence of 40% in apparently healifgndanus tropicanusatfish sampled at one site in the Tully River
in northern Queensland (Lymbery et al. 2016).

5.2.4 Epizootiology

Enteric septicaemia of catfish (ESC) is a highly infeedi bacterial disease that affects mainly catfishes of
the families Ictaluridae, Plotosidae, Clariidae, Sillae, Pangasiidae and Ariidae, but also several other non-
catfish species (Lymbery et al. 2016, DAWR 2017). The desmasaused bidwardsiella ictalurj which

is a gram negative bacterium classified in the famityeEbbacteriaceae. The disease was first described in
the 1970’s from channel catfishci@lurus punctatus cultured in the southern United States where it
continues to cause significant disease, mortality and disrufg industry (Hawke et al. 1998, Bebak and
Wagner 2012). Edwardsiella ictaluriwas originally considered primarily a disease of chamadish,
however more recently various strainskofictaluri have been reported to cause disease in a wide range of
other catfish species, particulafangasiusspp. (basa catfish) af@@larius spp. cultured in SE Asia (Rogge

et al. 2013, Suanyk et al. 2014, ENACA 2017) as well as catfisb®g barbs, zebrafish and several other
species cultured for the ornamental finfish industravie et al. 1998, Whittington and Chong 2007,
Hawke et al. 2013, Lymbery et al. 2016, ENACA 2017). Severalatish species have also been shown
to be experimentally or naturally susceptible to infection wih ictaluri, including salmonids and
barramundil(ates calarifej (Hassan et ak012, Lymbery et al. 2016, DAWR 2017).

Most of the epidemiological knowledge about ESC is based ondtgrence in channel catfish in the United
States. Infected channel catfish exhibit a varietgxiernal lesions including multiple reddish or whitish
ulcerative cutaneous lesions on the skin, flanks base ofrth@ffitop of the head, the latter being a typical
gross sign leading to the alternative name “hole in the hezdsk” (Hawke et al. 1998). Diseased catfish
cease feeding and can show marked behavioural changes indwdmguing in circles due to infection of
the brain withE. ictaluri. Internally, pathological changes typical of gram negasiepsis are common,
including accumulation of ascites fluid, haemorrhagitestis, with multifocal necrosis in liver, kidney and
intestinal epithelia (Hawke et al. 1998). Transmissiohdszontal via the faecal-oral route with faeces
being the main source of shedding and dissemination, howevedishase can also be spread via
cannibalism, exposure to infected water via the olfaapithelium and gills, and contact with contaminated
nets or equipment used to handle infected fish (Hawké #8998, DAWR 2017). The bacterium can survive
3—-4 months free in pond water, mud and vegetation at 25°C. Haishurvive acute epizootics can carry the
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bacterium in the brain, kidney and liver for extended periodgpado 200 days, while some surviving fish
develop specific immunity that protects them from subsequéettion and disease (Hawke et al. 1998).
There is also a chronic form of ESC, characterisgankeningoencephalitis, and fish can also be infected
asymptomatically (Lymbery et al. 2016). Subclinical infectlon Edwardsiellaictaluri has also been
detected at prevalences between 3% and 70% in wild populatiaal Plecoglossus altivelysn Japan,
with prevalence higher during the spawning season (Hasshr2@13).

Husbandry and environmental stress play significant rolesterrdming the clinical and economic impact
of E. ictaluri infections. Nevertheless, this organism is considerpdnaary pathogen and is capable of
causing substantial losses even on well-managed fish fatawgké et al. 1998). Vaccines are available to
reduce risk oE. ictaluri infection in cultured channel catfish, but effectivenesargable and relatively few
farmers use them (Bebak and Wagner 2012, Wise et al. 2015)udlemanagement of the disease being by
reduction of stocking density or use of antibiotics.

In Australia, the first report dE. ictaluri was in imported rosy bart2untius conchoniubeld in quarantine
(Humphrey et al. 1986). Then in early 2010 infectiorEbyctaluri caused mortalities in native Australian
Berney's catfishNeoarius berneyitoothless catfishAnodontiglanis dahjiand black catfisH\eosilurus ater

at an ornamental fish facility near Darwin (Animaéa&ith Australia 2010, 2012). The affected fish were
collected from a local river and kept at a premise which stéd imported ornamental fish. Within a week
of introduction a mortality event occurred with affectedive catfish showing clinical signs of ESC, &nhd
ictaluri was subsequently isolated in pure culture from affefisdd(Animal Health Australia 2010). The
native catfish section of the infected premises was qtinesl, and mortalities ceased within one week of
treatment of the remaining affected fish with tetraicye! A ban on selling fish was lifted three weeks later
(Animal Health Australia 2010). A survey of native catfisbnfirthe source river found no evidence of
infection with E. ictaluri and the most likely source of infection was consideretemssociation with
imported fish within the ornamental fish facility iAnal Health Australia 2010).

More recently, a preliminary survey fourkfl ictaluri at a prevalence of 40% (8 out of 20 fish) using
bacterial culture of both pooled kidney/spleen tissue andtimiédissue from apparently healthy wild
Tandanus tropicanusampled at one site; Bullyard Creek, a tributary of thdyTRiver in northern
Queensland (Lymbery et al. 2016). Biochemical analysis stgygesne indications of phenotypic
differences betweek. ictaluri isolated from the Tully River and isolates from the USA ¥ietnam, as well
as those previously detected in quarantined imports itrélizs however more detailed analysis is required
before an accurate assessment of the origin of the bawtesin be made (Lymbery et al. 2016).

5.2.5 Release assessment

In Australia,E. ictaluri is commonly detected in diseased and apparently healthy sdpamamental fish
held in quarantine premises (Humphrey et al. 1986, WhittingtahChong 2007), and would be expected to
also occur post-quarantine in imported fish held in reitilshops (Animal Health Australia 2010, Becker et
al. 2013, Rimmer et al. 2015)Edwardsiella ictalurihas already been recorded in wild catfish in north
Queensland (Lymbery et al. 2016) and has been associatedharithlities of native catfish in ornamental
fish shops (Animal Health Australia 2010, 2012). It is now eschthat around 18 million ornamental fish
per annum are imported into Australia (Rimmer et al. 20Lp) from estimates of 10-15 million fish
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imported in 2007-2008 (Whittington and Chong 2007, O’Sullivan et al.)20B8caus&. ictaluri can occur

in apparently healthy carrier fish, these may appeardir&e ictaluri prior to export, however the stress of
transport and translocation can result in expressiorsehde in carriers, increasing spread of infection either
during quarantine or post-quarantine during mixing with othusceptible host fishes within the wholesale
and/or retail supply chain (Becker et al. 2014). Giverldtge volumes of ornamental fish imported, even at
<5% prevalence the propagule pressure will remain signifiegnith poses a risk of release bf ictaluri

into the environment, given that pathways of release andlisstaent of ornamental fish into the Australian
environment are well documented (Chong and Whittington 2005, Whdtirepnd Chong 2007, Corfield et
al. 2008, Rimmer et al. 2015, Lymbery et al. 2016).

Release of ornamental fish is one form of anthropogenitsiocation of fish and shellfish. The other
identified potential introduction pathways for exotic dsesainto northern Australia include release via
aquaculture food, ballast water, biofouling of shipping, arndavefloatsam and debris/discarded fishing gear,
through domestic or imported bait products, natural movenwnald fish and shellfish and infrastructure
stepping stones. Aquaculture feeds that are importedandyrextruded pelleted feeds which are cooked to
over 90°C for several minutes during manufacture, which iscgerftito inactivate most microorganisms that
are sensitive to heat (Torgersen and Hastein 1995, OIE 2068n 2817), however there is no information
on whether other aquaculture feeds suchAdemia cysts are potential vectors for these disease agents.
There is no evidence to date tleatictaluri is vertically transmitted, hence larval fish hosts takewith
ballast water are unlikely to be sources of infectioroweler, juvenile or adult fish taken in with ballast
water from regions wherk. ictaluri are endemic could carry the bacteriurkdwardsiella ictalurican
remain viable in water outside the host for over 3 morttlasvke et al. 1998), hence viable bacteria could be
carried in ballast water. It appears unlikely thatateéd fishes could be introduced as biofouling on the hulls
of commercial shipping (Appendix 3) or on commercial fishingtbprecreational fishing boats and other
pleasure craft, nor is it likely th&. ictaluri infected fishes would naturally colonise floating vecsush as
artificial flotsam, discarded fishing gear and debris witigh make landfall into northern Australia (Wilcox
et al. 2013, Heersink et al. 2014, Appendix 4). Ornamental fetee®ccasionally used as bait by some
recreational anglers (Diggles 2011, Department of AgriculR@®5) hence it is possible thit ictaluri
could be released via a domestic bait product. Fislest@d withE. ictaluri could also be imported as bait
carried by foreign fishing vessels or as product soldhémnan consumption and diverted to bait use. These
bacteria are not considered to be naturally present therar Australian waters despite there being suitable
conditions for establishment, hence they appear unlikely totbediced by natural movements of fish or
shellfish, except for regions around the Tully River in m@ueensland where it is known the virus occurs
in native catfish. Because it is unlikely that fishegected withE. ictaluri naturally aggregate around
offshore structures, its arrival by stepping stone colooisadf suitable hosts across natural geographic
boundaries appears unlikely.

Taking into account the likely propagule pressure experien@ethe various introduction pathways, the
likelihood estimations for the release Bf ictaluri into suitable environments in Australian waters via the
identified risk pathways are listed below for the eas IMCRA Bioregions.
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Release assessment for Enteric Septicaemia of Catfi@dwardsiellaictaluri).

Likelihood of release

Pathway Type

Feature/ AF* BW BC BP DF FL FBD FBI |FMA* | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | eL | et | et | et | L | N | v | EL| EL| EL
Gulf of Carpentaria
25 Northern I1Province | EL | EL | EL | EL | L | L | L | EL | L | EL | EL
WA Offshore
2 Timor Province N EL EL EL EL EL N VL EL EL EL
3 NW Transition N EL EL EL EL EL N EL EL N N
4 NW Province N EL EL EL N N N N EL N N
5 Central W Transition N EL EL EL N N N N EL N N
WA Onshore
26 Northwest | Transition EL VL VL VL EL EL L VL L EL EL
27 Northwest | Province| EL VL VL VL EL EL L VL L N EL
28 Central W | Transition EL VL VL VL N N L VL M N N
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N N N N
19 Northeast Transition N EL EL EL N N N EL EL N N
20 Cape Province N EL EL EL EL EL N VL EL EL EL
East Coast Onshore
40 Northeast | Province | VL VL VL VL N N M VL H N
41 Northeast | Transition EL VL VL VL N N L VL M L EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture feed, BW = Ballaater, BC = Biofouling on commercial shipping,
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cyaigl Artemia cysts, * Includes introduction via

ornamental fish

5.2.6 Exposure assessment

Experimental studies confirm that horizontal transmissida. e€taluri via the fecal-oral route, contact with
free bacteria in water, and cannibalism of infectedshase all likely methods of transmission (Hawke et al.
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1998, OIE 2009). Outbreaks of disease duk.tectaluri are observed mainly when water temperatures are
between 20°C and 28°C (Hawke et al. 1998) which means diseaselly abserved in spring and autumn
in intensive channel catfish aquaculture in the southerretd@tates (Hawke et al. 1998) This suggests that
temperature conditions in northern Australia would beng=ive forE. ictaluri infection most of the year.
Edwardsiella ictaluricauses disease mainly in catfishes, of which a largeeuof native species occur in
northern Australia (Allen 1989), but can also infect a var@t other fish species (Lymbery et al. 2016,
DAWR 2017), including commercially, recreationally and ecaally important species groups that occur
in northern Australia, such as barramuridatés calcarife). The most likely scenario for establishment
would be exposure of native catfish to imported or docely raised ornamental fishes that have been
disposed of in the wild or used as bait in waterways near igduhareas, and indeed this may have already
occurred in the Tully River (Lymbery et al. 2016). Althoughyvédtle is known of the biology of the host
catfish species in this cas€andanus tropicanysstudies on other Australian plotosid catfish have found
high site fidelity (Lymbery et al. 2016), which may limpread of infection. However, other known
susceptible hosts which also frequent freshwater areabs @sL. calcarifer) are migratory species, (i.e.
anadromous or catadromous), which may be capable oftdéiod) transfer ofE. ictaluri into other river
systems. Given there is clear evidence that aquatiogetk from ornamental fish can pass through
Australian quarantine requirements (including testing) &#edome established in farmed and wild
populations (Becker et al. 2014, Lymbery et al. 2016), the riskxpbsure and establishment is non-
negligible, and the likelihood of exposure and establishmeri. dttaluri in suitable environments in
northern Australia is considered toldmgh.

5.2.7 Consequence assessment

Introduction and establishment Bf ictaluri into wild fish populations in northern Australia woullely
have significant ramifications for industry and the environneitustralia. Establishment of this bacterium
would not be amenable to control or eradication and avdikkly have significant negative effects on
aquaculture of catfishes, greatly reducing their aquacufiatential in this country and thus threatening
Australia's future food security. Establishment may aisoease threat of disease outbreaks in cultured
barramundi and other native freshwater specie€.Astaluri is a notifiable disease agent, establishment of
these bacteria would have significant ramifications domestic and international trade of fish products
produced by both the fisheries and aquaculture industriesgiat Australia, necessitating intervention by
government authorities and implementation of strict controlthermovements of fish products if attempts
were made to try to prevent its further spread into unieteareas.

Given that wild fish species can harb&urictaluri as apparently healthy carriers (Lymbery et al. 2016), and
disease usually occurs only when fish are concentratetlatstocking densities (Hawke et al. 1998),
ecological risks may not be as high for this bacteriurthey are for some other disease agents. However,
populations of native fishes in Australia are presumed tmdige to infection, and it is known that
prevalence oE. ictaluri in wild fish populations does increase during stressduiops when fish gather at
higher than normal densities, such as during the spawningns@idassan et aP012). Because of this, the
introduction of E. ictaluri into the wild may still represent an irreversible #tréo populations of native
fishes as well as a hinderance to conservation of threatened and endangered native fish species.
Infection with E. ictaluri under certain conditions naturally seen in the Australian envinainfeeg. low
river flow conditions when fish are concentrated in wated)plmay cause additional mortality that would
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be added to impacts of pre-existing threats from habitatudésin and river flow alterations (Corfield et al.
2008, Rimmer et al. 2016). These cumulative effects caeddltrin significant ecological harm to fish
communities, resulting in significant cultural and soaof@mic harm to regional communities in northern
Australia and elsewhere in the country. Any absence of meedef impacts on wild fish populations in
areas wher&. ictaluri has been introduced overseas is not evidence of absencé afinpacts, as impacts
of new diseases in wild fish populations are likely to gmaticed in countries without proper baseline
ecological data and effective fisheries management. ffAste of disease in wild populations vary greatly
due to factors such as environmental characteristics sheseptibility and host densities (Burge et al. 2016),
it is possible that impacts of disease introduction intstfalia would be more severe due to our unique
environment, isolated fauna and effective environmental ahdries management arrangements that tend to
keep host population levels relatively high. Taking thesefaaito consideration, it is therefore considered
that the consequences of introduction and establishmeBt aftaluri into the environment of northern
Australia via the identified risk pathways are likelyMederate.

5.2.8 Risk estimation

The unrestricted risk associated wih ictaluri is determined by combining the likelihood of release and
exposure (from Table 6) with the consequences of establishifieble 7) to arrive at a risk estimation
(Table 8, Figure A7 in Appendix 1). The unrestricted rigkmege forE. ictaluri exceeds the ALOP for
several pathways (domestic fishing bait, natural movementshofdnd anthropogenic movements of fish
via the aquarium industry) in several bioregions, suggestatgatiiditional risk management is required for
this disease agent.

Risk estimation (combined all pathways) for:

Edwardsiella ictaluri ALY

&t
A" - - 4

‘ll o

IE\

g |

2

. )* ’ /-'.—/ Leww risk
:-f e Moderate risk

-\'Lx_.: _,'-:I - High risk
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Risk estimate for Enteric Septicaemia of CatfishEdwardsiellaictaluri).

Likelihood of exposure: High Consequences of establishmentModerate
Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI |FMA* | FMN | ISS
IMCRA region
NT Offshore
1 Timor Transition N | eL | et | et | et | L | N | v | EL| EL| EL
Gulf of Carpentaria
o5 Northern IProvince | EL | EL | EL | EL | EL | eL | L | eL | L | EL | EL
WA Offshore
2 Timor Province N EL EL EL EL EL N VL EL EL EL
3 NW Transition N EL EL EL EL EL N EL EL N N
4 NW Province N EL EL EL N N N N EL N N
5 Central W Transition N EL EL EL N N N N EL N N
WA Onshore
26 Northwest | Transition EL VL VL VL EL EL L VL L EL EL
27 Northwest | Province| EL VL VL VL EL EL L VL L N EL
28 Central W | Transition EL VL VL VL N N L VL M N N
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N N N N
19 Northeast Transition N EL EL EL N N N EL EL N N
20 Cape Province N EL EL EL EL EL N VL EL EL EL
East Coast Onshore
40 Northeast | Province | VL VL VL VL N N M VL M M N
41 Northeast | Transition EL VL VL VL N N L VL M L EL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture feed, BW = Ballaater, BC = Biofouling on commercial shipping,
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imga, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cyaigl Artemia cysts, * Includes introduction via
ornamental fish
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5.3  White Spot Disease (WSD)

5.3.1 Aetiologic agent White Spot Syndrome Virus (WSSV), a double-strandBidAxirus of the genus
Whispovirus within the family Nimaviridea (Mayo 2005, OIE 2016Numerous synonyms exist, including
rod shaped nuclear virus BEnaeus japonicu@RV-PJ), penaeid rod-shaped DNA virus (PRDV), white spot
baculovirus (WSBV), PmNOBIII, systemic ectodermal and mesoakbaculovirus (SEMBV) or PmNOBII
and Chinese baculovirus (CBV) (Lightner 2003).

5.3.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 1

5.3.3 Australias status: Australia was considered free of WSD until late Noven2®4.6 when an outbreak
of WSD was recorded in black tiger prawi®efaeus monodpreultured along the Logan River, in South
East Queensland (DAF QLD 2017). At the time of publicatios WSD oubreak was being managed as an
eradication response. Previous incursions include detecti?éS&V in broodstock. monodorand mud
crabs Bcylla serraty fed frozen imported prawns at an aquaculture hatcheriparwin Harbour in
December 2000. In that case wild mud crabs and praviesesad to the hatchery outlet were also transiently
infected with WSSV, but over time this infection apparentas self limiting and subsequent testing showed
the virus did not become established in Darwin Harbour @ast 2004, 2005).

5.3.4 Epizootiology

White spot disease (WSD) first emerged in 1992-93 in sewmalibns in Asia including Taiwan and Japan,
though epidemiological evidence suggests the virus originated @bima. Devestating epizootics in
Penaeus japonicus Japan in 1993 were due to a new rod shaped virus tsanwaduced with imported
post larvae (PL) from China (Momoyama et al. 1994, Inouwt 4994, Nakano et al. 1994, Takahashi et al.
1994). At around the same timmortalities in farmedP. japonicus P. monodorandP. pencillatusdue to a
similar disease were also occurring in Taiwan, perliqps as early as 1992 (Chou et al. 1995). In Taiwan
the disease was described as white spot syndrome by Chb1€895) due to the presence of characteristic
white spots on the carapace of diseased prawns. Tharese disease outbreaks were caused by a new rod
shaped virus similar to that described in Japan (Choli #985) which was subsequently named white spot
syndrome virus (WSSV) (Lightner 1996a)pizootic disease caused by rod-shaped viruses in cultured
prawns displaying similar clinical signs to those repomedapan and Taiwan were subsequently reported
throughout Asia from China (1995), Thailand (1995), Korea (1998)a I{i#198), and the Philippines (1996)
(Lightner 2003, Stentiford et al. 2012). Despite the absene®idénce of live prawn introductions from
Asia to the Americas, WSSV was diagnosed at severd a1 1995-1997 in captive wild prawns and
freshwater crayfish and in cultured prawns in the eastatrsautheastern United States (Nunan et al. 1998,
Durand et al. 2000). Soon after, the WSSV pandemic reached faaws in southeastern Europe (1997),
the Middle East (1999), India (Rajendran 1999), and even camglgouth America in early 1999 (Lightner
2003). By mid to late 1999, WSSV was causing major lossesuador, and by 2000-01, export of prawns
from Ecuador was down nearly 70% from pre-WSSYV levels (Ligl2063).

At least some of the introductions of WSSV to the Amarigere a result of importation of frozen prawn
products from WSSV-affected areas of Asia and the valdeéhreprocessing of frozen prawns for the US
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market in coastal processing plants (Lightner et al. 199haN et al. 1998, Durand et al. 2000, Lightner
2003, Hasson et al. 2006). WSSV also reached Spain and Austrb®99-2001 in frozen prawns (Lightner
2003, Biosecurity Australia 2009). In both cases successfuhiooment and eradication was reported, and
for both events the importation and use of infected frozenrzas a fresh feed for broodstock crustaceans
was implicated as the route of introduction (Lightner 2@Ii8security Australia 2009). Frozen commodity
prawns sampled from supermarkets were also confirmad@se of entry for WSSV into Europe (Bateman
et al. 2012). In 2017, WSD was officially reported to odouB2 countries including several in central and
South America, Africa, continental USA and all majorvamdarming countries in Asia (Hong Kong, Taipei,
Taiwan, China, Japan, Korea, Malaysia, Myanmar, @hdil Brunei, Philippines, Singapore, Iran, Sri Lanka,
Indonesia, Vietnam, India) Unofficially, it is even more widespread (Stentifetdal. 2012).

WSD of farmed penaeids is characterised by high and maprtality, sometimes accompanied by gross
signs in moribund prawns of white, initially circular, spwtghe cuticle (calcium deposits), and overall red
body coloration (Lightner 1996a). The white spots are not pathognonbowever, as they can also be
caused by environmental insults and bacterial infection (\Wregy. 2000). Diseased cultured penaeids
cease feeding, and moribund prawns are observed swimmingheesurface at the edge of rearing ponds.
Rapid and severe mortality often follows within 3 or 4glafter the first appearance of gross si@@fso( et

al. 1995) Pathological changes associated with WSD includeacteristic basophilic nuclei and necrosis of
subcuticular epithelium and other tissues of ectodermal anddeesal origin (Lo et al. 1997). Infection of
crustaceans in the wild readly occurs where WSSV is ¢iczoo cultured penaeids (Lo and Kou 1998,
Maeda et al. 1998a, De La Pena et al. 2007, Baumgartner2€08)), probably due to horizontal tranfer of
the infection through wastewater and/or transmissiom@fvirus by vectors (Kanchanaphuam et al. 1998,
Biosecurity Australia 2009). Wild crustaceans usually aekrslob-clinical infections which can be
exacerbated by stress leading to clinical disease upon #pture and holding (Lo et al. 1996).

WSD is often considered mainly a disease of culturedmsgSupamattaya et al. 1998), but other species
can become infected both naturally and experimentallyjegtion and byper-osexposure (Flegel 2006a).
These include freshwater crayfish (Family ParastaciBaejily Cambaridae), crabs (Family Portunidae),
lobsters (Family Palinuridae, Family Nephropidae)dvaiknaeid prawns (Family Penaeidae) and freshwater
prawns (Family Palaemonidae) (Peng et al. 1998, Wang #8028, Rajendran et al. 1999, Edgerton 2004,
Baumgartner et al. 2009, Stentiford et al. 2009, Oidtmann eamtiférd 2011, Bateman et al. 2012). In fact,
all decapod crustaceans from marine, brackish and freshvesterell as planktonic copepods, parasitic
copepods that infect fish, barnacles, brine shritape(nia salind, rotifers, insect larvae, and polychaetes are
considered potential hosts or vectors for WSSV (OIE 2016ince the disease agent is introduced, there are
many species which can act as carriers or reserobirgection (OIE 2016b), and indeed, data suggests that
zooplankton and/or phyto/pico plankton can vector WSSV paanfection of cultured prawns (Esparza-
Leal et al. 2009, Callinan et al. 2013, Mendoza Cano et al. 2(M4dyjtality rates vary depending on host
species, environmental conditions and other variables sudtsasand age of the host. For example, Sahul
Hameed et al. (2000) failed to induce mortalityvinrosenbergiiexposed to WSSV by immersion challenge,
oral route and injection. In contrast, Pramod Kiran let(2002) reported mortalities up to 68% after
exposure oM. rosenbergiipost larvae to WSSV, though adults were more tolerathi mvortalities up to

! hitps://www.cefas.co.uk/international-database-on-agaaiinal-diseases/disease-data/?id=62
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26.7%. Water temperatures above 33°C appear to prevent WpH&Ation and can reduce mortalities of
prawns exposed to high water temperatures during thestaggs of infection (Rahman et al. 2007).

Rajendran et al. (1999) found mortality ratespeg-osexposure were 100% in penaeids, 10% in freshwater
prawns (includingVl. rosenbergi, 16-33% in palinurid lobsters and 10-100% in crabs. Freshywedems
which survive disease outbreaks show no clinical signs exaephy spots on the carapace (Rajendran et al.
1999), which are around half the size of those observed irejgsn@eng et al. 1998). Tissue from sub-
clinically infectedM. rosenbergiiwas fed to penaeid prawns and disease resultddaasas, confirmingu.
rosenbergiican act as asymptomatic carriers of WSSV (Ranjedrah £999). Bateman et al. (2012) found
that clinical WSD occurred in European lobstéiemarus gammarusvith mortalities of up to 55%
occurring within 6 days of lobsters being fed a single 50atign from a clinically diseasdel vannameat
22°C (high dose treatment of 3.65 x°Mdral copies/ ng DNA, total dose c. 1.82 x*i@iral copies).
Bateman et al. (2012) also found that 66% of batches of frgim commodity prawns purchased from
supermarkets in the UK tested positive for WSSV, pa#itylbatches of smaller (<10 gram) prawns, and
that the virus was viable, and could infect 94%Hofgammaruded 50 mg of infected commodity prawn
tissues. The lobsters infected in this manner were Imotally diseased, as they were fed lower WSSV
doses (between 2.3 x &a@nd 2.58 x 1bviral copies), nevertheless a slightly increased nitytadte (up to
22%) was observed compared to controls (Bateman et al. 2Uh2); concluded that the limiting factor in
the rapid appearance of WSD in European lobsters wasnitiel dose; a low-level infectious dose
establishes latent infection, while a high-level dose pssgemore rapidly to disease (Bateman et al. 2012).

Numerous species of crustaceans can act as carrigrsylpaly crabs, which can be infectpdr-os become
diseased and die without showing white spots externally{Stameed et al. 2003), though white spots may
occur inside the carapace (Raja et al. 2015). Other sgeet®me infected but do not show signs of disease,
including rotifers, bivalves, polychaete worms and noraged crustaceans includingrtemia salina
copepods, and aquatic arthropods such as sea slatgrad@ds and insect larvae (Sahul Hameed et al. 2003,
Mendoza Cano et al. 2014). These species can act as lasnmat vectors capable of accumulating high
concentrations of viable WSSV with persistent, life lanfections (OIE 2016b). Although there is no
evidence of virus replication within most of these hostert8ord et al. 2009), Overstreet et al. (2009)
found evidence of replication of WSSV in the copejrdasilus manicatugparasitic on fish gills, and
Desrina et al. (2013) found infection suggesting replicatiopdlychaetes. Pramod Kiran et al. (2002)
investigated vertical transmissionh rosenbergiiand found that eggs of experimentally infected brooders
were WSSV-negative by PCR, but the larvae that hatcteed them were positive. The OIE (2016b)
considers all life stages of crustaceans to be polignsiasceptible, from eggs to broodstock. The most
likely life stages for detection of WSSV are late pestsl stages, juveniles and adults, while the probability
of detection can be increased by exposure to stressfultiomsd{OIE 2016b) such as rapid reductions in
water temperature. It has been reported that WS8WVbe inactivated in 20 min at 50 °C (Maeda et al.
1998b), in 1 minute at 60°C and 0.2 min at 70°C (Nakano et al. 19@8ghChang et al. (1998) stated that
70°C for 5 min was required to completely inactivatevings. Methodological variations may explain some
of these differences, however these authors all examinedifteesuspensions isolated from host tissues
prior to heat treatment, and they did not examine whether W8&3/protected from heat while-situ
inside the tissues of infected hosts. In contrast, Reddgl. (2011a) used bioassays with the highly
susceptibld’enaeus monoddo find that boiling of WSSV infecteld. monodortissues in water for up to 30
minutes at 100°C did not fully inactivate all virus andttimoculates of cooked tissues remained infective to
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P. monodorvia intramuscular injection. There were no data prteskon whether the cooked prawns were
infective via theper-osroute. Only cooking at 100°C for 15 min followed by quick Zieg to -40°C was
sufficient to completely inactivate the virus inside coolisslies (Reddy et al. 2011b, 2013).

5.3.5 Release assessment

For the purposes of this release assessment it wilkfeneed that Australia is free from WSD (Cowley et
al.2015) and that eradication will be successful in therenmient around the Logan River and in Moreton
Bay (DAF QLD 2017). Despite biosecurity protocols requirigsging of 100% of shipments of frozen green
prawns imported into Australia there is evidence that WB#tted frozen green prawns can transit
through border quarantine in Australia, at least in pagttd attempts by some importers to evade detection
at the border by mislabelling high risk commodities and suibsiit known WSSV-free prawns for testing
(Senate 2017). There is evidence that between 50-86% of adgpden prawns sold at the retail counter at
supermarkets in Australia in November/December 2016 were Wg&itive (Diggles 2017, Future
Fisheries Veterinary Service 2017, Senate 2017), similtett)K where 66% of batches of imported frozen
commodity prawns at the retail counter were WSSV posiBaggman et al. 2012). Even if testing at the
border was 100% effective (Biosecurity Australia 2009), suaveik consists of subsampling 5 prawns from
each of 13 boxes (n = 65 prawns) in each shipment fonge&ienate 2017). Assuming 100% sensitivity for
the diagnostic test and perfect random sampling, this suneslldesign would provide 95% confidence of
detecting WSSV infected prawns only if they were presentrevalences above 5% in each shipment
(Sergeant 2017). Hence even with 100% compliance and 100% sanifdctigyeness, assuming between
10,000 and 15,000 tonnes of raw prawns imported into Australiayess (FRDC 2017), <5% prevalence
may equate to hundreds of tonnes of WSSV infected frommmgrawns entering Australia and becoming
available for retail purchase at supermarkets.

Viable WSSV has been recovered from crustacean tissuésd{mg commodity prawns) frozen at -20 or -
70°C after months to several years storage and used tesiudigeinfect susceptible crustaceans (Wang et
al. 1998, Soto et al. 2001, McColl et al. 2004, Hasson et al. B#iéman et al. 2012, RM Overstreet,
personal communication, Nov 2009reeWSSV also remains viable after storage at -18 to -20°Qgdo
several years, but survival and viability upon thawing is redfroed that stored at -70°C (RM Overstreet,
personal communication, Nov 2009). It would be expected (Nehah 1998, Soto et al. 2001, Lightner
2003, McCaoall et al. 2004, Biosecurity Australia 2009) that a dgant percentage of WSSV could survive
and remain viable after at least one freeze-thaw ajiteng commercial freezing, storage and transport of
green prawn commodities to Australia. WSSV infectsraplicates principally in tissues of ectodermal and
mesodermal origin (Lo et al. 1997) and viral loads of eetw18-10" viral copies/g tissue occur in diseased
prawns (Oidtmann and Stentiford 2011)enfbval of the head section does little to reduce WSSV lomd

on a per weight basis, as viral load in individual pravensaarly identical in either heads (49% of total
virus) or tails (51% of total virus) (Durand et al. 2003), siathle WSSV can still be detected in commodity
tails (McColl et al. 2004, Hasson et al. 20@tpsecurity Australia 2009, Bateman et al. 2012), withvihes
load of the peeled shell representing approximately 55% of thlevital load remaining in the tail (Durand
et al. 2003). Hence full processing of green prawn produndysreduces viral load by around half, which is
not sufficient to prevent establishment of infections p&-os route Bateman et al. 2012) While the
majority of green imported prawns sold for human consumpsien probably used for their intended
purpose, prawns are a popular bait (Kewagama Research 20G2)jsanell known that some recreational
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fishers in Australia use imported prawns purchased frorarsgrkets as bait, because they are cheaper and
perceived to be better quality (QLD Government 2006, Fishra@a.au 2013, Department of Agriculture
2015, Fishing Victoria 2016, Biosecurity Queensland 2017). Tkeesidence that the number of people
using prawns sold for human consumption as bait is incrg@dKiewagama Research 2007, Table 12), as is
the prevalence of WSSV in commodity prawns (Bateman €04PR), representing increasing risk of WSSV
introduction (Oidtmann and Stentiford 2011). Indeed, in dbdzer 2016, surveys by Biosecurity
Queensland field officers allegedly found 6 groups of fishersg imported green prawns purchased from
local supermarkets as bait while fishing near WSD inteptrawn farms on the Logan River (Diggles 2017,
Senate 2017). When the imported prawns were confiscatagstad, 2 of the 6 batches (33%) were positive
for WSSV (Senate 2017), demonstrating that fishing with megobait near or directly within the intake
canals of the index prawn farm would have introduced WS$d/those waters (Diggles 2017). It is also
possible that WSSV could be introduced into Australidn wther commodities which are currently untested,
including frozen soft shelled crabs (either those infeeedarriers (Meng et al. 2009), or via infection of
Octolasmissp. barnacles on the gills) or in crustacean ectopesasit the gills of whole frozen fish
(Overstreet et al. 2009).

Release of imported crustacean products sold for humsumption and diverted to bait or burley is one
form of anthropogenic translocation of fish and shellfisiihe other identified potential introduction
pathways for exotic diseases into northern Australia d&ltelease via aquaculture food, ballast water,
biofouling of shipping, arrival on floatsam and debris/discafggdng gear, through release of ornamental
crustaceans, natural movements of wild fish and shellfishianastructure stepping stones. Imported
aquaculture feeds are mainly extruded pellets with fishimed other ingredients that are processed and
cooked to over 90°C for several minutes during manufacture, whkickufficient to inactivate most
microorganisms that are sensitive to heat (Torgerseidastkin 1995). Such temperatures are highly likely
to inactivate all free WSSV (Maeda et al. 1998b, Nakah@l. 1998,Chang et al.1998, Tacon 2017),
especially in artificially formulated extruded pellets (Ponge®at et al. 2001), as opposed to WSSV within
whole prawn carcasses, some of which may remain viable aitking (see Reddy et al. 2011a, 2011b
2013). It is known that livértemiacan be carriers of WSSV (OIE 2016b), as can live rotéed rotifer
resting eggs (Yan et al. 2004), however it is less clear whétheze driedArtemia cysts are potential
vectors for WSSV. There is evidence that WSSV is \a@lyicransmitted, hence larval crustaceans taken in
with ballast water may be infected. Juvenile or aduistaceans can also be taken in with ballast watdr, an
are prominent inhabitants of sea chests on commercial shifpmgits and Dodgshun 2007), so it is
possible that WSSV can be introduced via infected hiestslocated in ballast water, or as biofouling on the
hulls or sea chests of commercial shipping (Appendix 3),nuential fishing boats, recreational fishing
boats and other pleasure craft. It is also possibleWW&$V infected crustaceans could naturally colonise
floating vectors such as artificial flotsam, discardsthing gear and debris which can make landfall into
northern Australia (Wilcox et al. 2013, Heersink et al. 2014, ApgeAll Live crustaceans for the
ornamental industry should not represent a risk ofaseleof WSSV as they are not permitted entry into
Australia fttps://www.legislation.gov.au/Series/[F2006B01)580wever there is evidence of illegal
importation of live ornamental crustaceans (NSW Aquaceiissociation 2017). Crustaceans infected with
WSSV could also be imported as bait carried by fordiginng vessels. WSSV is not considered to be
naturally present in northern Australian waters despiteetbeing suitable conditions for establishment,
hence the virus appears unlikely to be introduced by naturaémments of fish or shellfish. Because it is
known that crustaceans infected with WSSV can colonise stamnctures it is possible that development of
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artificial offshore infrastructure such as oil rigs aratural gas installations and their associated moorings
could allow range extensions for WSSV infected hostshbyptocess of stepping stone colonisation across
natural geographic boundaries (Bulleri and Airoldi 2005, Glatbgl. 2007, Adams et al. 2014). Taking
into account the likely propagule pressure experienced vigattigus introduction pathways, the likelihood
estimations for the release of WSSV into suitable enviesisnin Australian waters via the identified risk

pathways are listed below for the various IMCRA Bioregion

Release assessment for White Spot Disease (WSD).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N L | L L | L L e w [wm [EL | L
Gulf of Carpentaria
osNorthemiProvince | VL | L | L | L |w |wvw |[m [w |m |EL [W
WA Offshore
2 Timor Province N L L L VL VL VL VL M EL L
3 NW Transition N VL VL VL EL EL VL EL L N L
4 NW Province N VL VL VL N N VL EL VL N VL
5 Central W Transition N VL VL VL N N VL N EL N EL
WA Onshore
26 Northwest | Transition VL L L L VL VL M VL M EL VL
27 Northwest | Province| VL M M M EL EL M VL VL N EL
28 Central W | Transition VL L L L EL EL M EL EL N EL
East Coast Offshore
15 Central E Transition N VL VL VL N N EL N N N N
16 Kenn Transition N VL VL VL N N EL N N N N
17 Kenn Province N VL VL VL N N VL N N N N
18 Northeast Province N VL VL VL N N VL N EL N N
19 Northeast Transition N VL VL VL VL VL VL EL VL N N
20 Cape Province N L L L L L VL VL VL EL N
East Coast Onshore
40 Northeast | Province | VL M M N N H N N N
41 Northeast | Transition VL L L L EL EL M VL EL VL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.3.6 Exposure assessment

All of the species of decapod crustaceans endemic to northern Austcdliding commercially important
mud crabs $cyllaspp.) and penaeid prawns are likely to be susceptible t8MVSuggesting that WSSV
released through various pathways (e.g. imported gpeawns sold for human consumption that are
redirected to bait or burley) could come in contact wadiny known susceptible species. WSSV remains
infective for > 30 days in seawater at 30°C and > 40 dag$°C under laboratory conditions (Momoyama
et al. 1998), but viral replication is inhibited at watemperatures above 33°C (Rahman et al. 2007).
However, water temperatures are not high enough (>33°C) wergrestablishment of WSD in northern
Australia. Viable WSSV has been recovered from crustatesres (including commodity prawns) frozen
at both -20 and -70°C after months to several years storajeised to successfully infect susceptible
crustaceans (Wang et al. 1998, Hasson et al. 2006, RM @atrgtersonal communication, Nov 2009,
Bateman et al. 2012). Susceptible crustaceans can alsméenfected with WSSV viger-os exposure
through cannibalism (Bateman et al. 2012, OIE 2016b), and irtlegzer-osroute is more effective for
establishing WSSV infections than horizontal exposure throoglwater (Soto and Lotz 2001, Raja et al.
2015). Common inshore scavenging crabs present in northern Rustreh asScylla serrataCharybdis
spp. andJca spp. are known WSSV carriers which are highly likely to oomes bait or burley, and these
crabs can subsequently infect other susceptible specieshaditation (Kanchanaphuam et al. 1998). Other
smaller crustaceans such as mysids, copepods or planktoratstages of decapods are also susceptible to
infection, and indeed plankton may be the main reservioiM®8SYV when environmental virus levels are low
(Esparza-Leal et al. 2009, Callinan et al. 2013, Mendoza-€&al. 2014, Diggles 2017).

If a susceptible wild or cultured crustacean came inambnvith WSSV infected material through the
pathways described above, given the high infectivity of WSB&&ed on minimum infectious dose
calculations consumption of even a small (<50 mg) portioa nfoderately WSSV infected crustacean or
vector can result in establishment of a subclinical aastee (Oidtmann and Stentiford 2011, Bateman et al.
2012). Wild crustaceans often carry sub-clinical WSSV ciidas andwould be unlikely to suffer
mortalities unless they were exposed to stressors (Lb £#986). Surviving crustaceansay transmit the
infection vertically, which would further enhance the likelihoofl establishment of WSSV in the
environment. If the susceptible crustacean in the index cade ahienibalism of dead and moribund
crustaceans can be a potent source of WSSV, therebygatogainfection (Soto and Lotz 2001, Soto et al.
2001, Bateman et al. 2012, Raja et al. 2015). Predation dbumarcrustaceans by fish may be an important
factor modulating transmission and spread of WSSV in somexicases (Biosecurity Australia 2009).
However, crustaceans (particularly crabs) are importavesngers in inshore tropical areas which would be
equally likely to encounter WSSV infected materialpessally if WSSV infected material is placed in
isolated water bodies with limited water exchange, suchraiesdand canals (Diggles 2017). Indeed, it is
likely that crabs, crayfish and lobsters will be highlysceptible to transfer of viruses such as WSSV from
prawns used as bait, because these three groups of scauengets eat entire prawn bodies, including
viscera, suggesting they would be exposed to more viaua larger ration, whereas prawns tend to eat only
the appendages (Soto et al. 2001, Sritunyalucksana et al. 208®&9P2011). A large amount of empirical
evidence suggests that once WSSV is introduced into a suredibn, due to the wide range of potential
host and carrier species in the environment, it is likelbéoome established in wild populations of
crustaceans and/or other carriers (Lo and Kou 1998, Maedal€t98a, Hasson et al. 2006, Baumgartner et
al. 2009, Oidtmann and Stentiford 2011, Macias-Rodriguet. @014). The likelihood of establishment in
cultured crustaceans is even higher, including the risk obindl sabotage (Jones 2012).
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Given there is clear evidence that WSSV can pass througinahais quarantine requirements (including
testing) and become established in wild and farmed prapualations in Australia (Diggles 2017), the risk
of exposure and establishment is non-negligible, and the oliketihood of exposure and establishment of
WSD in suitable environments in northern Australia is consaley beHigh.

5.3.7 Consequence assessment

In regions where WSSV is enzootic in farmed penaeidsafmese is highly variable, ranging from 0 to
100% (OIE 2016b, Stentiford et al. 2009, Biosecurity Australia 2008)other areas of the world where
WSSV has been introduced, aquaculture industries based wnspeand other crustaceans (e.g. crayfish)
have suffered significant production and economic losses a 83 billion USD (Stentiford et al. 2012),
and though some adaptation to the disease agent may occtinevan Australia, the presence of the virus
represents a significant obstacle to industry competitigenas profitability. Production in many WSD
affected countries overseas eventually recovered, howevér ohtloe recovery was due to switching to the
faster growingPenaeus vannamésee Flegel 2006a, Stentiford et al. 2012), a species whiekotic to
Australia and hence this recovery option is not availableadustralian prawn aquaculture industry. There
are no commercially available methods of control of WSBc¢ines etc.), although filtering water and
covering of production ponds with mosquito netting may provideeptioin (Thitamadee et al. 2016). Under
Australian economic conditions, the required changes tosinfreture and husbandry practices (filtration of
water, lining of ponds, carrier and vector exclusion, malizero water exchange production cycles,
development of SPF or SPR prawns lines, see Lightner 2005 &las. 2012) would impart additional
production costs that would greatly reduce industry @doifity to marginal levels, at least in the short term.
The reduced profitability would discourage investmentpiawn farming in Australia, posing a risk to
Australia's future food security (Stentiford 2012, Stentifetrél. 2012). The likely impacts of introduction
of WSD on the prawn aquaculture industry in Australia aneetbee considered to be extreme.

Prevalences in wild populations of crustaceans adjattettreas where WSSV is enzootic in cultured
crustacaceans can be moderate (3-12%, see De La Pénd0&i8a Macias-Rodriguez et al. 2014) to high
(>60%, see Baumgartner et al. 2009) with evidence of signifiseasonal variation, with prevalences as
high as 75% in broodstodk. monodorduring the monsoon season (Aftabuddin et al. 2014). Thougs vir
levels can be relatively low in subclinically diseased emwesins, others may carry high levels of virus
(Overstreet et al. 2009). Infections of wild crustaceaeganerally sub-clinical (Lo et al. 1996), which may
aid the transmission and spread of the disease agent througbaltrustacean populations. Adverse
impacts at the population level have not been previouslytezpo wild crustaceans in areas where WSSV
has been introduced (Maeda et al.1998a, De La Pena 200al, Baumgartner et al. 2009, Flegel 2009).
However, because sub-clinical WSSV infections can rdeetthie disease state in susceptible species after
periods of stress (Lo et al. 1996), this suggests that pamdadf wild crustaceans adversely affected by
environmental stressors (e.g. adverse environmental conditipisdraps in water temperature or exposure
to pollutants such as pesticides and herbicides) may expenedaced resilience or “silent mortalities”
(Behringer 2012, Stentiford et al. 2012, Shields 2012) due to\W\i§8ction, as as been reported for some
other viral pathogens of prawns (Couch and Courtney (1977). Fudierany absence of evidence of
impacts on populations of wild crustaceans in areas eviESV has been introduced overseas is not
evidence of likely absence of such impacts in Australiamaacts of new diseases in wild populations of
crustaceans are likely to go unnoticed in countries withoaper baseline ecological data (Shields 2012) and
effective fisheries management. As effects of diseagd&ld populations vary greatly due to factors such as
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environmental characteristics, host susceptibility and tiessities (Burge et al. 2016), it is possible that
impacts of disease introduction into Australia wouldvim@e severe due to our unique environment, isolated
fauna and effective environmental and fisheries managenramgaments that tend to keep host population
levels relatively high. Any adverse effects could resnltecological harm to aquatic environments,
potentially resulting in significant cultural and socio-ecomimarm to regional communities in northern
Australia and elsewhere in the country.

As WSSV is a listed disease agent notifiable to the &@l& NACA, significant trade implications would
follow its introduction into Australia. Indeed, establishmenéVSD in a region of northern Australia would
necessitate intervention by government authorities and disruptieormal trade in crustacean commodies
by commercial fisheries and crustacean gathering by remmeafishers if attempts were made to try to
prevent movements of crustaceans to limit potential dpirga uninfected areas. If the disease spread to
areas where bait prawns were commercially gathered, npcomimercial fishers but recreational fisheries
could also be disrupted due to loss of bait suppliegtai@by, if the introduction of WSD is detected early
enough, there is a chance that eradication can be adi{Bwsecurity Australia 2009), although eradication
programs are expensive processes, especially if a subsetpmaration of freedom from the disease is
required, as extensive surveys would need to be undertaksheal. 2004, 2005).

Taking all of these factors into consideration, even thahghenvironmental impacts of introduction of
WSD are difficult to determine, impacts on domestic andnat@nal trade are both considered to be high,
while the impact on the prawn aquaculture industry would beemet suggesting that the overall
consequences of introduction and establishment of WSDheternvironment of northern Australia via the
identified risk pathways are likely to lbégh.

5.3.8 Risk estimation

The unrestricted risk associated with White Spot Diseas#etermined by combining the likelihood of

release and exposure (from Table 6) with the consequencetablistsnent (Table 7) to arrive at a risk

estimation (Table 8, Figure A8 in Appendix 1). The unrestiatisk estimate for White Spot Disease
exceeds the ALOP for several pathways in several bioreggoggesting that additional risk management is
required for this disease agent.

Risk estimation (combined all pathways) far:
White Spot Disease (WSD

fleghgible or very low nsk
Low risk

Moderate risk

B ionisk
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Risk estimate for White Spot Disease (WSD).

Likelihood of exposure: High Consequences of establishmentidigh
Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD | FBI | FMA | FMN | ISS
IMCRA region
NT Offshore
1 Timor Transition N Im [ wmwm vl | vo | o I v [ w

Gulf of Carpentaria

25 Northern | Province L ‘ M ‘ M ‘ M ‘ L ‘ L VL ‘ L

WA Offshore
2 Timor Province N v [ m [ m [0 L L L I v [ w
3 NW Transition N L L L VL VL L VL M N M
4 NW Province N L L L N N L VL L N L
5 Central W Transition N L L L N N L N VL N VL

WA Onshore

26 Northwest | Transitiof L M M M L L VL L
27 Northwest | Province| L VL VL L L N VL
28 Central W | Transitio] L M M M VL VL VL VL N VL
East Coast Offshore

15 Central E Transition N L L L N N VL N N N N
16 Kenn Transition N L L L N N VL N N N N
17 Kenn Province N L L L N N L N N N N
18 Northeast Province N L L L N N L N VL N N
19 Northeast Transition N L L L L L L VL L N N
20 Cape Province N M M M M M L L L VL N
East Coast Onshore

40 Northeast | Province L N N - N M N N
41 Northeast | Transitior] L M M M VL VL L M VL L

I = High,[M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.4 Infectious Myonecrosis (IMN)

5.4.1 Aetiologic agent Infectious myonecrosis virus (IMNV), a totivirus clbseelated toGiardia lamblia
virus (OIE 2016c). IMNV particles are unenveloped, icosahdadrahape and 40 nm in diameter, with a
genome consisting of a single, double-stranded RNA moléeuldos et al. 2006).

5.4.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 4

5.4.3 Australias status: Not recorded (Cowley et al. 2015). Considered exotic.

5.4.4 Epizootiology

Infectious myonecrosis (IMN) is a viral disease of peh@eawns (principallyPenaeus vannamecaused

by infection with infectious myonecrosis virus (IMNV). Ouwthks of IMN were first recognised in Brazil in
2002 in culturedP. vanname(see Lightner et al. 2004) and rapidly spread throughouinihastry (Pinheiro

et al. 2007). Disease outbreaks occurred in juvenile antlRdvdnnameusually following stressful events
such as capture by cast-net, feeding, or sudden changesnity sad temperature (OIE 2016c). The
principal target tissues for IMNV are the striated museled other tissues of mesodermal origin. Prawns in
the acute phase of IMN disease presented focal to extewdive necrotic areas in skeletal muscles,
especially in the distal abdominal segments and tail fghacan become necrotic and reddened in some
individuals (Lightner et al. 2004). Gross signs of IMN are pathognomic, however, and may be
superficially similar to those of muscle cramp syndrome a#f as infection withPenaeus vannamei
nodavirus PWNV), causative agent of white tail disease (Senapin e2(Hl1, OIE 2016c). Histological
examination of affected prawns reveals severe coagulateeosis of striated muscles that may be
accompanied by edema, haemaocytic infiltration, and fibiigsghtner et al. 2004). These pathological signs
are not pathognomic for IMNV as they may be similar to thatmeerved during infection witRWYV (Tang

et al. 2007, OIE 2016¢c). Severely affected prawns becoméundrand “slow” cumulative mortalities of
40-70% have been recorded (Lightner et al. 2004, OIE 2016¢, Rtazsh@016).

Disease outbreaks due to IMNV have been officially reggbin farmedP. vannamein Brazil since 2002
(Lightner et al. 2004), sometimes in co-infections with WB#4jé et al. 2013). Only one strain of IMNV
has been recorded to date, being recorded from bothl Braizindonesia with 99.6% full genome sequence
identity, suggesting the disease was directly translddaben Brazil to Indonesia (OIE 2016c). The disease
appeared in Indonesia around 2006 (Senapin et al. 2007, Saengeha206, Stentiford et al. 2012) and
has since spread throughout Java, Sumatra, Bangka, wes¢dB South Sulawesi, Bali Lombok and
Sumbawa (OIE 2016c). The disease was unofficially report€dhima (Andrade et al. 2008), Sri Lanka and
southern Thailand, however some of these may have beep thlsd reporting of muscle cramp syndrome
(Senapin et al. 2011). In some cases from Indonesia, IMNd@asreported in co-infections with MrNV in
cultured P. vannamei(see Senapin et al. 2013). IMN can occur in all lieges ofP. vannameiand
chronically infected carriers have also been repafttéghtner et al. 2004, Tang et al. 2005, OIE 2016c).
Penaeus stylirostriandP. monodorhave been experimentally infected by injection, however 4afigeeeks

no mortalities were observed in either spe¢iesng et al. 2005), suggesting they are refractory totiofec
Gudkovs et al. (2015) also used injection to demonstrate IMNYagasnP. merguiensisindP. esculentus

DygshisH -

www.digsfish.com



but again no mortalities were observellMNV infections have not been reported in non-penaeidimaa
crustaceans or freshwater crustaceans.

Horizontal transmission of IMNV via the water and bywi#dalism has been demonstrated (Tang et al. 2005,
Poulos et al. 2006, OIE 2016c), while vertical transmission fsomodstock to progeny also occurs, though
it is not known if the mode is transovarium or by contanmomabf the spawn eggs (OIE 2016c). The
incidence of IMN in culturedP. vannametan be high in regions where the virus is enzootic (OIE 2026c).

a survey of 11P. vannamefarms in Brazil found IMNV at 9 farms (site prevaler§l.8%) at a relatively
low sample prevalence of 15% (76/505 tests positive, see Pinhalo2€07). Besides mortalities of up to
70%, food conversion ratios (FCR) of IMNV infected populatiohsulturedP. vannamehave been shown

to increase from normal values of approximately 1.5 to arduhar higher (OIE 2016c, Prasad et al. 2016).
A study of P. vannamefound that the immune system of IMNV-infected prawesponds only at a late
stage of the disease, when animal recovery is unlikelgtéGet al. 2009). While scientific data are lacking,
IMNV is apparently more difficult to inactivate withgical pond disinfection procedures than other prawn
viruses like WSSV, yellow head virus (YHV), Taura syndrome Wii8V) and infectious hypodermal and
haematopoietic virus (IHHNV) (OIE 2016c). Reservoir hestssuspected, but none have been documented
consistently (OIE 2016c), however wild southern brown shiffiagantepenaeus subtiltisom Brazil were
shown to be experimentally susceptible to IMNV, with 10%Fofsubtiltis fed diseased®. vannamei
becoming infected (Gouveia et al. 2007, Coelho et al. 2009).

5.4.5 Release assessment

Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia for certain diseases, there is no testindMV, hence frozen green commodity prawns infected
with IMNV can enter Australia and become available foairgurchase at supermarkets. IMNV appears to
naturally infect a narrow range of host species, mataljured Penaeus vannamebut it can also infect
southern brown shrimgrarfantepenaeus subtiltigsee Coelho et al. 2009). Species suchPesaeus
monodon P. stylirostris P. merguiensiand P. esculentusappear refractory to infection, but may act as
carriers, andMNYV infections have not been reported in non-penaeidineacrustaceans or freshwater
crustaceans.The clinical signs of disease are not pathognomonic and asymptaraatiers occur, hence
infected prawns would be unlikely to be detected durirgj-parvest inspections. Frozen whole uncooked
product would be expected to contain significant amountdrao$, as it is known that IMNV can remain
infectious following freezing at —70°C for several years (Tah@l. 2005, Andrade et al. 2008). While
survival and viability of this virus upon thawing from norrealmmercial freezing temperatures of -20°C is
not documented, it would be reasonable to expect thagn#icant percentage of IMNV could survive at
least one freeze-thaw cycle during commercial freezitogage and transport of green prawn commodities
to Australia. IMNV is a systemic disease that affects mainly skéletuscle lymphoid organ (both tubules
and spheroids), hindgut, and phagocytic cells of the hepatgeasnand heart (Tang et al. 2005). Gill tissue
from experimentally infecte®. monodoralso tested positive using situ hybridisation (Tang et al. 2005).
Tail muscle is the primary target tissue for IMNV, whitlay be why mortalities are reduced with IMNV
infection compared to WSSV, TSV and YHV infections whattack vital organs and cause higher, more
acute mortalities (Tang et al. 2005). ete removal of the head section alone (containing the
hepatopancreas, lymphiod organs and gills) or processiregrtove the shell would not result in a marked
reduction in the viral load of infected prawnsleat stability of IMNV has not been reported, hencis it
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unclear as to what extent cooking may reduce the viabilitildV and therefore reduce the potential for
release of the disease agent into Australia in cookedngraw

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama reles¥?2) and it is well known that some
recreational fishers in Australia use imported prawnstmsed from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurity Queenslta@d/). There is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
12). Indeed, in December 2016, surveys by Biosecurity Qlaeeh&eld officers allegedly found 6 groups

of fishers using imported green prawns purchased fronh sogeermarkets as bait while fishing near WSD
infected prawn farms on the Logan River (Diggles 2017), waniline surveys found over 50% of fishers
had used imported prawns as bait in the previous 12 mditheeturity Queensland 2017).

Release of imported prawn products sold for human consmmphd diverted to bait is one form of
anthropogenic translocation of fish and shellfish. Ttiemidentified potential introduction pathways for
exotic diseases into northern Australia include reledgeaquaculture food, ballast water, biofouling of
shipping, arrival on floatsam and debris/discarded fishing, glesough release of ornamental crustaceans,
natural movements of wild fish and shellfish and infrastmecstepping stones. Agquaculture feeds that are
imported are mainly extruded pelleted feeds with fishmeal @ihdr ingredients that are processed and
cooked to over 90°C for several minutes during manufacture, whkickufficient to inactivate most
microorganisms that are sensitive to heat (Torgersefdastein 1995, Tacon 2017). Such temperatures are
likely to inactivate IMNVin artificially formulated extruded pellets. It is natown whether livéArtemia
freeze driedArtemiacysts,live rotifers or rotifer resting eggs can be carrigi¢MNV (OIE 2016c, Tacon
2017). There is evidence that IMNV is vertically transmitf@dE 2016c), hence larval penaeids taken in
with ballast water may be infected. Juvenile or aduistaceans can also be taken in with ballast watdr, an
are prominent inhabitants of sea chests on commercial shifpmgits and Dodgshun 2007), so it is
possible that IMNV can be introduced via infected sidsinslocated in ballast water, or as biofouling on the
hulls or sea chests of commercial shipping (Appendix 3),nuential fishing boats, recreational fishing
boats and other pleasure craft. It is also possibleltsl infected penaeids could naturally colonise
floating vectors such as artificial flotsam, discardsthing gear and debris which can make landfall into
northern Australia (Wilcox et al. 2013, Heersink et al. 2014, ApgedAll Live crustaceans for the
ornamental industry should not represent a risk of seled IMNV as they are not permitted entry into
Australia fttps://www.legislation.gov.au/Series/F2006B01)58owever there is evidence of illegal
importation of live ornamental crustaceans (NSW Aquaculégsociation 2017). Penaeids infected with
IMNV could also be imported as bait carried by forefgiing vessels. IMNV is not considered to be
naturally present in northern Australian waters despiteetbeing suitable conditions for establishment,
hence the virus appears unlikely to be introduced by natural nemisnof fish or shellfish. It appears
unlikely that penaeids infected with IMNV would colonisedhatructures, hence range extensions for IMNV
infected hosts by the process of stepping stone colonisattogsanatural geographic boundaries appear
unlikely. Taking into account the likely propagule pressexperienced via the various introduction
pathways, the likelihood estimations for the release of WMiNo suitable environments in Australian waters
via the identified risk pathways are listed below fog various IMCRA Bioregions.
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Release assessment for Infectious Myonecrosis (IMN).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | ec | vo |wvw | EeL |eL | e [Ee | m | E|EL
Gulf of Carpentaria
25 Northern I Province | EL | L | L L | eL | eL [ m | EL [ ™M | EL | E
WA Offshore
2 Timor Province N VL VL VL EL EL VL EL M EL EL
3 NW Transition N EL EL EL EL EL VL EL L N EL
4 NW Province N EL EL EL N N VL EL VL N EL
5 Central W Transition N EL EL EL N N VL N EL N EL
WA Onshore
26 Northwest | Transition EL L L VL EL EL M VL M EL EL
27 Northwest | Province| EL L L VL EL EL M VL VL N EL
28 Central W | Transition EL L L EL N N M EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N EL N N N N
16 Kenn Transition N EL EL EL N N EL N N N N
17 Kenn Province N EL EL EL N N VL N N N N
18 Northeast Province N EL EL EL N N VL N EL N N
19 Northeast Transition N EL EL EL N N VL N VL N N
20 Cape Province N VL VL VL EL EL VL EL VL EL N
East Coast Onshore
40 Northeast | Province | EL L L VL N N H N EL N N
41 Northeast | Transition EL L L VL EL EL M EL L EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

5.4.6 Exposure assessment

While Penaeus vannamedoes not occur in Australia, the fact that the southern rbreWwimp
Farfantepenaeus subtiltibas also been show to carry IMNV (Gouveia et al. 2007)hGoet al. 2009)
suggests that this virus can infect other penaeids throughahaathways such geer-osexposure. This
suggests that IMNV is capable of persisting in the environniewever the identity of other susceptible
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reservoir hosts is presently unknown. Being a relatively talms-enveloped virus, it is thought that IMNV
is persistent in the water for some time and may nan&etivated by passage through the bird digestive
system and as such, it may be able to infect new hostzohtally via the waterper-osor via mechanical
vectors such as seagullafg et al. 2005)1E 2016c). A large number of penaeid species naturally occur in
Northern Australia, and while some of these (B.gmonodohappear refractory to IMN disease, they may
still be able to carry the virus (Tang et al. 2005). HdMdV released through various pathways could
come in contact with a susceptible host species in narthestralia. IfP. vannamefrom a country where
the disease is endemigere affected by an outbreak dinacal IMN and were emergency harvestdugy
may be heavily infected with IMNV but would escape débectat the border. Given the existence of
relevant pathways (such as via imported green prasld§@ human consumption that are redirected to bait
or burley) potentially susceptible species of wild petiméi Australia could be exposed to IMNV arwlild
receive sufficient dose of the virus to become infect€de virus could then be transferred to progeny via
vertical transmission and could become established.

Predation of bait or moribund crustaceans by fish maynbienportant factor modulating transmission and
spread of IMNV in some index cases (Biosecurity Austi20@9). However, other crustaceans (particularly
crabs such aScylla serrata, Charybdispp. andJca spp.) are important scavengers in inshore tropical areas
in northern Australia which are highly likely to consume loaiburley, especially if IMNV infected material

is placed in isolated water bodies with limited watechemge, such as drains and canals (Diggles 2017).
There is no evidence that IMNV can infect crustaceang dfia@ penaeids, however, hence IMNV is less
likely to become established in wild populations comparedrges like WSSV which have much wider
host ranges. There is, however, still a potential faalbdéishment in cultured penaeids if activities such as
industrial sabotage occurred (Jones 2012). Given there isedliegnce that exotic viruses of penaeids can
pass through Australian quarantine requirements (inclugisging), that pathways exist to allow exotic
viruses to enter the Australian environment (Kewagama Rés@®07, Diggles 2017), and that suitable
hosts may occur in the wild, the risk of exposure and estabént is non-negligible, and the overall
likelihood of exposure and establishment of IMN in suitable enwents in northern Australia is
considered to beow.

5.4.7 Consequence assessment

In regions where IMN is enzootic in farm&gnaeus vannameproduction losses of between 40 to 70%
have been reported resulting in economic losses of aroundr8@@h USD per annum to a cumulative
total of around $1 billion USD (Stentiford et al. 2012). HoerePenaeus vannam& exotic to Australia,
and our aquaculture industry relies mainly on black tigawpsPenaeus monodomhich appear refractory
to IMNV (Tang et al. 2005). Because of this, the consempgerof establishment of IMNV for the
aquaculture industry in Australia would likely be very lowrelation to lost production. However, given
thatP. vannameare not cultured in Australia, if introduced it is unlikéiat IMNV would be detected early
enough to prevent its establishment in the wild. BecaudB/lM a listed disease agent notifiable to the OIE
and NACA, significant trade implications would follow itgitroduction into Australia. Indeed,
establishment of IMNV in a region of northern Australiaymeecessitate intervention by government
authorities and disruption to normal trade in penaeid commdagiesommercial fisheries and crustacean
gathering by recreational fishers if attempts were madgytto prevent movements of crustaceans to limit
potential spread into uninfected areas. If the disgar@ad to areas where bait prawns were commercially
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gathered, not only commercial fishers but recreational fishenay also be disrupted due to loss of bait
supplies.

Adverse impacts at the population level have not been preyieembrted in wild crustaceans in areas where
IMNV occurs or has been introduced (OIE 2016c). However, usecaub-clinical IMNV infections can
revert to the disease state in susceptible species pdterds of stress (OIE 2016c¢), this suggests that
populations of crustaceans adversely affected by environmetredsors (e.g. adverse environmental
conditions, or exposure to pollutants such as pesticides andidles) may experience reduced resilience or
“silent mortalities” (Behringer 2012, Stentiford et ab12, Shields 2012) due to IMNV infection, as as been
reported for some other viral pathogens of prawns (Couch aundr@y (1977). Furthermore, any absence
of evidence of impacts on populations of wild crustaceanar@as where IMNV has been introduced
overseas is not evidence of likely absence of such impaétssinalia, as impacts of new diseases in wild
populations of crustaceans are likely to go unnoticed in aesntithout proper baseline ecological data
(Shields 2012) and effective fisheries management. Astefééadisease in wild populations vary greatly
due to factors such as environmental characteristics sheseptibility and host densities (Burge et al. 2016),
it is possible that impacts of disease introduction intstfalia would be more severe due to our unique
environment, isolated fauna and effective environmental ahdries management arrangements that tend to
keep host population levels relatively high. Any adverse effamitd result in ecological harm to aquatic
environments, potentially resulting in significant cultural aodio-economic harm to regional communities
in northern Australia and elsewhere in the country. Agldll of these factors into consideration, even
though the impact on the prawn aquaculture industry would bégiégl the environmental impacts of
introduction of IMN are difficult to determine, while pacts on domestic and international trade would be
significant, suggesting that the overall consequences afduttion and establishment of IMN into the
environment of northern Australia via the identified risk patys are likely to beow.

5.4.8 Risk estimation

The unrestricted risk associated with Infectious Myoosisris determined by combining the likelihood of

release and exposure (from Table 6) with the consequencetablistsnent (Table 7) to arrive at a risk

estimation (Table 8, Figure A9 in Appendix 1). The unregtigisk estimate for Infectious Myonecrosis

does not exceed the ALOP for any pathways in any bioregimgesting that no additional risk management
is required for this disease agent.

Risk estimation (combined all pathways) for:
Infectious myonecrosis (IMN)

Low risk

Moderate risk

B ok
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Risk estimate for Infectious Myonecrosis (IMN).

Likelihood of exposure: Low

Consequences of establishmentow

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN | ISS
IMCRA region
NT Offshore
1 Timor Transition N | ec | ve |wvw | eL |eL e [Ee | w ] |E|E&
Gulf of Carpentaria
o5 Northern I1Province | EL | vL | v | ve | EL | EL |w | EL |w |EL |EL
WA Offshore
2 Timor Province N VL VL VL EL EL VL EL VL EL EL
3 NW Transition N EL EL EL EL EL VL EL VL N EL
4 NW Province N EL EL EL N N VL EL VL N EL
5 Central W Transition N EL EL EL N N VL N EL N EL
WA Onshore
26 Northwest | Transition EL VL VL VL EL EL VL VL VL EL EL
27 Northwest | Province| EL VL VL VL EL EL VL VL VL N EL
28 Central W | Transition EL VL VL EL N N VL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N EL N N N N
16 Kenn Transition N EL EL EL N N EL N N N N
17 Kenn Province N EL EL EL N N VL N N N N
18 Northeast Province N EL EL EL N N VL N EL N N
19 Northeast Transition N EL EL EL N N VL N VL N N
20 Cape Province N VL VL VL EL EL VL EL VL EL N
East Coast Onshore
40 Northeast | Province | EL VL VL VL N N VL N EL N N
41 Northeast | Transition EL VL VL VL EL EL VL EL VL EL EL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

DIERING

www.digsfish.com

78




5.5  Taura Syndrome (TS)

5.5.1 Aetiologic agent Taura Syndrome Virus (TSV), a non-enveloped, icosahgtites containing a
single-stranded positive-sense RNA genome (Bonami et al. M7t al. 2002) classified as a member of
the genud\paravirusin the family Dicistroviridae (Mayo 2005, OIE 2016d).

5.5.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 8

5.5.3 Australias status: Not recorded. Considered exotic.

5.5.4 Epizootiology

Taura syndrome virus (TSV) was first identified from faramsund the Taura River in Ecuador in 1991
(Jiminez 1992) and subsequently spread quickly throughout piawming regions in Latin and North
America through the regional and international transfdivef PL and broodstocRenaeus vannameand
possibly also through movements of carriers such as &mdisnsects such as water boatmen (Lightner 1995,
1996b, Brock et al. 1997, Hasson et al. 1995, 1999, VanPatten2€04). A few years later, the disease
was introduced into Asia including mainland China and Taijfun et al. 1999, OIE 2003), and then
throughout Indonesia (Wertheim et al. 2009), Thailand (Nielsah 2005, Limsuwan and Chuchird 2007),
and Korea (Do et al. 2006, 2007a, 2007b, Lightner et al. 2007) dsswvBlaudi Arabia (Wertheim et al.
2009, Tang et al. 2012) with movements of infedPedrannamebroodstock and PLs (and possibly other
crustaceans, see Kiatpathomchai et al. 2008aura syndrome (TS) caused serious losses in revenue
throughout Latin America in the 1990s. It has been suggestedTSV caused direct losses (due to
mortality) of up to US$ 1.3 billion in the first three yeamsLatin America (Lightner 2003), and over $3
billion dollars overall since then (Stentiford et al. 2012hwdver, indirect losses due to loss of sales,
increased seed cost and restrictions on regionalwedeprobably much higher (Brock et al. 1997).

TSV has now been isolated on five continents, typically denatirgira “quick fuse” epizootic pattern, in
which the virus is detected shortly after being introduced &ntnew geographic area due to the almost
immediate appearance of widespread disease in culturedpf@lertheim et al. 2009). Some data suggest
that TSV was introduced to Colombia and Brazil through comat®d broodstock from the Hawaiian
Islands (Brock et al. 1997). These broodstock were unt&stdsV since at the time it was not yet known
that Taura syndrome had a viral cause as its emergeaseoriginally mistakenly associated with
agrichemical use (Brock et al. 1997). Even when diagnosticadgetbecame available, and TSV was well
known, the large volume of trade of commaodities such as baidahd PL to several areas in Asia resulted
in the introduction of the virus, sometimes even in the presHrdisease certification programmes (Neilsen
et al. 2005, Limsuwan and Chuchird 2007). The disease now dacuorany Asian countries including
Taiwan, China, Thailand, Malaysia, Burma, Indonesia,&kag in the Middle East (Saudia Arabia).

TSV mainly causes disease in penaeid prawns, partictParbannameithoughit can also infect other
Western Hemisphere penaeid speckesdtylirostris P. setiferus andP. schmitt), sometimes resulting in
disease and mortalities in PL or early juvenile stapes,usually in persistent asymptomatic infections
(Brock et al. 1997, Overstreet et al. 1997). Other WestHEmisphere penaeid$.( aztecusand P.
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duorarum) and Eastern Hemisphere penaeifls ¢hinensis P. monodon P. indicus P. japonicus P.
merguiensisand Metapenaeus engivave also been infected with TSV either experimeni@tock et al.
1997, Overstreet et al. 1997, Biosecurity Australia 2009) omatutal’ disease outbreaks (Chang et al.
2004, Limsuwan and Chuchird 2007, Tang et al. 2012). A rangtherf orustaceans are also susceptible to
infection by TSV, including palaemonid prawnBafaemon styliferysMacrobrachium lanchesteri, M.
rosenbergij see Neilsen et al. 2005, Chuchird and Limsuwan 2007, Keppehai et al. 2008), crabs
(Scylla serrata Sesarma medeandUca vocans see Kiatpathomchai et al. 2008), and parasitic copepods
and barnacles (Overstreet et al. 2009).

TSV has little if any impact on early larval stages ofgmet prawns (Brock 1997). Post larval stages are
usually the most severely affected, though larger juvenilesaduotis can also become clinically diseased
(Lightner 1996b). Infection by TSV can result in acute,diteonal or chronic disease phases (Lightner et al.
1995, Lightner 1996a, 1996b, Hasson et al. 1999, Paulos et al. 2008 disease outbreaks often follow
stressful events such as heavy rainfall (Lightner et al. 199%) are characterised by affected prawns
exhibiting soft shells, an empty gut, and expanded red chrphaies leading to a red colouration of the
telson and pleopods. Diseased animals die during mouhishg@mulative mortality can often reach 80 to
95% (Lightner et al. 1995, Lightner 1996a). A chronic phase éoptrery phase’) has also been described
in prawns which survive the acute episode and which retumotmal feeding and behaviour patterns.
Chronically infected prawns show multifocal melanizedatudr lesions presenting similar to bacterial shell
disease and still carry active TSV at this stage (Ligh&teal. 1995). A “transitional” phase occurs in
survivors of epizootics as they recover from the acute pragenove into the chronic phase (Hasson et al.
1999, OIE 2016d).

Histopathology of acutely infectdd. vannamedemonstrates multifocal areas of necrosis in the cuticula
epithelium of the body surface, appendages, gills, hindgut, @gophstomach and sometimes antennal
gland (Lightner et al. 1995). Frequently, the subcuticular coimeetissue and adjacent striated muscle
fibres are also affected. Abundant cytoplasmic inohssiin focal lesions give the lesion a 'peppered’ or
'‘buckshot' appearance considered to be pathognomonic for TSab$bace of hemocytic infiltration or
other signs of a significant host inflammatory responsendjuishes the acute phase of TS from the recovery
or chronic phase of the disease (Lightner et al. 1995). diteric organs (endoderm-derived
hepatopancreas, midgut and midgut caeca mucosal epithelispauth, cardiac, striated muscle, and the
ventral nerve cord, its branches and its ganglia typically stoWistological signs of infection by TSV and
are usually negative for TSV by ISH (OIE 2016d).

Survivors of TSV infections may carry the virus for I{fgrock et al. 1995, Lightner 1996a, 1996b, Lotz
1997, Brock et al. 1997, Hasson et al. 1999). In regions whendrtiseis enzootic in farmed stocks, the
prevalence has been found to range from 0 to 100% (Stergif@ald 2009). While TS epizootics may result
in 80 to 95% cumulative losses in infected prawn ponds or taliikred populations, survivors of epizootics
display survival rates of 60% or higher (Lightner 1996a, OIE 2018t)dies of chronically infected prawns
have shown that ISH and quantitative RT-PCR are the raligble methods for detecting TSV during late
chronic phase infection (Poulos et al. 2008, OIE 2016d).

TSV has been demonstrated to remain infectious for up tbod8s in the faeces of sea gulls that have
ingested infected prawn carcasses, which may impligede &s being an important route of transmission of
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the virus within affected farms or farming regions (Lighth899,Vanpatten et al. 2004). TSV is generally
considered as extremely resistant to freezing and thaBmogK et al. 1995, Hasson et al. 1995), as well as
other physical insults, probably due to the simple non-envelgpeohs, which appear inherently more
stable than the lipid-containing enveloped virions such asWA8E YHV (Vanpatten et al. 2004). Survival
of TSV in water extends faup to 48 hours, in prawn head tissues for at least 14 dagsin prawn tail
tissues for at least 21 days at 27°C (Prior and Browdy 20@al transmission, particularly due to
cannibalism, is a major route of infection, while infeatby cohabitation (Kiatpathomchai et al. 2008) and
horizontal transmission via contaminated water also ogelasson et al. 1995, White et al. 2002, Prior et al.
2003). Prior et al. (2003) demonstrated that the infective doggred to transmit TSV was much smaller at
higher water temperatures (27°C) compared to lower tempesa20°C). Vertical transmission is probable,
but has not been experimentally confirmed (OIE 2016d). An tequasect, the water boatman
(Trichocorixa reticulatg feeding on prawn carcasses in ponds was demonstrated/¢oasea mechanical
vector (Brock 1997). The cralgylla serrataSesarma medeandUca vocansvere shown to be carriers
of TSV which could infectP. vannameiby cohabitation (Kiatpathomchai et al. 2008). Overstreetl.et
(2009) reported thathe parasitic copepolrgasilus manicatugrom the gills of Gulf killifish Fundulus
grandig, the acorn barnaclehelonibia patula(on the carapace of the blue crélallinectes sapidys and
gooseneck barnacfectolasmis mueller{on the gills ofC. sapidu¥ could also act as true vectors for TSV,
with viral replication occurring over at least 2 weekgha absence of disease to the point of establishing
whatOverstreet et al. (2009) considesttbuld be an infective dose.

The initial outbreak and spread of TS throughout the Ameriqggpeared to be through spread of a single
strain of TSV, however over time there has been evidence oéqudrs development of multiple genetic
variants of TSV, these probably originating due to multipkeoductions of the virus into new regions
together with high rates of spontaneous mutation typicalirgjle stranded RNA viruses (Erickson et al.
2002, 2005, Coté et al. 2008, Wertheim et al. 2009, Tang et al. 2@ 20D6d). High rates of spontaneous
mutation may also explain the emergence of novel, highly pathogtrdms of TSV in Columbia
(Aranguren et al. 2013) and potentially other areas wheyeig Enown to be endemic.

5.5.5 Release assessment

In regions where TSV is enzootic in farmed penaeidspitbealence has been found to be highly variable,
ranging from O to 100% (OIE 2016d, Stentiford et al. 2009, Big#gcAustralia 2009). Limsuwan and
Chuchird (2007) described TSV infectionsRofmonodorin Thailand, which resulted in clinical disease and
significant mortalities, though in time farmers wereeatd control the infections and raise a significant
proportion of the affected prawns to marketable size guiwan and Churchid 2007). As survivors of TSV
outbreaks enter the transitional and chronic phase of tleas#is the data presented by Limsuwan and
Churchid (2007) suggests that not only are chronically TSVtedde. vannameandP. stylirostrisbeing
marketed in some places of the world, that chronicallgcted P. monodonis being marketed as well.
RecoveringP. monodonthat survived acute TS outbreaks and subsequently moultegragdpclinically
normal (Limsuwan and Churchid 2007). If prawns are harvdstéate they moult, they can possess shell
lesions indistinguishable from lesions typical of bactesia¢ll disease (Lightner et al. 1995). In both
scenarios, it is likely that chronically infected pravthat have survived TSV epizootics would be difficalt t
detect during post-harvest inspections. Under these atamces, whole green (uncooked) cultured
penaeids from areas where TSV occurs could contain dangents of virus, not only in smaller pravthat
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may have been emergency harvested after suffelimgal disease due to TSV, but also in larger prawns of
traditional market size which may carry sub-clinical itif@ts.

Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia, there is evidence that TSV-infected frozeeegrprawns transit through border quarantine in
Australia on a regular basis (QLD Government 2006, Ueda 20@8), at least in part due to attempts by
some importers to evade detection at the border by mistegphigh risk commodities and substituting
known disease-free prawns for testing (Senate 2017). Thexdience that between 40 and 50% of batches
of imported gree. vannamesampled at the retail counter in Queensland were TSW¥mwin 2006 (QLD
Government 2006) with Ueda et al.(2008) finding even higher prevalend&sto 100% ofP. vannamei
sampled from retail outlets in Townsville and Coffs Harboespectively. Even if testing at the border was
100% effective (Biosecurity Australia 2009), surveillance mta®of subsampling 5 prawns from each of 13
boxes (n = 65 prawns) in each shipment for testing (8e2@17). Assuming 100% sensitivity for the
diagnostic test and perfect random sampling, this sumedladesign would provide 95% confidence of
detecting TSV infected prawns only if they were presermirevalences greater than 5% in each shipment
(Sergeant 2017). Hence even with 100% compliance and 100% samipdiogveness and assuming
between 10,000 and 15,000 tonnes of raw prawns imported into Austagh year (FRDC 2017), <5%
prevalence may equate to many hundreds of tonnes of T8&edffrozen green prawns entering Australia
and becoming available for retail purchase at supermarketsalso possible that TSV could be introduced
into Australia with other commodities which are curngnihtested, including frozen soft shelled crabs
(either those infected with TSV as carriers or vigection of barnacles on their gills or carapace), or in
crustacean ectoparasites on the gills of whole froabn(@verstreet et al. 2009).

Frozen whole uncooked imported prawns would be expectedriin significant amounts of TSV if
prawns were harvested from affected aquaculture ponds (Btedh 2008). TSV is known to retain
virulence when thawed after storage at -70°C for severaby@iock et al. 1995, Hasson et al. 1995,
Overstreet et al. 2009). The ability of the virus to survivezinggis probably due to the simple and highly
stable non-enveloped virions (Vanpatten et al. 2004). It wthédefore be reasonable to expect that a
significant percentage of TSV could survive and remaibleiafter at least one freeze-thaw cycle during
commercial freezing, storage and transport of green pcammodities to Australia. TSV infects and has
been shown to replicate principally in the cuticular epitimel(or hypodermis) of the exoskeleton, foregut,
hindgut, gills and appendages, and often in the connective tissadsgematopoietic tissues, the lymphoid
organ and antennal gland (OIE 2016djence removal of the head section may not necessarilit resa
marked reduction in the viral load of infected pengeamisd indeed the virus can still be detected in
commodity tails using RT PCR (Ueda et al. 2008, Biosecurityrlist2009). The heat stability of TSV has
not been reported (OIE 2016dgrite it is unclear as to what extent cooking may reducéahiity of TSV
and reduce the potential for release of the disease mg@miorthern Australia.

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama rees¥?2) and it is well known that some
recreational fishers in Australia use imported prawnstmsged from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurty Queensland 20THhere is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
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12). Indeed, in December 2016, surveys by Biosecurity Qlaeeh&eld officers allegedly found 6 groups
of fishers using imported green prawns purchased fronh sogeermarkets as bait while fishing near WSD
infected prawn farms on the Logan River (Diggles 2017), waniline surveys found over 50% of fishers
had used imported prawns as bait in the previous 12 mditheeturity Queensland 2017).

Release of imported crustacean products sold for humamnimoptisn and diverted to bait is one form of
anthropogenic translocation of fish and shellfish. Ttiemidentified potential introduction pathways for
exotic diseases into northern Australia include reledgeaquaculture food, ballast water, biofouling of
shipping, arrival on floatsam and debris/discarded fishing, glesough release of ornamental crustaceans,
natural movements of wild fish and shellfish and infrastmecstepping stones. Agquaculture feeds that are
imported are mainly extruded pelleted feeds with fishmeal @ihdr ingredients that are processed and
cooked to over 90°C for several minutes during manufacture, whkickufficient to inactivate most
microorganisms that are sensitive to heat (TorgerserHastein 1995). Such temperatures are likely to
inactivate TSV in artificially formulated extruded gl (Tacon 2017). It is known that aquatic insects such
as water boatmarT(ichocorixa reticulaty, and filter feeders like acorn barnacles can a@ aschanical
vectors of TSV (Brock 1997, Lightner 1996a, 1996b, Overstreet 20@98), which indicates that live feed
organisms such asrtemig live rotifers and rotifer resting eggs are alsoljike be able to act as mechanical
vectors for TSV, however it is less clear whether fredrzed Artemia cysts are potential vectors for TSV.
There is strong suspicion that TSV is vertically traitted (OIE 2016d), hence larval crustaceans taken in
with ballast water may be infected. Juvenile or aduistaceans can also be taken in with ballast watdr, an
are prominent inhabitants of sea chests on commercial shifpmgits and Dodgshun 2007), so it is
possible that TSV can be introduced via infected hoatslocated in ballast water, or as biofouling on the
hulls or sea chests of commercial shipping (Appendix 3),nential fishing boats, recreational fishing
boats and other pleasure craft. It is also possibleTi8& infected crustaceans could naturally colonise
floating vectors such as artificial flotsam, discardsthing gear and debris which can make landfall into
northern Australia (Wilcox et al. 2013, Heersink et al. 2014, ApgedAll Live crustaceans for the
ornamental industry should not represent a risk of selezf TSV as they are not permitted entry into
Australia fttps://www.legislation.gov.au/Series/F2006B01)58owever there is evidence of illegal
importation of live ornamental crustaceans (NSW Aquaceiissociation 2017). Crustaceans infected with
TSV could also be imported as bait carried by fordigining vessels. TSV is not considered to be naturally
present in northern Australian waters despite there beigbte conditions for establishment, hence the
virus appears unlikely to be introduced by natural movenwrfish or shellfish. Because it is known that
crustaceans infected with TSV can colonise hard structurssgbssible that development of artificial
offshore infrastructure such as oil rigs and naturaimgtallations and their associated moorings could allow
range extensions for TSV infected hosts by the procésstepping stone colonisation across natural
geographic boundaries (Bulleri and Airoldi 2005, Glasby et al7 288ams et al. 2014).

Taking into account the likely propagule pressure experien@ethe various introduction pathways, the
likelihood estimations for the release of TSV into suitabhwironments in Australian waters via the
identified risk pathways are listed below for the @as IMCRA Bioregions.
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Release assessment for Taura Syndrome (TS).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N |l el e v [ m [ EL] L
Gulf of Carpentaria
o5NorthemiProvince | VL | M | M | m v |wvw |m [w |m |EL [Ww
WA Offshore
2 Timor Province N L L L VL VL VL VL M EL L
3 NW Transition N VL VL VL EL EL VL EL L N L
4 NW Province N VL VL VL N N VL EL VL N VL
5 Central W Transition N VL VL VL N N VL N EL N EL
WA Onshore
26 Northwest | Transition VL L L L VL VL M VL M EL VL
27 Northwest | Province| VL M M M EL EL M VL VL N EL
28 Central W | Transition VL L L L EL EL M EL EL N EL
East Coast Offshore
15 Central E Transition N VL VL VL N N EL N N N N
16 Kenn Transition N VL VL VL N N EL N N N N
17 Kenn Province N VL VL VL N N VL N N N N
18 Northeast Province N VL VL VL N N VL N EL N N
19 Northeast Transition N VL VL VL VL VL VL EL VL N N
20 Cape Province N L L L L L VL VL VL EL N
East Coast Onshore
40 Northeast | Province | VL M M M N N H N EL N N
41 Northeast | Transition VL L L L EL EL M VL L EL VL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
5.5.6 Exposure assessment

TSV infects several host species that occur in northasstralia, causing disease . monodon P.
japonicusandMetapenaeus ensignd establishing sub-clinical infections in mud cBaylla serrataUca

sp. and freshwater prawhacrobrachium rosenbergii Common inshore scavenging species such as crabs
(S. serrataUca sp., M. rosenbergiiand others) are known carriers and can subsequenttt sdsceptible
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species of prawns by cohabitation (Kiatpathomchai et al. 2008ultured prawns infected with TSV were
emergency harvestexhd were imported uncooked into Australia they may be heafgcted with TSV,
while market sized prawns in the chronic phase may aldmhasignificant viral loads (Ueda et al. 2008).
If susceptible species of wild penaeids in northern Ailiatreceived an infective dose of TSV and an index
case occurred, the virus would be likely to persist ingbpulation as the susceptible species of wild
penaeids endemic to northern Austraka ihnonodonP. japonicusandM. ensis S. serrataUca sp.) appear
more resistant to TSV thdh vanname(see Brock et al. 199Kiatpathomchai et al.20Q08and hence would
be unlikely to suffer epizootic mortalities unless they evexposed to significant stressors. Whether the
virus could be transferred to progeny and become estabishess clear, given that vertical transmission
has not been recorded for TSV (but it is suspected, OIBBA0 Given the numerous reports of TSV
introductions around the worldMertheim et al. 2009)together with the occurrence of the virus in wild
populations of penaeids in several parts of the world eaasamwhere TSV has been introduced into
aquacultured prawn populations (Tang et al. 2012), this suggesdtsestablishment of TSV in wild
populations of crustaceans would be possible if it werednted.

Many of the commercially important species of decapod crustaceansmande northern Australia
(particularly mud crabsSgyllaspp.) and penaeid prawns) are known to be susceptidl8\o suggesting
that TSV released through various pathways (e.g. iregagteen prawns sold for human consumption that
are redirected to bait or burley) could come in contaitt many known susceptible species. TSV remains
infective for at least 21 days in seawater at 27°C (Roml Browdy 2002), hence water temperatures are
suitable for establishment of TSV in northern Australldne simple non-enveloped virions of TSV are very
resistant to inactivation by physical meaRsi¢r and Browdy 2002yanpatten et al. 2004), and can remain
infective in the environment in infected tissues for up to &lsdr more at ambient temperatures of 27°C
(Prior and Browdy 2002). Susceptible crustaceans can beobeeged with TSV viaper-osexposure or
horizontally via the water (Prior et al. 2003, OIE 2016d). Tg been demonstrated to remain infectious
for up to 48 hours in the faeces of seagulls that havetey@sfected prawn carcasses, which implicates
birds as being a potentially important route for spreattingrirus (Lightner 1999/anpatten et al. 2004).

If the susceptible crustacean in an index case diedwlisknown that cannibalism of dead and moribund
crustaceans can be a potent source of TSV, thereby propigétction (OIE 2016d). In the wild predation
of moribund crustaceans by fish may be an importantfatalulating transmission and spread of TSV in
some index cases (Biosecurity Australia 2009), however théhisicparasitic crustaceans on the gills of fish
can also act as vectors for TSV (Overstreet et al. 28083 an additional exposure pathway for TSV that
should not be overlooked. Furthermore, TSV susceptible crasdparticularly crabs) are important
scavengers in inshore tropical areas which would be gqliedly to encounter TSV infected material,
especially if TSV infected material is placed inl&ed water bodies with limited water exchange, such as
drains and canals (Diggles 2017). Indeed, it is likely thabs will be highly susceptible to transfer of
viruses such as TSV from prawns used as bait, because thejotead entire prawn bodies, including
viscera, whereas prawns tend to eat only the appendagese{Saito2001, Sritunyalucksana et al. 2010,
Diggles 2011). The likelihood of establishment in cultured ccestias is even higher, including the risk of
industrial sabotage (Jones 2012).

Given there is clear evidence that TSV can pass througtrafiaa quarantine requirements (Ueda et al.
2008), that pathways exist to allow exotic viruses to ghteAustralian environment (Kewagama Research
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2007, Diggles 2017), and that suitable hosts occur in the wildisthef exposure and establishment is non-
negligible, and the overall likelihood of exposure and establishmie TSV in suitable environments in
northern Australia is considered tolsmgh.

5.5.7 Consequence assessment

In regions where TSV is enzootic in farmed penaeidspitbealence has been found to be highly variable,
ranging from O to 100% (Stentiford et al. 2009, OIE 2016d)other areas of the world where TSV has been
introduced, aquaculture industries based on prawns haveesLiiignificant production and economic losses
of around $200 million USD per annum (Stentiford eRéll2). The Australian prawn aquaculture industry
is based mainly on farming. monodonwhich is not as susceptible to TSVRsvannameihowever TSV
can still cause disease h monodonparticularly if certain virulent strains were introddoghang et al.
2004, Limsuwan and Chuchird 2007). Although some adaptation widé@se agent may occur over time
in Australia, high rates of spontaneous mutation mayltresuperiodic emergence of novel, highly
pathogenic strains of TSV (Aranguren et al. 2013), represeatsignificant ongoing obstacle to industry
competitiveness and profitability. There are no commercadgilable methods of control of TS (vaccines
etc.), and changes to infrastructure and husbandry padiiitration of water, lining of ponds, carrier
exclusion fencing, minimal/zero water exchange productionesyaevelopment of SPF or SPR prawns
lines, see Lightner 2005, Moss et al. 2012) would impart sigmif additional costs to industry that would
greatly reduce industry profitability to marginal levels undastralian economic conditions. Any reduced
profitability would discourage investment in prawn farmingAustralia, posing a risk to Australia's future
food security (Stentiford 2012, Stentiford et al. 2012). Tk&lyl impacts of introduction of TSV on the
prawn aquaculture industry in Australia are therefore coreside be High.

Adverse impacts at the population level have not been preyicembrted in wild crustaceans in areas where
TSV has been introduced (Brock 1997), and if present ith papulations, the virus is difficult to detect and
appears to occur at low prevalences (Kiatpathomchai 2088). The range of susceptible host species is
not as wide as for other important viruses such as WS&k&hwvould reduce potential impacts. However,
because stressors can exacerbate symptoms of TSV infe(iombaru et al. 2012), the presence of the
virus may reduce the resilience of wild populations of emesins adversely affected by environmental
stressors (e.g. adverse environmental conditions such as leavightner et al. 1995), or exposure to
pollutants such as pesticides and herbicides, see Tumbaru 2012), possibly resulting in reduced
resilience or “silent mortalities” (Behringer 2012, Stemtl et al. 2012, Shields 2012), as as been reported
for some other viral pathogens of prawns (Couch and Courtt@%7). Furthermore, any absence of
evidence of impacts on populations of wild crustaceansemsavhere TSV has been introduced overseas is
not evidence of likely absence of such impacts in Austraidmpacts of new diseases in wild populations
of crustaceans are likely to go unnoticed in countriesouit proper baseline ecological data (Shields 2012)
and effective fisheries management. As effects of sles@a wild populations vary greatly due to factors
such as environmental characteristics, host susceptilitynast densities (Burge et al. 2016), it is possible
that impacts of disease introduction into Australia Midoe more severe due to our unique environment,
isolated fauna and effective environmental and fisheries gemment arrangements that tend to keep host
population levels relatively high. Any adverse effects corddult in ecological harm to aquatic
environments, potentially resulting in significant cultural aodio-economic harm to regional communities
in northern Australia and elsewhere in the country.
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As TSV is a listed disease agent notifiable to the OIE NAGA, significant trade implications would
follow its introduction into Australia. Indeed, establignmhof TSV in a region of northern Australia would
necessitate intervention by government authorities and disruptioormal trade in crustacean commodies
by commercial fisheries and crustacean gathering by remmebfishers if attempts were made to try to
prevent movements of crustaceans to limit potential dpirga uninfected areas. If the disease spread to
areas where bait prawns were commercially gathered, npconimercial fishers but recreational fisheries
could also be disrupted due to loss of bait supplies. ai@grt if the introduction of TSV is detected early
enough, there is a chance that eradication can be acligesecurity Australia 2009), although eradication
programs are expensive processes, especially if a subsetpmaration of freedom from the disease is
required, as extensive surveys would need to be undertaken.

Taking all of these factors into consideration, even thougkrnkigonmental impacts of introduction of TSV
are difficult to determine, impacts on domestic and istéonal trade are both considered to be high, while
the impact on the prawn aquaculture industry would also be $uglgesting that the overall consequences of
introduction and establishment of TSV into the environmemarthern Australia via the identified risk
pathways are likely to boderate.

5.5.8 Risk estimation

The unrestricted risk associated with Taura Syndrongetsrmined by combining the likelihood of release
and exposure (from Table 6) with the consequences of isstaleit (Table 7) to arrive at a risk estimation
(Table 8, Figure A10 in Appendix 1). The unrestricted riskrege for Taura Syndrome exceeds the ALOP
for several pathways in several bioregions, suggesting tligtiomel risk management is required for this
disease agent.

Risk estimation (combined all pathways) for:
Taura Syndrome (TS)

Low risk
Moderate risk

B ok
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Risk estimate for Taura Syndrome (TS).

Likelihood of exposure: High

Consequences of establishmentModerate

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | L L L L | L e v M| e | L
Gulf of Carpentaria
o5Northern 1Province | VL | M | M | m | vo [vo [m | vo [ m | EL | w
WA Offshore
2 Timor Province N L L L VL VL VL VL M EL L
3 NW Transition N VL VL VL EL EL VL EL L N L
4 NW Province N VL VL VL N N VL EL VL N VL
5 Central W Transition N VL VL VL N N VL N EL N EL
WA Onshore
26 Northwest | Transition VL L L L VL VL M VL M EL VL
27 Northwest | Province| VL M M M EL EL M VL VL N EL
28 Central W | Transition VL L L L EL EL M EL EL N EL
East Coast Offshore
15 Central E Transition N VL VL VL N N EL N N N N
16 Kenn Transition N VL VL VL N N EL N N N N
17 Kenn Province N VL VL VL N N VL N N N N
18 Northeast Province N VL VL VL N N VL N EL N N
19 Northeast Transition N VL VL VL VL VL VL EL VL N N
20 Cape Province N L L L L L VL VL VL EL N
East Coast Onshore
40 Northeast | Province | VL M M N N M N EL N N
41 Northeast | Transition VL L L L EL EL M VL L EL VL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi

BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.6  Yellowhead Disease (caused by YHV1)

5.6.1 Aetiologic agent Yellow head virus (YHV), a positive sense ssSRNA virushi& genugOkavirusin
the family Roniviridae of the order Nidovirales (Cowley et2§100b, Walker et al. 2005). Thellowhead
complex comprises at least ten genotypes of Yellowheadvitkeses (YHLV), including the original
genotype from Thailand (YHV1), the Gill Associated Virg€AV)/Lymphoid Organ Virus LOV)
genotypes from Australia (YHV2), and other genotypes (YHWUB from Australia, China, Vietnam,
Philippines, India, Malaysia, Indonesia and Mozambique (CGoeteal. 1999Wijegoonwardane et al. 2009,
Cowley et al. 2012, 2015, Mohr et al. 2015a, Dong et al. 2017).

5.6.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 6

5.6.3 Australias status: YHV1 is the most virulent genotype and the only known agenatse the OIE
listed Yellowhead Disease (OIE 2016e, Thitamadee et al. 2Ba6jt has never been recorded in Australia
and is considered exotic (Cowley et al. 2015). Other gemotyitdin the yellowhead complex that are
known to occur in Australia include YHV2 (Gill Associatedd8 (GAV) and lymphoid organ virus (LOV))
which were first reported from culturddd monodoron the east coast in the early 1990s (Spann et al. 1995,
1997), YHV6 in P. monodonfrom Etty Bay in Queensland (IMCRA Region 40) since theye2000s
(Cowley et al. 2015) and YHV7, which was recorded in broa#sfo monodorfrom Joseph Bonaparte Gulf
(IMCRA Bioregion 26) in 2012 and in some prawn farms (Mohale2015a, Cowley et al. 2015). Several
exotic genotypes (YHV1, YHVS8, YHV10) are regularly detedtednported unprocessed green prawns sold
for human consumption in Australia (McColl et al. 2004y{&y et al. 2015).

5.6.4 Epizootiology

Yellowhead disease (YHD) wamobably enzootic ifPenaeus monoddarms inTaiwan, Indonesia, China,
Malaysia and the Philippines the late 1980s (Lightner 1996a), llbe causative agent, yellowhead virus
genotype 1 (YHV1was frst recognised in mass mortality events involving culti®ethonodorin Thailand

in 1990 (Limsuwan 1991, Flegel 1997). The term “yellowhead” ref@rgellow discolouration of the
cephalothorax and bleached appearance of YHD affdeteshonodon(see Boonyaratpalin et al. 1993,
Chantanachookin et al. 1993), which display erratic swimmeag the surface at the pond edy#iD in P.
monodonaquaculture ponds occurs up to 10 weeks after stocking wheneerb—15 grams in size
(Limsuwan 1991 cited in Chantanachookin et al. 1993). In sexgl®eaks, emulative mortalities often
reach 100% within 3-5 days from the onset of the disease (B@ipghn et al. 1993). YHV1 replicates in
the cytoplasm of infected tissues, mainly lymphoid ordgm®mocytes and gill, but experimental infections
of P. vannamefound the virus in nerve cord, heart, midgut, hepatopandneasl soft tissues, abdominal
muscle, and eyestalk (Lu et al. 1995). In moribund prawngytighoid organ displays extensive structural
degeneration and cellular necrosis (Boonyaratpalin et al., @8tanachookin et al. 1993).

YHD has been reported widely in Asia, while at leasé incident of YHD has been reported in farmed
penaeids from the USA (Lightner 1996a, Durand et al. 2000, M& &009), and it is known the virus
occurs in wild populations dP. stylirostris off the coast of Mexico (Castro-Longoria et al. 2008).e Th
YHV1 genotype from the original outbreaks in Thailand appeate the most virulent of the Yellowhead-
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like viruses (Flegel 2009, OIE 2016e), however some recently dismbgemotypes may rival YHV1 for
virulence (Thitamadee et al. 2016). Other less virulent geestjiave been reported from diseased and
healthyP. monodorfrom other parts of Asia, Australia, and Africa (Cowtyal. 2004, Wijegoonwardane et
al. 2009, Mohr et al. 2015a, Cowley et al. 2015). These incfité genotype 2 (YHV2) which is the
primary cause of Gill Associated Virus (GAV) diseasatthas affected the prawn aquaculture industry in
Australia since 1994 (Spann et al. 1995, 1997). YHV2 is indisshgbie from YHV1 by TEM, infects a
similar range of tissues, and causes similar pathologyever for YHV2 infections mortality is sometimes
preceded by varying degrees of red colouration of the body and pyeldes colouration of the gills, with
no evidence of pale body colouration or yellowing of the cephafax (Spann et al. 1997). Prior to the
identification of GAV, a virus with similar morphology (LOV)as observed to be common in healthy
monodonin Australia (Spann et al. 1995). LOV infections areaole and widespread in wild and farmid
monodonon Australias east coast (prevalence up to 98%), withtigesmalysis suggesting LOV is a less
virulent variant of GAV (=YHV2, see Cowley et al. 2000amo and Owens 2007).

In addition to YHV1 and YHV2, four other unique YHV genotypasre identified in apparently healtRy
monodoncollected across the Indo-Pacific region between 1997 and 200w ndw genotypes were
described based on both their gene sequences and geograptimnl@s follows: YHV3 in Thailand and
Vietnam, YHV4 in India, YHV5 in Malaysia, Thailand and tRéilippines, and YHV6 in Mozambique
(Cowley et al. 2015). Investigations have found that YH&® @&ccurs inP. monodorfrom Etty Bay in
Queensland, where it has been present since the early 2000kyCGt al. 2015). A new Yellowhead
variant designated YHV7, was first recorded in broodst®cknonodoncollected from Joseph Bonaparte
Gulf, NT (IMCRA Bioregion 26) in 2012 (Mohr et al. 2015a). Ish&ince been detected in some prawn
hatcheries and farms in northern Australia, including ireahiinfections with YHV2 (Mohr et al. 2015a,
Cowley et al. 2015). Then in 2014, routine testing of unprecesscooked commodity prawn
consignments from China for YHV1 detected some anomalous Yutgees that were distinct from any
of the then known genotypes. This newly detecteédehotype, designated YHV8 (Moody et al. 2015), was
detected in 4 of 5 suspect consignments of imported commodiynpréCowley et al. 2015). Chinese
scientists then published information on another unique YHYV tgpaofrom Penaeus chinensiand P.
vannamei this being referred to as YHV9 (Cowley et al. 2015). the remaining 1 of 5 suspect
consignments of imported commodity prawns, another differddy/ genotype was isolated, and
subsequently designated YHV10 (Cowley et al. 2015).

Yellowhead-like viruses (YHLV) appear to naturally infeatlyo penaeids (Munro and Owens 2007).
Penaeus monodoappears particularly susceptible to YHLV, but juveniles oftereashemisphere species
including P. stylirostris P. aztecusP. duorarum P. setiferusand P. vannamei are also susceptible to
experimental infection with YHV (Lu et al. 1994, 1995, Lightnieale1998), even though post larvae appear
refractory (Lightner et al. 1998). “Natural” YHV infectiomave been reported from the Gulf of California
in P. stylirostrisat low prevalences of 1.3-6% (Castro-Longiora et al. 2008)eWemprevalences of other
YHLV genotypes in wild populations can approach 100% (OIE 8p16Several prawn species farmed
commercially in Australia, including. esculentusP. merguiensignd P. japonicus are also likely to be
susceptible to infection by YHLV (Spann et al. 2000). Howew®me age/size and species-related
differences have also been noted in their susceptildilisease. For example, monodonP. esculentus

P. merguiensisand smalP. japonicusdisplayed overt signs of disease and mortalities whicthezh82 to
100% within 23 d post-injection, however cumulative mortalitreP. esculentusind P. merguiensisvere
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significantly lower than forP. monodonof the same size class (Spann et al. 2000). Medium $ized
japonicusalso developed overt signs of disease but cumulative magaliere not significantly higher than
uninfected controls, while aduP. japonicusdid not display symptoms of disease and there were no
significant mortalities up to 23 d post-injection (Spann.e2@00).

Flegel et al. (1997) found that small prawRsléemon styliferuand jelly prawnsAcetesspp.) may carry
YHV1. Longyant et al. (2005) found that palaemonid praMiasrobrachium sintangensP. styliferusand

P. serriferwere susceptible to YHD by experimental injection, Mutosenbergiwas refractory to infection

by injection, and that there was no evidence of naturetiioin in any of these species. Longyant et al.
(2006) attempted to infedletapenaeus affiniandM. brevicornis and 16 species of crabs with YHV1 by
injection andper-osexposure to infected tissues. Both prawn species susaeptible to YHD by injection
and one . affinis became infected aft@er-osexposure, while none of the crabs became infected. None
of the species examined had natural YHV1 infections how&&EV and unknown viruses were found in
three of the crab species (Longyant et al. 2006). Ma ef2@09) used real time PCR to find that
daggerblade grass shrifalaemonetes pugi®alaemonetes kadiakensiad blue crab€allinectes sapidus

did not harbour natural YHV1 infections, but when they were sggdo YHV by injection anger-os
YHV1 was detected in the tissues f pugioand P. kadiakensisand in the hemolymph o. sapidus
YHV1 replicated inP. pugioand caused disease in 8% of shrimp that were injebteddid not cause
disease irP. pugioexposed via thper-osroute (Ma et al. 2009). In contrast, YHV1 failed to regie inC.
sapidus although the virus could be detected for 3 days aftertiofeor feeding (Ma et al. 2009). The
ability of YHLV to cause disease experimentally in a ranf@enaeids and palaemonids suggests these
viruses represent a significant threat to cultured pramvhsth marine and brackish waters (Ma et al. 2009).
More recent studies in the Americas have found that mahet are infected with TSV have enhanced
resistance to YHV1, possibly due to viral interfere@@anguren et al. 2012).

YHV1 remains viable outside the host in aerated seawatepfto 72 h and the agent can be inactivated by
heating to 60 °C for 15 min (Flegel et al. 1995), or by exposuB® ppm chlorine (Flegel 1997). While
some viruses can remain infectious following passage ghr@ubird gut, it has been shown that YHV
virions do not (Vanpatten et al. 2004). YHV1 infectedugssstored at —70°C (Lu et al. 1995) and —80°C
(Direkbusarakom et al. 1998) can maintain infectivity, thotiggdre appears to be no specific studies
investigating how long YHLVs remain viable in tissues st@edl8°C. Ma et al. (2008) found that if real
time PCR is to be used for diagnosis, samples ottietehaemolymph can be stored for up to 5 days at
either 4°C or 25°C without a significant reduction in RNAttwe need for storage at -80°C.

Contaminated pond water is the major method of infeaith rapid horizontal transmission through the
water from infected prawns and by cannibalism of weaknoribund prawns (Flegel et al. 1995, 1997,
Lightner 1996a Transport water, intake water, nets and other equipee likely sources of YHLV
introduction, while in hatcheries vertical transmissi@ia contamination of the egg surface) has been
recorded in GAV, with virus associated with fertilized eggsgjioating from either the male or female
parents (Cowley et al. 2002). Experimental studies have shHwmtrdisease can be reproduced by direct
injection or ingestion of infected tissue or tissue exsrand by co-habitation of naive shrimp with infected
conspedics or other crustacean vectors (Flegel et al. 1995, 1997tnkeigh996a, Hamano et al. 2015).
There is evidence that exposure to airborne arthropod vetiysalso be a risk factor for infection with
YHV1. Thitamadee et al. (2016) detailed results of a studyedaout in an area of Thailand with a history
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of frequent YHD outbreaks where prevalence of diseasecmapared between normal uncovered prawn
ponds and those that were covered with a tent of mosquitogieOutbreaks of YHD and WSSV were only
observed in uncovered ponds, with YHV spreading throughout #ileaincoverd ponds, while all mosquito
netted ponds remained uninfected by either disease, suggdstirdisease was introduced into infected
ponds by an airborne vector (Thitamadee et al. 2016). Theotaesivering each pond by a professional
service was revealed as US $4000 per pond (Thitamade®e1a).

5.6.5 Release assessment

In regions where YHVL1 is enzootic in farmed penaeids, pifevalence has been found to be variable,
ranging from O to 100% (Boonyaratpalin et al. 1993, Chantanacheblah 1993). Prevalences in wild
populations of crustaceans adjacent to areas where YHafizgotic in cultured prawns can range from 0 to
66% (Munro and Owens 2007, Castro-Longiora et al. 2008). Though &irels Ican be relatively low in
clinically normal prawns, this may still represent sigitly high levels of virus for them to act as effective
vectors (Ma et al. 2009). Survivors of YHD outbreaks camaie carriers, and even though some surviving
prawnsmay show yellowing of the cephalothorax or reddening of the bodgidsavhich could be detected
during postharvest inspectigBiosecurity Australia 2009), many infected animals do not sthese signs.
Hence it is likely that chronically infected prawns thave survived YHV1 epizootics would be difficult to
detect during post-harvest inspections. Under these atamces, whole green (uncooked) cultured
penaeids from areas where YHV1 occurs could contain Emgmunts of virus, not only in smaller prawns
that may have been emergency harvested after suffelimgal disease due to YHV, but also in larger
prawns of traditional market size which may carry suiad!| infections.

Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia, there is evidence that YHV1-infected frozgren prawns transit through border quarantine in
Australia on a regular basis (McColl et al. 2004, Cowlegl.€2015), at least in part due to attempts by some
importers to evade detection at the border by mislabelligh risk commodities and substituting known
disease-free prawns for testing (Senate 2017). Evertiiiges the border was 100% effective (Biosecurity
Australia 2009), surveillance consists of subsampling 5 pramens éach of 13 boxes (n = 65 prawns) in
each shipment for testing (Senate 2017). Assuming 100% igindivr the diagnostic test and perfect
random sampling, this surveillance design would provide 95% confdef detecting YHV1 infected
prawns only if they were present at prevalences grdader3% in each shipment (Sergeant 2017). Hence
even with 100% compliance and 100% sampling effectiveness, iagsbetween 10,000 and 15,000 tonnes
of raw prawns imported into Australia each year (FRBW@7), <6% prevalence may equate to many
hundreds of tonnes or more of YHV1 infected green praamtering Australia and becoming available for
retail purchase at supermarkets.

Frozen whole uncooked prawns would be expected to contain sigmifienounts of YHV1 if they were
harvested from YHD affected aquaculture ponds, as YHVL1 is Rrtowetain virulence when thawed after
storage at -70°C or lower (Lu et al. 1995, Direkbusarakom. ét988). YHV1 also remains viable after
storage at -18 to -20°C, but survival and viability upon thgws reduced from that stored at -70°C (RM
Overstreet, personal communication, Nov 2009). It would bertinmless expected (Durand et al. 2000,
Biosecurity Australia 2009) that a significant percentag&f/1 could survive and remain viable after at
least one freeze-thaw cycle during commercial freezitogage and transport of green prawn commodities
to Australia (McColl et al. 2004). Highest YHV1 virus contcations occur in the cephalothorax

DygshisH .

www.digsfish.com



(Chantanachookin et al. 1993, Lightner 1996a), with gill and tisades inP. vannamerontaining 10 to
800-fold higher titers of YHV than the other tissues (Lalet1995). Removal of the head section would
therefore significantly reduce (but would not completelynglate) the levels of YHV1 in imported prawns.
The heat stability of YHV1 has been reported and imattin occurs at 60°C after 15 minutes (Flegel et al.
1995) and faster at higher temperatures (Sritunyalucksanh 2010), hence normal cooking would be
expected to eliminate the potential for release oflteease agent into northern Australia.

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama rBes¥?2) and it is well known that some
recreational fishers in Australia use imported prawnshmsed from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland R0lifere is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
12). Indeed, in December 2016, surveys by Biosecurity Qlaeeh&eld officers allegedly found 6 groups
of fishers using imported green prawns purchased fronh sogeermarkets as bait while fishing near WSD
infected prawn farms on the Logan River (Diggles 2017), wdniline surveys found over 50% of fishers
had used imported prawns as bait in the previous 12 m@Btbsecurity Queensland 2017). Release of
imported crustacean products sold for human consumptiodiageded to bait is one form of anthropogenic
translocation of fish and shellfish. The other potént#roduction pathways for exotic diseases into
northern Australia include release via aquaculture food, dvalater, biofouling of shipping, arrival on
floatsam and debris/discarded fishing gear, through releam@amental crustaceans, natural movements of
wild fish and shellfish and infrastructure stepping stones.

Aquaculture feeds that are imported are mainly extrudddtpelfeeds with fishmeal and other ingredients
that are processed and cooked to over 90°C for several mohwieg manufacture, which is sufficient to
inactivate most microorganisms that are sensitive to (i@mgersen and Hastein 1995, Tacon 2017). Such
temperatures are likely to inactivate all YHV1 in fetally formulated extruded pellets (Sritunyalucksana et
al. 2010). It is suspected that insects or some otherraghector can spread YHV1 (Thitamadee et al.
2016), but it is unknown whether live feed organisms sucAremmia freeze driedArtemia cysts, live
rotifers and rotifer resting eggs are also likely éoable to act as mechanical vectors for YHV1. YHV1 can
be vertically transmitted (OIE 2016e), hence larval crestas taken in with ballast water may be infected.
Juvenile or adult crustaceans can also be taken in wildssbalater, and are prominent inhabitants of sea
chests on commercial shipping (Coutts and Dodgshun 2007)isspassible that YHV1 can be introduced
via infected hosts translocated in ballast water, dpia®uling on the hulls or sea chests of commercial
shipping (Appendix 3), commercial fishing boats, recreatifisaing boats and other pleasure craft. It is
also possible that YHV1 infected crustaceans couldrally colonise floating vectors such as artificial
flotsam, discarded fishing gear and debris which can makéalaintto northern Australia (Wilcox et al.
2013, Heersink et al. 2014, Appendix 4). Live crustaceans fartf@@nental industry should not represent a
risk of release of YHV1 as they are not permitted ‘entrinto  Australia
(https://www.legislation.gov.au/Series/F2006B01)3Bwever there is evidence of illegal importation of
live ornamental crustaceans (NSW Aquaculture Associ&@dry). Crustaceans infected with YHV1 could
also be imported as bait carried by foreign fishing uesséHV1 is not considered to be naturally present in
northern Australian waters despite there being suitable cmmglitor establishment (Cowley et al. 2015),
hence the virus appears unlikely to be introduced by nanwaéments of fish or shellfish. It also appears
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unlikely that penaeids infected with YHV1 would colonise Istrdctures, hence range extensions for YHV1
infected hosts by the process of stepping stone colonisattossacatural geographic boundaries appear
unlikely. Taking into account the likely propagule pressexperienced via the various introduction

pathways, the likelihood estimations for the release of YKo suitable environments in Australian waters
via the identified risk pathways are listed below fog various IMCRA Bioregions.

Release assessment for Yellowhead Disease (caused bywYH

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | L L L v v e [w [m JEL |EL
Gulf of Carpentaria
25 Northern | Province | EL | L L L v v [w [w |[m |EL |EL
WA Offshore
2 Timor Province N L L L VL VL EL VL M EL EL
3 NW Transition N VL VL VL EL EL EL EL L N EL
4 NW Province N VL VL VL N N EL EL VL N EL
5 Central W Transition N EL EL EL N N EL N EL N EL
WA Onshore
26 Northwest | Transition EL L L L VL VL VL VL M EL EL
27 Northwest | Province| EL M M M EL EL VL VL VL N EL
28 Central W | Transition EL L L L N N VL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N EL N N N N
16 Kenn Transition N EL EL EL N N EL N N N N
17 Kenn Province N EL EL EL N N EL N N N N
18 Northeast Province N VL VL VL N N EL N EL N N
19 Northeast Transition N VL VL VL EL EL EL EL VL N N
20 Cape Province N L L L VL VL EL VL VL EL N
East Coast Onshore
40 Northeast | Province | EL M M N N VL N EL N N
41 Northeast | Transition EL L L L EL EL EL VL L EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi

BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —

Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.6.6 Exposure assessment

YHV1 infects several host species that occur in northeustrAlia, causing disease particularly Bn
monodon but also infectind?. japonicusP. esculentus”. merguiensisMetapenaeus ensand jelly prawns
(Acetesspp.) and establishing sub-clinical infections in severalisp@®f palaemonid prawns. Indeed, most
of the commercially and ecologically important pena@dsorthern Australia are likely to be susceptible to
YHV1. This suggests that YHV1 released through varioubwaats (e.g. imported green prawns sold for
human consumption that are redirected to bait or bureyld come in contact with many known
susceptible species. If cultured prawns infected wktV/Y were emergency harvestadd were imported
uncooked into Australia they may be heavily infected wigtble YHV1, while market sized prawns in the
chronic phase may also harbour significant viral loads (Mo&da@l. 2004). In both cases, however, YHV1
viral loads would be significantly reduced if the headse removed prior to importation (Biosecurity
Australia 2009). Viable YHV1 has been recovered from commodity prawns frozdroth -20 and -70°C
after months to several years storage and used to slutiyessdect susceptible crustaceans (Lu et al. 1995,
Direkbusarakom et al. 1998, Biosecurity Australia 2009, RM Onests personal communication, Nov
2009).

Even subclinically infected prawns infected with YHV1 alde to transmit infection if their tissues are fed
to other susceptible hosts (Ma et al. 2009). Thereformjg€eptible species of wild penaeids in northern
Australiawere exposed via one of the identified pathways and receivadective dose of YHV1, an index
case may occur and the virus would be likely to persishe population as the susceptible species of wild
penaeids endemic to northern Australia would be unlikelyuffer epizootic mortalities unless they were
exposed to significant stressors. As YHV1 can beaadtyi transmitted, the virus could then be transferred
to progeny and become established in the environment. Given theeoceurof the virus in wild
populations of penaeids in several parts of the world iasamehere YHV1 has been introduced into
aquacultured prawn populatiorsliynro and Owens 2007, Castro-Longiora et al. 20083 suggests that
establishment of YHV1 in wild populations of crustaceanslevtwe possible if it were introducedrHV1
remains infective in the water for up to 3 days (Flegehle1995), and susceptible species can become
infected with YHV1 viaper-osexposure through cannibalism and also by water-borne trssismithrough
cohabitation (Flegel et al. 1995, 1997, Lightner 1996a, Hamano20148). If the susceptible prawn in an
index case died, it is well known that cannibalism of deadnamdbund prawns can be a potent source of
YHV1, thereby propagating infection (OIE 2016e). In the vpiddation of moribund prawns or prawns
used as bait by fish may be an important factor modgjatansmission and spread of YHV1 in some index
cases (Biosecurity Australia 2009), and it is known thaisceae refractory to YHV1 infection (Longyant et
al. 2006, Ma et al. 2009), hence the risk of exposure andishtabht would be lower than for other prawn
viruses that also infect crabs, such as WSSV and Ti&\¢ontrast, likelihood of establishment in cultured
crustaceans would be high, particularly if risks suchmdsstrial sabotage are considered (Jones 2012).

Given there is clear evidence that YHV1 can pass througtraas quarantine requirements (McColl et al.
2004), that pathways exist to allow exotic viruses to ghteAustralian environment (Kewagama Research
2007, Diggles 2017), and that suitable hosts occur in the wildisthef exposure and establishment is non-
negligible, and the overall likelihood of exposure and estabéshraf YHV1 in suitable environments in
northern Australia is considered toMederate.
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5.6.7 Consequence assessment

In regions where YHV1 is enzootic in farmed penaeids, itchased significant problems in the production
of P. monodorwith mortalities up to 100% recorded within 3 to 5 days of Gikserving clinical signs (OIE
2016e). In other areas of the world where YHV1 occurs, aquaeuhdustries based on prawns have
suffered significant production and economic losses of ar600 million USD (Stentiford et al. 2012).
The Australian prawn aquaculture industry is based mainlffaoming P. monodon which is highly
susceptible to YHV1, and even though YHV2 is already preseAustralia, YHV1 is around 1 million
times more virulent than YHV2 based on LD50 data (OIE 201&exthermore, if YHV1 was introduced
and became established in Australian prawn populatioh®uglh some adaptation to the disease agent may
occur over time in Australia, new genotypes of YHV corgina emerge, some of which may rival YHV1
for virulence (Thitamadee et al. 2016). Production in afteabgerseas countries where YHV1 was
introduced eventually recovered in most instances, howeueh of the recovery was due to switching to
the faster growindgenaeus vannamésee Flegel 2006a, Stentiford et al. 2012), a species vghetotic to
Australia and hence this recovery option is not availabileed@ustralian prawn aquaculture industry.

The establishment of YHV1 and other virulent genotypes of YkYAustralia would therefore represent a
significant ongoing obstacle to competitiveness and profitabdftythe Australian prawn aquaculture
industry. There are no commercially available methodsootral of YHV1 (vaccines etc.), although
covering of production ponds with mosquito netting may provide prote¢T hitamadee et al. 2016).
However, the cost of covering a prawn pond by a professi@naice in Thailand was only US $4000
(Thitamadee et al. 2016). Under Australian economic conditiongetiugred changes to infrastructure and
husbandry practices (filtration of water, lining of pondarrier and vector exclusion, minimal/zero water
exchange production cycles, development of SPF or SPR plaeassee Lightner 2005, Moss et al. 2012)
would impart additional production costs that would gyesgtluce industry profitability to marginal levels.
The reduced profitability would discourage investmentprawn farming in Australia, posing a risk to
Australia's future food security (Stentiford 2012, Stentifer@l. 2012). The likely impacts of introduction
of YHV1 on the prawn aquaculture industry in Australia arecfioee considered to be extreme.

Infections of wild prawns with YHV1 are generally sub-aadi and this would most likely aid transmission
and spread of the disease agent throughout local prawnagiopsl via mechanisms such as vertical
transmission (Cowley et al. 2002). Adverse impacts on wildtaceans at the population level have not
been reported in areas where YHV1 has been introdaceldthe range of susceptible host species is not as
wide as for other important viruses such as WSSV, whichldvoeduce potential impacts. However,
because stressors can exacerbate symptoms of YHV1 infe@@#a2016€), the presence of the virus may
reduce the resilience of wild populations of crustaceans selyesffected by environmental stressors (e.g.
adverse environmental conditions such as heavy rain or exptsyellutants such as pesticides and
herbicides, possibly resulting in reduced resilience erismortalities” (Behringer 2012, Stentiford et al.
2012, Shields 2012), as as been reported for some other vinagpas of prawns (Couch and Courtney
(1977). Furthermore, any absence of evidence of impactspartgpions of wild crustaceans in areas where
YHV1 has been introduced overseas is not evidence of likelgnabsof such impacts in Australia, as
impacts of new diseases in wild populations of crustacasnéikely to go unnoticed in countries without
proper baseline ecological data (Shields 2012) and effectiveriis management. As effects of disease in
wild populations vary greatly due to factors such marenmental characteristics, host susceptibility and
host densities (Burge et al. 2016), it is possible that itspzEfadisease introduction into Australia would be
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more severe due to our unigue environment, isolated fauneeffextive environmental and fisheries
management arrangements that tend to keep host population retegiigely high. Any adverse effects
could result in ecological harm to aquatic environmentsergiatly resulting in significant cultural and
socio-economic harm to regional communities in northernrAlistand elsewhere in the country.

As YHV1 is a listed disease agent notifiable to the @tg NACA, significant trade implications would
follow its introduction into Australia. Indeed, establishmehtYHV1 in a region of northern Australia
would necessitate intervention by government authorities dasrdiption to normal trade in crustacean
commodies by commercial fisheries and crustacean gatheringctsational fishers if attempts were made
to try to prevent movements of crustaceans to limit pistiespread into uninfected areas. If the disease
spread to areas where bait prawns were commerciallyrgdthet only commercial fishers but recreational
fisheries could also be disrupted due to loss of hgplges. Certainly, if the introduction of YHV1 is
detected early enough, there is a chance that eradicesin be achieved (Biosecurity Australia 2009),
although eradication programs are expensive processes,allgpia@ subsequent declaration of freedom
from the disease is required, as extensive surveys woeatbtode undertaken.

Taking all of these factors into consideration, even thahghenvironmental impacts of introduction of
YHV1 are difficult to determine, impacts on domestic artidrimational trade are both considered to be high,
while the impact on the prawn aquaculture industry would beem& suggesting that the overall
consequences of introduction and establishment of YHV1 let@hvironment of northern Australia via the
identified risk pathways are likely to lbtgh.

5.6.8 Risk estimation

The unrestricted risk associated with Yellowhead &secaused by YHV1 is determined by combining the
likelihood of release and exposure (from Table 6) with the cpesees of establishment (Table 7) to arrive
at a risk estimation (Table 8, Figure All in Appendix 1). Wheestricted risk estimate for Yellowhead
Disease caused by YHV1 exceeds the ALOP for several pathiwaseveral bioregions, suggesting that
additional risk management is required for this diseasat.

Risk estimation (combined all pathways) for:
Yellowhead Disease (YHV1)

Mleghgible or very low risks
Low risk

Moderate risk

B ionick
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Likelihood of exposure: Moderate

Risk estimate for Yellowhead Disease (caused by YHV1).

Consequences of establishmentigh

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N Im IwmIwm | Ll [ vel c N v [ w
Gulf of Carpentaria
25 Northern | Province | VL M M M L ‘ L ‘ L L - VL VL
WA Offshore
2 Timor Province N v [ m [ m [ L L [ ve [ L A v | v
3 NW Transition N L L L VL VL VL VL M N VL
4 NW Province N L L L N N VL VL L N VL
5 Central W Transition N VL VL VL N N VL N VL N VL
WA Onshore
26 Northwest | Transition VL L L L L - VL VL
27 Northwest | Province| VL VL VL L L L N VL
28 Central W | Transition VL M M M N N L VL VL N VL
East Coast Offshore
15 Central E Transition N VL VL VL N N VL N N N N
16 Kenn Transition N VL VL VL N N VL N N N N
17 Kenn Province N VL VL VL N N VL N N N N
18 Northeast Province N L L L N N VL N VL N N
19 Northeast Transition N L L L VL VL VL VL L N N
20 Cape Province N M M M L L VL L L VL N
East Coast Onshore
40 Northeast | Province | VL N N L VL N N
41 Northeast | Transition VL M M M VL VL VL L M VL VL

I = High,[M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi

BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.7  Acute Hepatopancreatic Necrosis Disease (AHPND)

5.7.1 Aetiologic agent Also known as early mortality syndrome (EMS), causednhigction with unique

strains ofVibrio parahaemolyticugVVpAHPND), a gram negative gammaproteobacterium thatagma

~70-kbp plasmid (pVA1) with genes that encode homologues &ttbhorhabdusnsect-related (Pir) toxins,
PirA and PirB (Lee et al. 2015).

5.7.2 OIE List: No NACA List: Yes Priority ranking: 2
Zoonotic: Unlikely, however the pVA1 plasmid is potentially ablérensfer to other bacteria.

5.7.3 Australias status: Not recorded. Whil&ibrio parahaemolyticu®ccurs in Australia, specific strains
containing the ~70-kbp plasmid (pVA1l) with genes that encode homedogf thePhotorhabdus insect
related (Pir) toxins, PirA and PirB have not been reahrdad are considered exotic. HoweRanaeus
monodonMortality Syndrome PmMS) caused by strains ofibrio harveyi and Vibrio sp. with toxin
producing genes caused mortalities of 70-100% due to hepatogigtiecie prawn farms in Queensland.

5.7.4 Epizootiology

A new disease originally named Early Mortality Syndrom& $ was first reported in 2009 in prawns
cultured in China (Flegel 2012). The disease can occlarlsas 10 days post-stocking, but usually appears
within 20 to 30 days of stocking post-larvaeRénaeus chinensi®. vannameiand P. monodonand is
characterised by high mortalities up to 100% within 1 to 4sdafynoticing gross signs, which include
lethargy, failure to feed, and a pale atrophied hepatopasi¢tightner et al. 2012, Tran et al. 2013a, 2013b).
Histologically, massive degeneration and sloughing of epithelialle cells of the hepatopancreas was
evident in diseased prawns (Lightner et al. 2012, Flegel 201#).difease subsequently spread to Viethnam
(2010), Malaysia (2011), Thailand (2012), Mexico (2013) and the pfiitkes, with unconfirmed reports
from Indonesia and India (Chamberlain 2013, Nunan et al. 2014, aDBena et al. 2015). A more
descriptive term, called acute hepatopancreatic necrasismsye (AHPNS), was adopted in 2011 at a time
where the cause remained undetermined (Lightner et al. 201#)e Tan et al. (2013a, 2013b) confirmed
the bacterial aetiology of the disease, its name wadgsithto Acute Hepatopancreatic Necrosis Disease
(AHPND). Unprecedented financial losses of up to $5 billionpdgSyear (Chamberlain 2013) have been
experienced by prawn farming industries worldwide since AHRINI2rged, with Vietham alone estimated
as losing around $500 million USD of production annually (Tran p@h8 Thailand experiencing a 66%
drop in production in 2014, representing a loss of 400,000 tonniéar(iBldee et al. 2016).

Field and laboratory challenge studies determined thalisiease is caused by particular pathogenic strains
of the bacteriunVibrio parahaemolyticusand that the distinctive pathology in the hepatopancreasiweas

to production of an extracellular toxin (Tran et al. 2013a, 2D13lbrio parahaemolyticuss a gram
negative bacterium common in estuaries worldwide that is lysagdociated with gastroenteritis in humans
who eat raw oysters or other undercooked seafoods (Su and LiuQe&7sin et al. 2016). Virtually all
strains ofV. parahaemolyticupathogenic to humans possess genes encodirtglfdthermostable direct
hemolysin) ortrh (TDH- related hemolysin) enzymes (Su and Liu 2007, Choetsad. 2016, Hernandez-
Diaz et al. 2015). Isolates ¥t parahaemolyticuthat cause AHPND (VpAHPND) do not poss&disor trh
genes, but instead possess a large (~70-kbp) plasmid (pVAi)gesites that encode homologues of the
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Photorhabdusnsect-related (Pir) toxins, PirA and PirB (Leea€t2015). Comparisons of the virulence of
human pathogenic strains d. parahaemolyticus/s environmental strains of. parahaemolyticusand
VpAHPND, found the latter was acting as a primary pathogansing 100% mortality of exposed prawns
within 24 hours, compared to 0 and 30% mortality within 96 hourpriovns exposed to environmental and
human pathogenic strains, respectively (Choi et al. 201&ulevice depends on the strain of VpAHPND,
bacterial density, infection route, exposure time, hpstigs, age and environmental conditions experienced
by exposed prawns (Soto-Rodrigues et al. 2015). Remolalidiig) of the pVAL1 gene makes VpAHPND
avirulent, as it no longer produces the toxin and hence no laagees the massive destruction of the
hepatopancreatic tubules that is the primary histopathologiashcteristic of the disease (Lee et al. 2015).
Detailed studies suggest that pathogenesis is due maiekptisure to the PirB toxin, as exposure to the
PirA toxin only causes minor damage to the hepatopancreassibaket al. 2015, Lai et al. 2015).

AHPND is transmitted horizontally via the water, by cohdiaitaor via the oral route through cannibalism
or exposure to bacteria in sediments and biofiims (Tearal. 2013, Soto-Rodrigues et al. 2015).
Intramuscular injection of the VpAHPND bacterium at a xOFU per prawn can result in mortality,
however this route of infection does not produce the typicalMbiBathology (Joshi et al. 2014, Hong et al.
2016). In contrast, natural routes of infection suctpersos exposure or bath challenges with bacterial
densities above 1x310CFU per ml expose the digestive tract to the pathogen amdt i@ mortalities
displaying the typical clinical and pathological signs of hepatomatic destruction (Tran et 2013, Soto-
Rodrigues et al. 2015, Hong et al. 2016). It is worth notiag bacterial densities of >1x2IGFU per ml are
commonly experienced by prawns in intensive production ponds,thatdexpression of disease (and
presumably the toxin) does not occur if VpAHPND densitiesnaintained below 1x3@FU per ml (Soto-
Rodrigues et al. 2015). This suggests that quorum sensing agiglr in VpPAHPND (Chamberlain 2013),
however in otherV. parahaemolyticustrains quorum sensing may be suppressed by virulencesfacto
(Gode-Potratz and McCarter 2011). The plasmid pVAL alsiesaa cluster of genes related to conjugative
transfer, meaning this plasmid is potentially traresble to other bacteria. Indeed, a straiNibfio harveyi
from an outbreak of AHPND in Vietnam was found to aitsaotain the same plasmid and virulence genes
(Kondo et al. 2015). The pVAL plasmid also carries a gen paist-segregational killingpgk) system that
ensures that the plasmid is inherited during bacteriacegmn. The pVA1 plasmid will therefore be passed
on to subsequent generations of VpAHPND allowing them tdym® PirA and PirB toxins (Lee et al. 2015).

After exposure to the toxins, the acute phase of AHPND inga@vmassive progressive degeneration of the
hepatopancreas tubules from medial to dorsal, with significamding and sloughing of all types of
epithelial cells into the tubule lumen, collecting ductd pasterior stomach in the absence of bacterial cells
(Lightner et al. 2012, Tran et al.2013, Nunan et al. 2014, Sotbifiez et al. 2015). The terminal stage is
characterised by intra-tubular haemocytic inflammatioth secondary bacterial infections that occur around
the necrotic and sloughed hepatopancreatic tubule cells (Ligetna 2012). Water sources with low
salinity (<20 ppt) seem to reduce the incidence of the skseahile overfeeding, overstocking, poor seed
water and feed quality, algal blooms or crashes dtdactors that may lead to AHPND in areas where these
specific bacterial strains are present (Chamberlain 20kt8areas where VpAHPND occurs, feeding live
polychaete worms to broodstock to increase nauplii productibioigght to present a significantly increased
biosecurity risk and a possible source of infection (NAZDA4, Thitamadee et al. 2016).

Vibrio spp. are ubiquitous in the marine environment, and regions witéP&D is enzootic in farmed
prawns VpAHPND is widespread and persistent throughoutréagng environment in sediments, on
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biofilms and associated with invertebrates (Su and Liu 200@&mBerlain 2013). Survival of non-host
associated VpAHPND bacteria in the environment is probaiijas to other strains d¥. parahaemolyticus
found in seafood, which can survive as free particles $pdays in filtered estuarine water and 18 days in
filtered seawater (Karunasagar et al. 1987). There ismaaddat VpAHPND virulence is much reduced if
the bacteria are grown on solid media, or eliminatedbfested to freeze-thaw cycles (Tran 2013, Tran et al.
2013a, 2013b). Experimental studies found that AHPND could noabgnitted via frozen infected prawns
(Tran 2013, Tran et al. 2013a), possibly due to inactivatiofidgzing, which has been recorded for other
strains ofV. parahaemolyticusvith inactivation time depending on bacterial load andZireg temperature
(Matches et al. 1971, Muntada-Gatrriga et al. 1995). Freezangmake VpAHPND avirulent (Tran 2013,
Tran et al. 2013a) by disrupting pVA1 gene activity, but if theédsaon remains viable these genes may be
retained and later passed onto subsequent generations oHPWIA  Various strains ofV.
parahaemolyticusire also inactivated by heating above 50°C for 10 minutesrésdet al. 2000) or 100°C
for 1 minute (Vanderzant and Nickelson 1972). While some V@ABIHsolates were sensitive to
antibiotics in the period of 2010-12, once the bacterial aetiobdbdiie disease became known, wide scale
uncontrolled use of antibiotics in many Asian productionaegicaused rapid development of multiple
antibiotic resistant strains (Tran 2013, Lai et al. 26{dy) et al. 2015, Li et al. 2016).

5.7.5 Release assessment

In regions where AHPND is enzootic in farmed penadias, prevalence of the disease has approached
100% in affected farming areas (Tran et al.2013a, 2013b, Tduleenet al. 2016). Prevalences in wild
crustaceans adjacent to areas where AHPND occurs ureibrawns have not been reported, however it is
known that VpPAHPND persists throughout the rearing environnmesgdiments, on biofilms and associated
with invertebrates (Chamberlain 2013, Boonyawiwat et al. 204i6amadee et al. 2016). While movements
of live prawns as broodstock and post-larvae are the likest methods of spreading AHPND to new areas
(Tran et al. 2013a), movement of polychaetes or other livirdhiled aquatic animals destined for feeding
broodstock prawns also represents a high risk of spreddiiRND (Thitamadee et al. 2016). Survivors of
prawn ponds that have experienced AHPND outbreaks are likddg harvested and enter the commodity
prawn market. Under these circumstances, whole greemdked) cultured penaeids from areas where
AHPND occurs could contain large amounts of VpAHPND, aoly in smaller prawnghat have been
emergency harvested after sufferinfglPND, but also larger prawns of traditional market slizewever,
give the bacterium infects mainly the digestive tract okafid prawns, de-headed and deveined prawns
would pose a significantly lower risk of transmissibarn unprocessed prawns (Tran et al. 2013a).

Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia for certain diseases, there is no testinyfgkHPND. It appears that freezing at normal domestic
and industrial temperatures of -18°C disrupts VpAHPND tol¢ewdere it apparently no longer virulent
(Tran 2013, Tran et al. 2013a), but if the bacterium remaaidesithe pVA1 plasmid may be retained and
later passed onto subsequent generations of VpAHPND. iBges with other strains oiv.
parahaemolyticudave found the time required to inactivate the bactEnends on initial bacterial load and
freezing temperature. Matches et al. (1971) found aivelatrapid initial log reduction in viabléd/.
parahaemolyticuswith 2-6 log reductions within the first 2 to 3 weeks18°C. Similarly, Vanderzant and
Nickelson (1972) found a large decrease in viability over tie2idays storage at -18°C, however viahle
parahaemolyticusremained after 8 days, while Muntada-Garriga et B99%) found that commodities
contaminated with TOCFU per granV. parahaemolyticuseeded to be frozen at least 14 weeks at -18°C
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before all bacteria were inactivated. Thereforeahsit time was less than this, it is possible thable
VpAHPND could enter Australia with frozen importedconked prawns. The heat stability of VpAHPND
has not been reported, however other straing.gfarahaemolyticugre inactivated within 10 minutes at
50°C (Andrews et al. 2000) or 1 minute at 100°C (Vanderzant acicelNon 1972), hence normal cooking
would be expected to eliminate the potential for reledghe disease agent into northern Australia.

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama rBes¥?2) and it is well known that some
recreational fishers in Australia use imported prawnstmsed from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland R0lifere is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
12). In December 2016, surveys by Biosecurity Queenslaltidificers allegedly found 6 groups of fishers
using imported green prawns purchased from local superteaakebait while fishing near WSD infected
prawn farms on the Logan River (Diggles 2017), while online gsrimund over 50% of fishers had used
imported prawns as bait in the previous 12 months (BiosecQitgensland 2017). Other potential
introduction pathways for exotic diseases into nortierstralia include release via aguaculture food, ballast
water, biofouling of shipping, arrival on floatsam and debssalided fishing gear, through release of
ornamental crustaceans, natural movements of wild fidrshellfish and infrastructure stepping stones.

Aquaculture feeds that are imported are mainly extrudddtpelfeeds with fishmeal and other ingredients
that are processed and cooked to over 90°C for several mohwieg manufacture, which is sufficient to
inactivate most microorganisms that are sensitive to (i@mgersen and Hastein 1995, Tacon 2017). Such
temperatures are likely to inactivate all VpAHPND rtifeially formulated extruded pellets (Andrews et al.
2000). It is very likely that live feed organisms sucleemia freeze driedhrtemiacysts, live rotifers and
rotifer resting eggs exposed to water containing VpAHPM® able to act as mechanical vectors for the
bacterium (Thitamadee et al. 2016). Larval crustaceams taekwith ballast water may also be infected
(Thitamadee et al. 2016), as could juvenile or adult crustsceken in with ballast water or inhabiting sea
chests on commercial shipping (Coutts and Dodgshun 2007), so iss&bleothat VpAHPND can be
introduced via infected hosts translocated in baleester, or as biofouling on the hulls or sea chests of
commercial shipping (Appendix 3), commercial fishing boatseegwnal fishing boats and other pleasure
craft. It is also possible that VpPAHPND infecteenpeids could naturally colonise floating vectors such as
artificial flotsam, discarded fishing gear and debris witigh make landfall into northern Australia (Wilcox
et al. 2013, Heersink et al. 2014, Appendix 4). Crustaceansddfedth VpAHPND could also be imported
as bait carried by foreign fishing vessels, and while krustaceans for the ornamental industry are not
permitted entry into Australiahttps://www.legislation.gov.au/Series/F2006B01)5Bere is evidence of
illegal importation of live ornamental crustaceans \{W3quaculture Association 2017). AHPND is not
considered to be naturally present in northern Australiaters despite there being suitable conditions for
establishment, hence the disease appears unlikely to be intldenoatural movements of fish or shellfish.
Range extension for VpPAHPND infected hosts by the proskssepping stone colonisation across natural
geographic boundaries may also be possible (Bulleri @ammldA2005, Glasby et al. 2007, Adams et al.
2014). Taking into account the likely propagule pressure exmerievia the various introduction pathways,
the likelihood estimations for the release of VpAHPND istitable environments in Australian waters via
the identified risk pathways are listed below for theotas IMCRA Bioregions.
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https://www.legislation.gov.au/Series/F2006B01053

Release assessment for Acute Hepatopancreatic Necrd3isease (AHPND).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N L L L v v [N JEL [ M [EL|E
Gulf of Carpentaria
o5 Northem iProvince | EL | M | M | m | v |w | E. e | m |EL | EL
WA Offshore
2 Timor Province N EL VL VL VL VL N N M EL EL
3 NW Transition N EL VL VL EL EL N N L N EL
4 NW Province N EL VL VL N N N N VL N EL
5 Central W Transition N EL EL EL N N N N EL N EL
WA Onshore
26 Northwest | Transition EL M M M VL VL EL EL M EL EL
27 Northwest | Province| EL H H H EL EL EL EL VL N EL
28 Central W | Transition EL M M M N N EL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N EL N N
19 Northeast Transition N EL VL VL EL EL N N VL N N
20 Cape Province N EL VL VL VL VL N N VL EL N
East Coast Onshore
40 Northeast | Province | EL H H H N N EL N EL N N
41 Northeast | Transition EL M M M EL EL EL N L EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —

Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

5.7.6 Exposure assessment

VpAHPND is known to cause diseaseRenaeus monodomut is likely to have low host specificity and
most of the commercially and ecologically important géts in northern Australia are likely to be

susceptible to infection.
water, hosts carried in biofouling on shipping) could cameontact with many known susceptible species.
If cultured prawns infected with VpAHPND were emergenaywhstedfrozen and imported uncooked into
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This suggests that VpAHPNRawsdd through various pathways (e.g. ballast




Australia, they may harbour high concentrationsVpPAHPND. However, the bacterium is likely to be
inactivated by freezing depending on bacterial load, fnget@mperature and duration (Matches et al. 1971,
Muntada-Garriga et al. 1995), but if any bacteria remainedeviaftér thawing the pVA1 plasmid may be
retained and later passed onto subsequent generations of VipAHIPNiny case, VpAHPNIitres would

be further reduced if headless and de-veined prawns were ichpsutd thattiwould appear less likely that
the disease could be transmitted via frozen infectadms (Tran 2013, Tran et al. 2013a).

However, the bacterium could be transported via ballaggrw@hitamadee et al. 2016), or with infected
crustaceans in biofouling or sea chests of shipping. Heptible species of wild penaeids in northern
Australia were exposed via one of the identified pathways, becanisetion occurs horizontally via
immersion orper-os an index case may occur and the bacteria could persibieipopulation as the
susceptible species would be unlikely to suffer epizootidatlities unless they were exposed to significant
stressors. Given the bacterium is likely to be ableetsist free in the water or associated with biofifiors
several weekgKarunasagar et al. 19874),would appear possible that it could become establighede
environment(Thitamadee et al. 2016and/or in wild populations of crustaceans or invertebrateh as
oysters near port facilities. It is also possible tha virulence plasmidp{/Al) and/or genes for
antimicrobial resistance could be introduced into therenment via several pathways, then transferred to
endemic species dfibrio via acquisition of mobile genetic elements, driving emergeidocally virulent
bacterial strains (Hazen et al. 2010, Kondo et al. 2015)venGthat various pathways exist to allow
VpAHPND to enter the Australian environment, and that swtdigsts occur in the wild, the risk of
exposure and establishment is non-negligible, and the ovémihtod of exposure and establishment of
VpAHPND in suitable environments in northern Australia isstdered to b&loderate.

5.7.7 Consequence assessment

In regions where AHPND is enzootic in farmed penaeidsas caused mortalities up to 100% within the
first 10 to 30 days of stocking ponds, resulting in unpredededrops in production of cultured prawns
(Thitamadee et al. 2016), financial losses of up to $5 billlSBnper year and high socio-economic impacts
(Tran et al. 2013a, Chamberlain 2013). The Australian praywaclture industry is based mainly on
farming P. monodon which is highly susceptible to AHPND, hence if VpAHPND swiatroduced and
became established in Australia, massive reductions in grodueould be expected (Thitamadee et al.
2016). There are no commercially available methods of cootrAHPND (vaccines etc.), and antibiotic
therapy would not be possible due to legislative requiremir@syidespread presence of multiple antibiotic
resistant strains, and continued threat of antirbialouse and its detrimental flow on effects to the
environment and human health through antimicrobial resist@fran 2013, Lai et al. 2015, Han et al. 2015,
Li et al. 2016). Under Australian economic conditions, the reduhanges to infrastructure and husbandry
practices (filtration of water, lining of ponds, carriend vector exclusion, minimal/zero water exchange
production cycles, development of SPF or SPR prawns lgges) ightner 2005, Moss et al. 2012) would
impart additional production costs that would greatly redudustry profitability to marginal levels. The
reduced profitability would discourage investment in préavming in Australia, posing a risk to Australia's
future food security (Stentiford 2012, Stentiford et al. 20I)e likely impacts of introduction of AHPND
on the prawn aquaculture industry in Australia are theeefonsidered to be extreme.

Infections of wild crustaceans with AHPND are sub-chhi and this would aid spread of the disease agent
throughout the local environment. Adverse impacts on populatbnsild crustaceans would not be
expected unless they were exposed to environmental@sessh as eutrophication that increased bacterial
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loads to threshold levels above 1XTFU per ml of VPAHPND; i.e. levels which may trigger ssgsion of

the pVAL genes and production of the PirA and PirB toxinsof®atdrigues et al. 2015, Lee et al. 2015). It
is considered unlikely that environmental conditions in norterstralia could degrade to such a level that
AHPND could occur in wild populations of crustaceans, bigtitossible that oysters and other filter feeding
molluscs and invertebrates could concentrate the bacteritnghdevels (Su and Liu 2007, Chonsin et al.
2015, Hernandez-Diaz et al. 2015). Since the VpAHPND stidmstified to date do not have genes
encoding fortdh (thermostable direct hemolysin) tth (TDH- related hemolysin) enzymes, it is unlikely
that introduction of VpAHPND would have any direct negateffects on human health, however it could
transfer genes for antimicrobial resistance to loceldral strains, thus posing increased human heakh ri

As AHPND is a listed disease agent notifiable to NAGHgnificant trade implications may follow its
introduction. Indeed, establishment of AHPND in a regibnorthern Australia may require intervention by
government authorities and disruption to normal trade in crustaceamodies by commercial fisheries and
crustacean gathering by recreational fishers if attemgire made to try to prevent movements of
crustaceans to limit potential spread into uninfeeteghs. If the disease spread to areas where bait prawns
were commercially gathered, not only commercial fishers écreational fisheries could also be disrupted
due to loss of bait supplies. Once AHPND is detecteésant was in an enclosed system there would be no
chance of eradication. Taking all of these factote sonsideration, even though the environmental and
human health impacts of introduction of AHPND would beyvew, impacts on domestic and international
trade are both considered to be high, while the impadt@prtawn aquaculture industry would be extreme,
suggesting that the overall consequences of introduction ardiststzent of AHPND into the environment

of northern Australia via the identified risk pathways Eiely to beHigh.

5.7.8 Risk estimation

The unrestricted risk associated with Acute Hepatogaricr Necrosis Disease (AHPND) is determined by
combining the likelihood of release and exposure (from Tablsith) the consequences of establishment
(Table 7) to arrive at a risk estimation (Table 8, Figit@ in Appendix 1). The unrestricted risk estimate
for Acute Hepatopancreatic Necrosis Disease exceedsLtDP for several pathways in several bioregions,
suggesting that additional risk management is requiredhiodisease agent.

Risk estimation (combined all pathways) for:
Acute Hepatopancreatic Necrosis Disease (AHPND) &

Low risk
Moderate risk

Highrisk

< =

Dt 108

www.digsfish.com



Risk estimate for Acute Hepatopancreatic Necrosis Diseagg@HPND).

Likelihood of exposure: Moderate Consequences of establishmentigh
Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD | FBI | FMA | FMN | ISS
IMCRA region
NT Offshore
1 Timor Transition N I Im I m | L LN v v v
Gulf of Carpentaria
osNortherniProvince | VL | M | M | wm | L | L v |w [m]w|[w
WA Offshore
2 Timor Province N VL L L L L N N M VL VL
3 NW Transition N VL L L VL VL N N M N VL
4 NW Province N VL L L N N N N L N VL
5 Central W Transition N VL VL VL N N N N VL N VL
WA Onshore
26 Northwest | Transition VL M M M L L VL VL M VL VL
27 Northwest | Province| VL VL VL VL VL L N VL

28 Central W | Transition VL M M M N N VL VL VL N VL
East Coast Offshore

15 Central E Transition N VL VL VL N N N N N N N
16 Kenn Transition N VL VL VL N N N N N N N
17 Kenn Province N VL VL VL N N N N N N N
18 Northeast Province N VL VL VL N N N N VL N N
19 Northeast Transition N VL L L VL VL N N L N N
20 Cape Province N VL L L L L N N L VL N
East Coast Onshore

40 Northeast | Province | VL N N VL N VL N N
41 Northeast | Transition VL M M M VL VL VL N M VL VL

I = High,[M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natul&§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.8 Necrotizing Hepatopancreatitis (NHP)

5.8.1 Aetiologic agent Necrotizing Hepatopancreatitis (NHP) is causeddandidatusHepatobacter
penaei, a pleomorphic, gram-negative, intracytoplasmiciepeof a-proteobacteria within the order
Rickettsialegsee Nunan et al. 2013).

5.8.2 OIE List: Yes NACA List: Yes Zoonotic: No Priority ranking: 9
5.8.3 Australias status: Not recorded. Considered exotic.
5.8.4 Epizootiology

Necrotizing hepatopancreatitis (NHP) is a bacterial deseals prawns caused by a gram-negative,
pleomorphic, intracellular alphaproteobacterium clasdifvithin the ordeRickettsialeqFrelier et al. 1992,
Lightner et al. 1992 oy et al. 1996, Gollas-Galvan et al. 2013JHP was first reported in Texas the USA
in 1985 (Frelier et al. 1992, Lightner et al. 1992), whemaiised mortalities ranging from 20 to 95% in
prawn populations not treated with antibiotics (Lightnealetl992, Lightner 1996b). The NHP bacterium
(NHPB) is considered one of the most important bacteriaadiss encountered in prawn culture in the
Western Hemisphere (Nunan et al. 2008). Economic lossd® dlitéP have occurred in several geographic
areas ranging from the USA, Mexico, Central America amatfsAmerica (Lightner and Redman 1994, del
Rio-Rodriguez et al. 2006, Morales-Covarrubias et al. 201hjlewthe disease agent has also been
translocated t@hailand, Indonesia (Briggs 2006) and Vietdam

The NHPB infects the hepatopancreas of all size clasgEnaeid prawns from postlarvae to adults, and has
been recorded in populations of both farmed and wild pra®is 2016f). The bacterium is capable of
infecting all hepatopancreatic cell types including embry@B), resorptive (R), fibrillar (F) and blister-like
(B) cells (Vincent and Lotz 2005). Outbreaks of diseasebeen reported mainly in culturBénaeus
vannamei(see Krol et al. 1991), anl. stylirostris(see Lightner and Redman 1994, OIE 2016f), But
aztecus P. setiferuand P. californiensiscan also experience mortalities (see Frelier et al. 10@#iner
1996a). Whether Australian penaeid prawns are susceptible to NidRI8tion is unknown, although
Biosecurity Australia (2009) considered that this was likely¢ the case, given the known multispecies
host-range of NHPB. Heavily infected prawns exhibit a degenerated hepatopandokaskened gills,
softening of the shell, chromatophore expansion causing pleopod edgmidg, an increase in other
bacterial infections and epicommensal fouling (Freliexle1992, Lightner and Redman 1994, Vincent et al.
2004).

Vincent et al. (2004) experimentally infect®d vannameiby per-os exposure using a 50 mg ration of

hepatopancreas tissue from a NHPB infe®estannameiand reported a pre-patent infection period lasting
approximately 15 days post-exposure, followed by a periodutealisease and mortality from 16 to 35 days
post-exposure. Between 35 and 60 days a transition periodrémic disease occurred, with occasional
mortalities up to 51 days post-infection, but after 60 dags-@cposure surviving animals showed no sign of

2 hitp://library.enaca.org/Health/FieldGuide/pdf/Necrotisi@#tepatopancreatitis. pdf
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infection. This lead Vincent et al. (2004) to concludé thaarrier state does not exist in NHPB infections,
and that all infected animals either recover and become P@Riveeafter 60 days, or die. However, more
recent studies using more sensitive qPCR testing metlands ¢hown that at least some member®.of
vannameipopulations that survive NHPB infections and/or epizoatieg carry the bacterium for life in
carrier states (Aranguren et al. 2010), and could patBnpass it on to other populations by horizontal
transmission (OIE 2016f). Broodstock prawns with NHPBedtibns had a significant reduction in
reproductive output in relation to egg and nauplii counts asasedl reduction in PL-10 survival after stress
test (Aranguren et al. 2006). In acute and transition ptssase, pathognomonic lesions are typically
present in histological sections of the hepatopancreas, inttie initial and chronic phases of the disease,
there are no pathognomonic lesions, and molecular and antibody+inateads for NHPB detection are
necessary for diagnosis (OIE 2016f).

It takes up to 6 days after infection before the NHPB ba detected in thR, F and B cells of the
hepatopancreas using histology (Vincent and Lotz 200%)fection spreads from the proximal to distal
hepatopancreas tubules, with the distal E-cells first obsérammbring NHPB at 19 d post-exposure in lethal
infections (Vincent and Lotz 2005). Over the course of an erpatal infection ofP. vannameby per-os
exposure to a 50 mg ration of NHP infected hepatopantissase, real time PCR detected the NHPB at
between 180 10 copies/ mg in the hepatopancreas and betwetto 110f copies/ mg of faeces, with lethal
infections containing 1to 10 copies/mg in the hepatopancreas anttda @ copies/mg of faeces (Vincent
and Lotz 2005).

In areas where the NHPB is enzootic in farmed prawnsalemece can range between 2 and 100% (Frelier et
al. 1992, Frelier et al. 1993), tending to be less than the preeals VpAHPND in areas where both
pathogens occur (Enriquez-Espinoza et al. 2016). In coninesin prevalences of NHPB in wild prawns
ranging between 5.6-17% have been recordeé fauorarumandP. aztecusampled near prawn farming
areas in Mexico (Aguirre-Guzman et al. 2010, OIE 2016H)e NHPB can be transmitted to live prawns by
per-osexposure to fresh (Vincent et al. 2004) or frozen (Ceabét al. 2006, Gracia-Valenzuela et al. 2011)
NHPB infected tissue. NHPB can remain infectioushilled (4°C) prawns for up to 2 days (D. Lightner
pers comm., cited in Biosecurity Australia 2009) but does neiveum prawn carcasses held at ambient
temperature for 2 months (Frelier et al. 1993). Previouslyas thought that NHPB did not survive
conventional freezing at -20°C (Biosecurity Australia 2009)thatispecialized flash freezing techniques to
—80°C were required to maintain infectivity (Crabtree|eR@06). However, more recent studies suggest
that the NHPB can survive freezing at -20°C for up to 14 nsoifita conventional cryoprotectant is used
(Gracia-Valenzuela et al. 2011). Indeed the OIE now #$tateNHPB-infected tissues frozen at —20°C —
70°C and —80°C may remain infectious after repeated cyptlegeze—thawing (OIE 2016f), while Gollas-
Galvan et al. (2013) suggested that under appropriate storageawthigé NHPB may remain viable for up
to 3 years at -80°C.

Natural transmission of NHPB is thought to ocper-os by cannibalism (Frelier et al. 1994, Vincent et al.
2004), although cohabitation and dissemination of NHPB via #iterwcolumn and host faeces may also
play a role (Frelier et al. 1994, Vincent and Lotz 2005, Araemget al. 2010). Waterborne NHPB would be
expected to survive for a short period as a free-livingdoiaen (Biosecurity Australia 2009), however as the
NHPB is probably an obligate intracellular bacterium, thigygests that vectors would be required to
maintain the disease agent in the environment when prawiadseat. As the NHPB has been detected in
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zooplankton and benthic algae, these may act as vectbis aetection in prawn eggs suggests that vertical
transmission may also be possible (Gollas-Galvan 2(dl3). Infection of epicommensal ciliates in the
water column may also form part of this bacteriunfe diycle (Vincent and Lotz 2007). Outbreaks of NHP
are often preceded by prolonged periods of high water teraper@pproximately 30°C) and salinity (up to
40 ppt) (Frelier et al. 1992, Frelier et al. 1993, Lightner ardhi@@ 1994), however this may be due to host
stress as while the disease agent can be transmitteedmel0 ppt and 40 ppt, it is most readily transmitted
between 20 and 30 ppt (Vincent and Lotz 2007). Treatment witietoacycline-medicated feeds has been
demonstrated to be efficacious with early diagnosis atit@successful control (Lightner 1996a).

5.8.5 Release assessment

In regions where NHP occurs in farmed penaeids, prevaleribe 6fHPB can range between 2 and 100%
(Frelier et al. 1992, Frelier et al. 1993, Enriquez-Espireizal. 2016), while prevalences in wild penaeids
adjacent to areas where the NHPB occurs in cultured pratvbgtween 5.6-17% have been recorded
(Aguirre-Guzman et al. 2010, OIE 2016f). It is likely that blaeterium persists in the rearing environment
associated with penaeid hosts and potentially other tetwate vectors such as ciliates and zooplankton
(Vincent and Lotz 2007, Gollas-Galvan et al. 2013). Surviroawn ponds that have experienced NHP
outbreaks are likely to remain infected (Aranguren .e2@l10), be harvested and enter the commodity prawn
market. Under these circumstances, whole green (uncookedjecufpenaeids from areas where NHP
occurs could contain large amounts of the NHPB, not anlgmaller prawnghat have been emergency
harvested after suffering NKut also larger prawns of traditional market size. Hm@wnegiven the
bacterium infects only the hepatopancreas and digestive sg$tfiected prawns, de-headed and deveined
prawns would pose a significantly lower risk of trarssion compared to unprocessed prawns.

Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia for certain diseases, there is no testingn®@NHPB. Previously it was thought that NHPB did not
survive conventional freezing at -20°C (Biosecurity Austrai89), however, more recent studies suggest
that the NHPB can survive freezing at -20°C for up to 14 hoiitconventional cryoprotectants are used
(Gracia-Valenzuela et al. 2011). Indeed, the OIE now sthd¢NHPB-infected tissues frozen at —20°C, —
70°C and —80°C may remain infectious after repeated cycleéeadfe—thawing (OIE 2016f). Therefore, it
appears possible that viable NHPB could enter Austratia fnezen imported uncooked prawns. The heat
stability of the NHPB has not been reported, however obamteria and most microorganisms are
inactivated by heat (Torgersen and Hastein 1995), henceahoowking would be expected to eliminate the
potential for release of the disease agent into northestralia.

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama refes¥?2) and it is well known that some
recreational fishers in Australia use imported prawnshmsged from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurity Queensland R0lifere is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
12). Indeed, in December 2016, surveys by Biosecurity Qlaeeh&eld officers allegedly found 6 groups

of fishers using imported green prawns purchased fronh sogeermarkets as bait while fishing near WSD
infected prawn farms on the Logan River (Diggles 2017), whitine surveys found over 50% of
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recreational fishers had used imported prawns as bé#ieiprevious 12 months (Biosecurity Queensland
2017). Other potential introduction pathways for exotic dsea®o northern Australia include release via
aquaculture food, ballast water, biofouling of shipping, arnavefloatsam and debris/discarded fishing gear,
through release of ornamental crustaceans, natural neoweraf wild fish and shellfish and infrastructure
stepping stones.

Aquaculture feeds that are imported are mainly extrudddtpelfeeds with fishmeal and other ingredients
that are processed and cooked to over 90°C for several mohwieg manufacture, which is sufficient to
inactivate most microorganisms that are sensitive to (i@mgersen and Hastein 1995, Tacon 2017). Such
temperatures are likely to inactivate any NHPB infiaidilly formulated extruded pellets. Given that the
NHPB can be detected in invertebrate vectors such asesiland zooplankton (Vincent and Lotz 2007,
Gollas-Galvan et al. 2013), it is also very likely thaelifeed organisms such astemig freeze dried
Artemia cysts, live rotifers and rotifer resting eggs expoewvater containing NHPB are able to act as
mechanical vectors for the bacterium. Because the NidfeBts all life stages of penaeids (OIE 2016f),
larval crustaceans taken in with ballast water mag bbs infected, as could juvenile or adult crustaceans
taken in with ballast water or inhabiting sea chestsaanmercial shipping (Coutts and Dodgshun 2007), so
it is possible that the NHPB can be introduced via iefitdhosts translocated in ballast water, or as
biofouling on the hulls or sea chests of commercial shipffmgpendix 3), commercial fishing boats,
recreational fishing boats and other pleasure craft.

It is also possible that NHPB infected penaeids @¢maturally colonise floating vectors such as artificial
flotsam, discarded fishing gear and debris which can makéalaintto northern Australia (Wilcox et al.
2013, Heersink et al. 2014, Appendix 4). Live crustaceans fartteenental industry should not represent
a risk of release of the NHPB as they are not peetittentry into Australia
(https://www.legislation.gov.au/Series/F2006B01)3owever there is evidence of illegal importation of
live ornamental crustaceans (NSW Agquaculture Association 20Crystaceans infected with the NHPB
could also be imported as bait carried by foreign fighiessels. The NHPB is not considered to be naturally
present in northern Australian waters despite there beitgbte conditions for establishment, hence the
disease appears unlikely to be introduced by natural mowsnoé fish or shellfish. Range extension for
NHPB infected hosts by the process of stepping stone cdiomisecross natural geographic boundaries may
also be possible (Bulleri and Airoldi 2005, Glasby et al. 2@@ams et al. 2014). Taking into account the
likely propagule pressure experienced via the various mttazh pathways, the likelihood estimations for
the release of the NHPB into suitable environments in Aiestralaters via the identified risk pathways are
listed below for the various IMCRA Bioregions.
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https://www.legislation.gov.au/Series/F2006B01053

Release assessment for Necrotizing HepatopancreatitidHP).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | L L L | ec | ec [ n v | ™M |E|E
Gulf of Carpentaria
o5 Northem 1Province | EL | M | M | m | EL | eL [ L [ v | m | EL | EL
WA Offshore
2 Timor Province N VL VL VL EL EL N VL M EL EL
3 NW Transition N EL EL EL EL EL N VL L N EL
4 NW Province N EL EL EL N N N EL VL N EL
5 Central W Transition N EL EL EL N N N N EL N EL
WA Onshore
26 Northwest | Transition EL L L L EL EL EL VL M EL EL
27 Northwest | Province| EL M M M EL EL EL VL VL N EL
28 Central W | Transition EL L L L N N EL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N EL N N
19 Northeast Transition N EL EL EL EL EL N EL VL N N
20 Cape Province N EL VL VL VL VL N VL VL EL N
East Coast Onshore
40 Northeast | Province | EL M M N N EL N EL N N
41 Northeast | Transition EL L L L EL EL EL N M EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —

Anthropogenic, FMN = Fish/shellfish movements - Naturgh +SInfrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

5.8.6 Exposure assessment

Outbreaks of NHP have been reported in cultiPedaeus vannameaind P. stylirostris(see Lightner and
Redman 1994, OIE 2016f), but other penaeidsalso susceptible to infection (Frelier et al. 1994, thigh
1996a), including species of penaeids in northern AustfBiasecurity Australia 2009) This suggests that
NHPB released through various pathways (e.g. ballagrwabsts carried in biofouling on shipping) could

come in contact with susceptible species. If cultured psamith NHP were emergency harvestidzen
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and imported uncooked into Australia, they may harbour lgierial loadsand the bacterium can survive
several freeze thaw cycles (OIE 2016f). However, NKii?& would be greatly reduced if headless and de-
veined prawns were imported, makingumlikely that the disease could be successfully trarsuniia
frozen infected prawns processed in this manner. Therao could, however, be transported to Australia
in live infected hosts via ballast water or with infectedstaceans in biofouling or sea chests of shipping, as
well as in bait used by foreign fishing vessels.

If susceptible species of wild penaeids in northern Alistveere exposed via one of the identified pathways,
an index case may occur and the bacteria could perdis population, as wild penaeids would be unlikely
to suffer epizootic mortalities unless they were expdsesignificant stressors. The bacterium can persist
free in the water only for a short time, but sifddPB has been detected in zooplankton (Gollas-Galvan et
al. 2013) and epicommensal ciliates (Vincent and Lotz 200&3etmay act as reservoirs and vectors which
could increase the chances of establishritentld populations of crustacean&duirre-Guzman et al. 2010,
OIE 2016f). Given that various pathways exist to allow th#’H to enter the Australian environment, and
that suitable hosts are likely to occur in the wild, tis& of exposure and establishment is non-negligible.
However, because it is an obligate intracellular bacterithe likelihood of the NHPB surviving in the
environment is lower than for other bacteria such as VpAHPNIDce the overall likelihood of exposure
and establishment of the NHPB in suitable environments ihemwrtAustralia is considered to bew.

5.8.7 Consequence assessment

In regions where NHP occurs in farmed penaeids, it hagdaunertalities between 20 to 95% (Lightner et
al. 1992, Lightner 1996b). The Australian prawn aquaculture indistbased mainly on farming.
monodon which is thought to be susceptible to the NHPB (BiosgcAustralia 2009), hence establishment
of the NHPB in Australia would represent a significamja@ng obstacle to competitiveness and profitability
of the Australian prawn aquaculture industry. NHP diseasebe controlled with antibiotics (Lightner
1996a), but their use imparts significant additional cospsdduction as well as detrimental flow on effects
to the environment and human health by encouraging developihantilootic resistant bacterial strains
(Gollas-Galvan et al. 2013). Because of these reasonisiotinttherapy would not be a realistic ongoing
option in Australia. Under Australian economic conditions, aguired changes to infrastructure and
husbandry practices (filtration of water, lining of pondarrier and vector exclusion, minimal/zero water
exchange production cycles, development of SPF or SPR plaesassee Lightner 2005, Moss et al. 2012)
would impart additional production costs that would gyesgtluce industry profitability to marginal levels.
The reduced profitability would discourage investmentpiawn farming in Australia, posing a risk to
Australia's future food security (Stentiford 2012, Stentifetrél. 2012). The likely impacts of introduction
of the NHPB on the prawn aquaculture industry in Austragalaerefore considered to be high.

Infections of wild crustaceans with the NHPB are subigdil, and adverse impacts on populations of wild
crustaceans have not been recorded overseas in areasthdeédelPB has become endemic, however,
populations that survive NHPB infections may carry thedyaon for life (Aranguren et al. 2010), and could

pass it on to other populations by horizontal transmiss@ii 016f). Broodstock prawns with NHPB

infections also exhibited significant reductions in repiive output and survival of post larvae after stress
tests (Aranguren et al. 2006), suggesting that the presenbe NHPB in prawn populations could reduce
population resilience, especially in populations of wildstaceans adversely affected by environmental
stressors, possibly resulting in “silent mortalitieBefiringer 2012, Stentiford et al. 2012, Shields 2012).
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Furthermore, any absence of evidence of impacts on populafievitd @rustaceans in areas where NHPB
has been introduced overseas is not evidence of likely absesaeh impacts in Australia, as impacts of
new diseases in wild populations of crustaceans are likelyo unnoticed in countries without proper

baseline ecological data (Shields 2012) and effective fishem@nagement. As effects of disease in wild
populations vary greatly due to factors such as environmehtahcteristics, host susceptibility and host
densities (Burge et al. 2016), it is possible that impactisease introduction into Australia would be more
severe due to our unigque environment, isolated fauna andie$feavironmental and fisheries management
arrangements that tend to keep host population levelsvetlatiigh. Any adverse effects could result in
ecological harm to aquatic environments, potentially riegulin significant cultural and socio-economic

harm to regional communities in northern Australia asdwhere in the country.

As NHP is a listed disease notifiable to the OIE and NA€ignificant trade implications would follow its
introduction into Australia. Indeed, establishment of [i¢PB in a region of northern Australia would
necessitate intervention by government authorities and disruptiesormal trade in crustacean commodies
by commercial fisheries and crustacean gathering by remmebfishers if attempts were made to try to
prevent movements of crustaceans to limit potential dpirga uninfected areas. If the disease spread to
areas where bait prawns were commercially gathered, npcomimercial fishers but recreational fisheries
could be disrupted due to loss of bait supplies. Certainlige introduction of the NHPB is detected early
enough, there is a chance that eradication can be acligesecurity Australia 2009), although eradication
programs are expensive, especially if a subsequent aeotaof freedom from the disease is required, as
extensive surveys would need to be undertaken. Taking tiksé factors into consideration, even though
the environmental impacts of introduction of the NHPB affécdit to determine, impacts on domestic and
international trade are both considered to be high, widlenhpact on the prawn aquaculture industry would
also be high, suggesting that the overall consequencegraduntion and establishment of the NHPB into
the environment of northern Australia via the identified pakhways are likely to béoderate.

5.8.8 Risk estimation

The unrestricted risk associated with Necrotizingp&tepancreatitis (NHP) is determined by combining the
likelihood of release and exposure (from Table 6) with the cues'es of establishment (Table 7) to arrive
at a risk estimation (Table 8, Figure A13 in Appendix 1)e Whrestricted risk estimate for NHP exceeds the
ALOP for several pathways in several bioregions, suggestai@tiitional risk management is required for

this disease agent.

Risk estimation (combined all pathways) for:
Mecrotizing hepatopancreatitis (NHP)

Low risk H
Maoderate risk B Lﬁ;

{
B ok )
B
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Likelihood of exposure: Low

Risk estimate for Necrotizing Hepatopancreatitis (NHP).

Consequences of establishmentModerate

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N v v [w |EeL [EL [ N [ W L | EL | EL
Gulf of Carpentaria
25 Northern | Province | EL | L L L | ec | e | ec [ v | L | e | EL
WA Offshore
2 Timor Province N VL VL VL EL EL N VL L EL EL
3 NW Transition N EL EL EL EL EL N VL VL N EL
4 NW Province N EL EL EL N N N EL VL N EL
5 Central W Transition N EL EL EL N N N N EL N EL
WA Onshore
26 Northwest | Transition EL VL VL VL EL EL EL VL L EL EL
27 Northwest | Province| EL L L L EL EL EL VL VL N EL
28 Central W | Transition EL VL VL VL N N EL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N EL N N
19 Northeast Transition N EL EL EL EL EL N EL VL N N
20 Cape Province N EL VL VL VL VL N VL VL EL N
East Coast Onshore
40 Northeast | Province | EL L L L N N EL N EL N N
41 Northeast | Transition EL VL VL VL EL EL EL N L EL EL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.9 Infection with Enterocytozoon hepatopenae (EHP)

5.9.1 Aetiologic agent Also known as hepatopancreatic microsporidosis, this diseas@ised by infection
with Enterocytozoon hepatopenglEHP), a microsporidian parasite classified within tFemily
Enterocytozoonidae (Tourtip et al. 2009).

5.9.2 OIE List: No NACA List: Yes Priority ranking: 5

Zoonotic: Unlikely, however potential susceptibility of humans néection by Microsporidia across the
phylum appears to be significant (Stentiford et al. 2016).

5.9.3 Australias status: Not recorded. Considered exotic. Morphologically simitecrosporidians have
been reported to cause mortalities in Kuruma prawendeus japonicysn Queensland (Hudson et al.
2001), however the taxonomic affinities of that microsporiti@ave not been determined.

5.9.4 Epizootiology

Microsporidians are obligate intracellular parasikeeown to infect a wide variety of eukaryotic hosts,
including arthropods, fish, and mammals (Lom and Dykova 199Z)he microsporidian parasite
Enterocytozoon hepatopendEHP) was first observed ifPenaeus monodorn Thailand in 2003
(Chayaburakul et al. 2004, Tourtip et al. 2009, ENACA 2015). Thasgarinfects and replicates mainly
within the cytoplasm of epithelial cells of the hepatopeas and midgut of post larval or juvenile prawns,
causing growth retardation, poor food conversion ratios, hightiahla sizes of individual prawns at
harvest, and disease in mixed infections with otherggghs, resulting in significant economic losses in
cultured prawns in Asia (Santhoshkumar et al. 2016, Taat 2016). In recent years reports of EHP have
spread through many countries in Asia farmiPgnaeus vannameincluding Thailand, China, Vietnam,
Malaysia, Indonesia and India, as well asPinstylirostrisfarmed in Brunei andP. merguiensisn India
(Sritunyalucksana et al. 2014, Tang et al. 2015, 2016, Biju 2046, Otta et al. 2016, Rajendran et al. 2016,
Han et al. 2016, Kesavan et al. 2016, Aranguren et al. 201®leciar phylogenetic analysis places
Enterocytozoon hepatopenasithin the family Enterocytozoonidae, most closely relate Enterospora
nucleophilawhich infects the intestinal epithelium causing sturgesivth of the teleosEparus auratan
Spain (Palenzuela et al. 201Ehterospora cancerivhich infects the hepatopancreas of the European edible
crab Cancer pagurusin the UK (Stentiford et al. 2007) arithterocytozoon bieneusvhich infects the
intestinal epithelium causing diarrhoea and disease notimiymans, but also pigs and a range of other
mammals and birds (Snowden 2004, Mathis et al. 2005). Tke c#dationship between this group of
invertebrate parasites and the mammalian pathBgé&reneuswithin the family Enterocytozoonidae raises
interesting questions about their evolutionary relationshipstlae potential role of invertebrates as a source
of zoonotic infections (Snowden 2004, Stentiford et al. 201htified et al. 2016).

Enterocytozoon hepatopenaeas originally detected in the hepatopancreas of culfer@donodorand was
associated with slow growth syndromes of mixed aetiologyrfim et al. 2009), however increasingly
intensive farming ofPenaeus vannameén Asia has led to host-switching of EHP Ro vannamei with
accompanying high prevalence and high-intensity infections lmdiagrved, often in mixed infections with
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VpAHPND as part of early mortality syndrome (Stentif@tdal. 2016). Indeed, recent experimental data
suggests that infection with EHP is a significant risitdafor the development of both AHPND and septic
hepatopancreatic necrosis (SHPN) (Aranguren et al. 2017)e vilbld data in India suggests that co-
infection with EHP and other pathogens may result in systegeffects resulting in mass mortalities and
complete crop losses (Kesavan et al. 2016). The preséid¢P in poorly performing prawns is often (but
not always) associated with white coloured faeces ceagp@lmost completely of massive quantities of
microsporidian spores in faecal casts which also aostaughed hepatopancreas tubules (Tang et al. 2016,
Rajendran et al. 2016, but see Tangprasittipap et al. 2013)praimns naturally infected with EHP,
pathological changes are mainly detected in the hepatoparamda®idgut, however the parasite can be
detected in many other organs using PCR, including the Ineentnolymph, gills and to a lesser extent the
muscle of the abdomen and tail (Santhoshkumar et al. 2016)seviere infections, 75% or more of
hepatopancreas tubules may be affected (Salachan et al. &&lifting in loss of digestive capability and
cessation of growth. Studies of the efficiacy of the dfugnagillin-B found that it was ineffective for
reducing or eliminating EHP infections (Tang et al. 2016)

The life-cycles of many microsporidians affecting cagcsaains are indirect (Breed and Olson 1977, Flegel et
al. 1992, Herbert 1988, Edgerton et al. 2002), however experiments havetbadHP stages in infected
hepatopancreas or voided through the faeces are infectathedo prawns via thper-osroute and by co-
habitation without the need for intermediate hosts or othetorse while in production ponds, EHP is readily
transmitted horizontally among prawns through cannibalisoobabitation (Tang et al. 2016, Salachan et al.
2017). Even so, Salachan et al. (2017) noted that exposuuefied EHPspores failed to induce infections
by bath exposure, when added to prawn feed or when adminisieregderse gavage. This could suggest
that some xaamples of direct transmission viger-osroutes in EHP may be due to exposure to and/or
consumption of presporogenic stages, rather than through eigosure to the spores themselves (Langdon
and Thorne 1992). Hence, it still remains possible #maglternate life cycle involving intermediate or
transport hosts susceptible to infection by spores alses tplace for EHP, as it does for many other
microsporidians (Langdon and Thorne 1992).

In tissue sections from EHP infected prawns that ai@ed with hematoxylin and eosin, hepatopancreas
tubule epithelial cells show the presence of numerous cytmasasophilic inclusions (microsporidian
sporocysts) containing clusters of elliptical to somewavaid spores of 1.1 x 0.6-0Opm in dimension, with

free spores released from lysed cells sometimes Bemgin the tubule lumens (Tourtip et al. 2009). As the
spores of microsporidians are resistant and can pémsibe environment for long periods (Amigo et al.
1996, Li et al. 2003), their presence in high stocking density ppemmds under conditions where hosts are
readily available, increases the risk of emergence roflevit strains as there are no selection pressures
against increased virulence (Tang et al. 2016). FurthesnkdiP spores and presporogenic stages can be
accumulated by numerous potential vectors including pabtels and live feed organisms including bivalves
(Sritunyalucksana et al. 2014). For example, Han et28ll6) detected. hepatopenaein 4 out of 9
samples of frozeArtemiabiomass. It is thought that the presence of EHP in ptimstuponds utilising SPF
post-larvae indicates that EHP infections occur afteptmels were stocked, suggesting disease transmission
from resistant spores or unknown reservoir species that otagsavectors (Tangprasittipap et al. 2013).
Because some microsporidian infections of crustaceans haitthast lifecycles that include insect or
copepod intermediate hosts that act as spore activatotgre€l.angdon and Thorne 1992, Edgerton et al.
2002), it is possible that an alternative life cycle map aiccur in the case of EHP. Indeed, the life cycles of
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microsporidians that infect crustaceans are so poworderstood, the possibility remains that life cycles may
differ greatly even between closely related specidgéEon et al. 2002).

In Australia, infections by microsporidians other tHadP have been recorded throughout the country in a
wide variety of crustacean species (O’'Donoghue and Adlard 20@d)ding penaeid prawnsP¢naeus
monodonPenaeus esculentuBenaeus semisulcati®enaeus merguiensidlelicertus latisulcatusPenaeus
spp.), freshwater prawnsM@crobrachium spp.), freshwater crayfishCherax destructgr Cherax
quadricarinatus, Cherax tenuimanu€. cainii, Cheraxspp.), crabs Rortunus pelagicysand lobsters
(Panulirus cygnus Panulirus spp.). Several species of endemic microsporidians hega mentified,
includingVavraia parastacidgsee Langdon 1991, Langdon and Thorne 19B23¢Johaniaspp. (see Herbert
1988, Shields 1992, Jones and Lawrence 200tg]Johania montirivulorun{see Moody et al. 20034d),
parastaci (see Jones and Lawrence 2001, Moody et al. 2082a)imorpha cheracigsee Moody et al.
2003b) and others. Prevalence of infection of wild prawnseaguite low, withAmesorspp. occurring in
0.1% of prawns from northern Australia (Owens and Glazebrook E&Bat similarly low prevalences in
P. pelagicusn Moreton Bay (Shields and Wood 1993), while prevalence ofasporidosis in crayfish can
be higher, with Herbert (1988) findirichelohaniaspp. at a prevalence of 7.8%Gn quadricarinatus These
parasites appear to occur in a range of environments throutitewbuntry, however the extent of the
distributions of the various species of microsporidiaragiées of crustaceans remains largely unknown. The
identity of a microsporidian infecting the hepatopancreassing mortalities in 7 day old post larvae of
Penaeus japonicus a hatchery in Queensland in 1997 was not determined atnn¢Hudson et al. 2001).
However, given the parasite d?. japonicus was associated with significant mortalities, whHe
hepatopenaeinfections alone tend not to cause mortality in infecteivps (Santhoshkumar et al. 2016,
Tang et al. 2016, Aranguren et al. 2017), it appears unlikebhe . hepatopenaeand the identity of the
parasite oP. japonicugemains to be elucidated.

5.9.5 Release assessment

In regions where EHP occurs in farmed penaeids, prevalehde hepatopenaein hatcheries and
production ponds can exceed 60% (Biju et al. 2016, Kesavarn2él#l). Contamination of PL supplies and
poor biosecurity have lead to rapid spread of EHP priateteelopment and widespread use of effective
diagnostic methods (Sritunyalucksana et al. 2014, Tang et al, 2&xdenlak et al. 2016), and there is now
evidence the disease agent is widespread throughout allr rpegevn producing countries in Asia
(Sritunyalucksana et al. 2014, Thitamadee et al. 2016, Taalg 2016). Prevalence of the disease agent in
wild penaeids adjacent to areas where EHP occurs in edlpprawns has apparently not been published.
However, it is likely that the disease agent can persiftaérrearing environment associated with penaeid
hosts and potentially other invertebrate vectors such aspodp, polychaetes and filter feeding bivalves
(Tangprasittipap et al. 2013, Sritunyalucksana et al. 2014,eD@l. 2016). Survivors of prawn ponds that
have experienced EHP outbreaks are likely to remaintedesurvive and be harvested, however severely
growth retarded prawns would be too small to enter thenwdity prawn market. Nevertherless, lightly
infected prawns may reach marketable size and underdinesmstances, whole green (uncooked) cultured
penaeids from areas where EHP occurs could contain satifgquantities oE. hepatopenaei Given the
disease agent infects mainly the hepatopancreas and digegiiteen of affected prawns, de-headed and
deveined prawns would pose a significantly lower risk ahgmission than unprocessed prawns, however
some risk would remain due to infection of the musclidefabdomen and tail (Santhoshkumar et al. 2016).
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Despite biosecurity protocols requiring testing of 1009%twpments of frozen green prawns imported into
Australia for certain diseases, there is no testing KiP. EThe likelihood of release would therefore depend
on the ability of infective stages to remain viable durnagngport and storage to Australia. It is known that
microsporidian spores can remain viable in the natemaironment for months to years. For example,
spores ofLoma salmonaeemained viable when stored in freshwater or seawa#tCGifor up to 95 days
(Shaw et al. 2000), and spores@lugea stephaniemained viable after 17 months at 5°C (Amigo et al.
1996). However, the tolerance of EHP to freezing has not jpaelished, and a review of the literature
finds that the viability of microsporidian spores aftexezing varies widely, depending on the species
studied and freezing methods. For example, Amigo et al. (19964l f8.6% of spores @. stephan{a fish
parasite) remained infective after being frozen at -1f@tQ4 hours, while Overstreet and Whatley (1975)
found that spores ohmeson michaeliffom blue crabs survived 67 days freezing at -22°C. linfgctof
Nosema apispores in bees held at -20°C for 24 hours was not sigriificdifferent from that of fresh
spores (Bailey 1972), while spores of 31 microsporidiaciepan water held in liquid nitrogen for 2-25
years remained infective for insect hosts (Maddox anceiS@R96). However, in contrast, Li and Fayer
(2006) found the spores of 3 specieg€ntephalitozoomvere 100% inactivated by storing them in buffered
culture medium at -20°C for between 2 hous qunicul), and 24 hoursH. intestinalisandE. hellen). So
sensitivity to freezing for microsporidian spores is not usakrhence it remains to be seen whether EHP
spores will survive freezing.

The sensitivity to heat for EHP is also not known. Howévis known that other microsporidian spores are
inactivated by heat, for example Li and Fayer (2006) foundploees of 3 species Bhcephalitozoonvere
100% inactivated by 100°C for 1 minuté. (cucicul), 100°C for 5 minutesH. intestinali$ or 100°C for 10
minutes E. hellen). Given these data and the fact that the majoritsnicfoorganisms are inactivated by
heat (Torgersen and Hastein 1995), it appears highly likelysiiares of EHP would be inactivated by
cooking or boiling prawn products, eliminating the potentialridease of the disease agent into northern
Australia.

While the majority of green imported prawns sold for hane@nsumption are probably used for their
intended purpose, prawns are a popular bait (Kewagama rBes¥?2) and it is well known that some
recreational fishers in Australia use imported prawnshmsged from supermarkets as bait, because they are
cheaper and percieved to be better quality (QLD Govern@@d, Fishraider.com.au 2013, Department of
Agriculture 2015, Fishing Victoria 2016, Biosecurity Queenslta@d/). There is evidence that the number
of people using prawns sold for human consumption as haitrsasing (Kewagama Research 2007, Table
12). Indeed, in December 2016, surveys by Biosecurity Qlaeeh&eld officers allegedly found 6 groups
of fishers using imported green prawns purchased fronh sogeermarkets as bait while fishing near WSD
infected prawn farms on the Logan River (Diggles 2017), whiiine surveys found over 50% of
recreational fishers had used imported prawns as bé#ieiprevious 12 months (Biosecurity Queensland
2017). Release of imported crustacean products sold for heongaomption and diverted to bait is one form
of anthropogenic translocation of fish and shellfish. ®tier potential introduction pathways for exotic
diseases into northern Australia include release via aqueedbod, ballast water, biofouling of shipping,
arrival on floatsam and debris/discarded fishing gear, throatgase of ornamental crustaceans, natural
movements of wild fish and shellfish and infrastructuepging stones.
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Aquaculture feeds that are imported are mainly extrudddtpelfeeds with fishmeal and other ingredients
that are processed and cooked to over 90°C for several mohuieg manufacture, which is sufficient to
inactivate most microorganisms that are sensitive to (i@mgersen and Hastein 1995, Tacon 2017). Such
temperatures are likely to inactivate any EHP iniardifly formulated extruded pellets. Given that EHP can
be detected in vectors suchArgemiaand polychaetes (Tangprasittipap et al. 2013, Sritunyalnaksgal.
2014, Han et al. 2016, Otta et al. 2016), it is very likely tkatfeed organisms exposed to water containing
EHP are able to act as mechanical vectors for this slisegent. Because the EHP infects post larval and
juvenile penaeids, if infected individuals were taken ithwallast water, they could be translocated into
new areas, as could juvenile or adult penaeids inhabidagchests on commercial shipping (Coutts and
Dodgshun 2007). So it appears possible that the EHP can dduced via infected hosts translocated in
ballast water, or as biofouling on the hulls or sea shelstommercial shipping (Appendix 3), commercial
fishing boats, recreational fishing boats and other pteasaft. Indeed, the microsporidi&tepatospora
eriocheir, another member of the Enterocytozoonidae infecting thatbpancreas the Chinese mitten crab
(Eriocheir sinensiy was first described in China in 2007 (Wang and Chen 2007)evitheauses significant
disease in cultured. sinensis(see Ding et al. 2016). However, the same parasite wasfalnd at
prevalences of around 70% in introduced populatiors. ginensissampled from the Thames River in the
UK (Stentiford et al. 2011). It is thought that sinensisvas introduced into Western Europe in the early
20th century, most likely via a ballast water introductionth the microsporidian most likely being
introduced at the same time (Stentiford et al. 2011)hes& data suggest that it is possible for
microsporidians such &nterocytozoon hepatopenaeibe translocated via ballast water.

It is also possible that EHP infected penaeids coaldirally colonise floating vectors such as artificial
flotsam, discarded fishing gear and debris which can makéalaintto northern Australia (Wilcox et al.
2013, Heersink et al. 2014, Appendix 4). Live crustaceans farttfeenental industry should not represent
a risk of release of the EHP as they are not permittedtry into Australia
(https://www.legislation.gov.au/Series/F2006B01)3owever there is evidence of illegal importation of
live ornamental crustaceans (NSW Aquaculture Associdiatiy). Crustaceans infected with the EHP
could also be imported as bait carried by foreighifig vessels. Enterocytozoon hepatopenaisi not
considered to be naturally present in northern Austral@ers, although a range of similar microsporidians
occur in the region (Hudson et al. 2001), so it appears uniikatythe disease agent could be introduced by
natural movements of fish or shellfish. However, rangensikte for EHP infected hosts by the process of
stepping stone colonisation across natural geographic boundayeslso be possible (Bulleri and Airoldi
2005, Glasby et al. 2007, Adams et al. 2014). Taking into attioeitikely propagule pressure experienced
via the various introduction pathways, the likelihood estiomstifor the release of the NHPB into suitable
environments in Australian waters via the identified risthyways are listed below for the various IMCRA
Bioregions.
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https://www.legislation.gov.au/Series/F2006B01053

Release assessment for infection withnterocytozoon hepatopenaei (EHP).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N L L L v v [N JEL [ M [EL|E
Gulf of Carpentaria
o5 Northemn iProvince | EL | M | M | m | v |w | e e | m |EL | EL
WA Offshore
2 Timor Province N EL VL VL VL VL N N M EL EL
3 NW Transition N EL VL VL EL EL N N L N EL
4 NW Province N EL VL VL N N N N VL N EL
5 Central W Transition N EL EL EL N N N N EL N EL
WA Onshore
26 Northwest | Transition EL M M M VL VL EL EL M EL EL
27 Northwest | Province| EL H H H EL EL EL EL VL N EL
28 Central W | Transition EL M M M N N EL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N EL N N
19 Northeast Transition N EL VL VL EL EL N N VL N N
20 Cape Province N EL VL VL VL VL N N VL EL N
East Coast Onshore
40 Northeast | Province | EL H H H N N EL N EL N N
41 Northeast | Transition EL M M M EL EL EL N L EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —

Anthropogenic, FMN = Fish/shellfish movements - Naturgh +SInfrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

5.9.6 Exposure assessment

Enterocytozoon hepatopenas known to cause disease Renaeus monodpnand EHP spores and
presporogenic stages can be accumulated by numerous potectas including polychaetes and bivalves
(Sritunyalucksana et al. 2014).
pathways could come in contact with several susceptible dpeies that occur in northern Australia.
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Furthermore, the spores of microsporidians are resiatahtan persist in the environment for long periods,
potentially extending the period of infectivity. If cultdreorawns infected with EHP werfeozen and
imported uncooked into Australia, they may harbour high brersrof EHPR however it is unknown if the
disease agent is inactivated by freezing. Furthernidi®, infects mainly the hepatopancreas, hence parasite
numbers would beeduced if headless and de-veined prawns were imported, Isaich would appear
unlikely that the disease could be transmitted via fioaiected prawns.

EHP could, however be transported via ballast water ti{§&tehet al. 2011), or with infected crustaceans in
biofouling or sea chests of shipping. If susceptible spedfiesild penaeids in northern Australisere
exposedo viable infective stagegia one of the identified pathways, infection may occur hot&bnvia
cohabitation oper-osif sufficient quantities of infective stages (i.e. arective dose) were introduced into
an area where susceptible hosts were present under condititaidestor transmission. The minimum
infective dose required for successful transmissiombadeen determined for EHP, and this also probably
will vary depending on the identity of the host and its immsta¢us. However, when the natural course of
infection is considered, it is clear that infection tentheoretically achieved after exposure to a dosenas lo
as a single viable spore or presporogenic stage, though theatpsred to cause clinical signs or disease
will depend on many factors. If andex case occurred, the disease agent would likely pénsihe
population as the susceptible species would be unlikely fersepizootic mortalities. Lightly infected
crustaceans may contain thousands of spores and presporsiggres, while heavily infected crustaceans
may contain millions of spores and presporogenic stages (bdnbgkova 1992). Given the spores d&.
hepatopenaeican persist free in the water for several weekds possible that EHP could become
established in the environmerind/or in wild populations of crustaceans or invertebvattors such as
polychaetes.Given that various pathways exist to allow EHP to etfiterAustralian environment andcontact
suitable hosts, the risk of exposure and establishmewisie@gligible, and the likelihood of exposure and
establishment of EHP in suitable environments in northern Aisstsadonsidered to bdoderate.

5.9.7 Consequence assessment

In regions where EHP is enzootic in farmed penaetdeas caused significant economic losses due to
growth retardation and poor food conversion ratios in affieptawns (Santhoshkumar et al. 2016, Tang et
al. 2016). Field data from India also suggests that syniergif¢cts from co-infection with EHP and other
pathogens may result in mass mortalities (Kesavah 2046). The Australian prawn aquaculture industry
mainly farmsP. monodonwhich appears less susceptible to EHP comparéd vannamei Nevertheless,
there are no commercially available methods of controlH® Evaccines etc.), and drug therapy would not
be a realistic option due to legislative requirements] kck of efficacy (Tang et al. 2016). Under
Australian economic conditions, the required changes tosinfreture and husbandry practices (filtration of
water, lining of ponds, carrier and vector exclusion, malizero water exchange production cycles,
development of SPF or SPR prawns lines, see Lightner 2005 &las. 2012) would impart additional
production costs that would greatly reduce industry @dofity to marginal levels. The reduced profitability
would discourage investment in prawn farming in Austrad@sing a risk to Australia's future food security
(Stentiford 2012, Stentiford et al. 2012). The likely impasotsintroduction of EHP on the prawn
aquaculture industry in Australia are therefore considerbe high.

Infections of wild crustaceans with EHP have not beeaoritesd to date, however the disease agent is likely
to occur in populations of wild crustaceans in the environmejacent to prawn farms. The significance of
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microsporidian infections as drivers of mortality indverustaceans has not been assessed (Palenzuela et al.
2014), however it is suspected that populations of wild crustacadversely affected by environmental
stressors (e.g. adverse environmental conditions, or expaspodutants such as pesticides and herbicides)
may experience reduced resilience due to infection witR.EAs effects of disease in wild populations vary
greatly due to factors such as environmental charaetsrisiost susceptibility and host densities (Burge et
al. 2016), it is possible that impacts of disease introdunatito Australia would be more severe due to our
unigue environment, isolated fauna and effective environmeamtsfigheries management arrangements that
tend to keep host population levels relatively high. Any adwveifeets could result in ecological harm to
aquatic environments, potentially resulting in significanttuzal and socio-economic harm to regional
communities in northern Australia and elsewhere in thetopurThere is no evidence to date that EHP
presents any risk to human health, however humans are sobigcéptinfection by MicrosporidiaE.
hepatopenaeis closely related to the human pathodenbieneusi and the potential for host switching
between invertebrates and humans may not be negligible (Sn@@dénStentiford et al. 2016).

As EHP is a listed disease agent notifiable to NACAnificant trade implications may follow its
introduction.  Establishment of EHP in a region of north@umstralia may require intervention by
government authorities and disruption to normal trade in crustaoeamodies by commercial fisheries and
crustacean gathering by recreational fishers if attempte made to limit potential spread into uninfected
areas. If the disease spread to areas where bait preavascommercially gathered, not only commercial
fishers but recreational fisheries could also be disrugiedto loss of bait supplies. Once EHP is detected,
unless it was in an enclosed system there would beamelof eradication. Taking all of these factors into
consideration, the environmental and human health impactgrotiiction of EHP are not entirely clear,
while impacts on domestic and international trade are dmthidered to be high, as would be the impact on
the prawn aquaculture industry. The overall consequencesaduotion and establishment of EHP into the
environment of northern Australia via the identified risk patys are therefore likely to bdoderate.

5.9.8 Risk estimation

The unrestricted risk associated with infection véhiterocytozoon hepatopeng@&HP) is determined by
combining the likelihood of release and exposure (from Tablsith) the consequences of establishment
(Table 7) to arrive at a risk estimation (Table 8, Fightd in Appendix 1). The unrestricted risk estimate
for EHP exceeds the ALOP for several pathways in sewmoaégions, suggesting that additional risk
management is required for this disease agent.

Risk estimation (combined all pathways) for:
Enteracytozoon hepatopenaei (EHP) A ..y

Low risk

Moderate risk

B ok
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Risk estimate for infection with Enterocytozoon hepatopenaei (EHP).

Likelihood of exposure: Moderate

Consequences of establishmentModerate

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | L L L | v [ v [ N | EL L | EL | EL
Gulf of Carpentaria
25 Northern | Province | EL | L L L | v [ v [EL | EL L | EL | EL
WA Offshore
2 Timor Province N EL VL VL VL VL N N L EL EL
3 NW Transition N EL VL VL EL EL N N L N EL
4 NW Province N EL VL VL N N N N VL N EL
5 Central W Transition N EL EL EL N N N N EL N EL
WA Onshore
26 Northwest | Transition EL L L L VL VL EL EL L EL EL
27 Northwest | Province| EL M M M EL EL EL EL VL N EL
28 Central W | Transition EL L L L N N EL EL EL N EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N EL N N
19 Northeast Transition N EL VL VL EL EL N N VL N N
20 Cape Province N EL VL VL VL VL N N VL EL N
East Coast Onshore
40 Northeast | Province | EL M M N N EL N EL N N
41 Northeast | Transition EL L L L EL EL EL N L EL EL

I = High, M = Moderate, L = Low, VL = Very Low, EL =xfemely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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5.10 Acute Viral Necrosis of Scallops (AVNV)

5.10.1 Aetiologic agent The disease is caused by Acute Viral Necrosis IAMNV) (also known as
Acute Viral Necrobiotic Virus), a variant of Ostrefterpesvirus 1 (OsHV-1), which is a double stranded
DNA virus classified in the genu®streavirus within the family Malacoherpesviridae in the order
Herpesvirales (Ren et al. 2013).

5.10.2 OIE List: No NACA List: Yes Zoonotic: No Priority ranking: 10

5.10.3 Australias status: Not recorded. Considered exotic. Populations of Ragjfsters Crassostrea
gigasg in NSW and Tasmania have experienced mass mortalieesodinfection by microvariant strains of
Ostreid Herpesvirus 1 (OsHV-1 pVar) (Evans et al. 2016hftMgton et al. 2016), however the strain of
OsHV-1 that cause Acute Viral Nervous Necrosis in spalltave not been recorded from Australia.

5.10.4 Epizootiology

Herpes-like viruses were first recorded in bivalve malusn 1972 when adult American oysters
Crassostrea virginicasuffering high mortality (52%) on the east coast of thé W&re infected with a
herpes-like virus (Farley et al. 1972). In 1991, sporadic amitbref disease in Pacific oyst€Lsassostrea
gigasdue to herpes-like viruses were reported in France (@&8oetl al. 1992) and New Zealand (Hine et al.
1992). Subsequently a virus isolate collected during a nigréalent in FrenclC. gigaslarvae in 1995 was
characterised as a Herpesvirus and named Ostreid hegse$Wi©OsHV-1) (Davison 2005). This virus was
later reclassified in the order Herpesvirales as tis¢ fnember of the gen@streaviruswithin the family
Malacoherpesviridae (Davison 2009). In recent decades Qsai\ its various genetic variants have been
shown to cause “summer mortality” events in cultured Raoysters Crassostrea giggsaround the world
(Renault et al. 2001, Arzul et al. 2001a,b,c, Renault and N2064, Friedman et al. 2005, Burge et al.
2006, Batista et al. 2007, Sauvage et al. 2009, Meyers et al. 288, 2010, Segarra et al. 2010, Garcia et
al. 2011, Renault 2011, Martenot et al. 2011, Keeling et al. 20h4tivgton et al. 2016).

Since the mid 1990’s, a new and serious disease emergedina €ausing acute mortalities of farmed
Chinese scallophlamys farreri during the summer months when water temperatures rose a&bove
threshold of 23-25°C (Xiao et al. 2005 Bai et al. 2015, Arzalef017). Unlike mortalities in larvae and
spat ofC. gigasinfected with OsHV-1, the disease ©f farreri only occured in adult scallops 2 or more
years old, resulting in epizootic mortalities of over 90%himi 5-8 days of first onset of disease (Ren et al.
2013, Bai et al. 2015). Diseased scallops exhibited climizals including slow reactions, weak shell
closing reflex, mucous accumulation in the mantle cawstyunken or dislodged mantle, gill erosion,
adductor muscle ulceration, and an enlarged digestive dglamg (et al. 2010, Ren et al. 2013). Since 1997
the disease reoccured each summer and was eventuallytéoo@diue to a virus that was called Acute Viral
Necrosis Virus (AVNV) (Song et al. 2001, Liu et al. 2002)Aoute Viral Necrobiotic Virus (e.g. Tang et al.
2010). The enveloped virus particle was 130-170 nm in diametetame numbers of virus particles found
near the basement membrane of cells in the digestive glandykitiaatle, intestine and gills of scallops
dying of the disease (Liu et al. 2002). The occurrence inbefic disease during the summer months, the
morphology of the virus as well as the associated pathologheadges, including evidence of intranuclear
inclusion bodies and nuclei with marginated chromatin, sugddtat AVNV may be related to OsHV-1
(Ren et al. 2013). Subsequent genetic characterisation NVASolates fromC. farreri found the DNA
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sequence of AVNV was 97% identical to that of a refeeestrain of ostreid herpesvirus 1 (OsHV-1). The
genomic organization was similar, consisting of two uniggggons (170.4 kb and 3.4 kb, respectively), each
flanked by two inverted repeats (7.6 kb and 10.2 kb, respectivelly), amhird unique region (1.5 kb)
situated between the two internal repeats, suggestingtid¥ was a variant of OsHV-1 (Ren et al. 2013).

The emergence of AVNV is significant because another MaoBOsHV-1 emerged in cultureégl. gigasin
France in 2007 and 2008 causing greatly increased mortgMesenot et al. 2011, Renault 2011). This
microvariant (OsHV-1 pVar) strain was defined on the bafsésdeletion of 13 bp in a microsatellite zone of
the open reading frame 4 (ORF 4) of the genome (Segaata2&t10, EFSA 2010, Martenot et al. 2011, OIE
2016g). Samples collected in China in 2002 also presented the reiardiypical of the OsHV-1LVar as
well as all other polymorphisms reported for {iéar strain from France, except for two substitutions in
ORF 4 and 100% homology with the OsHV-1 reference strain in @8R{Segarra et al. 2010). The pVar
strain was subsequently reported in several Europeanirmsi(EFSA 2010) including mixed infections of
both OsHV-1 and OsHV-iiVar in Italy (Dundon et al. 2011). Strains of OsHV-1 virtyadlentical to the
pVar strain subsequently spread to cause mass medalfiC. gigasin several other countries (Martenot et
al. 2015, Arzul et al.2017), including New Zealand (Johnston 20all, Muellner et al. 2011, Keeling et al.
2014) and Australia (Frances et al. 2011, Evans et al. 2016b,injtatt et al. 2016). Recent
phylogeographic analyses suggest that not only OsHV-1, but ttee wariants of OsHV-1 that were
originally described from France, probably originated froratEesia where the highest range of genotypes
for these viruses are found in several bivalve spedes €t al. 2015, Mineur et al. 2015). Indeed, the
variant that emerged in New Zealand in 2010 was genetigedlyped with strains present in Japan at that
time, suggesting spread via international shipping (Renadlt20¥2, Bai et al. 2015).

Unlike herpesviruses from vertebrate hosts, there is evidbat@erpesviruses in bivalve molluscs may be
less host specific, as OsHV-1 was detected in a rangraiive species, including cupped oysté€rsgigas

C. virginica C. ariakensisand C. sikameaflat oysters ©. edulig as well as clamsR( philippinarun,
mussels Mytilus galloprovinciali§ and scallopsRecten maximygsee Arzul et al. 2001a,b,c, Burge 2010,
EFSA 2010, Burge et al. 2011, Bai et al. 2015). The OsHV-1 h&sibeen mainly isolated froth gigas

but has also been detecteddrassostrea angulatanussels Nytilus edulisandMytilus galloprovincialig
and clams Ponax trunculuy (see Martenot et al. 2015). The AVNV variant causirggake irChlamys
farreri in China was not detected in any other bivalve speciasefBd. 2015). However, a new variant of
the virus, termed OsHV-1-SB with 97.3% similarity to AVN¥Yd95.2% genome similarity to the OsHV-1
reference strain, was first detected in populationsudiired ark shellsScapharca broughtonjiiin China
that had experienced disease outbreaks in 2012 once wafserétures exceeded 18°C (Bai et al. 2016,
2017). Since 2012 this variant of AVNV has subsequently Hetetted in not onl$capharca broughtonii
but several other species of bivalves, including scalplamys farreri Platinopecten yessoensislams
Ruditapes philippinarurandMeretrix meretrix and oyster€rassostrea hongkongengBai et al. 2015).

Members of the family Herpesviridae can persisthigirthost in asymptomatic latent infections, with virus
expression and active replication being associated with ex@o$earrier hosts to stressful conditions (Eide
et al. 2011). Indeed OsHV-1 is detectable in asymptomatic jevéilndon et al. 2011) and adult oysters
(Arzul et al. 2002) at very low levels that may represetrue latent carrier state, suggesting that apparently
healthy bivalves can play a role as reservoirs for O4Hkansmission. There is evidence that OsHV-1 can
be transmitted both horizontally through the water andcadist between generations. Herpesviral diseases
of bivalves can be transmitted between conspecificotret species of bivalves by cohabitation (Hine et al.
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1998, Arzul et al. 2001a,b, Schikorski et al. 2011a,b). The routdeaftion is horizontal via the water as
viral particles are detectable in water surrounding infetigdlves (Vigneron et al. 2004, OIE 2016g).
Sauvage et al. (2009) used real time PCR to detect OsHVebnaentrations of 1-2 x iQviral DNA
copies/L in seawater around juvenile gigasheld in a raceway during a summer mortality outbreak,
howeverother studies have indicated that during the stage of adatalaeplication in mass mortality events
in larval rearing tanksviral concentrations may reach around 5 %\ifal DNA copies/L (Vigneron et al.
2004, Renault 2011) In this respect given its close relationship to OsH¥nd its role in similar mass
mortality events, it can be assumed that the trangmisgiAVNYV will be similar to that shown for OsHV-1.

Schikorski et al. (2011a) transmitted OsHV-1 pVar via cdaéibn between uninfected juvenile (5 gratn)
gigas and juveniles that had been experimentally infecteéld @sHV-1 pVar. The virus was detectable in
naive oysters after as little as 6 hours cohabitation mnfdtted oysters, and mortalities of naive oysters
cohabited with infected oysters increased gradually fbays 1 to 8, reaching a maximum at 50 % at Day
10, significantly lower than the 90% mortalities recordedoysters infected by intramuscular injection
(Schikorsky et al. 2011a). Six hours after addition of egstgected with OsHV-1 pVar, the amount of
viral DNA in seawater increased to 1 X*A@ral DNA copiesyiL (1 x 10° viral DNA copies/L) and remained
stable up to 48 hours, then dropped at 54 hours once the intteamys injected oysters were removed,
before increasing again by 72 hours as the infection tookimaohe naive oysters, reaching a maximum of 1
x 10 viral DNA copies/L after 102 hours (Schikorsky et al. 2011ggremont (2011) found that juvenile
oysters had undetectable herpesvirus infections upon deployners field situation where OsHV-1 was
known to be endemic. By 7 days post deployment, infection l@vaedgsters known to be susceptible to
OsHV-1 increased quickly to 1-4 x 4dral DNA copies per mg of oyster tissue, but in OsH\esistant
oysters the infection intensity reached only arourid/it@l DNA copies per mg of tissue), and subsequently
declined to below Twiral DNA copies per mg of tissue by day 17 post deployrfi2egremont 2011).

Vertical transmission or pseudo-vertical transmissio®@@ifV-1 is known to occur (Arzul et al. 2002) and
was demonstrated by the persistence of the virus in 3 sivecgesierations of. gigas(Barbosa-Solomieu

et al. 2005). Viral DNA was detected by classical P@R-day-old larvae, indicating that, even if true
vertical transmission does not occur, infection of progaked place at very early stages post fertilization
(Barbosa-Solomieu et al. 2005). On the other hand, Barlmeaif@u et al. (2005) noted that the detection
of viral DNA in parental oysters did not systematicaltyrespond to a productive infection or result in a
successful transmission to the progeny - infected parentsot@ways produce infected larvae, and failure
to detect OsHV-1 amongst parents did not always corregpgmaduction of non-infected larvae.

5.10.5 Release assessment

Malacoherpesviruses do not survive free in seawater outsdeost for long periods of time. For example,
Hick et al. (2016) found that OsHV-1 pVar remained infeion seawater for only 2 days at 20°C, but in
contrast the virus remained viable in wet or dry, non-livingt@ytissues for at least 7 days at 20°C. These
data suggest that AVNV would be unlikely to survive free ilalsawater for longer than 2 days, however
the virus would certainly be able to survive within infechedt bivalve species that may be taken in with
ballast water and translocated to new areas. Surveysshaws that in areas where AVNV and its genetic
variants are endemic, the virus occurs at prevalences&etd and 100% in bivalves sampled at markets
(Bai et al. 2015), suggesting that these viruses may bewedatsthroughout inshore waters in China.
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Malacoherpesviruses can tolerate freezing, for exampgt®/€sremained viable after freezing at -20°C for
at least 2 days and remained infective (Schikorsky et al. 20Migheron et al. (2004) foundo loss of
ability to detect OsHV-1 within 48 hours when viral DNA waszen at —20°C in buffered distilled water.
However,successive freeze/thaw cycles cause reduced viral DNe&stamt by PCR (Vigneron et al. 2004),
suggesting that OsHV-1 DNA is damaged by freeze/thawiftgese data suggest that if frozen scallops or
other bivalve products were imported into Australia, ttiely may contain viable AVNV or OsHV-1
variants. The proportion of imported mollusc productsl ot human consumption in Australia that are
used as bait or burley is not precisely known, however molluges popular bait in Australia (Kewagama
Research 2002, Diggles 201Department of Agriculture 20)%nd recreational fishers from QLD report
using scallops for bait (Kewagama Research 2002). The saimwey found that recreational anglers from
several states used shellfish sold as seafood for belitiding 1.76% of fishers in QLD and 24.59% of
fishers in WA (Kewagama Research 2002). These data sutpgégshis pathway exists and that viable
AVNYV could enter Australian waters through diversion gported mollusc products as bait or burley.

Aquaculture feeds that are imported are mainly extrudddtpelfeeds with fishmeal and other ingredients
that are processed and cooked to over 90°C for several mohuieg manufacture, which is sufficient to
inactivate most microorganisms that are sensitive & fle@rgersen and Hastein 1995, Tacon 2017). Given
that herpesviruses are sensitive to heat (Plummer and U&6b), with aquatic herpesviruses inactivated in
1-5 minutes at temperatures above 50°C (Kasai et al. 2006,eHel. 2016), temperatures experienced in
extruders are likely to inactivate any AVNV present itifigially formulated extruded pellets. Given that
malacoherpesviruses can be detected in water and plearkdamay be spread by aquatic mechanical vectors
(Whittington et al. 2015, 2016, Evans et al. 2016b), it is veryylitket live feed organisms exposed to water
containing AVNV are able to act as mechanical vectorghisrdisease agent. Because AVNYV infects larval
molluscs, if infected individuals were taken in with bdllasater, they could be translocated into new areas,
as could juvenile or adult molluscs inhabiting sea chestsoonmercial shipping (Coutts and Dodgshun
2007). So it appears possible that AVNV could be introdu@ethiected hosts translocated in ballast water,
or as biofouling (Howard 1994) on the hulls or sea chestsrofrercial shipping (Appendix 3), commercial
fishing boats, recreational fishing boats and otherspleacraft. Indeed, the OsHV-1 pVar that emerged in
New Zealand in 2010 was genetically grouped with strainseptén Japan at that time, suggesting spread
via international shipping (Renault et al. 2012, Martenot. 2(dl5, Bai et al. 2015).

Since AVNV is known to occur only in China at this tinteappears less likely that infected molluscs could
naturally colonise floating vectors such as artificial déoh, discarded fishing gear and debris which can
make landfall into northern Australia (Wilcox et al. 2013 et¢tnk et al. 2014, Appendix 4). Molluscs
infected with AVNV could, however, be imported as lzatried by foreign fishing vessels. AVNV is not
considered to be naturally present in northern Australiarergjatlthough other strains of OsHV-1 are
present in Southern Australia, so it appears unlikely tthatdisease agent could be introduced by natural
movements of fish or shellfish. Range extension for AViNMcted hosts by the process of stepping stone
colonisation across natural geographic boundaries also appdiiedy at this time. Taking into account the
likely propagule pressure experienced via the various mttaxh pathways, the likelihood estimations for
the release of AVNV into suitable environments in Australraters via the identified risk pathways are
listed below for the various IMCRA Bioregions.
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Release assessment for Acute Viral Necrosis Virus ofadiops (AVNV).

Likelihood of release Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N | m | m | m | ec e[ v~ w /|t |E | E
Gulf of Carpentaria
o5Northern IProvince | EL | H | H | H | eL | eL | v | vo | v | EL | EL
WA Offshore
2 Timor Province N VL M M EL EL EL VL L N EL
3 NW Transition N VL L L EL EL EL EL L N EL
4 NW Province N VL L L N N EL EL VL N EL
5 Central W Transition N VL L L N N EL EL EL N EL
WA Onshore
26 Northwest | Transition EL M M M EL EL EL VL EL EL EL
27 Northwest | Province| EL H H H EL EL VL VL EL EL EL
28 Central W | Transition EL M M M EL EL L EL EL EL EL
East Coast Offshore
15 Central E Transition N EL EL EL N N N N N N N
16 Kenn Transition N EL EL EL N N N N N N N
17 Kenn Province N EL EL EL N N N N N N N
18 Northeast Province N EL EL EL N N N N N N N
19 Northeast Transition N EL EL EL N N N EL EL N N
20 Cape Province N VL VL VL N N N VL VL N N
East Coast Onshore
40 Northeast | Province | EL H H H N N L EL EL N N
41 Northeast | Transition EL M M M EL EL VL VL VL EL EL

H = High, M = Moderate, L = Low, VL = Very Low, EL = Exdamely Low, N = negligible. Abbreviations
for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic, FMN = Fish/shellfish movements - Naturgh +SInfrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts

5.10.6 Exposure assessment

While AVNV occurs in Chinese scallop€lilamys farrerj, the recently emerged variant OsHV-1-SB has
been recorded in a wide range of bivalves in China, inclu@htamys farreri ark shells $capharca
broughtoni), Platinopecten yessoensidamsRuditapes philippinarunand Meretrix meretrix and oysters
Crassostrea hongkongengBai et al. 2015). Because of its low host specifiggnetic variants of AVNV
may be able to infect several species of bivalves tlatran northern Australia. However, it is also known
that some species of bivalves are not susceptible to\A¥fifection, including bay scallopAfgopecten
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irradians, see Bai et al. 2015) and potentially other species tlatr ac North Queensland including black
lip pearl oyster Rinctada margaritiferasee Tan et al. 2015). This suggests that AVNV reledsedgh
various pathways could come in contact with susceptitdeisg, but that the range of susceptible hosts may
be relatively narrow. The environmental conditions in northeustralia would appear suitable for
establishment of AVNV, which requires temperatures above52@ to cause disease. If mollusc products
infected with AVNV werefrozen and imported uncooked into Australia, they mapdwar high viral titres
and the @ease agent would be unlikely to be inactivated bgzirey (Schikorsky et al. 2011b). Given that
molluscs are a popular fishing bait Australia (Kewagama Research 2002, Diggles 2@Epartment of
Agriculture 201% and it is known that some recreational fishers use molluschased as seafood for bait
(Kewagama Research 2002), if infected imported mollusce wwerted for use as bait or burley, viable
AVNV could enter Australian watersAVNV could also be transported via infected molluscs iflalsa
water, biofouling or sea chests of shipping. If susceptiméuscs in northern Australizere exposeto
viable infective stagesia one of the identified pathways, infection may ocifuan infective dose was
introduced into an area where susceptible hosts wererpresder conditions suitable for transmission. The
minimum infective dose required for transmission of &@sH(and AVNV) variants horizontally via the
water is not known, though 1 x %0iral DNA copies/L seawater was successfully usethancohabitation
experiments of Schikorsky et al. (2011a) approximating antinéedose of 2.5 x 10viral DNA copies per
oyster under the experimental conditions used, while a dosé o 10 viral DNA copies per oyster was
used to successfully transmit OsHV-1 pVar via intraguoles injection (Schikorski et al. 2011a, 2011b).

Sauvage et al. (2009) found the viral load in morib@djigasjuveniles was around 1 x 30iral DNA
copies per mg of oyster tissue. In a 5 gram (5%mg) juvenile oyster, this equates to 5 X*\ral DNA
copies per moribund oyster, which means that one moriburtdrdpeoretically contains sufficient virus to
kil upwards of 20,000 other oysters (Schikorski et al. 2011a, 20&%8uming the viral particles remain
viable long enough to be transferred to the water afted¢héh of the host. This massive viral replication
explains why malacoherpesviruses can cause acute masditresrivhen susceptible bivalves are held at
high density (Renault 2011). This suggests that if diseasedst®vere emergency harvested, frozen, then
imported and subsequently used as bait, they would pegmidicant risk of infection of nearby molluscs.
In contrast, the viral load carried by subclinically infectemlluscs in ballast water or as biofouling on ships
would not be so high, however the potential for massive ra@ication under stressful conditions would
ensure they remained a threat to any nearby susceptible engfflesies if environmental conditions became
stressful. If anindex case occurred, the disease agent would likely pensithe population as the
susceptible species of molluscs in northern Australia magufter epizootic mortalities and could pass the
virus onto subsequent generations via vertical transmissidrere is evidence that other OsHV-1 variants
have been spread around the world via shipping and become bs@ltisvild and cultured populations of
molluscs in new locations such as New Zealand and Austr@lizen that various pathways exist to allow
AVNV and its variants to enter the Australian environment, taatl suitable hosts are likely to occur in the
wild, the risk of exposure and establishment is non-negligiid, the overall likelihood of exposure and
establishment of AVNV in suitable environments in northern Aliatis.considered to béoderate.

5.10.7 Consequence assessment

In regions where AVNYV is enzootic in farmed molluscsai lkaused sudden epizootic mortalities exceeding
90% in scallops and clams, often in animals that are nedetrsze (Song et al. 2001, Liu et al. 2002, Xiao
et al. 2005, Bai et al. 2015, Arzul et al. 2017). The emergentieealisease has been devastating to the
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mollusc farming industries in China, resulting in significacbnomic losses and a reduction of around 60%
of industry production (Bai et al. 2015, Guo and Ford 2016). Tergence of AVNV in China has been
linked to warming water temperatures together with ineeastensity of farming (Guo and Ford 2016). In
contrast, commercial culture and sea ranching of scaibojosits infancy in Australia, but establishment of
such a major pathogen as AVNV would represent a signifiohstacle to future investment in such
industries. Reluctance to invest in mollusc aquaculturerithexm Australia could pose a risk to Australia's
future food security, hence the likely impacts of introductbrAVNV on potential mollusc aquaculture
industries in Australia are therefore considered toxkrem®me.

Mass mortalities of wild scallop stocks due to outkseaf various diseases have been reported (Gulka et al.
1983, Kristmundsson et al. 2015, Guo and Ford 2016). Because dismaseaise collapse of wild scallop
populations, there are several important wild fisheriesséallop and other molluscs in northern Australia
which could be adversely affected if a new exotic pathdigerAVNV was introduced. Any adverse effects
could result in ecological harm to aquatic environmentserpiatly resulting in significant cultural and
socio-economic harm to regional communities in northern Alssteand elsewhere in the country. As
OsHV-1 microvariants are listed by the OIE (OIE 2016g) BACA, significant trade implications would
follow its introduction. Establishment of AVNV in a regionmdrthern Australia may require intervention
by government authorities and disruption to normal trade in necotlosimodies by commercial fisheries and
mollusc gathering by recreational fishers to limit potdrgpread into uninfected areas. Once AVNV was
detected, unless it was in an enclosed system there weuld chance of eradication. Taking all of these
factors into consideration, the environmental impacts of intwoh of AVNV are likely to be high, as are
the impacts on domestic and international trade, while impactnollusc farming industries could be
extreme, suggesting that the overall consequences of intrmdwand establishment of AVNV into the
environment of northern Australia via the identified risk paiys are likely to béligh.

5.10.8 Risk estimation

The unrestricted risk associated with infection witbtute Viral Necrosis Virus of scallops (AVNV) is
determined by combining the likelihood of release and exposure (fedte B) with the consequences of
establishment (Table 7) to arrive at a risk estimation €r@bFigure A15 in Appendix 1). The unrestricted
risk estimate for AVNV exceeds the ALOP for several pays in several bioregions, suggesting that
additional risk management is required for this disegeat.

Risk estimation (combined all pathways) for:

Acute Viral necrosis Virus of Scallops (AVNV)

deghaible or very low nisk T . @ fﬁé .

_ LId Law risk
. b Moderate risk
. " B ok
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Risk estimate for Acute Viral Necrosis Virus of scallopgAVNV).

Likelihood of exposure: Moderate

Consequences of establishmentidigh

Risk estimate Pathway Type
Feature/ AF* BW BC BP DF FL FBD FBI | FMA | FMN ISS
IMCRA region
NT Offshore
1 Timor Transition N vL | v | N L [m | v | w
Gulf of Carpentaria
25 Northern | Province | VL v | v | L L | L v |w
WA Offshore
2 Timor Province N VL VL VL L M N VL
3 NW Transition N VL VL VL VL M N VL
4 NW Province N N N VL VL L N VL
5 Central W Transition N N N VL VL VL N VL
WA Onshore
26 Northwest | Transition VL VL VL VL L VL VL VL
27 Northwest | Province| VL VL VL L L VL VL VL
28 Central W | Transition VL VL VL M VL VL VL VL
East Coast Offshore
15 Central E Transition N VL VL VL N N N N N N N
16 Kenn Transition N VL VL VL N N N N N N N
17 Kenn Province N VL VL VL N N N N N N N
18 Northeast Province N VL VL VL N N N N N N N
19 Northeast Transition N VL VL VL N N N VL VL N N
20 Cape Province N L L L N N N L L N N
East Coast Onshore
40 Northeast | Province | VL _ N N M VL VL N N
41 Northeast | Transition VL VL VL L L L VL VL

I = High,[M = Moderate, L = Low, VL = Very Low, EL =xremely Low, N = negligible. Abbreviations

for pathway types: AF = Aquaculture fée8W = Ballast water, BC = Biofouling on commercial shippi
BP = Biofouling on pleasure and fishing boats, DF = Disedighost fishing gear, FL = Flotsam/debris,
FBD = Fishing bait - Domestic, FBI = Fishing bait - Imgal, FMA = Fish/shellfish movements —
Anthropogenic*, FMN = Fish/shellfish movements - Natui@§ = Infrastructure stepping stones.

¥ Negligible for extruded pellets, but includes rotifer cysig Artemiacysts
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6.0 Risk Mitigation

6.1. Risk Evaluation

In Sections 4 and 5, detailegalitativerisk assessments were undertaken on each of the pesisaases

of concernto arrive at an overall relative likelihood of introductiestablishment and spread for each of the
17 relevant IMCRA Provincial Bioregions identified by thedartment of Agriculture and Water Resources.
The outcomes of these risk assessments indicated 5 pes® diseases for which the unmitigated risk
exceeded the ALOP for at least one pathway within at ®@sbioregion (Table 9).

For the 5 pest species assessed in Section 4, thesasksanent found a high likelihood of introduction.
establishment and spread of Asian green muBseta viridis and Black striped false mus3dditilopsis
sallei, a moderate risk of introduction of the Brown mus®&sgrna pernaand Harris' mud crab
Rhithropanopeus harrisiand a low risk of introduction of the Asian bag mugselatula senhousia

The risk of establishment d?. viridis was considered to be high across the entire coastlimerdiern
Australia (including river catchments) (Appendix 1, Figur&),Awith high risk pathways of introduction
identified as ballast water, biofouling of commercial aadreational shipping, biofouling of flotsam and
discarded fishing gear, anthropogenic movementB. ofiridis into the EEZ (including use as fishing bait
imported by foreign fishing vessels), and via stepping stotteductions on offshore infrastructure. In
contrast, risk of introduction dP. viridis via natural processes was considered to be low, whileofisk
introduction via domestic bait translocation was consideeggigible (Tables 9, 10).

The risk of establishment ®. sallei was also considered to be high across the entire io@astlnorthern
Australia (including river catchments) (Appendix 1, Figur2),Awith high risk pathways of introduction
identified as ballast water and biofouling of commercral eecreational shipping. Moderate risk pathways
included biofouling of flotsam and discarded fishing geathrapogenic movements &i. sallei into the
EEZ (including use as fishing bait imported by foreighifig vessels), and stepping stone introductions on
offshore infrastructure. In contrast, risk of introtioc of M. sallei via natural processes was considered to
be low, while risk of introduction via domestic bait traasition was considered negligible (Tables 9, 10).

The risk of establishment &f. pernawas considered to be moderate across the entireineasftinorthern
Australia (excluding river catchments) (Appendix 1, Figure ABkh moderate risk of introduction
identified via ballast water, biofouling of commerciaddamecreational shipping, anthropogenic movements
of P. pernainto the EEZ (including use as fishing bait imported byifgm fishing vessels), and via stepping
stone introductions on offshore infrastructure. In cohtrésk of introduction ofP. pernavia biofouling of
flotsam and discarded fishing gear or natural processesamstdered to be low, while risk of introduction
via domestic bait translocation was considered negligiblblé$®, 10).

The risk of establishment &. senhousiavas considered to be low across the entire coastlimertiiern
Australia (including river catchments) (Appendix 1, Figure Adijh low risk of introduction identified via
ballast water. In contrast, risk of introductionfofsenhousiaia biofouling of commercial and recreational
shipping, biofouling of flotsam and discarded fishing geathropogenic movements Af senhousianto
and within the EEZ (including use as fishing bait importedfdrgign fishing vessels and domestic bait
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translocation), stepping stone introductions on offshoresifucture, or via natural processes were either
below the ALOP or negligible (Tables 9, 10).

The risk of establishment &. harrisiiwas considered to be moderate across the entire coasthoethern
Australia (including river catchments) (Appendix 1, Figure, Aijh moderate risk of introduction identified
via ballast water, biofouling of commercial and recreatighgpping, and anthropogenic movementsRof
harrisii into the EEZ. Furthermore, the risk of introduction \iepping stone introductions on offshore
infrastructure was considered to be low. In contrask, of introduction ofR. harrisii via biofouling of
flotsam and discarded fishing gear, use as fishing baitrteghdoy foreign fishing vessels, domestic bait
translocation or natural processes were either belowltkAor negligible (Tables 9, 10).

For the 10 disease agents assessed in Section 5, theseskrasnt found a high likelihood of introduction
establishment and spread of megalocytiviruses of finAslite Viral Necrosis Virus of Scallops (AVNV),
White spot Syndrome Virus (WSSV) of crustaceans, Yellowliadase caused by YHV1 virus in prawns,
and Acute Hepatopancreatic Necrosis Disease (AHPNPpasfns. The risk assessment found a moderate
likelihood of introduction establishment and spreadEdivardsiella ictaluriof finfish, Taura Syndrome
Virus (TSV) of prawns and crabs, aBdterocytozoon hepatopend&HP) infections of prawns. The risk of
introduction establishment and spread of Necrotizing Hgaaicreatitis (NHP) of prawns was found to be
low, while the risk of introduction establishment and spreadfefctious Myonecrosis (IMN) was very low
and did not exceed the ALOP. The analysis also fonadany release pathway that facilitated entry of live
decapod crustaceans (e.g. biofouling in sea chests on comhséipping, illegal importation of ornamental
crustaceans) also represented a significant risk mfdating several diseases, particularly WSSV, but also
TS, YHV1, AHPND and EHP.

The risk of establishment of megalocytiviruses of finfigdis considered to be high along the east coast of
QLD (Bioregion 40) and moderate across the remaining coastfimorthern Australia (including river
catchments) (Appendix 1, Figure A6), with high risk pathwaksntroduction being via anthropogenic
movements of megalocytiviruses through introduction of ormmhefishes into the environment. A
moderate risk of introduction was identified for domestit tsanslocation (use of ornamental fishes as bait),
and a low risk of introduction was identified for ballast evabiofouling of commercial and recreational
shipping, live aquaculture feeds (eAgtemiaor rotifers) and use of fishing bait imported by forefighing
vessels. In contrast, risk of introduction of meggierusesvia biofouling of flotsam and discarded fishing
gear, natural processes and via stepping stone introductiongsborefinfrastructure were identified as
either below the ALOP or negligible (Tables 9, 11).

The risk of establishment of entreric septicaemia ¢fista(Edwardsiella ictalur) was considered to be
moderate on the east coast of QLD (Bioregions 40 and 4uidingl their river catchments) and bioregion 28
in WA, and low across the remaining coastline of northarstralia (including river catchments) (Appendix
1, Figure A7), with moderate risk pathways of introductiomdpevia anthropogenic movements Bf
ictaluri by introduction of ornamental fishes into the environment, daméait translocation (use of
ornamental fishes as bait), and via natural processésnffovements). In contrast, risk of introductiorEof
ictaluri via aquaculture feed, ballast water, biofouling of commaégamnd recreational shipping, biofouling of
flotsam and discarded fishing gear, use of fishing bait itegdoy foreign fishing vesselsr via stepping
stone introductions on offshore infrastructure were ifledtas either below the ALOP or negligible (Tables
9, 11).
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The risk of establishment of White Spot Disease (WJR)yustaceans was considered to be high across the
entire coastline of northern Australia (including river catehts) (Appendix 1, Figure A8), with high risk
pathways of introduction identified as domestic bait fianagion (e.g. use of imported green prawns as bait
or burley), ballast water, biofouling of commercial andreational shipping, and via anthropogenic
movements of crustaceans into the EEZ. A moderate rigktroduction was identified for biofouling of
flotsam and discarded fishing gear and stepping stone udtiods on offshore infrastructure, and a low risk
of introduction was identified for live aquaculture feddsy. Artemia or rotifers) and use of fishing bait
imported by foreign fishing vessels. In contrast, mékintroduction of WSD via natural processes was
identified as either below the ALOP or negligible (Talfled1).

The risk of establishment of Infectious Myonecrosis (IMiprawns was considered to be either below the
ALOP or negligible across the entire coastline of norttfaustralia (including river catchments) (Appendix
1, Figure A9, Tables 9, 11).

The risk of establishment of Taura Syndrome (TS) of angstns was considered to be moderate across the
entire coastline of northern Australia (including rivercbatents) (Appendix 1, Figure A10), with moderate
risk pathways of introduction identified as domestic baitdiacation (e.g. use of imported green prawns as
bait or burley), ballast water, biofouling of commercial aedreational shipping, and via anthropogenic
movements of crustaceans into the EEZ. A low risk obthiction was identified for biofouling of flotsam
and discarded fishing gear and stepping stone introductiondfsitore infrastructure. In contrast, risk of
introduction of TS via aquaculture feeds, natural prasess use of fishing bait imported by foreign fishing
vessels was identified as either below the ALOP or nédgidirables 9, 11).

The risk of establishment of Yellowhead Disease (caugedH)/1) of prawns was considered to be high
across the entire coastline of northern Australia (oiclg river catchments) (Appendix 1, Figure Al1), with
high risk pathways identified as ballast water, biofouling@ihmercial and recreational shipping and via
anthropogenic movements of crustaceans into the EEZ. Ariklkwof introduction was identified for
biofouling of flotsam and discarded fishing gear, domesdit tvanslocation (e.g. use of imported green
prawns as bait or burley) and use of fishing bait impobtgdoreign fishing vessels. In contrast, risk of
introduction of YHV1 via aquaculture feeds, natural proegss stepping stone introductions on offshore
infrastructure were identified as either below the ALO@Regligible (Tables 9, 11).

The risk of establishment of Acute Hepatopancreatic Necfisease (AHPND) of prawns was considered
to be high in bioregions 27 (WA) and 40 (QLD) (excluding riveichments) where concentrations of major
commercial shipping ports and routes occur (Appendix 1, FigliPe Appendix 2, Appendix 3). The risk of
establishment of AHPND for the remainder of northern Ausinafs considered to be moderate (Appendix
1, Figure A12). High risk pathways of introduction of AHPNre identified as ballast water, and
biofouling of commercial and recreational shipping. A moderak of introduction was identified for
anthropogenic movements of crustaceans into the EEZ, vawleisks of introduction were identified for
biofouling of flotsam and discarded fishing gear. In castirrisk of introduction of AHPND via aquaculture
feeds, domestic bait translocation (e.g. use of impagtedn prawns as bait or burley), use of fishing bait
imported by foreign fishing vessels, stepping stone intramhecton offshore infrastructure and via natural
processes were identified as either below the ALOP orgielgli(Tables 9, 11).

The risk of establishment of Necrotizing HepatopancisdNHP) of prawns was considered to be low
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across the entire coastline of northern Australia (ekisturiver catchments) (Appendix 1, Figure A13), with
low risk pathways of introduction identified as ballasttewabiofouling of commercial and recreational

shipping, and via anthropogenic movements of crustaceartheiEZ. In contrast, risk of introduction of

NHP via aquaculture feeds, biofouling of flotsam and dischfd#ing gear, domestic bait translocation
(e.g. use of imported green prawns as bait or buneyg ,of fishing bait imported by foreign fishing vessels,
natural processes or stepping stone introductions on offshioastructure were identified as either below
the ALOP or negligible (Tables 9, 11).

The risk of establishment &nterocytozoon hepatopend&HP) in prawns was considered to be moderate
in bioregions 27 (WA) and 40 (QLD) (excluding river catchmenig)ere concentrations of major
commercial shipping ports and routes occur (Appendix 1, Figie Appendix 2, Appendix 3). The risk of
establishment of EHP for the remainder of northern Auat(ekcluding river catchments) was considered to
be low (Appendix 1, Figure A14). Moderate risk pathways of intcadn were identified as ballast water
and biofouling of commercial and recreational shipping. o kisk of introduction was identified for
anthropogenic movements of crustaceans into the EEZ. ontrast, risk of introduction of EHP via
aquaculture feeds, biofouling of flotsam and discarded fispeay, domestic bait translocation (e.g. use of
imported green prawns as bait or burley), use of fisheigimported by foreign fishing vessels, stepping
stone introductions on offshore infrastructure or via nafomacesses were identified as either below the
ALOP or negligible (Tables 9, 11).

And finally, the risk of establishment of Acute Viral Mesis Virus (AVNV) of scallops was considered to
be high across the entire coastline of northern Austrekelding river catchments) (Appendix 1, Figure
A15), with high risk pathways of introduction identified lzedlast water and biofouling of commercial and
recreational shipping. A moderate risk of introduction wlastified for domestic bait translocation (e.g. use
of imported molluscs as bait or burley) and via anthropogenieements of molluscs into the EEZ, while a
low risk of introduction was identified for use of fish bait imported by foreign fishing vessels. In
contrast, risks of introduction of AVNV via aquaculturedgebiofouling of flotsam and discarded fishing
gear, stepping stone introductions on offshore infrastructuratoral processes were identified as either
below the ALOP or negligible (Tables 9, 11).

6.2 Options for Risk Mitigation

There may be several options available for mitigatingrigieof introduction or translocation of pests and
diseases posed by those pathways that exceed the ALOP inr aner® bioregions. The ability of
biosecurity authorities to implement additional risk naitign methods will depend on capability and
financial constraints as well as multiple logisticatlaegulatory constraints, some of which may be unique
to each pathway. Selection of appropriate risk mitigatioioweptto reduce risks to within the ALOP is
outside the scope of this risk analysis and indeed thaegscshould be undertaken in full consultation with
affected stakeholders. Here, discussion of each optidrb&vitestricted to a brief appraisal and, in some
cases, discussion of the strengths and weaknesses afptgehfor reducing risks to within the ALOP.

Pathway 1. Aquaculture Feed

Most aquaculture feeds imported into Australia are erttyztlleted feeds which are cooked to over 90°C
for several minutes during manufacture, which is sufficieninactivate most pathogens (Tacon 2017)
including all of the diseases of concern examined heracdHhere appears to be no need for risk mitigation
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for extruded aquaculture feeds. However, viable aquaculteds fuch afrtemiacysts or rotifer cysts can
act as vectors for several diseases of concern (WSD)YHV1, AHPND), of which WSD exceeded the
ALOP, hence testing of these commodities or sourcing them fegions known to be free of diseases of
concern may be required to reduce the risk of theiodloiction, establishment and spread via this pathway.

Pathway 2. Ballast Water

The likelihood estimates used in this analysis for ballaser assumed use of routine ballast water exchange
to Australian Ballast Water Management RequirementsNB 2016). However, AQIS has estimated that
between 150 and 200 million tonnes of ballast water are dischairtied Australia’'s EEZ each year (Evans
et al. 2016a). Risk of ballast water introduction is aiyerelated to the frequency of ballast unloading
events (Hayes and Hewitt 1998). Due to the high volume of traglether with forecasts that the number of
ship arrivals into Australia are likely to nearly double 2025 (DIRD 2014), this means that despite the
Australian Ballast Water Management Requirements;iske of introduction and establishment of pests and
diseases via this pathway are non negligible, ranging from rsghinrithe cases d?. viridis, M. sallej
WSD, YHV1, AHPND, and AVNV, moderate risk in the casesPof perna R. harrisi, TS andE.
hepatopenagiand low risk in the case #&. senhousiamegalocytiviruses and NHP. Indeed, mid-ocean
exchange does not eliminate macroinvertebrates, suggestingcuh@&nt ballast water management
regulations are ineffective for this taxonomic group (Brigkale 2012). Hence incursion risk from ballast
water is likely to increase with increasing frequencyessel arrivals (DAWR 2015a), unless additional risk
mitigation is undertaken. Detailed assessment of theusmethods of reducing risk of incursions via
ballast water is beyond the scope of this document, hovealditional risk management in the form of
treatment of discharged ballast water by heat, filtratrootleer means (UV/ozone, electricity) may be useful
or necessary to reduce risks to within the ALOP. Inntlkeantime, increased levels of active surveillance at
major ports including surveys for disease agents of coree well as pest species (Campbell et al. 2007)
would enhance the chances of detecting ballast watersioos at an early stage when establishment may
not yet be permanent and eradication may still be an offfieih et al. 2005, DAWR 2015a).

Pathway 3. Biofouling on commercial shipping

Many of the issues with biofouling of commercial shipparg similar to those detailed above for ballast
water, except that the risks posed through introductiopests and diseases via biofouling are currently
unmitigated, such that many stakeholders and professionagleothat biofouling poses a greater threat to
Australia’s biosecurity than does ballast water (Hewitlle2011a, b, DAWR 2015a). Of the 35 known or
potential pest species identified by Neil et al. (2005r&®able of surviving in tropical Australia, 30 are
considered biofouling species (Cribb et al. 2009). Indeed, tkeofisntroduction of diseases by the
biofouling pathway is also significant given the wide rangéa&bnomic groups recorded in biofouling of
commercial shipping (Coutts and Dodgshun 2007, Hewitt et al.a2Gf)1 The current RA found that the
risks of introduction and establishment of pests and diseaa this pathway ranged from high risk in the
cases oP. viridis, M. sallei WSD, YHV1, AHPND, and AVNV, moderate risk in the case®operna R.
harrisii, TS andE. hepatopenagiand low risk in the case of megalocytiviruses and NHRFs known that
fewer than 1% of arriving vessels are inspected forobiofg, and one in four of vessels that are inspected
have high priority pest species present in biofouling é8e@ommittee 2015). Hence there is a little in the
way of risk mitigation for this pathway at present. S#eisks could be reduced if there were requirements
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for commercial vessels to implement effective biofoulngnagement plans, however there are currently no
such legislative requirements in Australia at this t{DAWR 2015a). Until such time as regulatory options
for managing biofouling are implemented and enforcedeas®d levels of active surveillance at major ports
is needed, including increased frequency of vessel inspsdbothetect pest species (Campbell et al. 2007),
together with surveys of translocated hosts for diseasgsageé concern (DAWR 2017). Effective active
surveillance enhances the chances of detecting biofouowysions at an early stage when establishment
may not be permanent and eradication may still be an gimihet al. 2005, DAWR 2015a).

Pathway 4. Biofouling on pleasure and fishing boats

The issues and solutions surrounding mitgation of the riskeitafduction of pests and diseases via
biofouling on pleasure and fishing boats are identical to tlhesmissed above for commercial shipping.
However regulation of biofouling on pleasure and fishing bosy be even more problematic than for
commercial shipping, given the larger number of smaller {eessaving and departing to and from many
different ports (Hewitt et al. 2011b).

Pathway 5. Discarded/ghost fishing gear

Colonisation of discarded/ghost fishing gear was recogniseal @ential pathway for introduction and
establishment of several marine ped®s yiridis, M. sallei andP. perng and 4 diseases of crustaceans
(WSD, TS YHV1 and AHPND). Around 1000 ghost nets are recarddte Gulf of Carpentaria alone each
year during beach cleanups, with modelling based on satsdidking suggesting most originate from illegal
fishing vessels operating in areas north west of Capk vidhe Arafura Sea (Wilcox et al. 2013). lllegal,
unreported and unregulated (IUU) fishing in and near thdr&liem Fishing Zone (AFZ) by Indonesian
fishing boats may be a continuation of historical trade @amime products stretching back several hundred
years (Neil et al.2005). These data suggest significaplague pressure may be exerted by abandoned
fishing gear with the risk of colonisation by unwanted oigas depending on the port of origin of the
fishing vessels and the length of time the gear is in tgenprior to landfall. To reduce this propagule
pressure, increased enforcement of illegal fishing wbeldequired. Regulations that require or encourage
gear return (such as buyback schemes) may also reducelifigoair fishing gear. For example, Wilcox et
al. (2013) cited a gear buyback program in South Korea thpedhebcover around 20% of the estimated
23,900 tons of fishing gear abandoned each year in that countiyeased satellite surveillance would also
increase the chances of detecting discarded fishing gear edrlier stage (Wilcox et al. 2013), improving
chances of interception on the water by border patroldrargdallowing the opportunity for proper disposal.
Such interventions would reduce propagule pressure vipdthsvay by reducing the frequency of landfall.
Increased levels of active surveillance during beach cleamoiplsl also help to detect pest species (Cribb et
al. 2009), together with surveys of translocated hosts foaskseof concern (DAWR 2017). Effective
active surveillance enhances the chances of detecting pei$ease incursions at an early stage when
establishment may not be permanent and eradication mayeséith option (Neil et al. 2005, DAWR 2015a).

Pathway 6. Flotsam/debris

The issues and solutions surrounding mitgation of the riskgrouction of pests and diseases via flotsam
and floating debris are similar to those discussed almvdigcarded/ghost fishing gear. Marine debris is
becoming an increasing problem not only in Australia, but woddwEvans et al. 2016a), however due to
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the smaller sizes of flotsam and marine debris, combatiagssue is even more problematic than for
discarded/ghost fishing gear. Increased levels of actiweilance during beach cleanups are needed to
detect pest species (Cribb et al. 2009), together with sunfeyanslocated hosts for disease agents of
concern (DAWR 2017). Effective active surveillance along theses lwould enhance the chances of
detecting pest or disease incursions at an early stégm wstablishment may not be permanent and
eradication may still be an option (Neil et al. 2005, DARM 5a).

Pathway 7. Fishing bait — Domestic

Fish, prawns and molluscs are popular baits for recreatismihg (Diggles 2011). It is well known that
some recreational fishers divert seafood intended for huorsumption into the bait and burley pathway,
while some ornamental fishes are also occasionally usédia (Diggles 2011, Department of Agriculture
2015). The outcomes from this risk analysis suggest the gco¥iusing ornamental fishes for bait
represents a moderate risk of introduction and establishrh&tegalocytiviruses an8dwardsiella ictalurj

use of imported molluscs as bait represents a moder&tefriatroducing AVNV, while use of imported
prawns as bait or burley represents a high risk of intraolucti WSD, a moderate risk of introduction of TS,
and a low risk of introduction of YHV1. Surveys publishe@®®2 found the main reasons anglers diverted
prawns intended for human consumption into the bait andeyoyéthway were either for reasons of
perceived freshness (42%), convenience (36% of respondents),lgdéeot respondents), or unintentional
change (7-12% of respondents intended to eat the prawns butfdrdwérious reasons hence diverted the
products to bait or burley rather than dispose of them wuiaicipal waste, see Kewagama Research 2002).
There is evidence that the proportion of fishers using segfaochased prawns as bait was increasing
throughout the early 2000's. Overall country-wide seafood plaaitnuse was 6% in 2001/02 (Kewagama
Research 2002) rising to 7.9% in 2006, a 33% increase (KewaBaswarch 2007, Table 12) with
convenience being the main reason cited in 2006 for purchasing séafdad (47% of respondents), then
freshness (34%) and price (15%). However, by weight the propoot imported prawns used as bait
increased to 11% of the estimated 59.6 tonnes of “soldaésoskprawns” in the 2006 survey, compared to
4% of the estimated 50.5 tonnes of seafood prawns reportée i2001/02 survey (Kewagama Research
2007). In gross terms of weight of imported prawns beiagga in the water (a direct measure of risk), this
equates to 0.11 x 59.6 = 6556 kg of imported prawns used as Bad6nvs 2020 kg of imported prawns
used as bait in 2001/02, an increase of 324% in 5 years (Tabl# &2nds of seafood bait use continued to
increase after 2009, depending on the prevalence of diseaseassM¢8SYV in imported prawns, risk of
introduction and establishment of those diseases via tiiwgatvould also increase (Table 12).

Today from perusal of public fishing forums it is clehattsome recreational fishers in Australia consider
use of imported prawns purchased from supermarkets aadaiutine, because they are cheaper and
perceived to be better quality (QLD Government 2006, Fishramerau 2013, Department of Agriculture
2015, Fishing Victoria 2016). Indeed, recent surveys conducteBidsecurity QLD suggest that the
proportion of recreational anglers using supermarket purchagemted prawns as bait may now exceed
50% (Biosecurity QLD 2017). Given the increased volumes amgpeawns imported in 2014-16 (12,000 —
16,000 tonnes) compared to 2006 (7,700 tonnes) (FRDC 2017) leading &sattevailability of imported
prawns at supermarkets over the past decade, and apparem vset of imported prawns by some members
of the recreational fishing community, the quantitiesngborted prawns being used as bait may be more
than an order of magnitude higher (up to 3500% higher) than in(Ze@& 12).
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http://frdc.com.au/trade/Pages/Crustacean-Full.aspx

This, together with a large increase in prevalence of diseassh as WSSV in imported prawns due to
biosecurity breakdowns at the international border (Fututesfes Veterinary Services 2017, Senate 2017),
represents a significantly increased risk of introductbexotic diseases via this pathway (Oidtmann and
Stentiford 2011, Table 12) compared to the situation in 2006 upochwhe current risk analysis for
imported prawn products was based (Biosecurity Australia 2009)

Education of anglers has been considered to be one wayigatmifj the risk of introduction of diseases
such as WSSV via the bait and burley pathway. However difficult to engage all recreational fishers in
educational campaigns and there is evidence that completadecline over time unless the educational
message is followed up with strong enforcement. Giventtiginevitable that if green imported prawns are
made available for retail sale as seafood that someébwiliverted into the bait and burley pathway, other
risk mitigation methods will be required to reduce trek f introduction of diseases such as WSSV to
within the ALOP consistent with the phytosanitary riskuettbn methods employed by Australia for other
non seafood products (e.g. see Commonwealth of Australia 2004&ebininly the current risk reduction
methods used for imported green prawns such as freezihgracessing to removing the head, shell and
alimentary canal decrease the risks of introduction oestiseases (YHV1, AHPND, NHIEnterocytozoon
hepatopenagj but some of these processes may actually increaseskhef establishment of other diseases
infecting prawn muscle such as WSSV, TSV or IMN, giveat tiemoval of the shell may allow potential
hosts (e.g. prawns, shrimps, crabs) to eat a largenrat muscle tissue if they encountered an imported
prawn used as bait or burley. Recent data from Europe siuilpgé a ration of as little as 50 mg of muscle
tissue of supermarket prawns is sufficent to establish Wigf&ction in susceptible hosts (Bateman et al.
2012), hence it could be that removing the shell may all@t hlost to eat more of the prawn that it
otherwise would, potentially increasing the overall dobevimons via theper osroute (Oidtmann and
Stentiford 2011, Bateman et al. 2012). Indeed, in the dag®éS&V in imported prawns, replacement of
uncooked frozen prawn products with cooked products may be the onlyowagluce risks to within the
ALOP consistent with the phytosanitary risk reductiorthods employed by Australia for other non seafood
products imported for human consumption (Commonwealth ofrélies 2004a, b). Phytosanitary conditions
allowing entry of only cooked prawns (processed or whole wegs®d) would not only reduce the risk of
introduction and establishment of WSSV to within AustraliaLOP (as evidenced by Commonwealth of
Australia 2004a, b), it would also be consistent with domebia@security arrangements currently
implemented for crustacean products originating from SE @hdr the current WSD incursion (DAF QLD
2017). Allowing entry of only cooked prawns would also redbeerisk of introduction and establishment
of new and emerging diseases (Thitamee et al. 2016, Li2Z2¥6, Bateman and Stentiford 2017) for which,
in the absence of identification and suitable diagnostic ,tadbkre may be high risks of introduction
(Gaughan 2002), without any currently available means dingest-risk commodities at the border.
Costwise the cooking option would also be “least cosit @wsuld reduce processing costs pre-border (in the
case of unprocessed prawns), and reduce testing costs pest-luotentially reducing retail costs to
consumers for imported prawn commodities. Pre-border cookingmported prawns would also
significantly reduce the real risks of post-border indaks@botage (Jones 2012).

Similarly, efforts to mitigate risk of introduction andtablishment of Megalocytiviruses akdwardsiella

ictaluri posed by release of ornamental fishes or using orraiféshes for bait could include increased
education of fish hobbyists and recreational anglers. exdewy it is difficult to engage all fish hobbyists and
recreational fishers in educational campaigns and thegeidence that compliance will decline over time
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unless the educational message is followed up with strongcenfent (Corfield et al. 2008). Other
alternative risk mitigation methods could include mormgént disease testing of imported fish at the border
for the diseases of concern. Indeed , health certiicasi now required proving batch negative testing from
megalocytiviruses prior to export of susceptible ornaaidigh hosts into Australia (Rimmer et al. 2015,
DAWR 2015b), which if implemented correctly should keep thergdemce of the disease in imported fish
below 5% (DAWR 2015b). However, even though populations ofrfial test free of megalocytiviruses
prior to export or at the border, the stress of transpudttranslocation can result in expression of disease in
carriers, increasing viral load and increasing spreadfe€tion either during quarantine or post-quarantine
during mixing with other susceptible host fishes within the eale and/or retail supply chain (Becker et al.
2014). It has been shown that ornamental fish routinetygerirantine in Australia with megalocytiviruses,
and given the large volumes of fish imported, even at gBE8@alence propagule pressure is likely to remain
significant because of spread of infection post-quarandimeng mixing of infected fish with other
susceptible hosts in the retail supply chain.

Another risk mitigation method that is worth strong cdasation is removal of high risk hosts from the list
of species permitted entry into Australia as ornaaldighes and increasing reliance on domestically bred
fishes for supply into the ornamental finfish industry.isTrhethod was successfully used in New Zealand to
reduce the risk of entry of unwanted diseases carried faynays (Biosecurity New Zealand 2005). Even
so, this would not preclude the need for increased swawedl of Australian bred fishes, due to legacy
problems arising from the previous history of biosecurity lapséise international border (e.g. detection of
megalocytiviruses in ornamental fish farms in Austradee Mohr et al. 2015b, Rimmer et al. 2015).

Pathway 8. Fishing bait — Imported

Use of marine pest species or other hosts (molluscs,aceasts) that may be infected with diseases of
concern as fishing bait imported by foreign fishing vesaels one pathway identified as presenting a high
risk of introduction and establishmentf viridis, a moderate risk of introduction and establishmer.of
salleiandP. perna and a low risk of introduction of diseases such as lnega/iruses, WSD and AVNV.
lllegal, unreported and unregulated (IUU) fishing in #hastralian Fishing Zone (AFZ) by Indonesian
fishing boats may be a continuation of historical trade @amime products stretching back several hundred
years (Neil et al. 2005). However in modern times improvementishing boats and navigational
equipment have allowed greater access and increasetitefbe applied by IUU and Indonesian fishers in
northern Australia (Neil et al. 2005). To reduce this progaguéssure, increased enforcement of illegal
fishing would be required through increased resourcihgoarder patrols and/or increased satellite
surveillance to increase the chances of detectingallléghing at an earlier stage, improving chances of
interception on the water by border patrols and thus allowiagopportunity for proper disposal of risky
vectors such as molluscs or crustaceans used as Hautri@y).

Pathway 9. Fish/shellfish movements — Anthropogenic

There is a long history of anthropogenic movement of éistl shellfish in Northern Australian waters.
Indonesian fishers have fished the reefs and shoals and comsthadrn and north-western Australia for at
least the last 250 years, while Macassan fishermen rgégaoiade voyages from Macassar in South Sulawesi
to north Australia to search for marine products incigdirepang (sea cucumbers), trochus, turtle shell,
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timber, bees wax, pearls, shark fin and kingfisher fea{iNg# et al. 2005). Indigenous and new Australians
are also likely to move fish and shellfish products in andof the Australian EEZ, particularly in places
like the tip of Cape York and Torres Strait (Neil et2005). To reduce this propagule pressure, increased
enforcement of illegal fishing together with increased kweélactive surveillance (Cribb et al. 2009) would
be required, together with surveys of translocated hostideases of concern. Effective active surveillance
would enhance the chances of detecting pest or diseassiams at an early stage when establishment may
not yet be permanent and eradication may still be awrogNeil et al. 2005, DAWR 2015a). Release of
ornamental fishes and crustaceans into the wild ighandhigh risk pathway that requires stringent
monitoring at the international border and within the orndatendustry to prevent disease establishment
and spread (Corfield et al. 2008). Recent evidence ofllliegportation of live ornamental crustaceans
(NSW Aguaculture Association 2017) is also a significant canceBuch animals would be subject to
minimal or no sanitary or quarantine measures prior ty @émo the country, thus representing an extreme
risk of introduction of exotic diseases into Australia this route through distribution into the ornamental
industry of the imported animals themselves, or their progdry.reduce this risk, increased surveillance
and enforcement of illegal imports would be requitedether with legislation that makes illegal the sale of
progeny of illegally imported species.

Pathway 10. Fish/shellfish movements — Natural

It would be impossible to limit natural spread of hostspecially considering there are no significant
physical barriers preventing the southward dispersal of sfiglmel shellfish into and across the Timor,
Arafura and Coral Seas. However, the relatively sefatt in latitude results in marked reductions in cloud
cover and annual rainfall, as well as increased avexage strengths, insulation, evaporation and cyclone
generation (due to the coriolis effect) (Neil et al. 2005hese different conditions, together with the large
tidal ranges experienced in the southern Timor Sea, helpiexghy many of the marine taxa endemic to
the humid equatorial region have not spread into Australiaters (Neil et al2005). Again, increased
active surveillance (Cribb et al. 2009) is required to establselines (Campbell et al. 2007) and detect and
record range shifts and/or incursions, preferably in conjmciith range extension databases such as
Summerson et al. (2007) and Project Redmap (Range Extensi@babatand Mapping Project -
http://www.redmap.org.auy/

Pathway 11. Infrastructure stepping stones

The issues and solutions surrounding mitgation of the riskgrouction of pests and diseases via stepping
stone introduction on offshore infrastructure are simidathose detailed above for biofouling on commercial
shipping, pleasure craft and fishing boats. Compulsorylaegutive surveillance (Campbell et al. 2007)
and management of biofouling on offshore infrastructure tectleind eliminate pest species, together with
surveys of translocated hosts for disease agents ofroofiz@WR 2017) are required to reduce the risks of
stepping stone introductions for several marine p&stsilidis, M. sallei P. pernaandR. harrisii)) as well as
white spot disease of crustaceans. Effective risksassmst (Woodside 2016) underpinned by active
surveillance would enhance the chances of detecting lilmjomcursions on offshore infrastructure at early
stages in order to prevent establishment and facilitteetiee eradication (Neil et al. 2005, DAWR 2015a).
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Appendix 1. Area risk maps for aquatic pests and diseases of comnébased on IMCRA bioregions.
Figure Al.
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Figure A3.
Risk estimation (combined all pathways) for:

Perna perna

deglhigible or very low TiSk:

Low risk

- Moderate risk
- High risk

Dyt

www.digsfish.com



Figure A4.

Risk estimation (combined all pathways) for:
Arcuatula senhousia

Low risk
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- High risk

Figure Ab.

Risk estimation (combined all pathways) for:
Rhithrapanopeus harrisii
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Figure AG.

Risk estimation (combined all pathways) for:
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Figure A7.
Risk estimation (combined all pathways) for:

Edwardsiella ictaluri /%\
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Risk estimation (combined all pathways) for:
White Spot Disease (WSD

eghgible or very low nsk

Low risk
- Maderate risk
B ion sk

Figure A9.

Risk estimation (combined all pathways) for:
Infectious myonecrosis (IMM)
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Figure A10.

Risk estimation (combined all pathways) for:
Taura Syndrome (TS)
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Figure A11.

Risk estimation (combined all pathways) far:
Yellowhead Disease (YHV1)
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Figure A12.
Risk estimation (combined all pathways) for:

Acute Hepatopancreatic Necrosis Disease (AHPND)

eqligible or very low fiam

Low risk
- Moderate risk
- High risk

www.digsfish.com



Figure A13.
Risk estimation (combined all pathways) for:

Mecrotizing hepatopancreatitis (NHP)
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Figure Al4.
Risk estimation (combined all pathways) for:

Enterocytazoon hepatopenaei (EHP)
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Figure Al5.

Risk estimation (combined all pathways) for:
Acute Viral necrosis Virus of Scallops (AVYNY)
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Appendix 4. Frequency of drifting debris landfall in northern Australia (Heersink et al. 2014).

A B R : Legend

w i
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s y '\'L":'_- '- b_c_d_tracks

Reproduced from Heersink et al. (2014) based on Wilkox et al. (2013)
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